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Executive Highlights
In this report, we provide our full coverage of the 77 Scientific Sessions of the American Diabetesth

Association (ADA), held at the San Diego Convention Center from June 9-13, 2017. The meeting drew more
than 16,000 attendees, including nearly 13,000 healthcare or scientific professionals. Notably, a majority of
attendees - 55% - arrived from outside of the US. The meeting is becoming more and more international,
and the proportion of international participants has hovered around 50%-60% since 2012. The overall
attendance number is comparable to last year's attendance at the 76 Scientific Sessions held at in Newth

Orleans, though the number of professionals is down (12,736 this year, compared to 13,265 last year). 99
symposia and over 2,500 original research presentations were featured over the course of the five-day
meeting, including oral presentations in 49 dedicated sessions and 2,150 poster presentations, reflecting the
sheer quantity of research work currently dedicated to diabetes and obesity. For comparison, both the total
number of symposia and the number or posters is up from last year's ADA (which featured 95 symposia and
2,026 posters).

Major diabetes therapy highlights at this ADA included not one but two cardiovascular outcome trial
(CVOT) presentations. The CANVAS trial of J&J's SGLT-2 inhibitor Invokana (canagliflozin) demonstrated
striking cardiovascular and renal benefits, and as observed in the EMPA-REG OUTCOME trial for Lilly/BI's
Jardiance (empagliflozin), was shown to be cardioprotective, a win for the class. The story was complicated
by worrisome safety results, particularly a nearly doubled increased risk for lower-extremity amputation
with Invokana -low in number but the same risk across all patients (all of whom had a lot of complications
so we don't view this as generalizable among the diabetes population - but it does seem to be among all risk
cohorts in CANVAS). This story is still unfolding. As expected, the DEVOTE trial demonstrated CV safety for
Novo Nordisk's next-generation Tresiba (insulin degludec), but the real headliner here was the 40%
reduction in severe hypoglycemia and 53% reduction in nocturnal severe hypoglycemia associated with
Tresiba compared to standard of care Lantus (insulin glargine). These are fantastic results that are
immediately useful for patients, assuming this goes on label - we were impressed to see the results submitted
almost immediately after the presentation. All in all, outcomes beyond A1c was a major focus across
diabetes therapy data presentation at ADA, from trials evaluating the CV or renal impact of diabetes drugs
or combinations to hypoglycemia and weight loss data to patient-reported outcomes. We also saw quite a
bit of forward momentum in adjunct therapies for type 1 diabetes (though the cures and prevention findings
were more disappointing), and innovation in rapid-acting insulins and more patient- and caregiver-
friendly glucagon products for hypoglycemia.

In diabetes technology, this ADA was more about products and partnerships than major new data. We were
elated to see: meaningful progress on CGM outcomes standardization; a more commercial feel in the
automated insulin delivery field (Medtronic MiniMed 670G, Tandem PLGS, Insulet Horizon, Diabeloop); a
quickly-expanding pipeline of insulin dose titration and dose capture products (Common Sensing, Bigfoot/
Timesulin, Sanofi, Hygieia, Amalgam Rx, Voluntis); a strong reminder of how connected devices can drive
real-world data collection and more insightful products (Abbott FreeStyle Libre, Sugar.IQ); plenty of
commentary on expanding CGM to type 2 diabetes; and scores of posters on remote coaching and digital
platforms. There's no question about it - this field is moving faster from a higher base relative to a year ago.
The big questions are where the successes are, whether these products can scale, reach the patients most in
need, truly save HCPs hassle, and take cost out of the system … we are more optimistic than we were a year
ago and aware that it's all taken longer than expected.
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Additionally, this year's ADA meeting featured a growing focus on diabetes-adjacent therapies, an
increased spotlight on prevention, and a dedicated effort to highlight psychosocial care in diabetes, a first at
ADA. We were also extremely impressed by the annual ADA Pathway to Stop Diabetes symposium and the
several award lectures we attended. And while not part of the official program, the Monday night learning
and socializing kept going (and going and going) with a record-breaking three events from The diaTribe
Foundation: the TCOYD-partnered 11 annual Diabetes Forum, the 2 annual Musings Under the Moon,ndth

and the inaugural Musings After Hours.

In this report, we include 26 themes immediately below, followed by detailed discussion and commentary
from 355 talks and discussions (orals, symposia, lectures, panels, corporate symposia, and product
theaters), 100 posters, and 25 exhibits. All in all, our full report is nearly 500 pages long and contains
nearly 250,000 words. Our team is bringing you more insights than ever before this year, with our full
report growing from our ADA 2016 coverage of 319 talks, 60 posters, and 28 exhibits.

Below, we have organized our writing into 19 specialized reports:

Diabetes Therapy:

(1) SGLT-2 Inhibitors: 21 talks and 9 posters, up from 19 talks and 9 posters in 2016

(2) Insulin Therapy: 24 talks and 17 posters, up from 20 talks and 6 posters in 2016

(3) GLP-1 Agonists: 20 talks and 10 posters, compared to 22 talks and 8 posters in 2016

(4) DPP-4 Inhibitors: 4 talks and 2 posters, down from 6 talks and 9 posters in 2016

(5) Novel Therapies: 11 talks and 13 posters, up from 12 talks and 7 posters in 2016

(6) Type 1 Diabetes Cures, Adjunct Therapies and Pathophysiology: 37 talks and 3 posters, up from 19 talks
in 2016

Diabetes Technology:

(7) Closing the Loop and Insulin Delivery: 29 talks and 10 posters, down slightly from 29 talks and 7 posters
in 2016

(8) Glucose Monitoring: 17 talks and 14 posters, up from 20 talks and 7 posters in 2016

(9) Digital Health: 23 talks and 11 posters, up from 14 talks and 2 posters in 2016

Additional Highlights of Critical Interest:

(10) Obesity and Prediabetes Care: 24 talks and 3 posters, down from 40 talks and 2 posters in 2016

(11) Diabetes Complications: 31 talks and 1 poster, up from 24 talks in 2016

(12) Treatment Algorithms and Strategies: 35 talks, up from 18 talks and 1 poster in 2016

(13) Policy and Reimbursement: 10 talks and 5 posters, down from 29 talks in 2016

(14) Epidemiology, Education, and Additional Topics: 54 talks and 2 posters, up from 32 talks and 1 poster
in 2016

(15) Generic Drugs: 10 talks, down from 11 talks and 1 poster in 2016

(16) Exhibit Hall: 5 talks and 25 exhibits, down from 4 talks and 28 exhibits in 2016

Events:

(17) TCOYD/The diaTribe Foundation Forum

(18) Musings Under the Moon

(19) Musings After Hours
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We've highlighted in yellow any presentations and commentary that we found particularly notable. Talks
that were either not published in our daily highlights reports or have been significantly expanded are
highlighted in blue (unless that talk was a notable yellow highlight).

When applicable, certain talks and sessions have been duplicated in multiple chapters (e.g., content on
GLP-1/basal insulin products may appear in both the GLP-1 Agonist and Insulin Therapy categories).

We send along our most sincere appreciation to all our Closer Look readers for their brilliance, support,
concern, enthusiasm, encouragement, and incredibly hard work day in and day out. We watch you and we
are so incredibly moved and grateful for what you do for diabetes and obesity. A special shoutout from
Kelly and John to Adam Brown, Helen Gao, and all the Close Concerns associates, alums, friends of the
company who added so much to this ADA Scientific Sessions gathering - and whom we owe the world to
make so much learning happen for us all. Notably, today is Helen's LAST day before moving on to medical
school at Northwestern (and this is her last hour!). How very lucky we have been to work with her and to be
part of her leadership presence and to see all that she made happen to bring the science home to you. What
an incredible healthcare leader she will be (you can even see her again in November, when she is for the
second year on faculty at The World Congress on Clinical Trials in Diabetes; she'll be speaking on public
perceptions on clinical trials in diabetes and will bring a medical school perspective). We know those of you
who saw Adam at ADA were so lucky - I hear that 10,000 people now have his amazing new book Bright
Spots and Landmines in their hands! What a powerhouse job he did leading everyone through technology
and digital health. On another exciting note, we welcome new associates Ann Carracher and Maeve Serino
to Close Concerns, who graduated from Dartmouth and Williams just one and three days before starting
their first days at Close Concerns (Ann in the midst of ADA!). More than 300 college seniors applied this
year to associate roles at Close Concerns, The diaTribe Foundation, and dQ&A - yet again, we're so lucky
that the most talented college seniors chose us and entrusted us with this time in our associate programs.
AND! Our first year dream team class of Abigail Dove, Brian Levine, and Payal Marathe graduate today to
second year associates - please send a virtual cheers to them. We've had our incredible associate program
over a decade now, and I'm so indebted to every single one who has joined for taking this journey with me,
for trusting John and me, and for making this fantastic learning happen for all of you. Thank you to them,
for this. Happy weekend!
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CGM Outcomes Standardization and Outcomes Beyond A1c
Automated Insulin Delivery Field (Finally) Gets Commercial: Medtronic MiniMed 670G,
Tandem PLGS, Insulet Horizon, Diabeloop
Steps Forward in Insulin Dose Titration: Common Sensing Shows the Value of Dose
Capture on Pens, New Data from Hygieia and Sanofi, Bigfoot Acquires Timesulin,
Partnerships Abound
The Value of Connected Devices - Enabling Real-World Data Collection and More
Insightful Products
Expanding CGM Adoption - Value in Type 2 Diabetes, HCP Prescribing, and Psychosocial
Impact
Remote Diabetes Coaching and Apps Galore in Poster Hall - Virta, Livongo, One Drop,
Glooko, mySugr Seek to Augment Face to Face Care
Companies are Getting the Message: User Experience, Patient Feedback, and Integration
with Consumer Electronics Really Matters
The DIY Community Going Strong - Autotune, Loop, and Pushing Industry to Move
Faster
New Devices in Exhibit Hall, but Clear Changes in Device Industry - Startups had Booths,
While Roche Did Not Appear

Additional Topics

Growing Focus on Diabetes-Adjacent Indications
A Welcome Increased Emphasis on Prevention
Psychosocial Care in Diabetes
ADA Pathway to Stop Diabetes Symposium
Award Lectures

SGLT-2 Inhibitors
Symposium: The Integrated Results of the CANVAS Program

Background to the Design of the Trials Gregory Fulcher, MD (University of Sydney, Sydney,

Australia)

Methods for the Trials and the Integrated Analyses Kenneth Mahaffey, MD (Stanford

University, Palo Alto, CA)

Effects on Cardiovascular Outcomes Bruce Neal, MB, ChB, PhD (The George Institute for Global

Health, Sydney, Australia)

Effects on Renal Outcomes Dick De Zeeuw, MD (University Medical Center Groningen, Netherlands)

Effects on Safety Outcomes Vlado Perkovic, MD (Georgia Institute for Global Health, Sydney,

Australia)

Implications for Clinical Practice David Matthews, DPhil (University of Oxford, UK)

Independent Commentary Clifford Bailey, MD (Aston University, Birmingham, UK)

Close Concerns Questions

Oral Presentations: ADA Presidents Oral Session

Hospitalization for Heart Failure and Death in New Users of SGLT2 Inhibitors in Patients
With and Without Cardiovascular Disease-CVD-REAL Study Matthew Cavender, MD

(University of North Carolina, Chapel Hill, NC)

Oral Presentations: GLP-1s and SGLT2s-To Do or Not to Do in Type 1 Diabetes Mellitus?
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Twenty-Four-Week Efficacy and Safety of Sotagliflozin, a Dual SGLT1 and SGLT2
Inhibitor, as Adjunct Therapy to Insulin in Type 1 Diabetes (inTandem1) John Buse, MD,

PhD (University of North Caroline, Chapel Hill, NC)

A 12-Week Dose-Ranging Study of Sotagliflozin, a Dual SGLT-1 and SGLT-2 Inhibitor, as
Adjunct Therapy to Insulin in Type 1 Diabetes (inTandem4) Paul Strumph, MD (Lexicon

Pharmaceuticals, The Woodlands, TX)

Oral Presentations: Landscape of Therapeutic Trials in Type 2 Diabetes

Safety and Efficacy of Ertugliflozin Plus Sitagliptin vs. Either Treatment Alone after 52
Weeks in Subjects with T2DM Inadequately Controlled on Metformin: VERTIS
FACTORIAL Trial Extension Richard Pratley, MD (Florida Diabetes and Endocrine Center, Orlando,

FL)

Safety and Efficacy of Ertugliflozin after 52 Weeks in Subjects with T2DM Inadequately
Controlled on Metformin and Sitagliptin: Results from the Extension Phase of the
VERTIS SITA2 Trial Jie Liu, MD (Merck & Co., Chicago, IL)

The Long-Term Efficacy and Safety of Canagliflozin in Combination with Insulin in
Japanese Patients with T2DM Shinichi Harashima, MD (Kyoto University, Japan)

Oral Presentations: Translating Therapeutics to the Real World

Dapagliflozin in Renal Impairment: The Association of British Clinical Diabetologists
Nationwide Dapagliflozin Audit Robert Ryder, MD (City Hospital, Birmingham, UK)

Posters

DURATION-8 Randomized Controlled Trial 1-Year Results: Efficacy and Safety of Once-
Weekly Exenatide (ExQW) Plus Once-Daily Dapagliflozin (DAPA) vs. ExQW or DAPA
Alone (141-LB) C Guja, J Frias, A Ahmed, E Hardy, H Wang, P Ohman, and S Jabbour

24-Week Efficacy and Safety of Sotagliflozin, a Dual SGLT-1 and SGLT-2 Inhibitor, as
Adjunct Therapy to Insulin in Type 1 Diabetes (inTandem2) (146-LB) T Danne, B Cariou, P

Banks, S Sawhney, P Strumph, and The Sotagliflozin inTandem2 Writing Group

12-Week Efficacy and Safety of Sotagliflozin, a Dual SGLT-1 and SGLT-2 Inhibitor, as
Adjunct Therapy to Insulin in Young Adults with Poorly Controlled Type 1 Diabetes
(JDRF Study) (147-LB) B Bode, P Banks, S Sawhney, P Strumph, and The Sotagliflozin JDRF Study

Writing Group

Effect of Ertugliflozin on Glycemic Control, Body Weight, Blood Pressure, and Bone
Mineral Density in Type 2 Diabetes Mellitus Inadequately Controlled with Metformin
Monotherapy: VERTIS MET Trial (1168-P) J Rosenstock, J Frias, D Páil, B Charbonnel, R Pascu,

D Saur, A Darekar, S Huyck, H Shi, B Lauring, and S Terra

Dapagliflozin is Associated with Lower Risk of Hospitalization for Kidney Disease, Heart
Failure, and All-Cause Death Compared to DPP-4i: CVD-REAL Nordic (165-LB) A

Norhammar, JW Eriksson, J Bodegard, M Thuresson, P Fenici, D Nathanson, M Kosiborod, HL Gulseth, T

Nyström, and KI Birkeland

Combination Therapy of Canagliflozin and Teneligliptin in Japanese Patients with T2DM:
Results from Phase 3 Studies (1194-P) K Kaku, T Kadowaki, N Inagaki, K Kondo, K Nishimura, G

Kaneko, N Maruyama, N Nakanishi, H Iijima, Y Watanabe, and M Goda

Safety and Efficacy of Ertugliflozin in Combination with Sitagliptin in Subjects with
T2DM Inadequately Controlled on Diet and Exercise: The VERTIS SITA Trial (1197-P)

B Lauring, S Miller, T Krumins, H Zhou, S Huyck, J Johnson, G Golm, S Terra, J Mancuso, and S Engel

www.closeconcerns.com 5



Long-Term Efficacy and Safety of Ertugliflozin Monotherapy in Patients with
Inadequately Controlled T2DM Despite Diet and Exercise: The 52-Week VERTIS MONO
Study (1208-P) R Aronson, A Goldman, J Frias, A Darekar, B Lauring, S Huyck, and S Terra

Effect of Empagliflozin on Cardiac and Vascular Hemodynamic Markers by Subgroups of
Age, SEx, and Hypertension in Patients with T2DM and High CV Risk: EMPA-REG
OUTCOME (1452-P) R Chilton, L Gullestad, D Fitchett, S Inzucchi, M Mattheus, H Woerle, and O

Johansen

Symposium: SGLT2 Inhibitors-Still More to Explore

Clinical Impact of SGLT2 Inhibitors on Bone-The FDA Perspective Hyon J. Kwon, PhD

(FDA, Silver Spring, MD)

Clinical Role of SGLT2 Inhibitors - Current and Future Julio Rosenstock, MD (Dallas Diabetes

and Endocrine Center, Dallas, TX)

SGLT-2 Inhibitors, Diabetic Ketoacidosis, and the Kidney Matthew Weir, MD (University of

Maryland, Baltimore, MD)

Corporate Symposium: DCRI Evidence to Practice Series - Management of Diabetes for Heart
Failure Patients (Sponsored by BI)

Latest Research Findings and Knowledge Gaps Jennifer Green, MD (Duke University, Durham,

NC)

Case Presentations Robert Mentz, MD (Duke University, Durham, NC), Darren McGuire, MD (UT

Southwestern, Dallas, TX), Eldrin Lewis, MD (Brigham and Women's Hospital, Boston, MA)

Corporate Symposium: CVOTs and Combination Therapy: Updates and Advances at ADA
2017 (Sponsored by AstraZeneca)

Cardiovascular Outcomes Trials (CVOTs): Clinical Application of Current Data and a
Sneak Peek into the Future Carol Wysham, MD (University of Washington, Spokane, WA); Hertzel

Gerstein, MD (McMaster University, Ontario, Canada)

Oral Combination Therapy for T2D: What, Why, and How Explored Julio Rosenstock, MD

(University of Texas, Dallas, TX); Melanie Davies, MD (University of Leicester, UK)

Insulin Therapy
Symposium: Cardiovascular Safety of Insulin Degludec vs. Insulin Glargine in Patients with
Type 2 Diabetes at High Risk of Cardiovascular Events (DEVOTE) Trial Results

Introduction and Trial Design Steven Marso, MD (University of Missouri, Kansas City, MO)

Cardiovascular Outcomes Darren McGuire, MD (University of Texas Southwestern Medical Center,

Dallas, TX)

Glycemic Efficacy and Hypoglycemia Bernard Zinman, MD (University of Toronto, Canada)

Safety Richard Pratley, MD (Florida Hospital Diabetes Institute, Orlando, FL)

Conclusion and Clinical Implications John Buse, MD (University of North Carolina, Chapel Hill,

NC)

Independent Commentary Elizabeth Seaquist, MD (University of Minnesota, Minneapolis, MN)

Oral Presentations: Landscape of Therapeutic Trials in Type 2 Diabetes

Efficacy and Safety of Insulin Degludec/Liraglutide (IDegLira) vs. Basal-Bolus (BB)
Therapy in Patients with Type 2 Diabetes (T2D): DUAL VII Trial Liana Billings, MD (North

Shore University Health System, Skokie, IL)

Efficacy and Safety of Exenatide QW vs. Placebo Added to Insulin Glargine in
Uncontrolled Basal-Insulin Treated Type 2 Diabetes: DURATION-7 Trial Juan Frias, MD

(National Research Institute, Los Angeles, CA)
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Oral Presentations: ADA Presidents Oral Session

Efficacy and Safety of Oral Basal Insulin: Eight-Week Feasibility Study in People with
Type 2 Diabetes (T2DM) Leona Plum-Mörschel, PhD (Profil, Mainz, Germany)

Oral Presentations: Hospital-Based Care and Diabetes - Adherence to Diabetic Care
Strategies

How Much Does Adherence to Insulin Influence Glycemic Control? Julie Lauffenburger,

PhD (Harvard University, Boston, MA)

Posters

A Novel Formulation of Insulin Lispro Containing Citrate and Treprostinil Shows Faster
Absorption and Improved Postprandial Glucose Excursions vs. Humalog in Patients with
T1DM (959P) C Kazda, J Leohr, R Liu, S Reddy, MA Dellva, ST Lim, MT Loh, MP Knadler, T Hardy, L

Plum-Moerschel

Superior Glycemic Control with a Glucose-Responsive Insulin (GRI) (961P) M Moore, D

Kelley, M Smith, P Zafian, T Ye, S Lin, N Kaarsholm, R Nargund, M Van Heek, B Farmer, P Williams, A

Cherrington

A Novel Formulation of Insulin Lispro Containing Citrate and Treprostinil Shows
Significantly Faster Absorption and an Improvement in Postprandial Glucose Excursions
vs. Humalog in Patients with T2DM (978P) C Kapitza, J Leohr, R Lu, S Reddy, MA Dellva, M

Matzopoulos, MP Knadler, MT Loh, T Hardy, C Kazda

Older Adults with Type 2 Diabetes (T2D) Experience Less Hypoglycemia when Switching
to Insulin Glargine 300 U/mL (Glargine-300) vs. Other Basal Insulins (DELIVER 3
Study) (986P) FL Zhou, F Ye, V Gupta, R Gupta, J Sung, P Berhanu, L Blonde

Patient-Reported Outcomes (PROs) in Insulin Degludec/Liraglutide (IDegLira) vs. Basal-
Bolus (BB) Therapy in Patients (Pts) with Type 2 Diabetes (T2D): DUAL VII Trial
(124-LB) LK Billings, A Doshi, D Gouet, A Oviedo, HW Rodbard, N Tentolouris, AK Busk, A Basse, and E

Jodar

Comparable Glycemic Control, Greater Weight Loss, and Lower Hypoglycemia with Once
Weekly Dulaglutide Versus Insulin Glargine, Both COmbined with Lispro, in Type 2
Diabetes and Moderate to Severe Chronic Kidney Disease (AWARD-7) (138-LB) KR

Tuttle, MC Lakshmanan, JL Gross, B Rayner, RS Busch, B Woodward, AG Zimmermann, FT Botros

Dulaglutide versus Glargine, Both Combined with Lispro, Mitigated eGFR Decline in
People with Type 2 Diabetes and Moderate to Severe Chronic Kidney Disease (AWARD-7)
(142-LB) KR Tuttle, MC Lakshmanan, JL Gross, B Rayner, RS Busch, AG Zimmermann, A Haupt, DB

Woodward, FT Botros

Qualitative Assessment of the Imapct of Insulin Degludec on Quality of Life in Patients
with Type 2 Diabetes (823-P) W Polonsky, S Lanar, N Knoble, J Weatherall, J Hakan-Bloch, E

Constam, A Philis-Tsimikas, and A Marrel

Ultra-Rapid Biochaperone Lispro Improves Post-Prandial Glucose Excursions Versus
Insulin Lispro in a 14-day Treatment Study in Subjects with Type 1 Diabetes (964-P) G

Andersen, G Meiffren, D Lamers, A Ranson, B Alluis, M Gaudier, O Soula, T Heise, and S Bruce

Real-World Use of IDegLira Significantly Improves Glycemic Control in Patients with
T2D (988-P) H Price, B Schultes, R Prager, T Phan, B Thorsted, M Bluher

Ultra-Rapid Biochaperone Lispro Improves Postprandial Blood Glucose Control versus
Humalog in a 14-day Treatment Study in Subjects with Type 2 Diabetes (994-P) T.

Heise, G. Meiffren, D. Lamers, B. Kronshage, A. Ranson, B. Alluis, M. Gaudier, E. Anastassiadis, O. Soula, S.

Bruce
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SORELLA-1: Similar One-Year Efficacy and Safety in People with T1DM Using
SAR342434 or Insulin Lispro in Combination with Insulin Glargine (Gla-100) (1003P)

S Garg, K Wernicke-Panten, M Rojeski, S Pierre, K Jedynasty

Similar Glucose Control, Postprandial Glucose Excursions, and Safety in People with
T2DM Using SAR342434 or Insulin Lispro in Combination with Insulin Glargine
(Gla-100): SORELLA 2 Study (1004P) KM Derwahl, T Bailey, K Wernicke-Panten, L Ping, and S

Pierre

Switching to Insulin Degludec Improves Glycemic Control in Patients with T2D in a Real-
World Setting (1010-P) B Schultes, N Tentolouris, S Knudsen, A Lapolla, M Eidenmueller, R Prager, T

Phan, M Wolden, T Siegmund

Switching to Insulin Degludec Reduces the Risk of Hypoglycemia in Patients with T1D in
a Real-World Setting (1014-P) T Siegmund, N Tentolouris, S Knudsen, A Lapolla, M Eidenmueller, R

Prager, T Phan, M Wolden, B Schultes

Efficacy and Safety of MYL-1501D (Mylan's Insulin Glargine) Compared with Lantus
(Sanofi's Insulin Glargine) in Patients with Type 2 Diabetes After 24 Weeks: The
INSTRIDE 2 Study (1017-P) T Blevins, A Barve, A Jacob, B Sun, and M Ankersen

Efficacy and Safety of MYL-1501D (Mylan's Insulin Glargine) Compared with Lantus
(Sanofi's Insulin Glargine) in Patients with Type 1 Diabetes After 52 Weeks: The
INSTRIDE 1 Study (1018-P) T Blevins, A Barve, A Jacob, B Sun, and M Ankersen

Symposium: Combination Therapy in Type 2 Diabetes-Promise Delivered?

The Future of Combination Therapy in the Treatment of Type 2 Diabetes-Which Classes,
Why, and When? John Buse, MD, PhD (University of North Carolina School of Medicine, Chapel Hill,

NC)

Symposium: Dealing with the Rising Costs of Insulin - An Active Dialogue

The Rising Costs of Insulin - Introduction and Historical Perspective Kasia Lipska, MD

(Yale School of Medicine, New Haven, CT)

Understanding the Players in the Rising Costs of Insulin Alan Carter, PharmD (MRIGlobal,

Kansas City, MO)

Clinical Decision-Making in a Cost-Conscious Era David Robbins, MD (University of Kansas,

Kansas City, KS)

Paving the Way Forward Robert Ratner, MD (Georgetown University School of Medicine, Washington,

DC)

Symposium: ADA Pathway to Stop Diabetes Symposium

Responsive Vesicles Integrated with Transcutaneous Patches for Glucose-Mediated
Insulin Delivery Zhen Gu, PhD (University of North Carolina, Chapel Hill, NC)

Symposium: What's New in Insulin-Related Therapy?

Old Problems, New Solutions - Insulin Management Through Innovation Lori Berard

(WRHA Health Sciences Centre Diabetes Research Group, Winnipeg, CA)

Corporate Symposium: The Physiologic and Mechanistic Rationale for Achieving HbA1c
Target Goals with Basal Insulin in Vulnerable Patients with Type 2 Diabetes (Sponsored by
Sanofi)

The Physiologic Rationale for Optimizing HbA1c Target Goal Attainment with Basal
Insulin Vivian Fonseca, MD (Tulane University School of Medicine, New Orleans, LA)

Optimizing Glycemic Control While Mitigating Hypoglycemic Risk in Challenging
Patients with T2D Pablo Mora, MD (Dallas Diabetes Research Center, Dallas, TX)
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All Basal Insulins Are Not Created Equal: Comparative PK/PD, Efficacy, Side-Effect
(Hypoglycemia), and Safety Profiles for Established and New Longer-Acting Basal
Insulins Guillermo Umpierrez, MD (Emory University, Atlanta, GA)

Modifying Insulin Therapy in Complex and Vulnerable Patients: Practical Approaches for
Switching to a Physiologic, Basal Insulin Formulation Juan Frias, MD (National Research

Institute, Los Angeles, CA)

Corporate Symposium: Optimizing Comprehensive Glycemic Management in Challenging
Patients with Type 2 Diabetes (Sponsored by Sanofi)

Vanita Aroda, MD (Georgetown University School of Medicine, Hyattsville, MD), Lawrence Blonde, MD
(Ochsner Medical Center, New Orleans, LA), Vivian Fonseca, MD (Tulane University Health Sciences Center,
New Orleans, LA), and Juan Frias, MD (UCLA, Los Angeles, CA)

Product Theaters

Diabetes - Treatment and Management (Presented by Sanofi) Bruce Bode, MD (Emory

University, Atlanta, GA)

Clinical Data Review - Comparing the Safety and Efficacy of Two Once-Daily Basal
Insulins in Patients with Type 1 and Type 2 Diabetes Carol Wysham, MD (University of

Washington, Spokane, WA)

GLP-1 Agonists
Symposium: Update on Cardiovascular Outcomes Trials (CVOTs)

Cardiovascular Outcomes with Semaglutide in Subjects with Type 2 Diabetes Mellitus
(SUSTAIN 6) Tina Vilsbøll, MD (University of Copenhagen, Copenhagen, Denmark)

Symposium: New Learnings from the Results of the Liraglutide Effect and Action in Diabetes
- Evaluation of Cardiovascular Outcome (LEADER) Trial

New Learnings - Cardiovascular Outcomes Richard Pratley, MD (Florida Hospital, Orlando, FL)

New Learnings - Secondary Outcomes Stephen Bain, MD (Swansea University, Swansea, UK)

Oral Presentations: New Insights into Prevention and Treatment of Hypoglycemia

Severe Hypoglycemia, Cardiovascular Outcomes, and Death - The LEADER Experience
Bernard Zinman, MD (University of Toronto, Canada)

Oral Presentations: Landscape of Therapeutic Trials in Type 2 Diabetes

Efficacy and Safety of Insulin Degludec/Liraglutide (IDegLira) vs. Basal-Bolus (BB)
Therapy in Patients with Type 2 Diabetes (T2D): DUAL VII Trial Liana Billings, MD (North

Shore University Health System, Skokie, IL)

Oral Presentations: GLP-1s and SGLT2s-To Do or Not to Do in Type 1 Diabetes Mellitus?

Efficacy and Safety of Liraglutide in Insulin-Pump-Treated People with Type 1 Diabetes:
The Lira Pump Trial Thomas Dejgaard, MD; Kirsten Nørgaard, MD; Christian Frandsen, MD

(Copenhagen University Hospital, Hvidovre, Denmark)

Oral Presentations: Landscape of Therapeutic Trails in Type 2 Diabetes

Efficacy and Safety of Exenatide QW vs. Placebo Added to Insulin Glargine in
Uncontrolled Basal-Insulin Treated Type 2 Diabetes: DURATION-7 Trial Juan Frias, MD

(National Research Institute, Los Angeles, CA)

Oral Presentations: Beyond Glycemic Impact

Semaglutide Provides Superior Body Weight Reduction across SUSTAIN 1-5 Clinical
Trials Ildiko Lingvay, MD (University of Texas Southwestern Medical Center, Dallas, TX)
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Double-Blind, Placebo-Controlled, Randomised Trial to Assess the Effect of Liraglutide
on Left Ventricular Diastolic Dysfunction in Type 2 Diabetes Mellitus Patients Maurice

Bizino, MD (Leiden University Medical Center, Leiden, Netherlands)

Oral Presentations: Obesity Pathogenesis and Treatment - Insights from Mouse Models

PB-718, a Dual GLP-1/Glucagon Receptor Agonist Demonstrates Superior Weight Loss
Effect and Ameliorates Nonalcoholic Steatohepatitis (NASH) in Animal Models Michael

Xu, MD (Pegbio, Suzhou, China)

Oral Presentations: Translating Therapeutics into the Real World

Value Index Favors Using GLP-1 More Than DPP-4, Saving Medicare $200 Million
Saad Sakkal, MD (Metabolic Care Center, Mason, OH)

Posters

DURATION-8 Randomized Controlled Trial 1-Year Results: Efficacy and Safety of Once-
Weekly Exenatide (ExQW) Plus Once-Daily Dapagliflozin (DAPA) vs. ExQW or DAPA
Alone (141-LB) C Guja, J Frias, A Ahmed, E Hardy, H Wang, P Ohman, and S Jabbour

Patient-Reported Outcomes (PROs) in Insulin Degludec/Liraglutide (IDegLira) vs. Basal-
Bolus (BB) Therapy in Patients (Pts) with Type 2 Diabetes (T2D): DUAL VII Trial
(124-LB) LK Billings, A Doshi, D Gouet, A Oviedo, HW Rodbard, N Tentolouris, AK Busk, A Basse, and E

Jodar

Comparable Glycemic Control, Greater Weight Loss, and Lower Hypoglycemia with Once
Weekly Dulaglutide Versus Insulin Glargine, Both Combined with Lispro, in Type 2
Diabetes and Moderate to Severe Chronic Kidney Disease (AWARD-7) (138-LB) KR

Tuttle, MC Lakshmanan, JL Gross, B Rayner, RS Busch, B Woodward, AG Zimmermann, and FT Botros

Dulaglutide versus Glargine, Both Combined with Lispro, Mitigated eGFR Decline in
People with Type 2 Diabetes and Moderate to Severe Chronic Kidney Disease (AWARD-7)
(142-LB) KR Tuttle, MC Lakshmanan, JL Gross, B Rayner, RS Busch, AG Zimmermann, A Haupt, DB

Woodward, and FT Botros

Real-World Use of IDegLira Significantly Improves Glycemic Control in Patients with
T2D (988-P) H Price, B Schultes, R Prager, T Phan, B Thorsted, and M Bluher

Results of a Phase 2 Study of the Oxyntomodulin (OXM) Analogue LY2944876 in Patients
with Type 2 Diabetes (T2DM) (1070-P) M Sheetz, R Bray, LS Tham, C Jones, J Kinsella, and R

Violante-Ortiz

The Effect of NNC0090-2746, a Dual GIP/GLP-1 Receptor Agonist (RA), on Glycemic
Control, Plasma Cholesterol, and Body Weight in Subjects with Type 2 Diabetes: A Phase
2a Randomized Clinical Trial (1071-P) JP Frias, EJ Bastyr, L Vignati, M Tschöp, C Schmitt, K

Owen, RH Christensen, and R DiMarchi

ITCA 650 Improves Glycemic Control and Reduces the Need to Advance Antidiabetes
Therapy (1078-P) R Henry, B Schwartz, L Kjems, H Huang, and M Baron

ITCA 650 Significantly Reduces the Need to Advance Antidiabetes Therapy Compared
with Sitagliptin (1110-P) J Rosenstock, P Prabhakar, L Kjems, H Huang, and M Baron

User Evaluation of the Exenatide Once-Weekly Suspension Autoinjector (1116-P) S

LaRue, J Springer, J Meehan, and C Wysham

Symposium: Combination Therapy in Type 2 Diabetes - Promise Delivered?

Pathophysiologic Rationale for Combination vs. Step-Wise Treatment Approach James

Gavin, MD, PhD (Emory University, Atlanta, GA)

The Future of Combination Therapy in the Treatment of Type 2 Diabetes - Which Classes,
Why, and When? John Buse, MD (University of North Carolina, Chapel Hill, NC)
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Symposium: Into the Endocrine Bowels of Diabetes

The Incretin Effect - From the Last 30 Years to the Next 30! Michael Nauck, MD (Diabetes

Center, Harz, Germany)

The Upper Gut and Diabetes Christopher Rayner, PhD (University of Adelaide, Adelaid, Australia)

Symposium: Successes with Type 1 Diabetes Complications and Survival

Predictors and Clinical Outcomes of Treatment Intensification in Patients (Pts) with T2D
Uncontrolled on Basal Insulin (BI) in Real-World Settings Lee Kallenbach, PhD (Practice

Fusion, San Francisco, CA)

Corporate Symposium: Novel Approaches to Improving Adherence in T2D (Sponsored by
Intarcia)

How Does Adherence Impact Patient Outcomes? Steve Edelman, MD (UCSD, San Diego, CA)

Injectable GLP-1 RA Therapy in T2D: Benefits and Downfalls Julio Rosenstock, MD

(University of Texas, Dallas, TX)

Novel Approaches to GLP-1 RA Delivery: Improving Adherence and Patient Outcomes
Robert Henry, MD (UCSD, San Diego, CA)

Corporate Symposium: Optimizing Comprehensive Glycemic Management in Challenging
Patients with Type 2 Diabetes (Sponsored by Sanofi)

Vanita Aroda, MD (MedStar Health Research Institute, Hyattsville, MD), Lawrence Blonde, MD (Ochsner
Medical Center, New Orleans, LA), Vivian Fonseca, MD (Tulane University Health Sciences Center, New Orleans,
LA), and Juan Frias, MD (UCLA, Los Angeles, CA)

DPP-4 Inhibitors
Oral Presentations: Landscape of Therapeutic Trials in Type 2 Diabetes

Safety and Efficacy of Ertugliflozin Plus Sitagliptin vs. Either Treatment Alone after 52
Weeks in Subjects with T2DM Inadequately Controlled on Metformin: VERTIS
FACTORIAL Trial Extension Richard Pratley, MD (Florida Diabetes and Endocrine Center, Orlando,

FL)

Safety and Efficacy of Ertugliflozin after 52 Weeks in Subjects with T2DM Inadequately
Controlled on Metformin and Sitagliptin: Results from the Extension Phase of the
VERTIS SITA2 Trial Jie Liu, MD (Merck & Co., Chicago, IL)

Oral Presentations: Translating Therapeutics to the Real World

Subclasses of Dipeptidyl Peptidase-4 Inhibitors and Cardiovascular Risk: Analysis of
Real-World Data for 747,392 Patients with Type 2 Diabetes Kyoung Hwa Ha, MD (Ajou

University School of Medicine, Suwon, South Korea)

Posters

Combination Therapy of Canagliflozin and Teneligliptin in Japanese Patients with T2DM:
Results from Phase 3 Studies (1194-P) K Kaku, T Kadowaki, N Inagaki, K Kondo, K Nishimura, G

Kaneko, N Maruyama, N Nakanishi, H Iijima, Y Watanabe, and M Gouda

Safety and Efficacy of Ertugliflozin in Combination with Sitagliptin in Subjects with
T2DM Inadequately Controlled on Diet and Exercise: The VERTIS SITA Trial (1197-P)

B Lauring, S Miller, T Krumins, H Zhou, S Huyck, J Johnson, G Golm, S Terra, J Mancuso, and S Engel

Product Theaters

Impact of the Incretin System on the Treatment of Type 2 Diabetes (Sponsored by Merck)
Zachary Bloomgarden, MD (Mount Sinai School of Medicine, New York, NY)

Novel Therapies
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Oral Presentations: ADA Presidents Oral Session

REMD-477, a Human Glucagon Receptor (GCGR) Antibody, Reduces Daily Insulin
Requirements and Improves Glycemic Control in People with Type 1 Diabetes (T1D)

Jeremy Pettus, MD (UCSD, San Diego, CA)

Oral Presentations: New Insights into Prevention and Treatment of Hypoglycemia

Nasal Glucagon for the Treatment of Moderate-to-Severe Hypoglycemic Episodes in Real-
World Settings in Adults with Type 1 Diabetes Elizabeth Seaquist, MD (University of Minnesota,

Minneapolis, MN)

Oral Presentations: Obesity Pathogenesis and Treatment - Insights from Mouse Models

PB-718, a Dual GLP-1/Glucagon Receptor Agonist Demonstrates Superior Weight Loss
Effect and Ameliorates Nonalcoholic Steatohepatitis (NASH) in Animal Models Michael

Xu, MD (Pegbio, Suzhou, China)

Oral Presentations: Central Nervous System Regulation of Metabolism

Diabetes Remission Induced by Central FGF1 Is Associated with Improved Beta-Cell
Function Jenny Brown, PhD Student (University of Washington, Seattle, WA)

Oral Presentations: Targets and Pathways in Diabetic Kidney Disease

PBI-4050 Protects against Diabetic Nephropathy and Improves Pancreatic Function in
High-Fat-Diet db/db Mouse Model Lyne Gagnon, PhD (Prometic BioSciences, Laval, Quebec,

Canada)

Posters

Dasiglucagon, a Novel Soluble Glucagon Analog, Successfully Restores Blood Glucose
Levels after Hypoglycemia in People with Type 1 Diabetes Mellitus (T1DM) (389-P) T

Heise, B Bysted, U Mouritzen, U Hovelmann, D Lamers, and D Moller

Mini-Dose Glucagon as a Novel Approach to Prevent Exercise-Induced Hypoglycemia in
Type 1 Diabetes (67-LB) M Rickels, S Dubose, H Wolpert, E Toschi, R Beck, M Cummins, BJ

Newswanger, and MC Riddell

Ultra-Rapid Biochaperone Lispro Improves Post-Prandial Glucose Excursions Versus
Insulin Lispro in a 14-day Treatment Study in Subjects with Type 1 Diabetes (964-P) G

Andersen, G Meiffren, D Lamers, A Ranson, B Alluis, M Gaudier, O Soula, T Heise, and S Bruce

Ultra-Rapid Biochaperone Lispro Improves Postprandial Blood Glucose Control versus
Humalog in a 14-day Treatment Study in Subjects with Type 2 Diabetes (994-P) T Heise,

G Meiffren, D Lamers, B Kronshage, A Ranson, B Alluis, M Gaudier, E Anastassiadis, O Soula, and S Bruce

SORELLA-1: Similar One-Year Efficacy and Safety in People with T1DM Using
SAR342434 or Insulin Lispro in Combination with Insulin Glargine (Gla-100) (1003-P)

S Garg, K Wernicke-Panten, M Rojeski, S Pierre, and K Jedynasty

Similar Glucose Control, Postprandial Glucose Excursions, and Safety in People with
T2DM Using SAR342434 or Insulin Lispro in Combination with Insulin Glargine
(Gla-100): SORELLA 2 Study (1004-P) KM Derwahl, T Bailey, K Wernicke-Panten, L Ping, and S

Pierre

Efficacy and Safety of Mini-Dose Glucagon for Treatment of Nonsevere Hypoglycemia in
Adults with Type 1 Diabetes (1068-P) MW Haymond, S Dubose, MR Rickels, H Wolpert, VN Shah,

JL Sherr, RS Weinstock, S Agarwal, AS Verdejo, MJ Cummins, B Newswanger, and RW Beck

A Phase 1b, Randomized, Placebo-Controlled, Multiple-Dose Study to Evaluate the Safety,
Tolerability, Pharmacokinetics, and Pharmacodynamics of AMG 876, a Novel Fc-FGF-21
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Fusion Protein, in Subjects with Type 2 Diabetes Mellitus (1069-P) L Abuqayyas, M Tracy,

S Smith, A Anderson, and A Kaufman

Results of a Phase 2 Study of the Oxyntomodulin (OXM) Analogue LY2944876 in Patients
with Type 2 Diabetes (T2DM) (1070-P) M Sheetz, R Bray, LS Tham, C Jones, J Kinsella, and R

Violante-Ortiz

The Effect of NNC0090-2746, a Dual GIP/GLP-1 Receptor Agonist (RA), on Glycemic
Control, Plasma Cholesterol, and Body Weight in Subjects with Type 2 Diabetes: A Phase
2a Randomized Clinical Trial (1071-P) JP Frias, EJ Bastyr, L Vignati, M Tschöp, C Schmitt, K

Owen, RH Christensen, and R DiMarchi

Safety, Pharmacokinetics, and Pharmacodynamics of Multiple Ascending Doses of the
Novel Dual GIP/GLP-1 Agonist RG7697 in Patients with Type 2 Diabetes Mellitus
(1095-P) C Schmitt, A Portron, S Jadidi, N Sarkar, and R Dimarchi

Potent Body Weight Loss and Efficacy in a NASH Animal Model by a Novel Long-Acting
GLP-1/Glucagon/GIP Tri-agonist (HM15211) (1139-P) IY Choi, JS Lee, JK Kim, YJ Park, S

Jung, YH Kim, and SC Kwon

Low Weekly Doses of IONIS-GCGRRX, a Second-Generation Antisense Glucagon
Receptor Antagonist, Caused Significant Improvements in Glycemic Control in T2DM
Patients on Stable Metformin Therapy (1158-P) E Morgan, L Tai, SB Jung, R Geary, and S

Bhanot

Symposium: ADA Pathway to Stop Diabetes
Daniel Ceradini, MD (NYU Langone Medical Center, New York, NY); Joshua Thaler, MD (University of
Washington, Seattle, WA); Praveen Sethupathy, MD (Cornell University, Ithaca, NY); Kathleen Page, MD
(USC, Los Angeles, CA); Phillip White, MD (Duke University, Durham, NC)

Responsive Vesicles Integrated with Transcutaneous Patches for Glucose-Mediated
Insulin Delivery Zhen Gu, PhD (University of North Carolina, Chapel Hill, NC)

Symposium: ADA Diabetes Symposium - Emerging Therapeutic Targets and Mechanisms of
Action

Single-Molecule Combinatorial Therapeutics for Obesity and Diabetes Matthias Tschöp,

MD (Helmholtz Diabetes Center, Munich, Germany)

Symposium: Technical Innovations in Islet Transplantation-Novel Approaches

Engineering Novel Encapsulation Platforms for Islets Cherie Stabler, PhD (University of

Florida, Gainesville, FL)

Special Lectures and Addresses: National Scientific & Health Care Achievement Awards
Presentation and Outstanding Scientific Achievement Award Lecture

Outstanding Scientific Achievement Award Lecture-Energy Sensing and Metabolism-
Implications for Treating Diabetes Gregory Steinberg, PhD (McMaster University, Hamilton,

Ontario, Canada)

Type 1 Diabetes Cures, Adjunct Therapies, and Pathophysiology
Symposium: Type 1 Diabetes Immune Intervention Trials

Type 1 Diabetes TrialNet Oral Insulin Trial - Introduction and Background Jay Skyler,

MD (University of Miami, FL)

Type 1 Diabetes TrialNet Oral Insulin Trial - Results and Conclusions Desmond Schatz, MD

(University of Florida, Gainesville, FL)

Type 1 Diabetes TrialNet Oral Insulin Trial - An Oral Insulin Mechanistic Study Peter

Gottlieb, MD (University of Colorado, Aurora, CO)
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Type 1 Diabetes TrialNet Oral Insulin Trial - Independent Commentary David Maahs, MD

(Stanford University, Palo Alto, CA)

Imatinib (Gleevec) in New-Onset Type 1 Diabetes-Background and Results Stephen

Gitelman, MD (UCSF, San Francisco, CA)

DIAPREV-IT Trial with GAD-Vaccine-Results and Conclusions Helena Larsson, MD, PhD

(Lund University, Sweden)

Symposium: Results of the JDRF Reducing with Metformin Vascular Adverse Lesions in Type
1 Diabetes (REMOVAL) International Multicenter Trial

Introduction, Study Rationale, and Design Helen Colhoun, MD (University of Edinburg, UK)

Study Population Alicia Jenkins, MD (University of Sydney, Australia)

Glycemia Irene Hramiak, MD (St. Joseph's Healthcare, Ontario, Canada)

Primary Endpoint Nishi Chaturvedi, MD (University College London, UK)

Clinical and Metabolic Outcomes John Petrie, MD (University of Glasgow, Scotland)

Safety Martijn Brouwers, MD (Maastricht University Medical Center, Maastricht, Netherlands)

Conclusions Peter Rossing, MD (Steno Diabetes Center, Copenhagen, Denmark)

Perspective Naveed Sattar, MD (University of Glasgow, Scotland, UK)

Panel Discussion

Oral Presentations: GLP-1s and SGLT2s-To Do or Not to Do in Type 1 Diabetes Mellitus?

Twenty-Four-Week Efficacy and Safety of Sotagliflozin, a Dual SGLT1 and SGLT2
Inhibitor, as Adjunct Therapy to Insulin in Type 1 Diabetes (inTandem1) John Buse, MD

(UNC, Chapel Hill, NC)

A 12-Week Dose-Ranging Study of Sotagliflozin, a Dual SGLT-1 and SGLT-2 Inhibitor, as
Adjunct Therapy to Insulin in Type 1 Diabetes (inTandem4) Paul Strumph, MD (Lexicon

Pharmaceuticals, The Woodlands, TX)

Efficacy and Safety of Liraglutide in Insulin-Pump-Treated People with Type 1 Diabetes:
The Lira Pump Trial Thomas Dejgaard, MD, PhD, Kirsten Nørgaard, MD, and Christian Frandsen, MD,

PhD (Copenhagen University Hospital, Hvidovre, Denmark)

Oral Presentations: ADA Presidents Oral Session

REMD-477, a Human Glucagon Receptor (GCGR) Antibody, Reduces Daily Insulin
Requirements and Improves Glycemic Control in People with Type 1 Diabetes (T1D)

Jeremy Pettus, MD (UCSD, San Diego, CA)

Oral Presentations: New Insights into Prevention and Treatment of Hypoglycemia

Nasal Glucagon for the Treatment of Moderate-to-Severe Hypoglycemic Episodes in Real-
World Settings in Adults with Type 1 Diabetes Elizabeth Seaquist, MD (University of Minnesota,

Minneapolis, MN)

Effect of Ethanol Intoxication on the Antihypoglycemic Action of Glucagon Laya

Ekhlaspour, MD (Massachussets General Hospital, Boston, MA)

Posters

Dasiglucagon, a Novel Soluble Glucagon Analog, Successfully Restores Blood Glucose
Levels after Hypoglycemia in People with Type 1 Diabetes Mellitus (T1DM) (389-P) T

Heise, B Bysted, U Mouritzen, U Hovelmann, D Lamers, and D Moller

Mini-Dose Glucagon as a Novel Approach to Prevent Exercise-Induced Hypoglycemia in
Type 1 Diabetes (67-LB) M Rickels, S Dubose, H Wolpert, E Toschi, R Beck, M Cummins, BJ

Newswanger, and MC Riddell
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Efficacy and Safety of Mini-Dose Glucagon for Treatment of Nonsevere Hypoglycemia in
Adults with Type 1 Diabetes (1068-P) MW Haymond, S Dubose, MR Rickels, H Wolpert, VN Shah,

JL Sherr, RS Weinstock, S Agarwal, AS Verdejo, MJ Cummins, B Newswanger, and RW Beck

Symposium: Preserving the Beta Cell Function

How Do We Protect the Beta Cell in Type 1 Diabetes? Aaron Michels, MD (University of

Colorado, Aurora, CO) Jerry Palmer, MD (VA Puget Sound Healthcare System, Seattle, WA)

Symposium: Technical Innovations in Islet Transplantation-Novel Approaches

Engineering Novel Encapsulation Platforms for Islets Cherie Stabler, PhD (University of

Florida, Gainesville, FL)

Bioengineering the Transplant Site―Application to Clinical Therapy James Shapiro, MD,

PhD (University of Alberta, Edmonton, Canada)

Symposium: Joint ADA/ISPAD Symposium-Current Status of Complications in Youth with
Type 1 Diabetes

Update on Macrovascular Disease and Risk Factors-Time to be More Aggressive with
Treatment? David Maahs, MD (Stanford Children's Health, Palo Alto, CA)

Update on Retinopathy-Should We Screen or Not? Kim Donoghue, MD (University of Sydney,

Australia)

Symposium: Therapies to Preserve Beta Cells in Type 1 Diabetes (Supported by a grant from
The Leona M. and Harry B. Helmsley Charitable Trust)

Therapy for Type 1 Diabetes - Short Treatment for Durable Benefit Gerald Nepom, MD,

PhD (Benaroya Research Institute, Seattle, WA)

Disease-Specific Therapy (Antigen-Specific Immunotherapy) Carolin Daniel, PhD

(Helmholtz Zentrum München, Munich, Germany)

Symposium: Bariatric Surgery in Special Populations

Bariatric Surgery in Type 1 Diabetes Sangeeta Kashyap, MD (Cleveland Clinic, Cleveland, OH)

Symposium: Beta Cells Under Attack-Lessons from Transplantation for New-Onset Type 1
Diabetes

Addressing Cellular Immunity―Transplant Therapies Applied to New-Onset Type 1
Diabetes Antoinette Moran, MD (University of Minnesota, Minneapolis, MN) Lorenzo Piemonti, MD

(San Raffaele Scientific Institute, Milan, Italy)

Beta-Cell Biomarkers―Assessing Islet Loss in Transplant and Type 1 Diabetes Kevan

Herold, MD (Yale University, New Haven, CT)

Lessons from Islet Physiology-Plasticity of Islet-Cell Function Patrick MacDonald, PhD

(University of Alberta, Edmonton, Canada)

Symposium: The Future Face of Diabetes Care - Beta-Cell Replacement vs. Technology
(Supported by a grant from The Leona M. and Harry B. Helmsley Charitable Trust

The Future of Diabetes Management Is Cell Replacement Therapy Jeffrey Millman, PhD

(Washington University in St. Louis, St. Louis, MO)

Professional Interest Group Session: Staging Presymptomatic Type 1 Diabetes - Is There
Enough Evidence? (Supported by the Helmsley Charitable Trust)

Richard Insel, MD (Insel Consulting, New York, NY) and Dorothy Becker, MB (Children's Hospital of Pittsburgh,
PA)

Symposium: Biomarkers of Type 1 Diabetes
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Biomarkers of Disease Progression and Efficacy/Treatment in Type 1 Diabetes Massimo

Pietropaolo, MD (Baylor College of Medicine, Houston, TX)

Closing the Loop, Pumps, and Insulin Delivery
Oral Presentations: Pumps and Loops

Inpatient Safety and Feasibility of the Tandem Predictive Low Glucose Suspend (PLGS)
Insulin Pump System Gregory P. Forlenza, MD (Barbara David Center for Diabetes, Aurora, CO)

Closed-Loop Systems Compared with Insulin Pump Therapy for Outpatient Glucose
Control in Type 1 Diabetes: A Meta-analysis Alanna Weisman (University of Toronto, Toronto,

Ontario, Canada)

Artificial Pancreas in an Acute General Hospital: A Randomised Controlled Study Hood

Thabit, MD (University of Cambridge, UK)

Diabeloop Closed-Loop Achieves Better Blood Glucose Control than Sensor-Augmented
Pump over Three Days Involving Intensive Physical Exercises, Gastronomic Dinners, or
Rest in T1D Patients Sylvia Franc, MD (CERITD, Evry, France)

Do Patients under Pump Therapy Benefit from Using the Predictive Low Glucose
Management System for Prevention of Hypoglycemia and Improved Glycemic Control in
Type 1 Diabetes Mellitus? Petros Thomakos, MD (Athens University Medical School, Athens, Greece)

Single and Dual-Hormone Closed-Loop Glucose Control with Automated Exercise
Detection to Prevent Hypoglycemia in Type 1 Diabetes Peter Jacobs, PhD (Oregon Health and

Science University, Portland, Oregon)

Oral Presentations: New Insights into Prevention and Treatment of Hypoglycemia

Restoration of Hypoglycemia Awareness with Closed-Loop Therapy Stacey Anderson, MD

(UVA, Charlottesville, VA)

Effect of Ethanol Intoxication on the Antihypoglycemic Action of Glucagon Laya

Ekhlaspour, MD (Massachussets General Hospital, Boston, MA)

Oral Presentations: Translating Therapeutics to the Real World

A Prospective, Pragmatic Clinical Trial to Compare the Real-World Use of V-Go in Type 2
Diabetes Patients Mark Cziraky (HealthCore, Inc, Wilmington, DE)

Posters

Maintaining Glucose Control at One+ Year of MiniMed 670G System Home Use: Single
Center Experience (126-LB) S Garg, R Slover, D Giordano, G Forlenza, S Lee, J Shin, and F Kaufman

Automatic Estimation of Basals, ISF, and Carb Ratio for Sensor-Augmented Pump and
Hybrid Closed-Loop Therapy (127-LB) D Lewis and S Leibrand

Safety and Feasibility of Omnipod Hybrid Closed-Loop in Children Aged 6-12 Years with
Type 1 Diabetes Using a Personalized Model Predictive Control Algorithm (132-LB) B

Buckingham, G Forlenza, J Schneider, T Peyser, E Dassau, J Bok Lee, J O'Connor, J Layne, and T Ly

Impact of Center for Medicare Services (CMS) Insulin Pump Policies on Patients with T1D
(1036-P) NB Argento and AL Peters

The Efficacy of Single-Hormone Artificial Pancreas at Controlling Glucose Levels in
Insulin-Treated Patients with Type 2 Diabetes: A Randomized Crossover TriaL (1050-P)

N Taleb, A Carpentier, J Rene, V Messier, J Morais, A Haidar, and R Rabasa-Lhoret

PAQ Insulin Delivery Device Significantly Improves Glycemic Control Without Increase
in Hypoglycemia (1051-P) JK Mader, L Lilly, F Aberer, C Lanz, T Poettler, S Becvar, M Trautmann, J

Warner, and T Pieber
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Role of Appropriate Premeal Insulin Bolus on the Hybrid Closed-Loop System 670G
(1053-P) A Roy, B Grosman, R Bergenstal, B Bode, B Buckingham, S Garg, S Lee, and F Kaufman

Safety and Feasibility of Omnipod Hybrid Closed-Loop in Adolescents with Type 1
Diabetes Using a Personalized Model Predictive Control Algorithm (1055-P) B

Buckingham, G Forlenza, J Schneider, T Peyser, E Dassau, J Bok Lee, J O'Connor, J Layne, and T Ly

Effect of a Lower Glucose Target on Glycemic Outcomes with an Insulin-Only Bionic
Pancreas (1062-P) CA Balliro, L Ekhlaspour, A Esmaeili, FH El-Khatib, D Mondesir, R Selagamsetty,

MA Hillard, M Maheno, RZ Jafri, ER Damiano, and SJ Russell

Comparing the Patient Experience of an Insulin-Only and Bihormonal Bionic Pancreas
(876-P) CA Balliro, MA Hillard, D Mondesir, SJ Russel, and ME Larkin

Joint ADA/JDRF Symposium - Progress towards an Artificial Pancreas

Hybrid Closed-Loop Insulin Delivery Systems-U.S. Perspective Eda Cengiz, MD (Yale

University, New Haven, CT)

Developing the Next Set of Clinical Decision Support Tools for the Artificial Pancreas
Richard Bergenstal, MD (International Diabetes Center, St. Louis Park, MN)

Beyond Hybrid Closed-Loop Insulin Delivery Systems Stuart Weinzimer, MD (Yale University,

New Haven, CT)

Hybrid Closed-Loop Insulin Delivery Systems - European Perspective Roman Hovorka,

PhD (University of Cambridge, UK)

Symposium: Digital Data - Clinical Liability and Patient Safety

Guidance From The Food and Drug Administration Courtney Lias, PhD (FDA, Silver Spring,

MD)

Symposium: Cognitive Functioning and Decision-Making in Diabetes

The Right Devices at the Right Time Katharine Barnard, PhD (Bournemouth University, UK)

Symposium: Technology and Automation for Inpatient Insulin Management

Advances in Glucose Monitoring in the ICU Stanley Nasraway, MD (Tufts Medical Center,

Boston, MA)

Mini-Symposium: The Future Face of Diabetes Care-Beta-Cell Replacement vs. Technology
(Supported by a grant from The Leona M. and Harry B. Helmsley Charitable Trust)

The Near-Term Future of Diabetes Management Is Closed-Loop Pump Technology
Aaron J. Kowalski, PhD (JDRF, New York, NY)

Diabetes Mine D-Data Exchange

Highlights: Insulet Shows Cool Horizon Screens; FDA's Strong Call for Interoperability
Between Companies; Dexcom API This Year

Tandem Media Day

Highlights

JDRF/NIH Closed-Loop Research Meeting Research Meeting

The Next Five Years Frank Doyle, MD (Harvard University, Cambridge, MA)

Overview John Lum (Jaeb Center for Health Research, Tampa, FL)

"Right Now!" What's Being Done with Closed-Loop Systems Today? Richard Bergenstal,

MD (International Diabetes Center, Minneapolis, MN)

Mini-Symposium: Exercise for Type 1 Diabetes (Supported by a Grant from The Leona M. and
Harry B. Helmsley Charitable Trust)
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Mechanisms Regulating Glucose Metabolism During and After Exercise in Type 1
Diabetes Iñigo San Millán, PhD (University of Colorado School of Medicine, Denver, CO)

Exercise and the Development of the Artificial Pancreas Michael Riddell, PhD (York

University, Toronto, Canada)

Corporate Symposium: Continuous Glucose Monitoring as Standard of Care: Clinical
Outcomes, Improved Access and Therapeutic Use (Sponsored by Dexcom)

Continuous Glucose Monitoring in Patients Treated With MDI Richard Bergenstal, MD

(International Diabetes Center, St. Louis Park, MN)

Clinical Review Of Patients Steve Edelman, MD (University of California San Diego, CA)

iDCL Update Boris Kovatchev, PhD (UVA, Charlottesville, VA)

Product Theaters

What's Next for the Omnipod System? Innovation at Work (Presented by Insulet)
Trang Ly, MD, PhD (Insulet Corporation, Bedford, MA)

MiniMed 670G System with SmartGuard HCL Technology: Driving Patient Outcomes
through Automation (Presented by Medtronic) Richard M. Bergenstal, MD (International

Diabetes Center, St. Louis Park, MN)

Glucose Monitoring
Symposium: Reaching an International Consensus on Standardizing Continuous Glucose
Monitoring (CGM) Outcomes―Aligning Clinicians, Researchers, Patients, and Regulators

Bruce A. Buckingham, MD (Stanford University, Palo Alto, CA), Kelly L. Close (The diaTribe Foundation, San
Francisco, CA), Richard M. Bergenstal, MD (Park Nicollet Methodist Hospital, Minneapolis, MN), Thomas
Danne, MD (Hannover Medical School, Hannover, Germany), Aaron J. Kowalski, PhD (JDRF, New York, NY),
Simon R. Heller, MD (University of Sheffield, UK)

Current Issues

Should Continuous Glucose Monitoring Be Prescribed for People with Type 2 Diabetes? A
Pro/Con Discussion Jeremy Pettus, MD (UCSD, San Diego, CA) and William H. Polonsky, PhD (UCSD,

San Diego, CA)

Oral Presentations: Where is Glucose Monitoring Taking Us?

Sugar.IQ Insights: An Innovative Personalized Machine-Learning Model For Diabetes
Management Huzefa Neemuchwala, PhD, MBA (Head of Innovation, Medtronic Diabetes, Northridge,

CA)

Effect of Continuous Glucose Monitoring on Glycemic Control in Adults Using Multiple
Daily Insulin Injections David Price, MD (Dexcom, San Diego, CA)

A Randomised Controlled Trial of Self-Monitoring of Blood Glucose in Noninsulin-
Treated Type 2 Diabetes: The SMBG Study David Owens, MD (Swansea, United Kingdom)

Diabetes Devices and Profiles of the Clinicians Who Prescribe Them Molly Tanenbaum,

MD (Stanford University, Palo Alto, CA)

Oral Presentations: Potential Implications of the Affordable Care Act on Diabetes Care

Connected Glucose Meter Plus Coaching Improves Diabetes Clinical Outcomes and
Decreases Costs Jennifer Bollyky, MD (VP Clinical Research & Analytics, Livongo, Mountain View, CA)

Posters

The Disruption Continues: Negative Impact of Medicare Competitive Bidding Program
G Puckrein, IB Hirsch, C Parkin, L Xu, DG Marrero
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Performance of Two Tissue Glucose Monitoring Systems Intended for Nonadjunctive Use
(917-P) U Kamecke M Link, S Pleus, A Westhoff, C Haug, and G Freckmann

Satisfaction with Continuous Glucose Monitoring: How Do the Experiences of Insulin-
Using Adults with Type 1 Diabetes vs. Type 2 Diabetes Differ? (924-P) W Polonsky, D

Hessler, K Ruedy, and R Beck

Use of the Accu-Chek Connect System is Associated with Increased Treatment
Satisfaction and Improved Glycemic Control in Individuals with Insulin-Treated Diabetes
(105-LB) P Mora, A Buskirk, M Lyden, C Parkin, L Borsa, and B Petersen

Sharing the Outcomes and User Experience from India in the First 750 Type 2 Diabetes
Patients with the New Libre Pro 14-Day Glucose Sensor (108-LB) J Kesavadev, L

Ramachandran, A Shankar, A David, G Krishnan, S Srinivas, A Ajai, G Sanal, and S Jothydev

The Economic Impact of Adopting Professional Continuous Glucose Monitoring with the
FreeStyle Libre Pro System (109-LB) S Yu

FreeStyle Libre Use for Self-Management of Diabetes in Children and Adolescents
(110-LB) F Campbell, O Kordonouri, N Murphy, and C Stewart

Clinical Comparison of iWel and Another Continuous Glucose Monitoring (CGM) Product
(121-LB) D Zeng, JA Pagan, Y Li, X Chen, and A Yu

Device-Supported vs. Routine Titration of Insulin Glargine 300 U/mL (Gla-300) in
T2DM: Efficacy and Safety (131-LB) S Edelman, S Bain, C Hasslacher, G Charpentier, G Vespasiani,

F Flacke, H Goyeau, M Woloschak, and M Davies

Glucose Monitoring in Noninsulin-Treated Type 2 Diabetes: A Pragmatic, Randomized
Clinical Trial (891-P) L Young, CM Mitchell, T Gregory, J Buse, M Vu, M Weaver, J Rees, K Grimm, and

K Donahue

User Acceptability of a Long-Term, Fully-Implanted CGM System-Interim Clinical
Results (929-P) J Lucisano, T Bailey, K Bertsch, P Gupta, L Kurbanyan, S Martha, L Morrow, and J

Wilensky

Impact of Continuous Glucose Monitoring (CGM) on Hypoglycemia in T1D Adults on
Multiple Daily Insulin Injections (MDI) (932-P) A Olafsdottir, I Hirsch, J Bolinder, T Heise, W

Polonsky, S Dahlqvist, A Frid, E Ahlen, J Hellman, H Wedel, and M Lind

Lifestyle Coaching Plus Connected Glucose Meter with CDE Support Improves Blood
Glucose and Weight Loss for People with Type 2 Diabetes (957-P) J Bollyky, D Bravata, J

Yang, and J Schneider

Cost Calculation and Adherence to Guidelines for a Flash Continuous Glucose Monitoring
System for Adults with Type 1 Diabetes Mellitus Using Intensive Insulin: a UK NHS
Perspective (1325-P) R Hellmund

Joint ADA/AACC Symposium: The Role and Utility of Glycated Proteins - Beyond A1c

Technical Challenges David Sacks, MD (NIH, Bethesda, MD)

Symposium: Technology and Automation for Inpatient Insulin Management

Advances in Glucose Monitoring in the ICU Stanley Nasraway, MD (Tufts Medical Center,

Boston, MA)

Corporate Symposium: Clinical Benefits of Flash Glucose Monitoring (Sponsored by Abbott)

Flash Glucose Self Monitoring in Children and Adolescents with Type 1 Diabetes: the
Selfy Study Olga Kordonouri, MD (Children's Hospital, Hanover, Germany)

Flash Glucose Monitoring: Patterns and Impact on Glycemia in Real Life Settings
Ramzi Ajjan, MD (University of Leeds, UK)
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Clinical Benefits of Professional Flash Glucose Monitoring: the Indian Experience V.

Mohan, MD, PhD (Diabetes Specialty Center, Chennai, India)

Corporate Symposium: Continuous Glucose Monitoring as Standard of Care: Clinical
Outcomes, Improved Access and Therapeutic Use (Sponsored by Dexcom)

Continuous Glucose Monitoring in Patients Treated With MDI Richard Bergenstal, MD

(International Diabetes Center, St. Louis Park, MN)

Clinical Review Of Patients Steve Edelman, MD (University of California San Diego, CA)

iDCL Update Boris Kovatchev, PhD (UVA, Charlottesville, VA)

Product Theater: It's Time to Rethink Professional Continuous Glucose Monitoring - The
New FreeStyle Libre Pro System (Sponsored by Abbott)

It's Time to Rethink Professional CGM: The New FreeStyle Libre Pro System Daniel

Einhorn, MD (UC San Diego, CA)

Special Event: U.S. Diabetes Exchange & Experience event (dX2) (Sponsored by Abbott)

Visualizing the Future of Diabetes Management Jo Boaler, PhD (Stanford University, Palo Alto,

CA), George Grunberger, MD (AACE, Bloomfield Hills, MI), Joel Goldsmith (Abbott, San Francisco, CA)

Digital Health
Oral Presentations: Where Is Glucose Monitoring Taking Us?

Sugar.IQ Insights: An Innovative Personalized Machine-Learning Model For Diabetes
Management Huzefa Neemuchwala, PhD, MBA (Head of Innovation, Medtronic Diabetes, Northridge,

CA)

Oral Presentations: From Prediction to Transition - Type 1 Diabetes Mellitus Across Stages

Glucose Control as Measured by A1c in Diabeter Clinic Patients Compared with T1D
Exchange Patients Henk Veeze, PhD (Diabeter Clinic, Rotterdam, The Netherlands)

Oral Presentations: Potential Implications of the Affordable Care Act on Diabetes Care

Connected Glucose Meter Plus Coaching Improves Diabetes Clinical Outcomes and
Decreases Costs Jennifer Bollyky, MD (VP Clinical Research & Analytics, Livongo, Mountain View, CA)

Oral Presentations: Thinking and Working Outside the Box - Prevention and Intervention
Approaches

Effects of a Gamified Mobile Application to Support a Lifestyle Change Program in
Adults: A Controlled Pilot Sam Oddsson, MD (Sahlgrenska University Hospital, Sweden)

The Effect of the Patient-Centered, Smartphone-Based, Diabetes Care System in Patients
with Uncontrolled Type 2 Diabetes: A Randomized Controlled Trial for 24 Weeks Eun

Ky Kim, MD (Seoul National University, South Korea)

Posters

Remote Care Promotes Low Carbohydrate Diet Adherence and Glycemic Control Allowing
Medication Reduction in Type 2 Diabetes (76-LB) S Hallberg, A McKenzie, N Bhanpuri, B Volk,

T Hazbun, J McCarter, S Phinney, and J Volek

Bluetooth Pen Cap Identifies Gaps in Adherence to Insulin Dosing and Timing: A Critical
Step in Safe Diabetes Management (1043-P) M Munshi, C Slyne, T Macneil, and E Toschi

Reduced Health Care Costs with Automated Basal Insulin Titration in Patients with Type
2 Diabetes (1322-P) J Sieber, H Bajaj, T Kottman, K Venn, R Aronson, and F Flacke
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Device-Supported vs. Routine Titration of Insulin Glargine 300 U/mL (Gla-300) in
T2DM: Efficacy and Safety (131-LB) S Edelman, S Bain, C Hasslacher, G Charpentier, G Vespasiani,

F Flacke, H Goyeau, M Woloschak, and M Davies

Automated Frequent Insulin Dosage Titrations: Essential for Successful Insulin
Management in Type 2 Diabetes (1016-P) I Hodish, M Johnson, E Bashan, D Kruger, A Bhargava,

and R Bergenstal

Impact of a Diabetes Mobile App with In-App Coaching on Glycemic Control (63-LB) S

Kumar, H Moseson, J Uppal, C Osburn, M Heyman, and J Juusola

Digital Behavioral Counseling for Diabetes Risk Reduction in a Workforce (85-LB) CM

Castro Sweet, MG Wilson, MD Edge, EN Madero, M McGuire, M Pilsmaker, D Carpenter, and S Kirschner

Use of the Accu-Chek Connect System is Associated with Increased Treatment
Satisfaction and Improved Glycemic Control in Individuals with Insulin-Treated Diabetes
(105-LB) P Mora, A Buskirk, M Lyden, C Parkin, L Borsa, and B Petersen

The One Drop Mobile App with In-App Coaching Improves Blood Glucose and Self-Care
(885-P) CY Osborn, M Heyman, B Huddleston, J Van Ginkel, D Rodbard, and J Dachis

High Risk Population Using mobile Logging Application SHows Significant Reduction in
LGBI (952-P) M Hompesch, K Kalcher, and F Debong

Lifestyle Coaching Plus Connected Glucose Meter with CDE Support Improves Blood
Glucose and Weight Loss for People with Type 2 Diabetes (957-P) J Bollyky, D Bravata, J

Yang, and J Schneider

Symposium: Harnessing the Power of Digital Connectivity in Sickness and in Health

New Research - Perspectives from NIH Judith Fradkin, MD (Director, Division of Diabetes,

Endocrinology, and Metabolism, NIH, Bethesda, MD)

Symposium: Digital Data - Clinical Liability and Patient Safety

Guidance From The Food and Drug Administration Courtney Lias, PhD (FDA, Silver Spring,

MD)

What Does the e-Patient Expect? Amy Tenderich (Diabetes Mine, San Francisco, CA)

Tsunami of Digital Data - Impact on Clinical Practices Geralyn Spollett, NP (Yale University,

New Haven, CT)

Symposium: Using Technology to Improve Performance Outcomes and Care (Supported by a
Grant from The Leona M. and Harry B. Helmsley Charitable Trust)

MITI: The Mobile Insulin Titration Intervention Natalie Levy, MD (NYU School of Medicine,

New York, NY)

Evaluating and Using Apps to Improve Health Care Provider Performance Brandon

Arbiter (Tidepool, San Francisco, CA)

Technological Approaches to Achieve Pay-for-Performance Standards Athena Philis-

Tsimikas, MD (Scripps Health, La Jolla, CA)

Symposium: Venturing Beyond the Bricks, Mortar, and Books

A Social Media Learning Collaborative Approach to Competency-Based Training in
Diabetes Donald Simonson, MD (Brigham & Women's Hospital, Boston, MA)

Symposium: Big Data, Small Data, and Type 1 Diabetes - Practice Redesign at the Intersection
of Families, Providers, Value-Based Reimbursement, and Technology

Findings from the Field - Results of a Randomized Pilot Study of Intensive Remote
Monitoring among Children with Type 1 Diabetes Aylin Altan, PhD (OptumLabs, Cambridge,

MA); Deneen Vojta, MD (UnitedHealth Group, Minneapolis, MN)
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Symposium: ADA Diabetes Care Symposium - Diabetes Care and Research Through the Age

What Does the Future Hold? Ele Ferrannini, MD (University of Pisa, Italy)

Symposium: mHealth - Friend or Bystander in Diabetes Management

Mobile Technologies for Data Collection Mark Clements, MD, PhD (Children's Mercy Hospital,

Kansas City, MO)

NDEP Symposium - Shared Decision-Making - Strategies for Improvements in Patient-
Provider Communication

Shared Decision Making in Pediatrics: Development and Evaluation of Web-Based
Decision Aids for Candidates for Insulin Pump or CGM Tim Wysocki, PhD (Center for Health

Care Delivery Science, Jacksonville, FL)

Mini-Symposium: What's App? Opportunities and Challenges in Diabetes Mobile
Technologies

Translating Behavioral Science for mHealth Systems Shelagh Mulvaney, PhD (Vanderbilt

University, Nashville, TN) and Sara Krugman, (Tidepool, San Francisco, CA)

Questions and Answers Sara Krugman (Tidepool, San Francisco, CA) and Shelagh Mulvaney, PhD

(Vanderbilt University, Nashville, TN)

Diabetes Mine D-Data Exchange

Highlights: Insulet Shows Cool Horizon Screens; FDA's Strong Call for Interoperability
Between Companies; Dexcom API This Year

Special Event: U.S. Diabetes Exchange & Experience event (dX2) (Sponsored by Abbott)

Visualizing the Future of Diabetes Management Jo Boaler, PhD (Stanford University, Palo Alto,

CA), George Grunberger, MD (AACE, Bloomfield Hills, MI), Joel Goldsmith (Abbott, San Francisco, CA)

Company Announcements

One Drop Integrates with Amazon Alexa Voice Technology; Brings Dr. Nicole Johnson on
to the Advisory Board
Ascensia + Voluntis Partner to Connect Contour Next and Plus One BGMs with Insulia
Basal Titration App; Launch in 4Q17

Obesity and Prediabetes Care
Oral Presentations: Beyond Glycemic Impact

Semaglutide Provides Superior Body Weight Reduction across SUSTAIN 1-5 Clinical
Trials Ildiko Lingvay, MD (University of Texas Southwestern Medical Center, Dallas, TX)

Oral Presentations: Translating Therapeutics to the Real World

Effect of Metformin on Diabetes Prevention at 15 Years: Identification of Subgroups Most
Likely to Benefit David Nathan, MD (Harvard University, Boston, MA)

Oral Presentations: Obesity Pathogenesis and Treatment-Insights from Human Studies

Body Weight and Energy Intake Changes in Overweight Individuals Treated with
Canagliflozin, Phentermine, or Canagliflozin + Phentermine David Polidori, PhD (Johnson &

Johnson, San Diego, CA)

Changes in Weight and Glycemic Control in Obese T2DM and Prediabetes 18 Months
after Creation of a Dual-Path Enteral Diversion by an Incisionless Magnet Anastomosis
System (IMAS) Donald Simonson, MD (Brigham and Women's Hospital, Boston, MA)
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Race Affects the Association of Obesity Measures with Insulin Sensitivity Jeannie Tay,

PhD (Nutrition Obesity Research Center, Birmingham, AL)

Oral Presentations: Physiological Effects of Exercise in Humans with Diabetes or Obesity
(With State-of-the-Art Lecture)

State-of-the-Art Lecture: Emerging Mechanisms Underlying the Benefits of Exercise for
Diabetes Bret Goodpaster, PhD (Translational Research Institute, Orlando, FL)

Oral Presentations: Transplantation - Basic Science and Physiology

Brown Adipose Tissue, a Novel Therapeutic Target for Glucose and Insulin Intolerance
John Guers, PhD (Rutgers University Medical School, Newark, NJ)

Oral Presentations: Valid Mixed Results―Heterogeneity of Responses to Nutrition
Interventions

Body Shape Genetic Risk Score Modifies Effects of Weight-Loss Diets on Two-Year
Changes of Central Adiposity and Body Composition: POUNDS Lost Trial Yoriko

Heianza, PhD (Tulane University, New Orleans, LA)

Metabolic Effects and Safety of Weight Loss via Intermittent Fasting vs. Continuous
Energy Restriction in Patients with Type 1 Diabetes and Overweight or Obesity Jane

Overland, PhD (University of Sydney, Sydney, Australia)

Posters

Potent Body Weight Loss and Efficacy in a NASH Animal Model by a Novel Long-Acting
GLP-1/Glucagon/GIP Tri-agonist (HM15211) (1139-P) IY Choi, JS Lee, JK Kim, YJ Park, S

Jung, YH Kim, and SC Kwon

Symposium: Population Health, Affordable Care Act (ACA), and New Approaches for
Dissemination/Implementation of the Diabetes Prevention Program (DPP)

Policy Update - Impact of ACA and Medicare on Dissemination and Implementation of
the DPP Nina Brown-Ashford, MPH (CMS, Baltimore, MD)

Identifying and Overcoming Barriers to Enrollment in the DPP Nicole Johnson, PhD

(University of South Florida, Tampa, FL)

Symposium: Prediabetes-Are We Missing Opportunities for Intervention and Risk
Reduction?

Prediabetes-Implications of a Shifting Diagnosis Rachel Huxley, PhD (Curtin University, Perth,

Australia)

Symposium: Cognitive Functioning and Decision-Making in Diabetes

Long-Term Impact of a Lifestyle Intervention on Cognitive Outcomes among Individuals
with Diabetes - Findings from Look AHEAD Mark Espeland, PhD (Wake Forest School of

Medicine, Winstom-Salem, NC)

Symposium: "Tales from the Trenches"

Recruitment and Retention in the DPP Linda Weiss, PhD (New York Academy of Medicine, New

York, NY)

Rolling Out the DPP in Montana, 2008-2017 Dorothy Gohdes, MD (Montana Department of

Public Health and Human Services, Helena, MT)

Symposium: Personalized Nutrition by Prediction of Glycemic Responses

Personalized Nutrition by Prediction of Glycemic Responses Hagit Shapiro, PhD (Weizmann

Institute, Rehovot, Israel)
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Symposium: Into the Endocrine Bowels of Diabetes

Metabolic Surgery of the Gut in the Treatment of Diabetes Nancy Puzziferri, MD (University

of Texas Southwestern, Dallas, TX)

Symposium: Bariatric Surgery in Special Populations

Bariatric Surgery in Type 1 Diabetes Sangeeta Kashyap, MD (Cleveland Clinic, Cleveland, OH)

Symposium: ADA Diabetes Symposium - Emerging Therapeutic Targets and Mechanisms of
Action

Single-Molecule Combinatorial Therapeutics for Obesity and Diabetes Matthias Tschöp,

MD (Helmholtz Diabetes Center, Munich, Germany)

Special Lectures and Addresses: Kelly West Award for Outstanding Achievement in
Epidemiology (Sponsored by Merck)

Diabetes in Youth - Looking Backwards to Inform the Future Dana Dabelea, MD (University

of Colorado, Denver, CO)

Symposium: Manipulating the Microbiome to Treat Metabolic Disease

Manipulating the Microbiome to Treat Metabolic Disease Sean Davies, PhD (Vanderbilt

University, Nashville, TN)

Corporate Symposium: Supporting Your Patient's Climb to Success - Stepwise Progression
Using Obesity Pharmacotherapy for Weight Management in Patients with T2DM (Sponsored
by Novo Nordisk)

Setting Your Sights on Better Health: Therapeutic Goals for Obesity Management in the
Context of T2DM James Gavin, MD, PhD (Emory University, Atlanta, GA)

Assessing the Climb: Current Approaches to Obesity Management Virginia Valentine

(University of New Mexico, Albuquerque, NM)

Selecting a Route: The Role of Weight Loss Pharmacotherapy in Patients with T2DM
Daniel Bessesen, MD (University of Colorado, Denver, CO)

Questions and Answers

Diabetes Complications
Symposium: Inhibition of PCSK9 in Dyslipidemia Patients with Diabetes

Alirocumab and Insulin-Treated Diabetes - Insights from the ODYSSEY DM-INSULIN
Study Lawrence Leiter, MD (University of Toronto, Canada)

Alirocumab vs. Usual Care in Diabetes with Mixed Dyslipidemia - ODYSSEY DM-
DYSLIPIDEMIA Study Robert Henry, MD (UCSD, San Diego, CA)

Oral Presentations: New Insights into Prevention and Treatment of Hypoglycemia

Nasal Glucagon for the Treatment of Moderate-to-Severe Hypoglycemic Episodes in Real-
World Settings in Adults with Type 1 Diabetes Elizabeth Seaquist, MD (University of Minnesota,

Minneapolis, MN)

Oral Presentations: Lipid Modifying Interventions and Their Consequences

Efficacy and Safety of Alirocumab in Persons with Type 1 or Type 2 Diabetes Mellitus and
Atherosclerotic Cardiovascular Disease in 10 ODYSSEY Phase 3 Trials Om Ganda, MD

(Joslin Diabetes Center, Boston, MA)

Oral Presentations: Translating Therapeutics to the Real World

Dapagliflozin in Renal Impairment: The Association of British Clinical Diabetologists
Nationwide Dapagliflozin Audit Robert Ryder, MD (City Hospital, Birmingham, UK)
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Oral Presentations: The Epidemiology of Diabetes Complications

Interleukin-6 Levels and the Risk of Hospitalization for Heart Failure in Type 2 Diabetes:
Insights from Look AHEAD Maria Belalcazar, MD (University of Texas, Galveston, TX)

The Cumulative Incidence of Advanced Renal Disease Affects over 70% of Those with
Type 1 Diabetes with Long-Term Follow-Up Trevor Orchard, MD (University of Pittsburg, PA)

Global Prevalence of Type 2 Diabetes Complications in 14,391 Patients Initiating Second-
Line Therapy: The DISCOVER Study Mikhail Kosiborod, MD (University of Missouri, Kansas City,

MO)

Oral Presentations: Targets and Pathways in Diabetic Kidney Disease (With State-of-the-Art
Lecture)

State-of-the-Art Lecture - Discovering New Targets and Pathways in Diabetic
Nephropathy Kumar Sharma, MD (University of California San Diego School of Medicine, La Jolla, CA)

Oral Presentations: Beyond Glycemic Impact

Double-Blind, Placebo-Controlled, Randomised Trial to Assess the Effect of Liraglutide
on Left Ventricular Diastolic Dysfunction in Type 2 Diabetes Mellitus Patients Maurice

Bizino, MD (Leiden University Medical Center, Leiden, Netherlands)

Oral Presentations: Retinopathy - More than Meets the Eye

Diabetic Retinopathy Grade as a Predictive Marker of Severity of Cardiovascular Disease
and Mortality Kiran Shah, MBBS (Ranawat Health Care, Mumbai, India)

Oral Presentations: Obesity Pathogenesis and Treatment - Insights from Mouse Models

PB-718, a Dual GLP-1/Glucagon Receptor Agonist Demonstrates Superior Weight Loss
Effect and Ameliorates nonalcoholic steatohepatitis (NASH) in Animal Models Michael

Xu, MD (Pegbio, Suzhou, China)

Posters

Dasiglucagon, a Novel Soluble Glucagon Analog, Successfully Restores Blood Glucose
Levels after Hypoglycemia in People with Type 1 Diabetes Mellitus (T1DM) (389-P) T

Heise, B Bysted, U Mouritzen, U Hovelmann, D Lamers, D Moller

Symposium: Diabetes, Drugs, and Heart Failure

Impact of New Diabetes Medications on Heart Failure Risk Eldrin Lewis, MD (Harvard

Medical School, Boston, MA)

Mechanisms Linking Diabetes Therapies and Heart Failure Dale Abel, MD (University of

Iowa, Iowa City, IA)

Symposium: Cognitive Decline - Recognizing and Adapting Diabetes Care Strategies

Does Diabetes Cause Cognitive Decline? Alan Jacobson, MD (Winthrop-University Hospital,

Mineola, NY)

Symposium: Pediatric Diabetes and Associated Comorbidities

Mental Health Comorbidities in Type 2 Diabetes - The Not-So Hidden Iceberg Diana

Naranjo, PhD (Stanford University, CA)

Symposium: Enhancing Diabetes Care in Underserved and Low-Income Populations

Applying the Kaiser Permanente Safety-Net Model to Diabetes Care in Federally Qualified
Health Centers James Dudl, MD (Kaiser Permanente, La Jolla, CA)

Symposium: A Heavy Heart - Metals, Diabetes, and Cardiovascular Disease Outcomes
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Type 2 Diabetes and Residual Risk Following Acute Myocardial Infarction - Still There
After All These Years Mikhail Kosiborod, MD (University of Missouri, Kansas City, MO)

Symposium: Cognitive Functioning and Decision-Making in Diabetes

Long-Term Impact of a Lifestyle Intervention on Cognitive Outcomes among Individuals
with Diabetes - Findings from Look AHEAD Mark Espeland, PhD (Wake Forest School of

Medicine, Winstom-Salem, NC)

Symposium: The Atherogenic Dyslipidemia Complex - New Biomarkers and Therapies
Beyond LDL

Update on the Atherogenic Dyslipidemia Henry Ginsberg, MD (Columbia Medical School, New

York, NY)

Symposium: Patient-Reported Outcomes (PROs) - Using Clinic-Based Screening and
Intervention to Inform Diabetes Care

To Screen or Not to Screen - Is That the Question? Jeffrey Gonzalez, PhD (Yeshiva University,

New York City, NY)

Symposium: Joint ADA/ISPAD Symposium - Current Status of Complications in Youth with
Type 1 Diabetes

Update on Macrovascular Disease and Risk Factors-Time to be More Aggressive with
Treatment? David Maahs, MD (Stanford Children's Health, Palo Alto, CA )

Update on Retinopathy - Should We Screen or Not? Kim Donoghue, MD (University of Sydney,

Australia)

Update on Nephropathy - When Should We Treat? David Dunger, MD (University of

Cambridge, Cambridge, UK)

Update on Neuropathy - The Forgotten Complication Eva Feldman, MD (University of

Michigan, Ann Arbor, MI)

Symposium: Hypoglycemia-Associated Autonomic Failure (HAAF) in Diabetes Revisited

The Syndrome of HAAF in Diabetes Samuel Dagogo-Jack, MD (University of Tennessee, Memphis,

TN)

Corporate Symposium: DCRI Evidence to Practice Series - Management of Diabetes for Heart
Failure Patients (Sponsored by BI)

Latest Research Findings and Knowledge Gaps Jennifer Green, MD (Duke University, Durham,

NC)

Case Presentations Robert Mentz, MD (Duke University, Durham, NC); Darren McGuire, MD (UT

Southwestern, Dallas, TX); Eldrin Lewis, MD (Brigham and Women's Hospital, Boston, MA)

Corporate Symposium: Individualized T2D Plans in the Midst of CVOTs Galore: Applying the
Data in a Practical Sense (Sponsored by Lilly/BI)

Individualized T2D Plans in the Midst of CVOTs Galore: Applying the Data in a Practical
Sense Daniel Einhorn, MD (Scripps Diabetes Institute, La Jolla, CA); George Bakris, MD (University of

Chicago, IL); Vivian Fonesca, MD (Tulane University, New Orleans, LA); Lawrence Leiter, MD (University of

Toronto, Canada)

Product Theater: Diabetes and Cardiovascular Disease: Making the Connection (Sponsored
by Novo Nordisk)

Diabetes and Cardiovascular Disease: Making the Connection Yehuda Handelsman, MD

(Metabolic Institute of America, Tarzana, CA)
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Product Theater: Praluent (Alirocumab) Injection - A Tailored Approach to Help Address an
Unmet Need (Sponsored by Sanofi/Regeneron)

Praluent (Alirocumab) Injection-A Tailored Approach to Help Address an Unmet Need
Eliot Brinton, MD (The Atherometabolism Institute, Salt Lake City, UT)

Treatment Algorithms and Strategies
Oral Presentations: Hospital-Based Care and Diabetes - Adherence to Diabetic Care
Strategies

Association Between Oral Diabetes Agent Adherence, Age, Comorbidities, and A1c among
Elderly Patients Gregory Nichols, PhD (Kaiser Permanente, Portland, OR)

How Much Does Adherence to Insulin Influence Glycemic Control? Julie Lauffenburger,

PhD (Harvard University, Boston, MA)

Oral Presentations: The Epidemiology of Diabetes Complications

Glycemic Control, Glucose-Lowering Medication Use, and Utilization among Older
Patients with Diabetes Jennifer Kuntz, PhD (Kaiser Permanente Center for Health Research, Portland,

OR)

Oral Presentations: Landscape of Therapeutic Trials in Type 2 Diabetes

Triple vs. Dual Therapy with Saxagliptin plus Dapagliflozin vs. Sitagliptin Added to
Metformin-Failure Uncontrolled Type 2 Diabetes Yehuda Handelsman, MD (Metabolic Institute

of America, Tarzana, CA)

Oral Presentations: Venturing Beyond the Bricks, Mortar, and Books

Community Health Workers, Mobile Health, or Both for Management of Medicaid
Patients with Diabetes Michelle Magee, MD (MedStar Health, Washington, DC)

Oral Presentations: Translating Therapeutics to the Real World

Trends in Glycemic Medication and Control in Youths with Type 2 Diabetes (T2D): The
SEARCH for Diabetes in Youth Study Tongtong Wang, PhD (Merck, Kenilworth, NJ)

Symposium: Combination Therapy in Type 2 Diabetes-Promise Delivered?

Pathophysiologic Rationale for Combination vs. Step-Wise Treatment Approach James

Gavin, MD (Emory University, Atlanta, GA)

The Future of Combination Therapy in the Treatment of Type 2 Diabetes-Which Classes,
Why, and When? John Buse, MD (UNC, Chapel Hill, NC)

Fixed Dose/Fixed Ratio Combinations: Limitations and Remaining Gaps Luigi

Meneghini, MD (UT Southwestern Medical Center, Dallas, TX)

Current Fixed-Dose/Fixed-Ratio Combinations: Overview and Clinical Evidence Roopa

Mehta, MD (Instituto Nacional de Ciencias Médicas y Nutrición, Mexico City, Mexico)

Symposium: Update on Cardiovascular Outcomes Trials (CVOTs)

Translating CVOTs Data into Clinical Practice-Should the Guidelines Change? Anne

Peters, MD (Keck Medical Center of USC, Los Angeles, CA)

Rethinking CVOTs in Diabetes-What Should the Future Hold? Lawrence Leiter, MD

(University of Toronto, Canada)

Symposium: Shared Decision-Making - Strategies for Improvements in Patient-Provider
Communication

Shared Decision-Making-Diabetes Risk Perceptions and Prevention Ann Albright, PhD

(CDC, Atlanta, GA)
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Symposium: SGLT2 Inhibitors - Still More to Explore

Clinical Role of SGLT2 Inhibitors―Current and Future Julio Rosenstock, MD (Dallas Diabetes

and Endocrine Center, TX)

Symposium: ADA Diabetes Care Symposium - Diabetes Care and Research through the Ages

Evolving Concepts and Future Directions for Cardiovascular Outcomes Trials Matthew

Riddle, MD (Oregon Health and Sciences University Group, Portland, OR)

Symposium: Cognitive Decline - Recognizing and Adapting Diabetes Care Strategies

Clinical Strategies to Simplify Treatment and Reduce Hypoglycemia Peggy Odegard,

PharmD (University of Washington, Seattle, WA)

Symposium: Enhancing Diabetes Care in Underserved and Low-Income Populations

Applying the Kaiser Permanente Safety-Net Model to Diabetes Care in Federally Qualified
Health Centers James Dudl, MD (Kaiser Permanente, La Jolla, CA)

Symposium: What's New in Insulin-Related Therapy?

Old Problems, New Solutions - Insulin Management Through Innovation Lori Berard

(WRHA Health Sciences Centre Diabetes Research Group, Winnipeg, CA)

Symposium: Overtreatment in Diabetes Management

The Art of Personalized Diabetes Care Deborah Wexler, MD (MGH, Boston, MA)

Supporting Personalized Patient-Centered Care Through Shared Decision-Making
Elbert Huang, MD (University of Chicago, IL)

Symposium: Diabetes Care for Older Adults

Hypoglycemia in the Older Patient with Type 1 Diabetes Ruth Weinstock, MD (SUNY Upstate

Medical University, Syracuse, NY)

Benefits and Harms of More Aggressive Glycemic Treatment in Older Adults Marian

Kirkman, MD (UNC, Chapel Hill, NC)

Symposium: Successes with Type 1 Diabetes Complications and Survival

Predictors and Clinical Outcomes of Treatment Intensification in Patients (Pts) with T2D
Uncontrolled on Basal Insulin (BI) in Real-World Settings Lee Kallenbach, PhD (Practice

Fusion, San Francisco, CA)

Clinical Care of Older People with Type 1 Diabetes Trisha Dunning, PhD (Deakin University,

Victoria, Australia)

Symposium: Sulfonylureas - Should I Stay or Should I Go?

Do They Have a Role in the Contemporary Treatment of Type 2 Diabetes? Kamlesh

Khunti, MD (University of Leicester, United Kingdom)

Symposium: The History of the ADA Guidelines - Their Influence on the Study of and Clinical
Practice in Complications in Type 1 and Type 2 Diabetes

The Impact of ADA Guidelines on Diabetes Complications Jill Crandall, MD (Albert Einstein

College of Medicine, New York City, NY)

ADA Guidelines Influence on the Clinical Practice of Type 1 and Type 2 Diabetes Maria

Lopes-Virella, MD (Medical University of South Carolina, Charleston, SC)

Corporate Symposium: Novel Approaches to Improving Adherence in T2D (Sponsored by
Intarcia)

How Does Adherence Impact Patient Outcomes? Steve Edelman, MD (UCSD, San Diego, CA)
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Corporate Symposium: DCRI Evidence to Practice Series - Management of Diabetes for Heart
Failure Patients (Sponsored by BI)

Latest Research Findings and Knowledge Gaps Jennifer Green, MD (Duke University, Durham,

NC)

Case Presentations Robert Mentz, MD (Duke University, Durham, NC), Darren McGuire, MD (UT

Southwestern, Dallas, TX), and Eldrin Lewis, MD (Brigham and Women's Hospital, Boston, MA)

Corporate Symposium: CVOTs and Combination Therapy: Updates and Advances at ADA
2017 (Sponsored by AstraZeneca)

Cardiovascular Outcomes Trials (CVOTs): Clinical Application of Current Data and a
Sneak Peek into the Future Carol Wysham, MD (University of Washington, Spokane, WA); Hertzel

Gerstein, MD (McMaster University, Ontario, Canada)

Oral Combination Therapy for T2D: What, Why, and How Explored Julio Rosenstock, MD

(University of Texas, Dallas, TX); Melanie Davies, MD (University of Leicester, UK)

Corporate Symposium: Individualized T2D Plans in the Midst of CVOTs Galore: Applying the
Data in a Practical Sense (Sponsored by Lilly/BI)

Individualized T2D Plans in the Midst of CVOTs Galore: Applying the Data in a Practical
Sense Daniel Einhorn, MD (Scripps Diabetes Institute, La Jolla, CA); George Bakris, MD (University of

Chicago, IL); Vivian Fonesca, MD (Tulane University, New Orleans, LA); Lawrence Leiter, MD (University of

Toronto, Canada)

Product Theater: Diabetes and Cardiovascular Disease: Making the Connection (Sponsored
by Novo Nordisk)

Diabetes and Cardiovascular Disease: Making the Connection Yehuda Handelsman, MD

(Metabolic Institute of America, Tarzana, CA)

Policy and Reimbursement
Oral Presentations: Potential Implications of the Affordable Care Act on Diabetes Care

Drug Copay and Medication Adherence in Medicare Patients with Type 2 Diabetes
Manjiri Pawaskar, MD (Merck, Kenilworth, NJ)

Impact of Switching to a High-Deductible Health Plan on Diabetes Treatment
Discontinuation Yuexin Tang, PhD (Merck, Kenilworth, NJ)

Oral Presentations: Translating Therapeutics into the Real World

Value Index Favors Using GLP-1 More Than DPP-4, Saving Medicare $200 Million
Saad Sakkal, MD (Metabolic Care Center, Mason, OH)

Posters

The Disruption Continues: Negative Impact of Medicare Competitive Bidding Program
(175-LB) G Puckrein, IB Hirsch, C Parkin, L Xu, and DG Marrero

The Economic Impact of Adopting Professional Continuous Glucose Monitoring with the
FreeStyle Libre Pro System (109-LB) S Yu

One-Year Time Analysis in an Academic Diabetes CLinic (174-LB) P Huynh, A Toulouse,

and I Hirsch

Impact of Center for Medicare Services (CMS) Insulin Pump Policies on Patients with T1D
(1036-P) NB Argento and AL Peters

Cost Calculation and Adherence to Guidelines for a Flash Continuous Glucose Monitoring
System for Adults with Type 1 Diabetes Mellitus Using Intensive Insulin: a UK NHS
Perspective (1325-P) R Hellmund
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Symposium: Dealing with the Rising Costs of Insulin - An Active Dialogue

The Rising Costs of Insulin - Introduction and Historical Perspective Kasia Lipska, MD

(Yale School of Medicine, New Haven, CT)

Understanding the Players in the Rising Costs of Insulin Alan Carter, PharmD (MRIGlobal,

Kansas City, MO)

Clinical Decision-Making in a Cost-Conscious Era David Robbins, MD (University of Kansas,

Kansas City, KS)

Paving the Way Forward Robert Ratner, MD (Georgetown University School of Medicine, Washington,

DC)

Symposium: Population Health, Affordable Care Act (ACA), and New Approaches for
Dissemination/Implementation of the Diabetes Prevention Program (DPP)

Policy Update - Impact of ACA and Medicare on Dissemination and Implementation of
the DPP Nina Brown-Ashford, MPH (CMS, Baltimore, MD)

Symposium: The Fate of the Affordable Care Act

Past, Present, Future - The Affordable Care Act and Diabetes Alvin Powers, MD (Vanderbilt

University, Nashville, TN)

Implications for People with Diabetes and Other Chronic Conditions Marc Boutin, JD

(National Health Council, Washington, DC)

Epidemiology, Education, and Additional Topics
Oral Presentations: ADA Presidents Oral Session

Program ACTIVE II: A Comparative Effectiveness Trial to Treat Major Depression in
T2DM Mary de Groot, PhD (Indiana University School of Medicine, Indianapolis, IN)

Oral Presentations: Prediction and Prevention of Cardiovascular Complications

Genetic Predictors of Cardiovascular Outcomes during Intensive Blood Pressure Control
in ACCORD Hetal Shah, MD (Joslin Diabetes Center, Boston, MA)

Oral Presentations: Venturing Beyond the Bricks, Mortar, and Books

Global Patterns of Treatment Changes among Patients with Type 2 Diabetes (T2DM)
Treated with Insulin: Insights from the MOSAIc Observational Study Melanie Davies, MD

(University of Leicester, UK)

Oral Presentations: Potential Implications of the Affordable Care Act on Diabetes Care

Trends in the Costs of Diabetes-Related Preventable Hospitalizations, 2002-2013
Sundar Shrestha, PhD (CDC, Atlanta, GA)

Oral Presentations: Hospital-Based Care and Diabetes - Adherence to Diabetic Care
Strategies

Association Between Oral Diabetes Agent Adherence, Age, Comorbidities, and A1c among
Elderly Patients Gregory Nichols, PhD (Kaiser Permanente, Portland, OR)

Oral Presentations: The Epidemiology of Diabetes Complications

Glycemic Control, Glucose-Lowering Medication Use, and Utilization among Older
Patients with Diabetes Jennifer Kuntz, PhD (Kaiser Permanente Center for Health Research, Portland,

OR)

Global Prevalence of Type 2 Diabetes Complications in 14,391 Patients Initiating Second-
Line Therapy: The DISCOVER Study Mikhail Kosiborod, MD (University of Missouri, Kansas City,

MO)
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Oral Presentations: Race and Societal Influences on Diabetes

The Productivity Burden of Diabetes Dianna Magliano, PhD (Monash University, Melbourne,

Australia)

The Burden of Diabetes, Hypertension, and Noncommunicable Disease Risk Factors
among Adults Aged 30 Years and Above in Rural Bangladesh- A Cross-Sectional
Epidemiological Survey Kishwar Azad, MSc (BIRDEM and Ibrahim Medical College, Dhaka,

Bangladesh)

Oral Presentations: Novel Approaches to Improving Adherence in T2D

Stepped-Care Behavioral Intervention Reduces Regimen-Related Distress Doyle

Cummings, PharmD (East Carolina University, Greenville, NC)

Oral Presentations: Physiological Effects of Exercise in Humans with Diabetes or Obesity
(With State-of-the-Art Lecture)

State-of-the-Art Lecture: Emerging Mechanisms Underlying the Benefits of Exercise for
Diabetes Bret Goodpaster, PhD (Translational Research Institute, Orlando, FL)

Oral Presentations: Mechanisms and Modulators of Cardiovascular Complications (With
Edwin Bierman Award Lecture)

Edwin Bierman Award Lecture - Metabolic Karma - The Atherogenic Legacy of Diabetes
Mark Cooper, PhD (Monash University, Melbourne, Australia)

Oral Presentations: Obesity Pathogenesis and Treatment - Insights from Human Studies

Race Affects the Association of Obesity Measures with Insulin Sensitivity Jeannie Tay,

PhD (Nutrition Obesity Research Center, Birmingham, AL)

Oral Presentations: Translating Therapeutics to the Real World

Trends in Glycemic Medication and Control in Youths with Type 2 Diabetes (T2D): The
SEARCH for Diabetes in Youth Study Tongtong Wang, PhD (Merck, Kenilworth, New Jersey)

Oral Presentations: Diabetes in Pregnancy - The Tao to Understanding the Mechanisms
(With Norbert Freinkel Award Lecture)

Norbert Freinkel Award Lecture Grenot Desoye, MD (Medical University of Graz, Austria)

Posters

Does Time-in-Range Matter? Perspectives from People with Diabetes on the Success of
Current Therapies and Drivers of Improved Outcomes (92-LB) A Runge, L Kennedy, A

Brown, A Dove, B Levine, S Koontz, V Iyengar, S Odeh, K Close, R Wood, and I Hirsch

One-Year Time Analysis in an Academic Diabetes CLinic (174-LB) P Huynh, A Toulouse,

and I Hirsch

Symposium: Shared Decision-Making - Strategies for Improvements in Patient-Provider
Communication

Shared Decision-Making - Diabetes Risk Perceptions and Prevention Ann Albright, PhD

(CDC, Atlanta, GA)

Shared Decision-Making - Why Does This Matter and What Do We Know Linda

Siminerio, PhD (University of Pittsburgh, PA)

Shared Decision-Making - Goal Setting and Treatment Choices When Evidence Is
Ambiguous John Buse, MD (University of North Carolina, Chapel Hill, NC)

Shared Decision-Making and Vulnerable Populations - Social and Cultural Considerations
Monica Peek, MD (University of Chicago, IL)
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Shared Decision-Making "Then and Now" - Twenty Years of Diabetes Translation Diane

Tuncer (NIH, Bethesda, MD); Judith McDivitt, PhD (CDC, Atlanta, GA)

Symposium: ADA Education Recognition Program Symposium - Introduction to the 2017
National Standards for Diabetes Self-Management Education and Support

The Revised National Standards for Diabetes Self-Management Education and Support
(Standards 1-5) Joni Beck, PharmD (OU Medicine, Oklahoma, OK)

The Revised National Standards for Diabetes Self-Management Education and Support
(Standards 6-10) Deborah Greenwood, PhD (Georgetown University School of Medicine, Hyattsville,

MD)

Symposium: ADA Diabetes Care Symposium - Diabetes Care and Research Through the Ages

A Look Back as to How We Got Here Jay Skyler, MD (University of Miami, FL)

What Does the Future Hold? Ele Ferrannini, MD (University of Pisa, Italy)

Presentation of "Profiles in Progress" Plaques William Cefalu, MD (ADA, Alexandria, VA)

Symposium: Emerging Therapeutic Targets and Mechanisms of Action

How Should We Think about the Role of the Brain in Glucose Homeostasis and Diabetes?
Michael Schwartz, MD (University of Washington, Seattle, WA)

Symposium: Global Therapeutic Challenges and Solutions in Diabetes Care

Improving Access to Insulin in Developing Countries David Beran, PhD (University of Geneva,

Geneva, Switzerland)

Diabetes Care in Resource Constrained Settings Akihiro Seita, MD (United Nations Relief and

Works Agency, Amman, Jordan)

Symposium: Diabetes Care for Older Adults

Hypoglycemia in the Older Patient with Type 1 Diabetes Ruth Weinstock, MD (SUNY Upstate

Medical University, Syracuse, NY)

Benefits and Harms of More Aggressive Glycemic Treatment in Older Adults M. Sue

Kirkman, MD (University of North Carolina, Chapel Hill, NC)

Symposium: Cognitive Functioning and Decision-Making in Diabetes

Long-Term Impact of a Lifestyle Intervention on Cognitive Outcomes among Individuals
with Diabetes - Findings from Look AHEAD Mark Espeland, PhD (Wake Forest School of

Medicine, Winstom-Salem, NC)

What Is Shared Decision Making and How Can It Improve Diabetes Care? Kellie

Rodriguez, MSN (UT Southwestern Medical Center, Dallas, TX)

Cognitive Functioning in Youth with Diabetes - Implications for Improving Diabetes
Management Cynthia Berg, PhD (University of Utah, Salt Lake City, UT)

Symposium: Pediatric Diabetes and Associated Comorbidities

Mental Health Comorbidities in Type 2 Diabetes-The Not-So Hidden Iceberg Diana

Naranjo, PhD (Stanford University, Stanford, CA)

Symposium: DA Diabetes Symposium - Emerging Therapeutic Targets and Mechanisms of
Action

Mining the Genome for Therapeutic Targets Jose Florez, MD (Massachusetts General Hospital,

Boston, MA)

Symposium: Can "Omic" and Genome-Wide Association Studies (GWAS) Reveal Therapeutic
Links between Type 1 and Type 2 Diabetes?
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Metabolomic Links between Type 1 and Type 2 Diabetes Flemming Pociot, MD (Herlev-

Gentofte Hospital, Hellerup, Denmark)

Symposium: If You Build It, They Will Come - But Will They Stay? Recruitment and
Retention in Diabetes Trials

Leveraging Technology in Lifestyle Intervention Sherry Pagoto, PhD (University of

Massachusetts Medical Center, Worcester, MA)

Financial Incentives for Patient Engagement Robert Jeffery, PhD (University of Minnesota,

Minneapolis, MN)

Recruiting and Retaining Rural, Minority, and Underserved Populations in Behavior
Change Intervention Doyle Cummings, PharmD (East Carolina University, Greenville, NC)

Maximizing Recruitment and Retention in Pediatric Randomized Control Trials (RCTs)
Randi Streisand, PhD (Children's National Medical Center, Washington, DC)

Symposium: Cognitive Decline - Recognizing and Adapting Diabetes Care Strategies

Adapting Diabetes Self-Management Efforts to Maximize Success Deborah Hinnen, RN,

CDE (University of Colorado, Colorado Springs, CO)

Symposium: Personalized Nutrition by Prediction of Glycemic Responses

Personalized Nutrition by Prediction of Glycemic Responses Hagit Shapiro, PhD (Weizmann

Institute, Rehovot, Israel)

Symposium: Patient-Reported Outcomes (PROs) - Using Clinic-Based Screening and
Intervention to Inform Diabetes Care

To Screen or Not to Screen - Is That the Question? Jeffrey Gonzalez, PhD (Yeshiva University,

New York City, NY)

Adult Psychosocial Screening and Intervention - What Providers Need to Know Paul

Ciechanowski, MD (University of Washington, Seattle, WA)

Symposium: Overtreatment in Diabetes Management

Supporting Personalized Patient-Centered Care Through Shared Decision-Making
Elbert Huang, MD (University of Chicago, IL)

Symposium: The Neglected Delta Cell

The Difference Delta Cells Make in Glucose Control Mark Huising, PhD (University of

California, Davis, CA)

Symposium: The Stigma of Diabetes - An Underappreciated Reality
Susan Guzman, PhD (Behavioral Diabetes Institute, San Diego, CA); Lindsay Jaacks, PhD (Harvard University,
Boston, MA)

Special Lectures and Addresses: President, Medicine & Science Address and Banting Medal
for Scientific Achievement

Banting Medal for Scientific Achievement - The New Biology of Diabetes Domenico Accili,

MD (Columbia University, New York, NY)

Special Lectures and Addresses: President, Health Care & Education Address and
Outstanding Educator in Diabetes Award Lecture

A Toast to Our History Davida Kruger, MSN (Henry Ford Medical Group, Detroit, MI)

The Pillars of Prevention - Discover, Advocate, and Educate Brenda Montgomery, RN, CDE

(AstraZeneca, Bellevue, WA)
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Special Lectures and Addresses: Kelly West Award for Outstanding Achievement in
Epidemiology (Sponsored by Merck)

Diabetes in Youth - Looking Backwards to Inform the Future Dana Dabelea, MD (University

of Colorado, Denver, CO)

Special Lectures and Addresses: National Scientific & Health Care Achievement Awards
Presentation and Outstanding Scientific Achievement Award Lecture

Energy Sensing and Metabolism - Implications for Treating Diabetes Gregory Steinberg,

MD (McMaster University, Ontario, Canada)

Professional Interest Group Session: Joint Consensus Statement on the Use of Language in
Diabetes - Why Language Matters

Real-Life Examples Jane Dickinson, PhD (Teachers College, Columbia University, New York, NY)

Support from the Research Susan Guzman, PhD (Behavioral Diabetes Institute, San Diego, CA)

Recommendations for Practice Melinda Maryniuk (Joslin Diabetes Center, Boston, MA)

Generic Drugs
Symposium: Results of the JDRF Reducing with Metformin Vascular Adverse Lesions in Type
1 Diabetes (REMOVAL) International Multicenter Trial

Introduction, Study Rationale, and Design Helen Colhoun, MD (University of Edinburg, UK)

Study Population Alicia Jenkins, MD (University of Sydney, Australia)

Glycemia Irene Hramiak, MD (St. Joseph's Healthcare, Ontario, Canada)

Primary Endpoint Nishi Chaturvedi, MD (University College London, UK)

Clinical and Metabolic Outcomes John Petrie, MD (University of Glasgow, Scotland)

Safety Martijn Brouwers, MD (Maastricht University Medical Center, The Netherlands)

Conclusions Peter Rossing, MD (Steno Diabetes Center, Copenhagen, Denmark)

Perspective Naveed Sattar, MD (University of Glasgow, Scotland)

Panel Discussion

Symposium: Sulfonylureas-Should I Stay or Should I Go?

Do They Have a Role in the Contemporary Treatment of Type 2 Diabetes? Kamlesh

Khunti, MD (University of Leicester, UK)

Exhibit Hall and Product Theaters
Diabetes Technology Product Theaters

What's Next for the Omnipod® System? Innovation at Work (Sponsored by Insulet)
Trang Ly, MD (Insult Corporation, Bedford, MA)

MiniMed 670G System with SmartGuard HCL Technology: Driving Patient Outcomes
through Automation (Sponsored by Medtronic) Richard Bergenstal, MD (International Diabetes

Center, St. Louis Park, MN) and Jennifer Sherr, MD (Yale University, New Haven, CT)

It's Time to Rethink Professional CGM: The New FreeStyle Libre Pro System (Sponsored
by Abbott) Daniel Einhorn, MD (UCSD, San Diego, CA)

Diabetes Therapy Product Theaters

New Perspectives on Existing Concepts of Cardiovascular Risk Harold Edward Bays, MD

(Louisville Metabolic and Atherosclerosis Research Center, KY)

Clinical Data Review - Comparing the Safety and Efficacy of Two Once-Daily Basal
Insulins in Patients with Type 1 and Type 2 DiabeteS (Sponsored by Novo Nordisk)

Carol Wysham, MD (University of Washington, Spokane, WA)
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Praluent (Alirocumab) Injection-A Tailored Approach to Help Address an Unmet Need
(Sponsored by Sanofi-Regeneron) Eliot A. Brinton, MD (The Atherometabolism Institute, Salt Lake

City, UT)

Exhibit Hall

Abbott
Alere
Amgen
Ascensia
AstraZeneca
BD
DarioHealth
Dexcom
Diabnext
Eoflow
Insulet
Intarcia
J&J - Janssen
J&J - OneTouch
Lilly
Lilly/BI
Mannkind
Merck
Medtronic
Nightscout
Novo Nordisk
Panasonic
Sanofi
Tandem
Trividia

TCOYD/The diaTribe Foundation 11th Annual Diabetes Forum
Quotable Quotes

On Outcomes Beyond A1c
On Access and Afforability
On Combination Therapy and Clinical Inertia
On Adjunct Therapies for Type 1 Diabetes

Panel Discussion
Dr. Bruce Buckingham (Stanford University, CA), Dr. Vanita Aroda (MedStar Health Research Institute,
Hyattsville, MD), Dr. Ralph DeFronzo (University of Texas Health Science Center, San Antonio, TX), Dr. John
Buse (University of North Carolina, Chapel Hill, NC); Dr. Steve Edelman (UCSD, TCOYD, Del Mar, CA); and
Kelly Close (The diaTribe Foundation, San Francisco, CA)

The diaTribe Foundation's Second Annual Musings Under the Moon:
Discussion on Digital Health

Quotable Quotes

On Access
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On What's New and Next in Diabetes Tech
On Human Factors
On De-Siloing Data

Panel Discussion
Panelists: Jeffrey Brewer (CEO, Bigfoot Biomedical, Milpitas, CA), Ryan Lakin (VP, R&D, BD, Franklin Lakes,
NJ), Kevin Sayer (CEO, Dexcom, San Diego, CA), Rick Valencia (President, Qualcomm Life, San Diego, CA),
Howard Wolpert, MD (VP, Medical Innovation, Lilly Innovation Center, Cambridge, MA), and Jared Watkin
(President, Abbott Diabetes Care, Alameda, CA).

Moderators: Adam Brown and Kelly Close (Close Concerns and The diaTribe Foundation, San Francisco, CA)

Audience Q&A

The diaTribe Foundation's Musings Under the Moon: After Hours
Quotable Quotes

What Is Overrated and Underrated In Digital Health?
On Innovation
On Payers
On Engagement, Adoption & Patient-Centered Tech
On Scaling & Automation

Panel Discussion
Panelists: Lane Desborough (Chief Engineer, Bigfoot Biomedical, Milpitas, CA), Kevin McRaith (CEO, WellDoc,
Columbia, MD), Mike Payne (Head of Commercial & Policy, Virta Health, San Francisco, CA), Edward Raskin
(VP, Public Benefit Development & Corporate Strategy, Beta Bionics, Boston, MA)

Moderators: David Lee Strasberg (Creative Director & CEO, the Lee Strasberg Institute, West Hollywood, CA)
and Adam Brown (Head of Diabetes Technology & Digital Health, Close Concerns, San Francisco, CA)

Themes

Diabetes Therapy

CANVAS CVOT for Invokana: Affirmation of SGLT-2 Inhibitor CV and Renal
Benefit, but Complicated Safety Story

▪ First, the good news - the CANVAS program demonstrated the cardiovascular
superiority of Invokana (canagliflozin), as measured by the primary endpoint of three-point
MACE (non-fatal MI, non-fatal stroke, and CV death). In the program, canagliflozin therapy reduced
risk of MACE events by 14% (95% CI:0.75-0.97, p=0.0158 for superiority). Further, canagliflozin
therapy produced an extremely impressive benefit for a secondary endpoint of hospitalization for
heart failure, reducing risk by 33% (95% CI:0.52-0.87). As the second SGLT-2 inhibitor to report CV
results - following the highly unexpected and impressive EMPA-REG OUTCOME findings
demonstrating a CV benefit for Lilly/BI's Jardiance (empagliflozin) - it's perhaps only natural that
many in the field are already drawing direct comparisons between the two trials, even though we
stress they are not directly comparable for a number of reasons outlined below. Indeed, however, the
CANVAS investigators themselves directly compared the hazard ratios and confidence intervals of a
number of key endpoints across CANVAS and EMPA-REG OUTCOME - see the Dr. David Matthews
"Implications for Clinical Practice" section below for more on this.

◦ Several key differences in both the participant population and CV findings
exist between the CANVAS and EMPA-REG OUTCOME trials. In terms of
participant population, EMPA-REG OUTCOME exclusively enrolled those with a prior
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history of CV disease - thus, the generalizability of the results to a lower-risk patient
population has been a major question in the 21 months since EMPA-REG OUTCOME was
presented at EASD 2015. On the other hand, CANVAS sheds some light on this question -
about one-third of participants enrolled in the trial had risk factors for cardiovascular
disease but no established history, thus creating a primary prevention cohort. There was
no heterogeneity of benefit (p-value for interaction was non-significant) between the
primary prevention and secondary prevention cohort in the trial (see Dr. Bruce Neal's
presentation of the Effects on Cardiovascular Outcomes below for more detail on this).
Thus, there's some early suggestion of CV benefit for SGLT-2 inhibitors even in a primary
prevention cohort - we expect the DECLARE CVOT for AZ's Farxiga, with its 17,000+
participant population, will offer additional information on this front when it reports in
2019.

◦ In terms of CV endpoints, CANVAS did not demonstrate a CV or all-cause
mortality benefit for canagliflozin. While the point estimate for the hazard ratio of
both findings was in the "right direction," the confidence intervals crossed the line of unity
and just missed statistical significance. For all-cause mortality, the hazard ratio was 0.87
(95% CI:0.74-1.01, p=0.24) - this was particularly disappointing since this was the second
endpoint in the pre-specified hierarchical testing structure and thus the other endpoint
results in the study can only be considered exploratory. For CV death, the hazard ratio was
0.87 (95% CI: 0.72-1.06). This contrasts with the strong 38% risk reduction for CV death
(p<0.0001) and 32% risk reduction for all-cause death (p<0.001) in the EMPA-REG
OUTCOME trial. It's unclear what kind of label indication the CANVAS findings will be
able to support, given that Jardiance is only indicated for CV death rather than for its
primary MACE finding (in fact, some on the FDA Advisory Committee felt that the p-value
for the primary endpoint in EMPA-REG OUTCOME may not be convincing enough -
though the p-value for superiority in CANVAS is more compelling). On the plus side,
canagliflozin did not demonstrate a signal for increased stroke as empagliflozin did - in
fact, the point estimate for stroke and all other components of expanded MACE (including
hospitalization for unstable angina) were on the right side of unity, a reassuring finding
indeed.

▪ All in all, the CV findings of the CANVAS program offer further reassurance of the
"validity" of the EMPA-REG OUTCOME benefit and suggest that the CV benefit, at
least, is a class effect for SGLT-2 inhibitors. Given the highly unexpected and unprecedented
nature of EMPA-REG OUTCOME, the question of class effect has been one of THE most frequently
asked questions regarding SGLT-2 inhibitors and CV benefit over the last two years. The other most
popular question is "what is the mechanism of benefit?" A non-inferiority CV finding in CANVAS
would have potentially thrown into question the validity of the EMPA-REG OUTCOME benefit and
may have led some to suggest the benefit demonstrated in the trial was a statistical fluke. Indeed,
many key thought leaders - who often make up diabetes guidelines committees - have expressed the
desire for more data from other agents in the class before wholeheartedly recommending SGLT-2
inhibitors (or even just empagliflozin) as a preferred therapy for those with a history of
cardiovascular disease. With two positive CVOTs for the SGLT-2 inhibitor class, we imagine we
might see more enthusiastic recommendations for the class for CV benefit in future guidelines. Thus
far, the ADA 2017 Standards of Care recommend only the consideration of empagliflozin (and GLP-1
liraglutide) in those with established CV disease and the AACE guidelines have not yet changed
recommendations based on CVOT data. On balance, the overall CANVAS findings appear at this
stage to be more positive for Jardiance than for Invokana. We expect this further confirmation of CV
benefit will boost the SGLT-2 inhibitor class as a whole and we expect Jardiance in particular will
benefit, given its compelling CV benefit (and indication), as well as the lack of worrisome and
unexpected safety signals in the trial (more on this below). Indeed, Invokana has already been losing
market share largely to Jardiance (while Farxiga share has been relatively sustained) for several
quarters now, and we expect this trend may continue in future quarters - this is not at all unexpected
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given that all "first to market" compounds do lose share. We do believe the unexplained amputation
outcome, in particular, will be a focus of manufacturers, and we hope that Janssen is able to share
more data on this front. Overall, while it's too early to say definitively how patients and providers
will react to these results, we expect the messaging from all three SGLT-2 inhibitor manufacturers to
be positive on CV and mixed on amputation and fractures (we believe there is also more to be known
about these risks for other manufactures).

▪ The more negative headline from CANVAS/CANVAS-R is the near doubling of lower-
extremity amputation risk with canagliflozin vs. placebo (HR=1.97, 95% CI: 1.41-2.75,
P<0.001). Although it is a low absolute risk overall (many fewer amputations take place than heart
disease annually for people with diabetes), the risk appeared to occur across all patients, not just
those who had previous amputations. That said, all patients in the study had a high degree of
elevated risk, as two-thirds of participants had a previous history of a CV events and one-third of
participants had at least two cardiovascular risk factors. There were 187 lower limb amputations
across these two outcomes trials, occurring at a rate of 6.3/1,000 patient-years in the canagliflozin
arm vs. 3.4/1,000 patient-years in the placebo arm. Approximately 71% of these amputations
occurred at the level of the toes or forefoot, though some were above the ankle and a smaller number
were above the knee. This leads to a murky risk/benefit profile for Invokana on the face of it though
there are a number of confounders. On the negative side, Dr. David Matthews shared, for every
1,000 patients treated with canagliflozin over five years, we can expect 23 fewer MACE events, 17
fewer hospitalizations for heart failure, 16 fewer renal composite endpoints (renal death, renal
replacement therapy, or 40% reduction in eGFR), and 15 additional lower limb amputations - 10 at
the level of toe/forefoot, five above the ankle. What makes this even more challenging is that
canagliflozin doubled amputation risk across all risk factors, including prior amputation and
baseline peripheral vascular disease. Without any insight into what is mediating canagliflozin's
adverse impact on the lower limbs, the risk seems more likely to be associated with the molecule
itself although this hasn't been established and there are a number of points related to things like
adjudication that aren't discussed broadly but may have had a real impact. We look forward to
seeing "real world data" like the data around pancreatitis and GLP-1 a few years ago. In the
meantime, HCPs won't at this stage be able to tailor prescriptions based on patient disposition; that
is to say, if the effect on lower limb amputations was driven by a particular subgroup, such as
participants with baseline peripheral vascular disease, this safety issue might be circumvented with
a single black box warning not to prescribe Invokana to patients with peripheral vascular disease.

◦ As a reminder, this trial included a very broad set of patients. In total, over
10,000 patients were enrolled and, notably, the CANVAS program enrolled both those with
established cardiovascular disease at baseline (a secondary prevention cohort) and those
with two or more CV risk factors but no history of cardiovascular disease (a primary
prevention cohort). This contrasts with the EMPA-REG OUTCOME trial, which enrolled
only patients with a history of cardiovascular disease at baseline.

◦ We have very little information or insight at this stage as to how this will all
play out in real-world prescribing habits and formulary negotiations. Dr. Dan
Drucker foreshadowed a slow attrition away from Invokana, with new SGLT-2 starts
favoring Lilly/BI's Jardiance (with demonstrated cardioprotection and no associated
amputation risk) or AZ's Farxiga. On the other hand, Dr. Anne Peters suggested that some
providers may keep patients on canagliflozin due to formulary requirements, or because of
greater glucose-lowering and weight loss vs. empagliflozin (in her anecdotal clinical
experience). While some have suggested a worst-case scenario of HCPs steering clear of
SGLT-2 inhibitor products in general, once they learn of lower limb amputation risk, we
doubt that will happen. While the EMPA-REG study group did not observe a similar
increase in amputations in the EMPA-REG OUTCOME trial, that was a shorter trial with a
more homogenous population.
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◦ While the heightened risk in CANVAS/CANVAS-R appeared fairly early on, at
year one, the events were adjudicated very differently - with CANVAS/
CANVAS-R prospectively and EMPA-REG retrospectively.

◦ This reinforces yet again the need for more standardization on the
global regulatory front. We expect to see manufacturers of SGLT-2 agents
come together and invest in real-world data collection on this and other safety
issues - we'd hate for lower-extremity amputations to define the narrative for this
class, given the profound glycemic, CV, renal, and weight benefits and given the
lack of standardized data from all trials.

◦ This safety data from the CANVAS program also reminds us that strong
education on foot care for people with diabetes is lacking. In fact, recent
conversations have reinforced that this signal could shine a light on the importance of
greater education on foot care for people with diabetes - we hope J&J and others will be a
leader in expanding understanding/management of this complication. Currently, we don't
believe patients have much education at all about how to minimize this risk and in fact,
perhaps key education could provide significantly more benefit. In general, messaging
around this potential safety concern will be crucial not only for J&J, but for Lilly/BI
around the Jardiance franchise and for AZ around the Farxiga franchise as well.

▪ The positive renal data was a key bright spot in the CANVAS results, and contributes
to mounting evidence for a beneficial impact of SGLT-2 inhibitors in general on renal
complications of diabetes. Canagliflozin showed impressive signs of renal protection, including
a 27% risk reduction for progression to albuminuria and a 40% risk reduction for a renal composite
outcome (encompassing renal death, renal replacement therapy, or 40% reduction in eGFR). This
comes on the heels of positive renal outcomes in the EMPA-REG OUTCOME trial, where
empagliflozin showed a 39% risk reduction (HR: 0.61; 95% CI: 0.53-0.70; p<0.001) for the trial's
main renal endpoint of incident or worsening nephropathy (progression to macroalbuminuria or
doubling of serum creatinine accompanied by eGFR ≤45 ml/min/1.73 m or renal replacement2

therapy or death due to renal disease). These results are truly profound given the currently
enormous unmet need for new therapies to treat chronic kidney disease, and to this end all three of
the main SGLT-2 inhibitors on the market are now being explicitly studied for renal outcomes -
canagliflozin in the CREDENCE trial, dapagliflozin in the Dapa-CKD trial, and empagliflozin in a
just-announced chronic kidney disease trial from Lilly/BI.

SGLT-2 Inhibitor Safety and the Risk/Benefit Profile

▪ The amputation data in CANVAS certainly complicates how patients, providers, and
payers will conceive of the risk/benefit profile for SGLT-2 inhibitors. With any new
therapy or drug class, it's easy to get swept up in the prospect of superior glucose-lowering and
added benefits, from weight loss, to blood pressure reductions, to cardio- and renal protection.
Based on the outcomes data we have so far on SGLT-2 inhibitors (CANVAS for canagliflozin and
EMPA-REG OUTCOME for empagliflozin), all of these advantages hold true, and warrant
tremendous excitement. On the other hand, because these agents are relatively new, real-world
evidence is still accruing and additional safety signals may come to light. Questions ensue regarding
canagliflozin and lower-extremity amputation risk, and above all else, we wonder - how will various
players in diabetes care interpret the risk/benefit trade-offs for Invokana and other SGLT-2
inhibitors, given that there are not yet head-to-head CVOTs (and we don't anticipate these will
emerge)? Opinions from diabetes thought leaders have been mixed. Some, including Dr. George
King (Joslin Diabetes Center, Boston, MA), suggest that the CV and renal results should overshadow
amputation-related concerns, especially since this risk could be managed by improving patient
education on foot care (it's also true that amputations are far less common that heart attacks and
strokes). Others, including Dr. Daniel Drucker (Mount Sinai Hospital, Toronto, Canada) forecast a
gradual attrition of Invokana sales, as new SGLT-2 starts will favor Jardiance (or Farxiga) going
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forward. This has already been happening to some extent, even before the release of the CANVAS
results, as Invokana's share of the SGLT-2 inhibitor market has been decreasing in recent quarters.
In another scenario, while it's possible that busy healthcare providers will stay clear of all SGLT-2
inhibitor products because of red flags raised, we doubt this will happen due to safety (the access is
another issue), even given other controversies surrounding SGLT-2s (bone fracture, DKA, etc).
Overall, the amputation risk must definitely be conveyed to clinicians and we hope the education is
good for them and that consensus builds on how to approach it. Overall, CANVAS CV results
corroborate EMPA-REG OUTCOME CV results and point to a very real cardioprotective benefit to
these agents. As one of the biggest headlines of ADA 2017 - if not the biggest - CANVAS forces all
players in the diabetes field to appreciate safety data from outcomes trials, and begs for a safety-
focused analysis of real-world SGLT-2 inhibitor datasets. We're expecting a lot of back-and-forth on
the risk/benefit profile of Invokana and other SGLT-2 inhibitors in the year to come.

Devote CVOT for Tresiba: Hypoglycemia Benefit, Opportunities for Future Trials

▪ The big headliner from DEVOTE is the demonstrated superior reduction in severe and
nocturnal severe hypoglycemia with Tresiba vs. Lantus in long-term, randomized,
double-blinded, large outcomes trial. Tresiba was associated with a very significant 40%
relative risk reduction in the overall rate of severe hypoglycemia compared to Lantus (HR=0.60,
95% CI 0.48-0.76, p<0.001 for superiority) and a whopping 53% reduced risk for nocturnal severe
hypoglycemia (HR=0.47, 95% CI: 0.31-0.73, p<0.001). Overall, a participant taking Tresiba was 27%
less likely to experience one or more episodes of severe hypoglycemia (HR=0.73, 95% CI:0.60-0.89,
p<0.001). Very impressively, this reduction in hypoglycemia occurred in the context of non-inferior
A1c and superior fasting plasma glucose reductions for Tresiba compared to Lantus. These results
further substantiate the hypoglycemia reduction findings in the SWITCH 1 and SWITCH 2 trials -
these trials also demonstrated impressive hypoglycemia risk reduction with Tresiba therapy
compared to Lantus, though this was demonstrated in a much smaller and shorter blinded crossover
study (in which participants served as their own controls). Data from multiple trials confirming risk
reduction for hypoglycemia will likely prove convincing and compelling as patients, providers, and
even payers consider the "validity" of benefit - we're curious if we might even see these findings
discussed in future iterations of diabetes treatment guidelines.

◦ That said, there are several limitations to the findings from the current study.
For example, only information on severe hypoglycemia was collected and adjudicated, so
it's difficult to assess the impact of Tresiba on "mild-to-moderate" hypoglycemia, though
the SWITCH 2 trial showed a 30% reduction in overall symptomatic hypoglycemia. This
does not affect "health outcomes" as much as severe hypoglycemia does, but this is still
clearly an area of interest to clinicians and patients as it certainly affects adherence,
productivity, etc. As we understand it, there was no systematic collection of blood glucose
levels or to insulin titration or mandated laboratory fasting blood glucose; as a result, Novo
Nordisk says it could not have assessed incidence of blood glucose under 70 mg/dl because
it didn't have the full dataset. It's unclear what data on this front would show - we certainly
hope Tresiba would reduce incidence of blood sugars ≤70 mg/dl, as "less-severe" levels of
hypoglycemia still have enormous quality of life and engagement and adherence and
productivity implications for patients. We very much hope that inclusion of such data will
be considered going forward. Overall, we continue to believe that CGM studies would be
enormously helpful in characterizing the benefit of next-generation insulin products
especially (but other drugs as well) and we wish that CGM data could have been gathered
for this large and long-term study. We recognize, of course, that this study initiated many
years ago and CGM accuracy improved significantly with the advent of Dexcom's G4
approved in 2012, just before the 2013 study start date for DEVOTE and well after the
DEVOTE clinical trial design was finalized.

▪ With the DEVOTE results we can certainly rest assured that Tresiba is at the very least
safe from a CV standpoint. Tresiba demonstrated non-inferiority compared to standard of care
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insulin glargine (Sanofi's Lantus) for the primary 3-point MACE composite endpoint, as well as each
of its individual components (non-fatal MI, non-fatal stroke, and CV death). Many of these hazard
ratios trended in the "right direction" - more on this below - though we cannot draw any definitive
conclusions about potential cardioprotective benefit. That said, non-inferiority in and of itself is
reassuring given Tresiba's long and complicated regulatory history. As a reminder, the product's first
regulatory submission in the US received a Complete Response Letter (CRL) from the FDA,
requesting a CVOT to further investigate a signal for increase expanded MACE risk observed in the
phase 3 trials. The FDA's eventual approval based on firewalled interim data was certainly
reassuring on this front and we're pleased to get our hands on full CVOT data that suggests not even
a whiff of increased risk for Tresiba.

Outcomes Beyond A1c: Cardiovascular, Renal, Hypoglycemia, Patient-Reported

▪ Outcomes beyond A1c were front and center in many clinical trial findings presented
at ADA 2017. Each year at the Scientific Sessions, the ADA selects a number of particularly high-
profile clinical trial results to highlight in dedicated symposia sessions, rather than in oral
presentations. Of the six such dedicated symposia highlighted on the ADA 2017 meeting webpage,
five were focused on trials investigating cardiovascular endpoints in diabetes. In two back-to-back
sessions, we saw primary results from two cardiovascular outcomes trials (CVOTs): the CANVAS
trial for J&J's SGLT-2 inhibitor Invokana (canagliflozin) and the DEVOTE trial for Novo Nordisk's
Tresiba (insulin degludec). We also were treated to additional analyses from the LEADER trial of
Novo Nordisk's GLP-1 agonist Victoza (liraglutide, first presented at ADA 2016). Further, we saw
results from the ODYSSEY DM program, evaluating the LDL cholesterol reduction efficacy of
Sanofi's PCSK9 inhibitor Praluent (alirocumab) in patients with diabetes). And finally, within the
type 1 diabetes realm, the long-awaited results from the JDRF-sponsored REMOVAL trial of
metformin in type 1 diabetes - which featured a primary endpoint of carotid intima media thickness
(cIMT), a surrogate marker for CV risk - were a source of great interest as well. Beyond these highly-
anticipated clinical trial findings, a separate symposium dedicated to discussing the role and future
of CVOTs in diabetes care (including commentary from the highly-respected Dr. Lawrence Leiter)
was a major highlight of the very first day of ADA - and this symposium, too, featured new data from
the SUSTAIN 6 CVOT of Novo Nordisk's once-weekly GLP-1 agonist semaglutide, delving into the
retinopathy and weight loss findings further.

▪ While CVOTs were designed to demonstrate safety in CV endpoints, the long-term and
largescale nature of these trials has yielded a bounty of data on other findings,
including renal outcomes and hypoglycemia. The 2017 ADA meeting offered an equal focus
on these exciting additional findings from CVOTs. The major headliner of the DEVOTE trial, rather
than the CV safety of Tresiba, was the evidence that Tresiba substantially reduces severe
hypoglycemia risk by 40% and nocturnal severe hypoglycemia risk by 53% compared to Sanofi's
Lantus (insulin glargine). The LEADER trial has also previously suggested a hypoglycemia benefit
for Victoza and two separate sessions at ADA delved into the possible connection between
hypoglycemia risk reduction and cardioprotection in the trial (a symposium featuring Dr. Stephen
Bain and an oral presentation by Dr. Bernard Zinman) - spoiler alert, hypoglycemia was not a
mediating factor of the CV benefit observed in the trial, though it is an important independent risk
factor for CV events. We certainly had not expected to learn about amputations, and the fact that we
did reinforces further the value of CVOTs.

◦ Renal endpoints were of major interest both in CVOTs and in shorter trials.
One of the other big headliners of the CANVAS data was the impressive renal benefit that
corroborated the benefit observed for Jardiance in EMPA-REG OUTCOME - in CANVAS,
Invokana therapy was associated with a 40% risk reduction for a composite renal endpoint
(renal death, renal replacement therapy, or 40% reduction in eGFR). While the trials and
endpoints are not really comparable, the EMPA-REG OUTCOME trial demonstrated a 39%
risk reduction for a composite endpoint of progression to macroalbuminuria or doubling of
serum creatinine accompanied by eGFR ≤45 ml/min/1.73 m2 or renal replacement
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therapy or death due to renal disease. Outside of CVOTs, we saw intriguing data from the
AWARD-7 trial, which compared Lilly's GLP-1 agonist Trulicity (dulaglutide) head-to-head
with insulin glargine, both on top of insulin lispro therapy. While the primary glycemic
endpoint results were comparable, Trulicity was very intriguingly associated with a
potential preservation of eGFR throughout the trial. We're certainly looking forward to the
REWIND outcomes trial for Trulicity to further investigate the impact of this therapy on
renal outcomes.

▪ We were also pleased to see an increasing focus on patient-reported outcomes in
diabetes clinical trials. The very well-attended symposium highlighting new data from the
LEADER trial featured patient-reported outcomes results as well - liraglutide demonstrated
superiority in both the European Quality of Life (EQ-5D) index score (p=0.020) and the EQ-5D
visual analog scale (VAS) score (p=0.019) and we were extremely pleased to see the inclusion of
patient-reported outcome measures in one of the largest trials of a GLP-1 agonist to date. Novo
Nordisk certainly appears to be becoming a leader (no pun intended) in this field - also at ADA, the
company featured two posters highlighting patient-reported outcome data for Xultophy (insulin
degludec/liraglutide) and Tresiba (insulin degludec). We think patient-reported outcomes and other
measures beyond A1c are especially crucial to demonstrate the value of next-generation diabetes
therapies like these and we're so glad that Novo Nordisk is already incorporating this into its trials.
We would like to see far more standardization on this front and hope that this is coming soon.

Class Effects?

▪ More than ever, the diabetes field must grapple with the question of whether clinical
trial findings - both positive or negative - can be considered class effects. On the one
hand, we received confirmation that the cardiovascular and renal benefits of SGLT-2 inhibitors are
very likely applicable to the entire class: the CANVAS trial demonstrated a remarkably similar
reduction in risk for three-point MACE (non-fatal MI, non-fatal stroke, and CV death) for Invokana
therapy as the EMPA-REG OUTCOME trial demonstrated for Jardiance. Like EMPA-REG
OUTCOME, CANVAS also demonstrated a potential renal-protective benefit for the SGLT-2
inhibitor as well. Further corroborating the evidence that CV benefit is very likely a class effect, ADA
2017 featured additional analyses of the CVD-REAL massive, real-world, observational study that
suggested a consistent cardioprotective effect across the class, in a data set of largely people taking
Invokana or AZ's Farxiga (dapagliflozin).

▪ On the other hand, there does appear to be some heterogeneity in individual
components of the primary endpoint, as well as heterogeneity in safety signals. Most
notably, the full CANVAS integrated program dataset revealed a roughly two-times increased risk
for lower-limb amputations with Invokana compared to placebo - this safety signal came as a
surprise, especially as it has not been identified in any previous trials of any SGLT-2 inhibitor,
including the largescale EMPA-REG OUTCOME trial. The safety signal is particularly worrisome
because there is no clear mechanism or consensus of understanding of what might be driving the
increased risk. It's not clear if the heterogeneity observed in SGLT-2 inhibitor trials thus far
regarding this risk may be due to differences in trial design (be it patient population or adjudication
methods or something else) or due to differences in the molecule. In any case, there are plenty of
remaining mysteries and questions to keep us very, very invested in seeing the results from the
DECLARE (April 2019) and VERTIS CV (October 2019) trials.

▪ To date, we've seen topline or full CVOT results for two SGLT-2 inhibitors, three
DPP-4 inhibitors, and five GLP-1 agonists. Within every class, there appears to be some
heterogeneity in either primary endpoint efficacy, safety concerns, or both. As discussed above, the
SGLT-2 inhibitors demonstrated remarkable consistency in terms of CV and renal efficacy, but also
hinted at serious differences in safety. Among the DPP-4 inhibitors, CVOTs demonstrated some
heterogeneity in the secondary endpoint of hospitalization for heart failure, with both AZ's Onglyza
(saxagliptin) and Takeda's Nesina (alogliptin) suggesting an increased risk while Merck's Januvia
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(sitagliptin) was resoundingly neutral. That said, all three DPP-4 inhibitors with results thus far
have reported CV neutrality for the primary endpoint of three-point MACE (non-fatal MI, non-fatal
stroke, and CV death). Finally, we've seen quite a bit of heterogeneity within the GLP-1 agonist class
over the question of cardioprotection - both the LEADER and SUSTAIN 6 trials for Novo Nordisk's
Victoza (liraglutide) and semaglutide demonstrated substantial CV benefits, but CVOTs for Sanofi's
Adlyxin (lixisenatide), AZ's Bydureon (exenatide once-weekly), and Intarcia's ITCA 650
(implantable exenatide mini-pump) have only demonstrated CV safety but not superiority (that said,
Intarcia's FREEDOM-CVO was a very small, pre-approval safety study that was not powered to
demonstrate superiority). All in all, it appears that class effects for diabetes drugs cannot be taken
for granted and it doesn't seem to us that different agents within the same class are largely
interchangeable. We hope that this key point can be effectively conveyed to providers and especially
payers - in an era when formulary access, reimbursement, and rebates too often determine which
drugs a particular patient takes, we hope that payers and PBMs recognize that the benefit-risk ratio
for different agents can be quite different and do not force all their member patients to potentially
take a less beneficial or even potentially harmful agent en masse. It's clear that certain agents may
be more helpful for some patients and a key cornerstone of therapy individualization is access to
multiple options.

Combination Therapy Data Galore

▪ Some of the most exciting phase 3 results presented at this year's Scientific Sessions
dealt with combination therapy - GLP-1 agonist/basal insulin, GLP-1 agonist/SGLT-2
inhibitor, SGLT-2 inhibitor/DPP-4 inhibitor, and the list goes on.

◦ Several exciting trials further characterized the clinical benefits of GLP-1
agonist/basal insulin combinations. This was the first ADA meeting with two such
fixed-ratio combinations on the market, as both Sanofi's Soliqua (lixisenatide/insulin
glargine) and Novo Nordisk's Xultophy (liraglutide/insulin degludec) were approved in
November 2016 (on the same day, in fact). Full results from DUAL VII made headlines on
Saturday, with Xultophy showing superiority to basal-bolus therapy (insulin glargine/
insulin aspart) on critical outcomes beyond A1c, from hypoglycemia, to daily insulin dose,
to weight loss. Xultophy was associated with an 83% risk reduction for hypoglycemia
(p<0.0001), a mean 40-unit daily insulin dose vs. 84 units on a basal-bolus regimen
(p<0.001), and a mean ~2 lbs weight loss over 26 weeks vs. ~6 lbs weight gain on basal-
bolus treatment (p<0.001). A separate, late-breaking poster highlighted the patient-
reported outcomes from DUAL VII as well - we were very pleased to see patient-reported
outcomes highlighted in this way! Looking to co-administration (rather than fixed-ratio
combinations), AZ shared promising efficacy data from DURATION-7, which compared
GLP-1 agonist Bydureon (exenatide once-weekly) vs. placebo added to background insulin
therapy. After 28 weeks, Bydureon demonstrated greater A1c-lowering efficacy (-1.0% vs.
-0.3% from a baseline 8.5%; p<0.01) as well as greater weight loss efficacy (-3.3 lbs relative
to placebo; p<0.001). Notably, 20% more participants randomized to Bydureon vs. placebo
achieved the composite endpoint of A1c <7% with no weight gain or severe hypoglycemia.

◦ The co-administration of GLP-1 agonists and SGLT-2 inhibitors is a hot topic
in the diabetes field, and new data at ADA 2017 only added fuel to the fire. The
full 52-week results from the DURATION-8 trial extension (initial 28-week data was
presented at EASD 2016) was a highlight of this meeting. Presented in a late-breaking
poster, the findings showed how co-administration of Bydureon/SGLT-2 inhibitor Farxiga
(dapagliflozin) results in superior A1c-lowering, weight loss, and blood pressure-lowering
vs. either drug alone. After 52 weeks, dual therapy resulted in a mean 1.8% A1c reduction
vs. 1.4% with exenatide monotherapy and 1.2% with dapagliflozin monotherapy (p<0.01
for both comparisons). Weight loss was an average ~7.2 lbs on dual therapy vs. ~3.3 lbs on
exenatide monotherapy and ~5 lbs on dapagliflozin monotherapy (p<0.001 for both
comparisons). As Dr. John Buse pointed out during a separate session, one dedicated
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entirely to combination treatment approaches, the weight loss benefits in DURATION-8
seem to be more additive than the glycemic benefits, since A1c-lowering is a more baseline-
dependent measure. Dr. Buse suggested that the true value of GLP-1 agonist/SGLT-2
inhibitor regimens may manifest in body weight effects more so than in glycemic effects.

◦ Even ahead of the regulatory approval for Merck/Pfizer's SGLT-2 inhibitor
ertugliflozin, the scientific focus for the franchise seems to be the fixed-dose
combination with DPP-4 inhibitor sitagliptin (Merck's Januvia). ADA
presentations from this clinical program included trial extension data from VERTIS
FACTORIAL, comparing ertugliflozin/sitagliptin vs. each monotherapy, and from VERTIS
SITA2, investigating ertugliflozin as an add-on to sitagliptin/metformin. Both studies
highlighted superior glucose-lowering and weight loss efficacy from the combination vs.
either drug alone, and both oral presentations emphasized the real-world value of a single,
convenient oral tablet that combines two agents with complementary mechanisms of
action.

▪ Notably, in all these data-heavy presentations on combination therapy, there was a
distinct emphasis on outcomes beyond A1c. Most of these diabetes drugs were, or will be
approved based on superior A1c-lowering vs. placebo. Once these products are on the market,
however, we'd love to see them used optimally, which more often than not involves combination
with another, complementary agent as well as advice on diet, exercise, mental health, etc. Patients
with diabetes care about so much more than A1c: they want to experience weight loss, they want
smaller postprandial glucose excursions, they want lower cholesterol and blood pressure, they want
to live without fear of hypoglycemia. Combination therapy is one way to achieve better outcomes
across the board, as this collection of data from ADA 2017 seems to show (results from the VERTIS
program, DUAL VII, DURATION-7 and -8, etc.). Insulin will be necessary for type 1 patients, and for
type 2 patients in later stages of the disease, but co-administration of a GLP-1 agonist could lower
daily insulin dose, could bring down hypoglycemia risk, and could at least neutralize weight effects
without sacrificing glycemic control. Formulations of two drugs in one - either fixed-ratio injectable
combos or fixed-dose oral combos - come with the additional benefit of patient convenience (lower
injection/pill burden) and a single co-pay. We were pleased to see so much new data on combination
therapy packed into the ADA 2017 agenda, and were happier still to note how scientists, researchers,
and thought leaders are promoting combination approaches in terms of outcomes beyond A1c. It has
been distressing, however, to see commercial uptake so low - this is the fault of the payers as we
understand it (not to be too reductive).

▪ Repeatedly, thought leaders - including Dr. James Gavin during a Monday-morning
symposium dedicated to combination therapy and Drs. Julio Rosenstock and Melanie
Davies during an AZ-sponsored symposium - framed combination treatment as a
solution to therapeutic inertia in diabetes care. We should listen to these leaders more! It
makes perfect sense - if patients and healthcare providers struggle to add or intensify medications,
treatment guidelines should encourage earlier use of combination therapy to circumvent the
problem entirely. Step one, according to Dr. Gavin, is abolishing the treat-to-fail paradigm in
diabetes management, and we couldn't be happier to see it go - how great would this be! Dr. Gavin
explained how a chronic disease as complicated as diabetes, which implicates the ominous octet as
well as the microbiome, immune system, and glucose absorption in the stomach/small intestine,
cannot possibly be managed by a single agent. He generated a sense of urgency around the need to
move up combination therapy in algorithms, and drew a fascinating parallel to hypertension, a
therapeutic area in which guidelines recommend initial combination treatment for 75% of patients.
Drs. Rosenstock and Davies gave a joint presentation during an AZ-sponsored dinner symposium,
highlighting the multifaceted benefits of a product that combines two agents with complementary
mechanisms of action. For healthcare providers who see patients coming in with very high A1c at
first visit, they suggested that the path forward is clear: Why try medications in a stepwise fashion,
when we have combination agents in our therapeutic arsenal with demonstrated efficiency? We're
hearing an increasing number of expert opinions in support of earlier intervention with combination

www.closeconcerns.com 44

https://www.closeconcerns.com/knowledgebase/r/703c3dc7


therapy, and all in all, we left San Diego with a lot of optimism on this front. We hope to see
continued focus on the advantages of combination treatment at other diabetes conferences and at
future ADA Scientific Sessions.

Progress on Adjunct Therapies for Type 1 Diabetes

▪ ADA 2017 featured substantial forward momentum on adjunct therapies for type 1
diabetes. Particularly notable were the suite of results for Lexicon/Sanofi's SGLT-1/2
dual inhibitor sotagliflozin in type 1 diabetes. Across two oral presentations and two posters,
Lexicon shared full data from the phase 3 inTandem1 and inTandem2 trials, as well as the phase 2
inTandem4 dose-ranging study and a JDRF-partnered phase 2 study in young adults with poorly-
managed type 1 diabetes. inTandem1, a double-blinded trial that randomized 793 patients to either
placebo, sotagliflozin 200 mg, or sotagliflozin 400 mg, impressively met its primary endpoint on top
of optimized insulin therapy by producing a mean placebo-adjusted A1c reduction of 0.35% in the
200 mg arm (baseline A1c post-optimization=7.6%; p<0.001) and 0.41% in the 400 mg arm
(baseline A1c post-optimization=7.6%; p<0.001) at 24 weeks. More than twice as many patients
achieved net benefit (defined as the percentage of patients with A1c <7% at 24 weeks and no
episodes of severe hypoglycemia or DKA during the study period) on sotagliflozin 400 mg compared
to placebo: 44% and 34% of participants in the 400 mg and 200 mg arms respectively achieved net
benefit at week 24, compared to just 22% of those in the placebo arm (p<0.001). Patients taking
sotagliflozin further experienced a 1.6 kg (3.5 lbs) and a 2.7 kg (6 lbs) weight reduction at 24 weeks
with the 200 mg and 400 mg doses, respectively - this compares to a mean weight gain of 0.8 kg (1.8
lbs) in the placebo group (p<0.001). The similarly-designed inTandem2 study
demonstrated significant A1c reductions of 0.36% (200 mg dose) and 0.35% (400 mg
dose) with sotagliflozin vs. placebo (p<0.001) in patients with type 1 diabetes on
optimized insulin regimens (baseline A1c = 7.7-7.8% after insulin optimization). In
addition to this primary endpoint, 32% of patients in both sotagliflozin groups achieved the
secondary endpoint of "net benefit":. The phase 2 inTandem4 study demonstrated statistically
significant improvements in A1c and key primary endpoints such as secondary urinary glucose
excretion, postprandial glucose, body weight, fasting plasma glucose (non-inferior), and blood
pressure for sotagliflozin over placebo. Very notably, Lexicon shared data on beta-hydroxybutyrate
(BHB) levels at baseline and at week 12 - as a measure of ketogenesis, BHB measurements are very
helpful as we consider the potential DKA risk of sotagliflozin. Notably, the mean increase in blood
BHB at week 12 was only 0.1 mmol/l, which is the lowest value detectable by a point of care BHB
meter. Dr. Paul Strumph, Lexicon VP of Clinical Development, noted that this level of BHB increase
is lower than what is typically seen with selective-SGLT-2 inhibitors - a promising nod toward a
potentially better safety profile for SGLT-1/2 dual inhibitors like sotagliflozin in type 1 diabetes.
Across these trials, there were fairly balanced adverse event rates across all three arms, somewhat
higher rates of DKA with sotagliflozin, and somewhat lower rates of severe hypoglycemia. While
there is some concern in some quarters about type 1 patients taking this class, there is no way to stop
it so we advocate better education - as well, it may be valuable to look at gaps in therapy for type 1s
in order to better understand patients taking SGLT-2 inhibitors off label. We applaud Lexicon for
collecting so many outcomes and hope that these will be standardized soon.

◦ A JDRF-partnered study of sotagliflozin in young adults with poorly
controlled type 1 diabetes failed to demonstrate significant A1c reductions vs.
placebo but showed promising improvements in other clinically relevant
endpoints. The trial enrolled 87 patients age 18-30 with type 1 diabetes and an A1c ≥9%
and topline results were announced in December. Sotagliflozin produced placebo-adjusted
A1c reductions of 0.35% (baseline = 9.7-9.9%) and the difference between groups was not
statistically significant (p=0.10). However, sotagliflozin did appear to produce
improvements vs. placebo on postprandial glucose, body weight, time in range, and A1c in
patients with a baseline A1c of 9-10%. In addition, approximately 8 times as many patients
in the sotagliflozin group achieved the "net benefit" endpoint of A1c <7% at 12 weeks with
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no severe hypoglycemia or DKA compared to the placebo group, though the absolute
percentage of responders was low in both groups (16% vs. 2%). We were especially
impressed by the CGM data from the study - sotagliflozin therapy produced a one-third
increase in time spent in range of 70 mg/dl-180 mg/dl - mean proportion of time-in-range
was 44% on sotagliglozin, compared to 33% at baseline. This study is a good example of the
limitations of using A1c as the sole metric of efficacy for diabetes drugs, as other
parameters like time in range and weight loss are likely more relevant for many patients.

▪ On the GLP-1 agonist front, the highly-anticipated Lira Pump Trial demonstrated
significant improvements in A1c, body weight, and time-in-range with liraglutide as an
addition to insulin pump treatment in people with type 1 diabetes. People with type 1
diabetes using CSII and with overweight (n=44) were randomized to receive liraglutide 1.8 mg or
placebo in addition to regular insulin pump therapy for 26 weeks. Compared to placebo, liraglutide
as an add-on to insulin pump treatment produced significant improvements in A1c (-0.6% vs.
+0.2%; p<0.001) and striking weight loss (-7.3 kg [16.1 lbs] vs. -0.6 kg [1.3 lbs]; p<0.001) results
without increasing the time spent in hypoglycemia (3.2 vs. 3.5 events; p=0.77). While the A1c
reduction may be perceived as fairly modest by some for a GLP-1 agonist, we're especially impressed
given the low A1c baseline, by the substantial weight loss, and by what increased time in ranges
were. Excitingly, liraglutide as an add-on to insulin pump therapy gave participants significantly
more time spent in the normoglycemic range (57% vs. 45%) - a crucial outcome for patient quality of
life and perceived therapeutic and personal success. Currently approved for type 2 diabetes (under
the trade name Victoza) and obesity (under the trade name Saxenda), these results underscore the
potential of liraglutide for type 1 diabetes as well. We do remain confused that insulin use did not go
down overall.

▪ In terms of novel therapies, Dr. Jeremy Pettus presented exciting phase 1 data on the
last day of the conference demonstrating that a single dose of the human glucagon
receptor (GCGR) antibody REMD-477 can produce substantial and long-lasting
(weeks!) reductions in insulin requirements and improvements in glycemia and time-
in-range in people with type 1 diabetes, without increasing hypoglycemia. In a double-
blind study, people with type 1 diabetes (n=21) were randomized to receive a single subcutaneous
injection of either 70 mg REMD-477 or placebo. One day following the injection, participants who
received REMD-477 experienced a significant 26% reduction (12 units) by the second day after the
injection (p=0.02). Furthermore, REMD-477 produced substantial reductions in average daily blood
glucose concentration not days but weeks after the injection. For people in the treatment arm,
average glucose fell 27 mg/dl in the first week post-injection (p<0.0010), -31 mg/dl in the second
week (p=0.05), and -20 mg/dl in the third week (p=0.05). REMD-477 further produced substantial
increases in time-in-range. In the week following the injection, participants on REMD-477 spent
71% of their time in normoglycemia (70-180 mg/dl), versus 56% for those on placebo (p=0.0001),
and the effect persisted into the second week post-injection (70% time-in-range with REMD-477,
versus 57%; p<0.05). We are very moved by the sheer timescale of REMD-477's powerful actions
and eager to learn more about the upcoming phase 2 study, which according to Dr. Pettus will
examine the effect of multiple weekly doses of the peptide drug. For good reason Dr. Pettus'
presentation was certainly one of the most highly-anticipated highlights of the President's Oral
Sessions - the very final event of ADA, highlighting particularly notable late-breaking abstracts - and
we will be watching the progress of this work very closely. Although this work is clearly in its earliest
stages, REMD-477 is a perfect exemplification of a patient-friendly diabetes therapy that optimizes
important outcomes beyond A1c - namely time-in-range and a vastly reduced injection burden.

▪ On the less positive side, ADA 2017 also featured disappointing results for metformin
therapy in type 1 diabetes, in one of the largest studies to-date of this popular
medication in this patient population. The JDRF-sponsored REMOVAL study failed to meet
its primary endpoint of improvement in mean carotid intima media thickness (cIMT), a common
surrogate marker for CV risk. What's more, the glycemic endpoint findings from REMOVAL were
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modest at best. While metformin adjunct therapy products statistically significant differences in A1c
compared to placebo, the clinical significance of the reduction is somewhat debatable. From a
baseline of 8%, patients on metformin experienced a mean A1c decline 0.24% greater than patients
on placebo after three months (p<0.0001). This reduction seemed to attenuate over time - after 36
months, this treatment difference was 0.13% in favor of metformin (p=0.006), though A1c had risen
above baseline for both groups. Further, the reduction of insulin dose in the metformin group was
extremely modest (a 1.9 unit/day difference at the end of three years, p=0.0018) and the hazard
ratios for minor and severe hypoglycemia actually had a point estimate favoring placebo (though the
finding was not statistically significant). All in all, the authors of the study conclude that REMOVAL
results do not support the assertion in current treatment guidelines that metformin causes a
clinically-meaningful improvement in glycemic control for people with type 1 diabetes. Regarding
the whole of the data, including the CV findings, independent commentator characterized the
findings as "suggestive, but not conclusive." Metformin is arguably one of the most commonly-used
off-label adjunct therapies for type 1 diabetes currently and, thus, the results from this long-term
study are particularly disappointing. We look to sotagliflozin and other SGLT-2 inhibitors, GLP-1
agonists, and other therapies yet on the horizon as being more promising for this population of high
unmet need. Additionally, we also note that some of the "headlines" around this study were
deceptive - we want to make sure patients get the real story on the value of metformin in type 1
based on this trial.

Disappointing to Mixed results on T1D Cures and Prevention

▪ It was a bleak meeting overall for type 1 cures and prevention, as readouts from
numerous studies were disappointing at worst, and mixed at best.

◦ The primary endpoint for TrialNet's highly-anticipated Oral Insulin study -
time from intervention to diagnosis in the primary stratum - was negative, but
researchers saw an interesting signal in one of the secondary strata. The two
cohorts are almost identical (mIAA and ICA antibodies or both GAD65 and ICA512
antibodies), but members of the primary stratum had first phase insulin response above
threshold, while those in the secondary stratum had first phase insulin response below
threshold. This seemingly small difference in disease stage had a huge impact on the
efficacy of 7.5 mg oral insulin daily: Those in the primary stratum receiving oral insulin
progressed to diabetes diagnosis at the same rate as those in the placebo group, while
diabetes diagnosis in members of the secondary stratum receiving oral insulin was delayed
by an average of 31 months (2.5 years!) vs. the placebo group. These results suggest to us
that, perhaps, had people in the primary stratum not been treated until they had impaired
first phase insulin responses, then they may have also benefited from the therapy. In a
press conference the day prior, study PI Dr. Carla Greenbaum said that she was
"flabbergasted" by this finding. Stanford's Dr. David Maahs pointed out that the study was
not a home run, but a 31-month delay to diagnosis in a specific cohort of patients is surely
an incremental victory - for a young child, that delay could mean over 6,000 fingersticks
not performed, and 930 nights during which a parent can sleep through the night without
having severe hypoglycemia on the mind. None of the presenting experts had anything
more than a hand-wavy mechanistic explanation for these surprising results: Dr.
Greenbaum called attention to the fact that the participants in the second stratum who do
progress to diabetes do so much faster, regardless of treatment group, than those in the
other three groups. She suggested that there may be a "flare up" of the disease, as seen in
MS and Crohn's, during which immune intervention can prove beneficial. Meanwhile, Dr.
Desmond Schatz hypothesized that some beta cell destruction (determined by impaired
first phase insulin response) begets an enhanced immune response, which oral insulin can
blunt. There's obviously a lot of mechanistic research to be done, but we're definitely
intrigued by this specific cohort.
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◦ The DiAPREV-IT trial of Alum-GAD in children with multiple IAAs but no
diabetes showed that the therapy was safe, but ineffective in delaying or
preventing progression to diabetes. Given GAD-induced immune tolerance's storied
history, many had high hopes that this trial would deliver results, but the intervention
demonstrated no tangible benefit. In addition, regardless of stratum (two antibodies, three
to six antibodies) or baseline glucose tolerance, the absence of delayed progression held.
That said, the study had a small sample (n=25 Alum-GAD; n=25 placebo) and was
therefore not powered for these subanalyses - it may be worthwhile to conduct larger trials
in attempts to unearth subgroups of responders.

◦ Lastly, a JDRF-backed phase 2 study of Gleevec (Imatinib) in adults recently
diagnosed with type 1 diabetes showed faint signals of beta cell protection.
Over the year, the primary outcome, C-peptide AUC during a mixed meal tolerance test,
declined steadily in the placebo group, while the group that received Gleevec followed the
same trajectory for the first few months, before diverging and ending up with a statistically
significant increase by month 12. While the findings are nowhere near definitive, highly
regarded investigator Dr. Stephen Gitelman told us that the purpose of the study was to
demonstrate feasibility to support future studies in pediatric patients, where he thinks the
drug can have much more pronounced effects.

▪ It's been a long time since we've seen a very positive biological study in type 1 diabetes
- in fact our associates haven't even been in diabetes long enough to see one. The above
studies serve as a reminder as to how difficult it is to nail down a therapy as protective against
diabetes. Assuming an efficacious compound is under investigation, zeroing in on effective dosing
regimen, time and frequency of administration, and responding subpopulations is no easy feat.
Boston Children's Hospital's Dr. Joseph Wolfsdorf put it beautifully: "Imagine in the 1930s," he
began, "when penicillin was discovered. It kills bacteria in a petri dish, so they started a trial with
penicillin to kill streptococcal pharyngitis in the throat, 5 mg/day. What if the dose had been in the
completely wrong universe? Are we struggling to make headway here because we don't know how to
dose the therapy?" It's anyone's guess, but at this point, we've sadly gotten accustomed to seeing
late-stage failures, such as anti-CD3 therapies in the Protégé and DEFEND trials. When will the tide
turn?

▪ As alluded to earlier, we were a little put off by somewhat misleading headlines in
press releases announcing these trial results. For REMOVAL, the title read "Long-Term
Metformin Treatment Found to Reduce Risk of Heart Disease in Adults with Type 1 Diabetes" -
REMOVAL was not a cardiovascular outcomes trial, it failed its primary endpoint, and the main
content of the ADA press release only mentions secondary/tertiary endpoints, which was very
surprising. The DiAPREV-IT headline read "Autoantigen GAD-Vaccine is Safe for Children at High
Risk for Developing Type 1 Diabetes" - while this is true and reflects the primary outcome of the
study, it doesn't disclose the more pertinent finding, that the vaccine did not prevent or delay the
development of diabetes. So many people in our field our so busy and may not have the time to delve
deeply into every email and press release that passes through their inboxes, so it is absolutely critical
that the media is as transparent and accurate as possible. Further, we recently heard from
healthcare journalists at the Spotlight Health conference that the proliferation of low-quality health
news in the mainstream media is due in part to newer and less-trained journalists who rely heavily
on press releases, rather than investigating the primary results themselves through journal
publications, etc. We so appreciate the enormous support the ADA provides for press during its
annual meeting each year - as we understand it, over 200 press correspondents were registered for
the 2017 Scientific Sessions - and we hope to see greater attention paid to press release headlines in
the future, given the immense responsibility entrusted to this organization.
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Advances in More Patient- and Caregiver-Friendly Glucagon for Hypoglycemia

▪ Zealand and Xeris highlighted their continued progress on the liquid-stable glucagon
autoinjector front at ADA 2017. In a poster, Zealand detailed phase 2 results from a PK/PD
study of its liquid-stable glucagon analog dasiglucagon in people with type 1 diabetes (n=58),
demonstrating that dasiglucagon, like native glucagon, can rapidly and effectively increase blood
glucose concentration following a controlled, insulin-induced hypoglycemia event in which blood
glucose fell to 55 mg/dl. On the pharmacodynamic front, the three highest dasiglucagon doses used
in the study (0.3 mg, 0.6 mg, and 1.0 mg) each took a median of six minutes to raise plasma glucose
levels to above 70 mg/dl, versus 6 and 7 minutes for the 0.5 mg and 1.0 mg doses of native glucagon,
respectively. Notably, the increase in plasma glucose was longer-lasting and more pronounced with
dasiglucagon; this larger glucose excursion profile promisingly suggests that dasiglucagon may be
superior to native glucagon at preventing recurrent hypoglycemia. The FDA is expected to provide
guidance on dasiglucagon's development imminently. The candidate is currently in phase 2
development both as a single-dose rescue pen (phase 3 to begin as soon as 3Q17) and as a multi-dose
component of a dual hormone artificial pancreas system. We were also pleased to get a glimpse at
promising efficacy/safety results for Xeris' G-Pen Mini mini-dose glucagon for both non-severe
hypoglycemia events (1068-P) and for exercise-induced hypoglycemia (67-LB). All in all, we are very
pleased to see this progress toward a more patient-friendly and feasible alternative to the current
very complex, error-prone native glucagon kits - a longstanding area for improvement in diabetes
care. This area is certainly heating up!

▪ We also heart exciting updates on the nasal glucagon front from Lilly. Dr. Elizabeth
Seaquist presented positive real-world data on Lilly's phase 3 nasal glucagon, showing that 96% of
patients experiencing hypoglycemia recovered within 30 minutes following treatment and that most
of the caregivers were highly satisfied with the device. The study enrolled 129 adults with type 1
diabetes, and 69 of these participants experienced a total of 157 symptomatic moderate or severe
hypoglycemia events (a blood glucose of approximately <60 mg/dl or requiring assistance) during
the course of the study. For 151 of these episodes (96%), a 3 mg dose of nasally-delivered glucagon
met its primary endpoint of "awakening or returning to normal status" within 30 minutes, as
determined by a caregiver. For five of the remaining six events, caregivers noted recovery within 45
minutes, and in four of these instances, the patient's blood glucose was ≥70 mg/dl 30 minutes after
administering nasal glucagon. A majority of caregivers, 70%, were able to deliver nasal glucagon to a
patient experiencing hypoglycemia within 30 seconds, while 98% were able to do so in <2 minutes -
what an exciting and much-needed improvement to the lengthy reconstitution process of existing
glucagon options. The health and healtheconomic burden of hypoglycemia remains far too high, and
we're hopeful that advances like Lilly's nasal glucagon will bring us leaps and bounds ahead in our
ability to treat the complication.

Innovation in Rapid-Acting Insulin

▪ For the second year in a row, ADA 2017 featured more new, exciting data for rapid-
acting insulins than for basal insulins. ADA 2016 was one of the first Scientific Sessions in
recent history when this was the case, following several years of spotlight on new basal insulins
(especially as next-generation Tresiba and Toujeo were getting approved). In the poster hall this
year, Lilly's rather secretive, internally-developed phase 2 ultra-rapid-acting insulin formulation
drew much attention. The candidate LY900014, which contains citrate and trepostinil to speed
insulin lispro absorption (and to make the analogue more physiologic), showed a superior PK profile
(with faster onset/offset) and smaller postprandial glucose excursions vs. Humalog (insulin lispro)
in both type 1 and type 2 diabetes. In the type 1 trial (n=30), the ultra-rapid formulation reduced
time to half-maximal drug concentration by 36.5% (p<0.0001) and reduced total glucose excursion
over a five-hour meal test by 44% (p<0.0001). In the type 2 trial (n=29), the phase 2 candidate
reduced time to half-maximal drug concentration by 23% (p<0.0001) and reduced total glucose
excursion over a five-hour meal test by 105% (p<0.0001). LY900014 could enter phase 3 by the end
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of 2017, and we'll be eagerly following its clinical progress. Adocia also put up two posters on ultra-
rapid BioChaperone Lispro, each sharing data from a 14-day study in type 1 or type 2 diabetes. The
phase 3-ready candidate significantly improved postprandial glucose excursions vs. Humalog in
both trials. In a surprise move, Lilly terminated its licensing partnership for BioChaperone Lispro in
January, and it remains to be seen who will swoop in to carry the candidate forward through clinical
(and hopefully commercial) development. Novo Nordisk's Fiasp (faster-acting insulin aspart) is the
first next-generation prandial insulin on the market in Europe, though we still await an FDA
decision. We were pleased to see positive one-year efficacy data from the Onset 1 trial, in which
Fiasp showed superior A1c-lowering (treatment difference of 0.1%) and one-hour postprandial
glucose excursions (treatment difference of ~16 mg/dl) vs. insulin aspart - of course, not to be a
broken record, but what we really want to see is time in zone, particularly given how strong the
reception has been to Fiasp from patients (including Kelly, who loves the pens that she received).
Lastly, we saw two posters from Sanofi on what could potentially become the first biosimilar rapid-
acting insulin on the market - Insulin lispro Sanofi. Results from SORELLA 1 and SORELLA 2 (in
type 1 and type 2 diabetes patients, respectively) support the phase 3 candidate's similar PK profile
compared to Humalog, and also demonstrate non-inferiority vs. Humalog on A1c.

▪ Clearly, rapid-acting insulin is a therapy area with substantial room for improvement.
To that end, we're happy to see ongoing innovation. While skeptics have claimed that
Fiasp's benefits over NovoRapid (insulin aspart) and other exiting prandial products are
"incremental" rather than truly groundbreaking, we maintain that what we have right now is simply
not good enough - so we'll "more than" take incremental improvements, which for many patients
appear to be quite meaningful. The faster onset/offset of Fiasp, Lilly's phase 2 ultra-rapid candidate,
and Adocia's BioChaperone Lispro means lower risk of hypoglycemia and greater flexibility in
bolusing, both of which are key variables in patient quality of life. Biosimilars are also promising in
this era of skyrocketing insulin prices, so we look forward to the market potential of Insulin lispro
Sanofi. That said, biosimilar basal insulin hasn't been as cost-saving in the real world as initially
anticipated (for many reasons, including unfamiliarity among providers), so our enthusiasm for
Insulin lispro Sanofi is somewhat measured - though it's possible we'll seeing greater discounting
with biosimilars once multiple biosimilar options are available. In either case, this will be a very
interesting story to watch as it unfolds - Sanofi's candidate received a positive CHMP opinion in
May, recommending EMA approval, though there has been no word on plans for US submission.

Clinical vs. Commercial Enthusiasm

▪ As thought leaders sounded off on the latest and greatest in diabetes care at ADA 2017,
we couldn't help but notice some discrepancies between what scientists/researchers
are most excited about and what's being adopted by real-world patients/providers. A
glaring example of this is combination therapy. We heard an abundance of enthusiasm on this front
from diabetes experts, including Dr. John Buse, who advocated for greater uptake of fixed-dose and
fixed-ratio combination products, and Dr. James Gavin, who advocated for earlier intervention with
multiple agents (simultaneous as opposed to sequential treatment). On the other hand, patients/
providers in the real world show a certain reluctance to combination therapy. In a separate call with
our team, Dr. Sam Engel, Associate VP of clinical research in diabetes at Merck, attributed this
hesitation to two factors: (i) HCPs feel obligated to up-titrate drugs to maximum dosage before
trying something new, even though the majority of an agent's efficacy will show at low- to mid-range
doses. (ii) HCPs fear that it'll be difficult to parse out the cause of adverse events if they start
patients on more than one drug at a time, even though the side-effect profile of an agent is usually
well-characterized prior to approval. Moreover, one of the distinct advantages to combo pills or
injections is that each component comes at a lower dose, and the combination thus comes with a
milder side-effect profile vs. either monotherapy. Guidelines are starting to evolve, and are
recommending earlier co-administration of drugs for patients with A1c >9%, but it'll take dedicated,
concerted effort to educate diabetes care providers far-and-wide on the benefits to combination
therapy. We see great potential for pharmaceutical companies to play a leading role in this
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education. Merck, for example, is already positioning its SGLT-2/DPP-4 fixed-dose combination
(ertugliflozin/sitagliptin) high on the priority list within the ertugliflozin franchise - oral
presentations on VERTIS FACTORIAL and VERTIS SITA2 both emphasized the convenience of a
single, oral tablet that combines two agents with complementary mechanisms of action. AZ is also
investing strategically in Qtern (dapagliflozin/saxagliptin) and hosted a corporate symposium at this
meeting with lots of discussion on combination therapy as a means to circumvent therapeutic
inertia. We'd love to see additional patient/provider education efforts outside the context of
scientific meetings, from these and other companies with combo products in their diabetes
portfolios.

◦ Another (extremely unfortunate) clinical vs. commercial discrepancy involves
sulfonylureas. Diabetes experts acknowledge the affiliated risk for hypoglycemia, weight
gain, potential for beta cell burnout, and heightened CV risk. And yet, sulfonylureas
remain a major part of treatment algorithms due to their generic status and low cost.
While we can't underplay the affordability factor, we also can't emphasize enough the
substantial downstream costs of severe hypoglycemia and CV events (hospital visits,
emergency care, productivity loss, major adverse effects on patient quality of life, etc.). The
ongoing CAROLINA and GRADE studies could produce the data we need to remove
sulfonylureas from their current mainstream role in diabetes management: CAROLINA is
Lilly/BI's CVOT comparing DPP-4 inhibitor Tradjenta (linagliptin) vs. a sulfonylurea
(glimepiride), expected to complete in March 2019 (which, suddenly, doesn't seem that far
away), and the GRADE study will analyze diabetes therapies head-to-head to determine
the optimal combination treatment for long-term care. As newer classes like DPP-4
inhibitors, SGLT-2 inhibitors, and GLP-1 agonists approach generic status, we hold out
hope that sulfonylureas will slowly but surely fall out of practice, yielding to superior
therapies that offer A1c-lowering, weight loss, and other advantages to outcomes beyond
A1c without conferring CV or hypoglycemia risks.

Insulin Pricing

▪ Insulin pricing continued to be a major focus at the ADA, where - for the third year in
a row - a headlining symposium was dedicated to the topic at the Scientific Sessions.
The symposium was chaired by Dr. Irl Hirsch (one of the first to sound the alarm bells on the insulin
pricing controversy) and featured experts from all perspectives on the topic, including former ADA
Chief Medical and Scientific Officer Dr. Robert Ratner, Yale's Dr. Kasia Lipska, University of Kansas'
Dr. David Robbins, and pharmacist Dr. Alan Carter. Every speaker in the session acknowledged the
complexity of the healthcare and drug pricing system and emphasized that no one stakeholder is the
sole driver of increased prices. That said, there were varying degrees to which the presenters
highlighted the role of pharmacy benefits managers (PBMs) and pointed the finger at
pharmaceutical companies. Dr. Ratner, in particular, noted that rebates to PBMs rose substantially
from $67 billion in 2013 to a whopping $106 billion in 2015 - leading him to suggest that we should
get rid of these "middlemen with no added value increasing expenditures." We aren't sure they add
no value, but we agree that we'd like to see more transparency. On the other hand, Dr. Lipska briefly
acknowledged the role of PBMs in insulin pricing during Q&A, but largely described the role of what
she termed "incremental innovation" and new patents from pharmaceutical companies in increasing
the price of insulin. In terms of solutions, all speakers emphasized that "it takes a village" to
substantially improve the financial burden of insulin for patients. Dr. Robbins in particular
highlighted several things that individual healthcare providers, patients, regulatory agencies,
pharmaceutical companies, and the FDA can do to improve this issue. For the field as a whole, Dr.
Robbins asked all the various stakeholders to stop oversimplifying the issue of drug pricing and to
share the blame, rather than point fingers. Further, the formation of partnerships to tackle this
problem are crucial. He also emphasized the need to healthy, educated, and fair critics, while
recognizing that we are all subject to bias. To that end, he emphasized that "new" is not always
better. And finally, he called upon attendees to always advocate for their patients. Dr. Ratner looked
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at specific ongoing or proposed events and policies and their potential impact on insulin costs,
including the arrival of more biosimilar competition, the proliferation of direct-to-consumer
discount programs, lawsuits that force pricing transparency as part of discovery, and several
proposed policy and legislative changes. All in all, it's clear that the furor over insulin pricing has not
abated, and we're glad to see continued discussion of concrete solutions to help patients on this
front.

Diabetes Technology

CGM Outcomes Standardization and Outcomes Beyond A1c

▪ Many in attendance felt that key stakeholders finally arrived at a consensus on
standardizing CGM outcomes metrics during a Friday session chaired by Stanford's
Dr. Bruce Buckingham and our very own Ms. Kelly Close. Dr. Bruce Buckingham proudly
proclaimed, "You were all in the room where it happened," stealing a line from Hamilton. See the
table below for the proposed metrics. During the session, a range of experts (Drs. Rich Bergenstal,
Anne Peters, Thomas Danne, Simon Heller, George Grunberger, and Aaron Kowalski) all
emphasized that A1c alone is not sufficient to guide next-gen treatment development, optimized
care, regulatory approvals, reimbursement, and other important decisions. There have been nine
CGM outcomes consensus statements since 2013, and Dr. Bergenstal thinks that we probably don't
need any more - it's time to settle on the core metrics and move forward. Now that sensor
technology has caught up to enable accurate tracking of time-in-range, hypoglycemia,
hyperglycemia, and variability, implementation will be easier than ever before. We are elated with
this progress, though we realize there much still needs to happen to make ensure that outcomes
beyond A1c are reported in clinical trials, used as a basis for approval, and are included in product
labels to drive better reimbursement. There has been so much discussion and so many stakeholders
involved, and we're glad to see meaningful progress on consensus. The terminology remains a point
of debate (e.g., Level 1 hypoglycemia"), and we'll hear much more at the July 21 gathering in
Bethesda, Maryland on this topic (register here for free).

Standardizing 14 Core CGM Metrics

Time in Range 70-180 mg/dl

Level 1 <70 mg/dl

Level 2 <54 mg/dl

Hypoglycemia

Severe Clinical diagnosis: Event requiring assistance

Level 1 >180 mg/dl

Level 2 >250 mg/dl

Hyperglycemia

DKA Clinical diagnosis: ketones, acidosis

(hyperglycemia)

Glycemic Variability Coefficient of Variation

Standard Deviation (?)

Mean glucose -

Estimated A1c -
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CGM Visualization AGP

Episode of Hyperglycemia/Hypoglycemia 15 minutes

Sleep-Wake Time Blocks 12am-6am, 6am-12am

Data Sufficiency Recommended Two weeks of collection

70-80% of CGM readings (minimum)

▪ In a separate talk's Q&A, Dr. Peters remarked with a hint of cynicism: "I don't know if
I can get away with saying that we are following the wrong marker in clinical practice,
but we need to consider other outcomes beyond A1c." For providers, titrating therapies
based on A1c alone can be misleading in a sizeable fraction of individuals, given all the inter-patient
variability in glycation. Moreover, we like how time-in-range, hyperglycemia, hypoglycemia, and
AGP are actionable on a titration basis - "Oh, you seem to be running high in the morning, let's
change X in your medication." We expect the next-generation of therapies (e.g., closed-loop,
SGLT-2s in type 1) will likely drive greater improvements in time-in-range than on A1c, and we hope
regulators and payers appreciate the value accordingly.

◦ A JDRF-partnered, 12-week study of Lexicon's SGLT-1/2 inhibitor
sotagliflozin in young adults with a high baseline A1c exemplified the
importance of outcomes beyond A1c. The primary endpoint of A1c reduction was not
met, but sotagliflozin did appear to produce improvements vs. placebo on time-in-range,
postprandial glucose, and body weight. We were impressed by the CGM data from the
study - sotagliflozin therapy drove a strong increase in time spent in range (70-180 mg/dl),
which increased from 33% at baseline to 44% on sotagliflozin. That translates into an extra
2+ hours per day (!) spent in range, a very meaningful win for people with type 1. Under
traditional criteria (A1c alone), this useful therapy might not move ahead for this
populations. But with the tools available to now measure time-in-range, companies will be
far better equipped to characterize more nuanced benefits of their therapies. We look
forward to a world where glucose sensors are standard in trials of new therapies.

▪ In a HUGE victory for data standardization, Dexcom added the one-page AGP report
to its Clarity data management software. It's outstanding to see Dexcom incorporate the
report following the 2012 IDC/Helmsley Charitable Trust expert panel on glucose data reporting,
the subsequent publication of AGP in JDST/DT&T in 2013, the 2016 AACE Glucose Monitoring
Consensus statement, Abbott's incorporation of AGP into FreeStyle Libre's software; additional AGP
commitments at ADA 2016 from Roche, Glooko/Diasend, and Abbott (expanded); and about a
month after Drs. George Grunberger and Vivian Fonseca co-authored an Endocrine Practice Letter
to the Editor recommending standard AGP-like reports. Clinicians have told us for a long time that
the AGP is a great way to display data and have one report to look at, regardless of the device. We
love that the momentum continues to build and that more companies see the value of adding this
report on top of their own innovative ways to display data - the field needs both standardization and
innovation! Dr. Grunberger presented the idealized view of standardization in Dexcom's press
release, going back to a familiar analogy: "AGP can become the EKG report of diabetology - where
there is one standard glucose report that all clinicians can interpret." Yes! Will Medtronic also add
AGP to CareLink, rounding out the major players?

Automated Insulin Delivery Field (Finally) Gets Commercial: Medtronic MiniMed
670G, Tandem PLGS, Insulet Horizon, Diabeloop

▪ The automated insulin delivery (AID) field took on a more commercial feel this year,
led by the broader launch of Medtronic's MiniMed 670G hybrid closed loop. The rollout
to 20,000+ priority access program participants was announced at the start of FDA, and followed
pivotal trial data shared at ADA one year ago and the earlier-than-expected FDA approval in
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September. At this ADA, we saw encouraging data from the 670G "customer training phase"
(n=730), highlighting sustained glycemic improvements (from 63% -> 74% time in range, a 9-mg/dl
improvement in mean glucose), time in Auto Mode (92%), and sensor wear time (95%) that
resembled the pivotal study. Meanwhile, the MiniMed 670G product theater drew a standing-room-
only crowd (five deep in the back!) to hear Drs. Rich Bergenstal and Jennifer Sherr share HCP tips,
expectations setting, case studies, and CareLink reports. In other words, the discussion moved to,
"How do we roll this product out in clinical practice?", rather than, "Is this product coming?" On the
marketing front, Medtronic blanketed the city with 670G ads, and the company's during-ADA
Analyst Briefing shared strong confidence in the device and patient enthusiasm so far. Medtronic
believes it is "2-3 years ahead" of the competition (we think it's less if companies hit their timelines),
and a series of incremental improvements to the 670G are planned near-term (no specifics provided,
but this should include pediatric approval and Bluetooth-connectivity, among others). The MiniMed
670G Priority Access Program launch is expected to run into the fall, and in parallel, Medtronic is
taking orders for non-priority-access-program individuals that want to get on the device.

▪ Also on the commercial side of AID, we saw very encouraging new data from other
products in development: Tandem's PLGS device, Insulet's Horizon hybrid closed
loop, and Diabeloop's system. All showed strong outcomes on the algorithm front, with
launches planned in the 2018-2019 time frame. We're very glad to see the makings of (hopefully) a
thriving commercial market where many products can compete - not just on algorithms and
glycemic outcomes, but on the increasingly important metrics of device form factor, appeal to MDIs,
user experience/interface, business model, connectivity/remote upgrades, ease of prescribing, and
far beyond. We've been talking about the "academic research-commercial product chasm" in this
field for years, and finally, it felt like this ADA had more tangible industry movement to get actual
products to market. (See our competitive landscape here.) That said, the insulin pump field is also
more challenging commercially - e.g., no updates from J&J, Roche was not even in the exhibit hall,
Tandem's stock price took a bit of a hit - and many players like Bigfoot are expanding to focus on
MDI dose titration too. The latter is great to see, and it will be fascinating to see how patients
segment between MDI+CGM+decision support and automated insulin delivery (pump + CGM).

▪ The closed-loop academic research community is looking ahead, with a focus on meals
and exercise, algorithm personalization, and new populations (e.g., hypoglycemia
unawareness, in hospital). With a pipeline of commercial products coming, we'll be fascinated
to see how the academic research community's focus evolves - where can it push the field forward?
How should dollars be allocated to closed-loop research to benefit the most people with diabetes?
Our own Adam Brown raised this as a topic of panel discussion at the annual JDRF Closed Loop
Research dinner: what will drive the field's growth in the coming years, and how should the portfolio
of research align? We were glad to see the Cambridge team again present highly compelling data on
closed-loop in type 2s in the hospital (a major area of need and potential to save lots of nursing
time), while the UVA group showed the clear value of closed-loop in those with hypoglycemia
unawareness (significant benefits on time <70 mg/dl). For now, the leading academics continue to
focus on optimizing algorithms, since obviously tighter control with less user hassle will be key for
making the products as great as possible. Key areas of research on the radar include: making meal
control more automatic (faster insulins, adaptive algorithms, other hormones like glucagon or
amylin), adding sensors that can inform systems of activity (jury is still out on this one, since metrics
like heart rate can be a false signal), and perhaps even implantable systems (faster meal response
and less hypoglycemia, though obviously a different scalability question from current subcutaneous
systems). The insulin vs. bihormonal debate was a bit quieter and more data-based this year, which
is fantastic in our view - let head-to-head data drive what patients, providers, and payers prefer.
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Steps Forward in Insulin Dose Titration: Common Sensing Shows the Value of
Dose Capture on Pens, New Data from Hygieia and Sanofi, Bigfoot Acquires
Timesulin, Partnerships Abound

▪ In one of the most important diabetes technology posters in our view, Joslin
investigators shared observational data on Common Sensing's Bluetooth-enabled
GoCap pen cap to monitor insulin dosing and timing. The remote dose capture was paired
with Dexcom's G4 CGM data in 31 patients - 16 older individuals (mean age: 74 years) and 15
younger individuals (mean age: 28 years). Participants used the Bluetooth-enabled GoCap + a
paired app for one month with Lantus and Apidra insulins (Sanofi funded the study), allowing
investigators to collect combined injection and 14-day CGM data. Gocap identified that 12% of
insulin injections were missed/under-bolused over one month, while 20% of injections were extra/
over-bolused (relative to what was prescribed). In addition, nearly one in three (29%) basal doses
were taken outside the ± 1-hour scheduled time window for taking Lantus. (The range was a
remarkable 4%-89%, meaning some users almost always missed the window.) Over the 14-day CGM
period, patients spent only 41% of each day in range (70-180 mg/dl), with a striking 107 minutes per
day <70 mg/dl (7%) and more than 12 hours per day >180 mg/dl (52%). The three example CGM
profile plots, combined with insulin injection data from Gocap, were also FASCINATING. Dr. Irl
Hirsch frequently asserts that this dearth of information is the biggest gap in diabetes data - with
products like the GoCap moving toward commercialization, providers will soon have the treasure
trove of MDI dosing data in their tool belts.

▪ Also on the data front, Sanofi presented encouraging results on automated basal
insulin titration in type 2 diabetes (My Star Dose Coach, LTHome), while Hygieia
showed the results from an RCT of its d-Nav Insulin Guidance Service. Hygieia's poster
arguably showed the biggest headline improvement in outcomes - A1c declined a notable 1% in the
d-Nav group at six months (baseline: 8.7%) vs. 0.3% in the usual care group (baseline: 8.5%)
(p<0.0001). Sanofi's 16-week AUTOMATIX study similarly showed that the My Star Dose Coach
BGM with built-in automatic Toujeo titration is safe and effective: 34% of Dose Coach users reached
their fasting target of 90-130 mg/dl without confirmed+severe hypoglycemia vs. just 15% of routine
care users. The number reaching fasting target without severe hypoglycemia was also higher in Dose
Coach users: 46% vs. 37% in routine users. Both groups also saw a 1% A1c reduction from baseline -
obviously "routine" care in a trial undersells how much attention the control group received. A
separate Sanofi study testing web-based insulin titration software (LTHome) in Canada highlighted
the clear value of this field for HCPs and the healthcare system - automated basal insulin titration
required fewer HCPs visits and lower costs compared to usual titration.

▪ There was also major M&A news on the dose capture/titration front: Bigfoot
Biomedical acquired Timesulin, giving it a connected dose capture technology through which it
can build an insulin titration service for MDIs (possible 2019 launch). Timesulin co-founder John
Sjölund (who also has diabetes) joined the Bigfoot team as of ADA and will lead efforts to bring this
service to injectors - what a coup for Bigfoot to acquire this valuable technology and smart leader
and what a smart lateral expansion over its ongoing work to improve insulin delivery via a
pump+closed-loop algorithms.

◦ We also learned in hallway chatter that Novo Nordisk quietly launched a
connected pen in Sweden just a few weeks ago - providers can reportedly read the
current iteration via NFC, but a pen with Bluetooth connectivity is reportedly coming. This
was alluded to in the Glooko partnership announcement in January, and we're elated to
see the insulin giant's continued commitment to digital health.

◦ Companion Medical reps in the exhibit hall indicated that they are essentially
ready to launch the Bluetooth-enabled InPen, but are waiting to formalize
partnership(s) before coming to market. Assuming it does launch this year, it will be the
first connected insulin pen on the US market. How will it set the tone for this field?
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▪ In the short time that we were in San Diego for the meeting, there were three major
BGM-dose titration software partnerships: Ascensia + Voluntis; Amalgam Rx +
Hygieia; and Glytec + AgaMatrix. Notably, Glytec and AgaMatrix already have a pilot of their
integrated offering underway. These partnerships are proliferating, as illustrated by our crowded
insulin dose titration competitive landscape - and they should be. Combining accurate, passively-
collected glucose data with clinically-validated dosing algorithms should prove superior to manual
dose titration, or at least equivalent in the best of cases. The service model for each of these
integrations is still a clear question - presumably, the devices+software could be sold as a bundle
(one product for one price), or the meters could simply be one of many devices that integrates
glucose data directly into the titration algorithms. The reality is, insulin is a very dangerous drug
most patients are not using it optimally, and data can help bring more to goal with less wild-guess
dosing and hypoglycemia. This seems like the first wave of titration partnerships for BGMs, and we
fully expect CGM companies like Abbott, Dexcom, and Medtronic to quickly move into this area.

The Value of Connected Devices - Enabling Real-World Data Collection and More
Insightful Products

▪ This ADA brought some notable examples of passive data collection from connected
devices driving valuable real-world insights and evidence. We saw brand new, encouraging
data from Medtronic/IBM Watson's Sugar.IQ app - relative to baseline metrics (one month prior), a
small group of 81 Sugar.IQ users experienced a solid 37-minute/day improvement in time-in-range,
an 11% reduction in sustained hypoglycemia (>120 minutes), and an 8% drop in sustained
hyperglycemia (>120 minutes). Notably, within three days of the app delivering a pattern "insight,"
65% of users experienced fewer lows and 55% experienced fewer highs. (It's unclear when Sugar.IQ
will launch fully, but we assume the biggest gating factor is approval of the standalone Guardian
Connect mobile CGM, which remains under FDA review and is currently in human factors testing.)
Meanwhile, Abbott continued to share fascinating real-world data from a >55,000-user-strong
cohort on FreeStyle Libre - increased scanning was linked to higher time in range and decreased
time in hyperglycemia. We also loved the FreeStyle Libre country-by-country breakdown, data that
is now possible to collect at scale and passively with connected devices! In insulin dose capture, a
Common Sensing poster shared very eye-opening results that combined its Bluetooth-enabled pen
cap with Dexcom CGM data - boy is this going to make the "invisible" data behind injections visible,
driving meaningful dose titration and decision support. Roche and Livongo also presented
encouraging data on their connected BGM platforms - A1c changes (-0.9% for Roche, -1.2% for
Livongo), higher treatment satisfaction (Roche), cost savings (Livongo: $136 per member per
month), and more. Connectivity is a must-have in devices in our view, and the next step will be
building excellent systems around products that use the data in meaningful ways - driving more
insight for patients/HCPs, collecting real-world evidence for payers, and better understanding real-
world product use to inform design improvements.

Expanding CGM Adoption - Value in Type 2 Diabetes, HCP Prescribing, and
Psychosocial Impact

▪ Drs. Bill Polonsky (BDI) and Jeremy Pettus (UCSD) debated use of CGM in type 2 -
MDI, basal-only, and non-insulin - concluding it "will eventually become the standard
of care for type 2 diabetes, especially as the technology becomes easier to use and less
costly." Obviously, those latter two caveats are critical and will drive the field's expansion. The final
slides shared six major points of agreement concerning the future of CGM in this population: (i)
with proper support, CGM could become a powerful motivational tool in type 2 diabetes; (ii)
innovative training materials are needed for type 2s; (iii) new methods for providing CGM feedback
are needed; (iv) episodic use of CGM may be best for many type 2s; (v) much more evidence on CGM
in type 2 is needed; and (vi) we need to determine which patient types will benefit (e.g., the
disengaged, hypoglycemia prone, chronically poor glycemic control, those trying to select the best
medication, etc.). We loved this list and completely agree with the key improvements that need to
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happen, particularly on ease of use (factory calibration will be critical), proper feedback mechanism
(what to do with the data), and trials to support that this technology actually drives meaningful
improvement. Of course, the path to "eventually" making CGM "standard of care" in type 2 diabetes
will likely be a long one - after all, we're only at an estimated ~15%-20% CGM penetration in US type
1s!

◦ We believe intermittent-use products like Abbott's FreeStyle Libre Pro and
Medtronic's iPro have encouraging potential in type 2 diabetes at a population
level - even though they may not be as valuable for behavior change as real-time CGM,
they will be FAR better than the current standard of care (barely any/no glucose data at all
to make therapeutic adjustments). Indeed, several FreeStyle Libre Pro posters at ADA
showed the value of this technology across the world, including in India. There was high
enthusiasm about the Pro device in Abbott's exhibit hall booth and corporate symposium.
We'll be fascinated to see what kind of business Abbott can build with this very intuitive,
HCP/patient-friendly product.

◦ A big question for type 2 diabetes and CGM will center on patient
segmentation - who will benefit from professional CGM 1-3 times a year vs. 24/7 real
time? What will the healthcare system pay for? What will patients be willing to pay for?
Will comparative efficacy trials need to be done, and if so, who will run them? What novel
business models are possible with factory calibrated CGM? For example, what about a mail
order professional CGM service, where a sensor could be placed by the patient and mailed
back for analysis, similar to 23andMe or Ubiome? What can professional CGM learn from
other therapeutic areas, such as cardiology? How will Medtronic's iPro3 stack up to Libre
Pro? How quickly will Dexcom/Verily's first-gen sensor drive into type 2 diabetes (launch
expected by the end of 2018)?

▪ Additional analyses from Dexcom's DIaMonD trial of CGM in MDI affirmed the value
of real-time sensors in type 2 diabetes. Dexcom's Dr. David Price shared combined type 1 +
type 2 data from the DIaMonD study testing CGM (n=179) vs. SMBG (n=128) in MDIs, the first
pooled analysis following type 1 results at ADA 2016 (later published in JAMA) and type 2 data at
ATTD 2017. The combined outcomes were very consistent with the by-group data: from a pooled
baseline A1c of 8.6%, CGM drove a 0.9% reduction in A1c at 24 weeks vs. 0.4% in the SMBG group
(adjusted mean difference: 0.5%; p<0.001). Time-in-range metrics also strongly favored CGM - at
12/24 weeks (pooled), CGM users were spending 72 more minutes per day in range (70-180 mg/dl)
vs. 9 fewer minutes in the SMBG group (p<0.001). Taken with the results of Abbott's IMPACT and
REPLACE, DIaMonD definitely shows the value of CGM in the type 1 AND type 2 populations on
insulin, though we see incremental benefit to be gained once decision support is added. According to
Dr. Price, type 2 results are currently pending publication, and we wonder if they could drive more
reimbursement of CGM in the insulin-using type 2 population. In a huge twist of irony, Medicare
(US) and Germany's Federal Joint Committee have really taken the lead on this - both organizations
have approved reimbursement of CGM in intensive insulin-using type 2s. (Of course, actually
getting it reimbursed is proving to be another thing entirely.) Will private payers follow CMS/
Germany's decisions, particular once DiaMonD type 2 data is published?

◦ A separate satisfaction analysis from the DIaMonD study reached a very
important conclusion: contrary to common clinical belief, patients with type 2 on MDI
are likely to find CGM at least as engaging and valuable as patients with type 1 diabetes. In
fact, mean perceived benefits were significantly higher (p <0.05) among participants with
type 2 vs. type 1. Here's hoping these results spawn more studies that counter the
conventional views!

▪ Provider anxieties surrounding the time, cost, and technological savvy associated with
supervising CGM use continue to be an issue, based on T1D Exchange data from
Stanford's Dr. Molly Tanenbaum. Survey results suggested type 1 diabetes clinicians (n=209)
can be divided into three distinct profiles related to CGM: 20% are "Ready" to prescribe, 41% are
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"Cautious," and 39% fall in the "Not Yet" category. Clinicians who fall in the "Not Yet" bin have the
hardest time keeping up with new technology, see the lowest proportion of patients with type 1
diabetes, and generally have inadequate clinic time in clinic to review CGM data. No surprise there.
For "Not Yet" clinicians, Dr. Tanenbaum suggested ambitious systemic change - if possible,
healthcare system barriers should be addressed to enable increased acceptance. Remedying
hesitations for the other two groups is simpler: "Ready" clinicians should be encouraged to think
about what's working well, and what might change if uptake increases; the "Cautious" group should
assess whether patient and provider barriers align and feel comfortable with education and coaching
techniques. Indeed, the current model of prescribing and paying for CGM still demands additional
effort from clinicians (prior authorizations chief among them), and hesitant HCPs must see a more
clear cost-benefit win to make the prescribing leap. Clinical inertia also plays a big role in medicine
and will continue to affect diabetes technology - CGM is still rarely/not covered in medical school,
and older clinicians may have baggage from previous generations of the technology. Though CGM
has been around for more than a decade, it really hasn't come into its prime until the past five years.
(And with connectivity and accessible data, it's really only the past two years.)

▪ In a talk revolving around her often-raised motto, "right device, right time,"
psychologist Dr. Katharine Barnard noted the importance of keeping psychosocial
outcomes in mind. CGM has enormous potential, but it may not be the right tool for an individual
troubled by accuracy issues, intruding alarms, on-body burden, and a "perfectionist" mentality. We
see ALL of these as solvable barriers, since they revolve around sensor design, better wearables, and
novel user experiences tailored to different individuals. For instance, could CGM have a "less
engaged teenager" mode vs. an "über type A" mode? Now that products use smartphones for display,
we hope to see different UI/UX evolve for different patient segments.

Remote Diabetes Coaching and Apps Galore in Poster Hall - Virta, Livongo, One
Drop, Glooko, mySugr Seek to Augment Face to Face Care

▪ Remote coaching and digital health apps had a larger presence at this year's Scientific
Sessions, particularly in the poster hall - Virta Health, Livongo, One Drop, Glooko,
mySugr, and others all presented abstracts. See some of the highlights immediately below,
which don't even include all the aforementioned work in insulin titration!

◦ Virta shared highly anticipated one-year results from its type 2 diabetes program,
combining a low-carb/high-fat diet (to induce nutritional ketosis) and tech-enabled remote
care. In an interim analysis of 111 patients with data at one year, A1c dropped a significant
1.3% from a baseline of 7.4% (p<0.0001), and 58% of patients achieved an A1c <6.5%
while taking no diabetes medications or metformin only. Wow! Insulin was reduced or
halted in 97% of users, and weight was reduced an impressive 14% from baseline, equating
to a mean 35 lbs of weight loss (from 255 to 212 lbs; p<0.0001).

◦ Livongo presented its first (to our knowledge) ADA oral, showing that its cellular-enabled
BGM + remote CDE coaching drove a 1.2% decrease in A1c, a 37% reduction in total
cholesterol, and an 8.3% reduction in triglycerides relative to non-Livongo users. These
clinical benefits translated to savings of nearly $140 per member per month. The company
also had two posters: One randomized crossover trial (out of UMass) demonstrated slight
improvements in A1c and treatment satisfaction attributable to Livongo use, and the other
showcased a 1% drop in A1c (baseline: 8.5%). Addition of a connected scale also resulted in
weight loss.

◦ One Drop also presented two outcomes posters, adding to its growing cache of real-world
outcomes data: A late-breaking abstract showed that use of the in-app Experts coaching/
education resulted in a statistically-significant 0.8% A1c drop from baseline; a second
poster highlighted notably decreased average blood glucose (from 195 to 166 mg/dl), more
in-range BGs (from 48% to 64%), and fewer high BGs (from 51% to 33%).
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◦ Glooko and mySugr presented retrospective analyses of their digital platforms too,
which individually now have more than 1 million users each! Both posters showed
encouraging, albeit small, improvements in glycemia (mySugr on LBGI, Glooko on
hyperglycemia). It's clear that both companies have built diabetes data apps that resonate
with big populations, though the analysis of these massive real-world datasets has not
really been done. There is clear upside too from incorporation of decision support (e.g.,
insulin dosing), remote monitoring programs to prioritize care (Glooko's Population
Tracker, mySugr's work in Germany), and more seamless connectivity that doesn't require
manual syncing. How much improvement in outcomes can these products drive? As both
companies move into population management and more insightful analytics, will these
analyses grow in size and robustness?

▪ Data supporting remote coaching + connected devices is expanding, whether real-
world results or more familiar clinical trials. We love the potential to scale care and add
more real-time monitoring and continuity, though sustained engagement, demonstrated outcomes,
and business models will be key questions. Moving ahead, we expect to see more automated,
interactive, and insightful decision support systems that leverage AI, machine learning, voice, and
multiple data streams (including non-diabetes streams). Ultimately, this field is not about data for
its own sake, but providing guidance for patients and HCPs that result in better outcomes.

Companies are Getting the Message: User Experience, Patient Feedback, and
Integration with Consumer Electronics Really Matters

▪ More than ever, device companies are hearing the message: user experience, patient
feedback, and consumer electronics integration are critical. Dexcom secured Android G5
approval just before ADA and launched on the Google Play store shortly thereafter - the app already
has between 500-1,000 downloads and received an update just after ADA on June 18. Also on the
eve of ADA, Apple's Worldwide Developer conference talked about Dexcom's G5 on stage, which will
communicate directly from transmitter-to-watch in the next version of WatchOS - talk about a
victory for the patient experience and a major sign of Apple's commitment to this partnership!
Dexcom was a pioneer on mobile medical apps and it shows in the product's continued uptake,
particularly in MDI. The Clarity mobile app also got a terrific facelift, giving users expanded
retrospective data reporting right on the phone. Insulet was a standout in this area too, headlined by
a first look at the upcoming Omnipod Dash platform. The locked down Android phone has
substantially upgraded the PDM user experience, while the next-gen Horizon system (putting
automated insulin delivery on Dash) has undergone six usability studies already (31 unique
participants to date, including some 670G users). Said Program Director of Advanced Technologies
Jason O'Connor, "It's so critical to not rush a product to market, just because it has functionality. It
has to have the right user experience to deliver a product that is going to integrate into people's lives.
We may not be the first to market, but it does mean we'll deliver an exceptional product." Insulet has
even solicited feedback from OpenAPS community members, which would have been unheard of a
few years ago. Tandem's compelling media day also reminded us that the Device Updater - allowing
t:slim X2 pump users to upgrade their software from home, including to add G5 CGM integration
and automated insulin delivery - will be a key differentiator going forward. We expect the most
successful diabetes devices/apps will be driven by continuous software updating and learning from
users, just as the most successful consumer technology is. That said, software is a whole different
ballgame than hardware, and continuously building/maintaining apps for a growing number of
devices can be burdensome - which companies will nail this?

The DIY Community Going Strong - Autotune, Loop, and Pushing Industry to
Move Faster

▪ The do-it-yourself (DIY) community is still pushing the envelope of diabetes
technology. Patient innovators Dana Lewis and Scott Leibrand shared a late-breaking poster on
Autotune, an algorithm that automatically recommends changes in pump settings based on CGM
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data. Even in an engaged group of users, most found the recommendation helpful and have
reportedly changed their pump settings accordingly. We also heard plenty of hallway chatter on
Loop/RileyLink, the DIY system that runs hybrid closed loop off an iPhone app. Those we spoke to
praised the overnight time-in-range, the algorithm's customizability (e.g., set point, aggressiveness),
the ability to bolus from an iPhone (with TouchID) or Watch, the on-phone user experience
(showing exactly what the algorithm is doing), and seeing projected glucose after carbs are entered.
At the Diabetes Mine D-Data Exchange, major industry players (Medtronic's Dr. Fran Kaufman,
Insulet's Dr. Trang Ly, Bigfoot's Bryan Mazlish, Tandem's John Sheridan) showed encouraging
openness to engaging with the DIY and broader patient communities. We hope that moving forward,
companies can give these innovators a "sandbox' to play in, allowing lead users to help drive
innovation. Dexcom is taking a lead on this with its developer APIs, which will launch later this year
and allow third parties to access retrospective data (three-hour-delay), create and manage pre-
commercial (prototype) apps, play with simulated (sandbox) data, learn how to become a Dexcom
data partner, and even submit an app for commercial approval. Hopefully the time window will
shrink, driving an ecosystem of useful real-time decision support. We'll be fascinated to see how
different companies harness the brilliance of this community - there is obviously a fine line to tread
here, but one with significant upside in our view.

New Devices in Exhibit Hall, but Clear Changes in Device Industry - Startups had
Booths, While Roche Did Not Appear

▪ We were glad to see several notable new tech products in an ADA Scientific Sessions'
exhibit hall for the first time: Medtronic's MiniMed 670G hybrid closed loop and Guardian
Connect CGM for MDIs, Insulet's new OmniPod Dash PDM, J&J's OneTouch Via bolus-only patch
insulin delivery device, Dexcom's Android G5 and upcoming touchscreen receiver, and many others.

◦ Medtronic's newly launched MiniMed 670G was probably the most talked-about
device at ADA 2017, drawing sizeable crowds to the booth and dedicated product theater.
The on-device experience was what we expected - a definite pump screen and display
improvement over older Medtronic pumps, but still definite room to improve on
simplicity, a consumer-grade experience, and connectivity/remote software updates. The
company is managing expectations well, though we'll have to see what early reviews are
like once it really rolls out.

◦ Insulet's new Omnipod Dash PDM won our award for most improved device,
bringing marked advantages in user experience on the locked-down Android phone (FDA
submission in 2H17). Insulet's emphasis on leveraging user feedback really shined in its
product theater and in-booth demonstrations. We think this device will be quite well
received from the loyal Omnipod user base, and it clearly gives Insulet a logical path to add
Horizon automation and concentrated insulin.

◦ J&J's OneTouch Via bolus-only insulin delivery patch device drew crowds to see the
device in the flesh for the first time in an exhibit hall. Reps disclosed that the product's
updated manufacturing process (submitted in November) has received FDA 510(k)
clearance, but did not give any specifics on the launch timing front. It was great to finally
get to hold the device, and it was clear that booth-goers were intrigued - we overheard one
who was amazed by the patch's small form factor.

◦ Dexcom's just-approved Android G5 and new touchscreen G5 receiver were on display
for the first time following recent FDA approvals. We would describe the new receiver as
"built like a tank" - it's bigger than the current option, and the touchscreen is more
resistive than one found on a consumer-grade phone. This thing looks like it could be
thrown at the wall and not break, which brings two deliberate advantages: (i) fixing the
reliability issues that have challenged Dexcom's current receiver; and (ii) addressing the
Medicare reimbursement requirement that the durable G5 receiver last for three years.
(This latter point we only heard in hallway chatter.) We assume once this new receiver is
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out, more non-Medicare users will switch to displaying data on a smartphone - it definitely
loses some cool factor relative to the current iPod Nano-like receiver.

◦ Abbott's FreeStyle Libre Pro and Tandem's t:slim X2 were not new to US exhibit
halls, but did draw notable crowds interested in the next-gen devices with meaningful
improvements - the former to professional CGM and the latter to Bluetooth connectivity/
remote software updating.

▪ One of our first observations upon entering the massive exhibit hall was: "Where's
Roche?" In fact, the major BGM player did not have a booth at this year's conference to show off its
new Accu-Chek Guide BGM or soft-launched Insight CGM system in Europe. This was not highly
surprising from one perspective - it's a tough time for Roche's US BGM business and it has
discontinued new US pump sales - but the juxtaposition with other players was noted. Glooko,
Companion Medical, One Drop, and many other smaller device companies were indeed present in
the massive ADA hall. This was perhaps a sign that: (i) Roche is being more choosey with its
marketing resources (do exhibit hall booths have good ROI relative to other investments?); (ii)
reflective of Roche's smaller geographic sales base in the US; (iii) fewer new Roche products to
showcase at this ADA; and/or (iv) something else. While bigger device companies like Medtronic,
Abbott, BD, etc. were of course present in a big way in the hall, it felt like a greater number of small,
innovative players were present this year and the average age is definitely younger! It will be
fascinating to see how large AND small players drive innovation in the years ahead, and whether the
current trends of tech partnerships will continue/increase at the next few ADAs.

Additional Topics

Growing Focus on Diabetes-Adjacent Indications

▪ Repurposing existing diabetes drugs (either alone or in combination with another
agent) for diabetes-adjacent indications like obesity, NASH, and prediabetes was
another notable theme this year. On the SGLT-2 inhibitor front, we heard the results of a new
sub-analysis of the EMPA-REG OUTCOME trial demonstrating the efficacy of Lilly/BI's Jardiance
(empagliflozin) to reduce adiposity as well as an oral presentation offering further phase 2 data on
canagliflozin/phentermine combination therapy for obesity. Two posters additionally showed
promising data on AZ's Farxiga (dapagliflozin) for prediabetes and J&J's Invokana (canagliflozin)
for improved liver metabolism in people with obesity. Additional posters examined Merck's Januvia
(sitagliptin) and the TZD pioglitazone for prediabetes. GLP-1 agonists continue to show promise for
obesity in particular: we were especially impressed by a meta-analysis of the entire SUSTAIN clinical
trial program showing superior and clinically meaningful reductions n body weight across all five
studies, versus a range of tested comparator drugs and in a broad range of patient populations. Novo
Nordisk recently shared positive phase 2 topline data for a once-daily injection of semaglutide for
obesity, demonstrating impressive mean body weight reductions of nearly 14% and we're eager to
see this investigated further. Novo Nordisk has a particularly robust early- and mid-stage pipeline
for obesity and we're looking forward to the newsflow on this front at future ADA meetings.

▪ There is also a great deal of activity on the novel therapy front for diabetes-adjacent
therapies. GLP-1 agonist combination therapy appear to be all the rage, and we were especially
intrigued by posters demonstrating the ability of GABA/GLP-1 combination therapy to prevent the
onset of diabetes in animal models by promoting beta cell regeneration and the efficacy of a long-
acting GLP-1/glucagon/GIP tri-agonist developed by Hanmi Pharmaceuticals. Reflecting the
increasingly robust obesity drug competitive landscape, entirely novel therapies for obesity also have
a strong presence at this year's conference. Posters demonstrated impressive efficacy data for early
drug candidates such as Janssen's oxyntomodulin agonist XTEN and ProMetic's anti-fibrotic
compounds PBI-4547 and PBI-4050 for obesity. On the NASH front, we saw impressive preclinical
data for PB-718 from a group in Suzhou, China, as well as Spitfire Pharma's SP-1373.
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A Welcome Increased Emphasis on Prevention

▪ We noticed a greater emphasis on prevention at this year's ADA - a welcome sign of
growing recognition of the importance of prevention efforts to combat diabetes on a
population level. In fact, this was the central focus of this year's Presidential Health Care &
Education address in which Ms. Brenda Montgomery discussed the ADA's pursuit of "pillars of
prevention" in the form of prevention-related research and clinical trials, educational efforts, and
political advocacy to establish Medicare coverage for the NDPP. To this end, we heard several
notable presentations evaluating the efficacy of diabetes prevention approaches in different
demographic subgroups over time. For instance, a 15-year analysis of the Diabetes Prevention
Program (DPP) study reported that metformin has an enduring preventive effect for younger people,
individuals with a greater BMI, and women with a prior history of gestational diabetes.
Furthermore, we heard the highly-anticipated results of the PREVENT-DM study, the first
comparative effectiveness trial of diabetes prevention treatments in a real world setting. In a
population particularly vulnerable to type 2 diabetes (Hispanic females with low socioeconomic
status), intensive lifestyle intervention delivered by community health workers produced
significantly greater weight loss than metformin and standard of care, suggesting that such
programs are an effective population-level strategy for diabetes prevention. Despite the growing
conversation on diabetes prevention programs, the legendary Dr. Ann Albright, director of the
CDC's Division of Diabetes Translation, issued a compelling call for even greater effort on this front,
arguing that "we need to address prevention to a much great degree than we currently are" in order
to make a dent in the diabetes epidemic. Because policy and community-level strategies for
prevention take place so incrementally, Dr. Albright offered a perspective for how to promote
diabetes prevention in the context of one-on-one conversations in the physician's office. She
suggested tailoring conversation topics for people at different levels of diabetes risk - low (general
information about healthy behaviors), medium (NDEP resources and recipe guides), and high
(structured programs like the DPP, or medication like metformin).

Psychosocial Care in Diabetes

▪ This year marked the first time the Scientific Sessions have focused explicitly on
psychosocial aspects to diabetes care. At a Friday press conference, Dr. Korey Hood (Stanford
University, CA) reviewed the new ADA/APA (American Psychological Association) position
statement on this topic, which also led the ADA to incorporate psychosocial support into its 2017
Standards of Care and to feature more research of this genre at ADA 2017. Most notably, the ADA
Presidents Oral Session on Tuesday morning included Dr. Mary de Groot's presentation of Program
ACTIVE II study results. This trial randomized people with type 2 diabetes and clinical depression
(n=150) to one of four arms for 12 weeks: (i) exercise with a personal trainer, (ii) talk/cognitive
behavioral therapy, (iii) exercise plus talk/cognitive behavioral therapy, or (iv) usual care. All three
interventions were associated with statistically significant improvements in depressive symptoms
(p<0.05), diabetes distress (p<0.01), and quality of life (p<0.05) vs. usual care. Participants in any
of the intervention groups also reported fewer negative automatic thoughts after 12 weeks (p<0.03
vs. usual care). These beneficial effects were sustained when controlling for antidepressant
medication use, underscoring the efficacy of both exercise and therapy as approaches to
psychosocial care. Drs. Hood and de Groot were both authors on the ADA/APA position statement,
which they described as a major collaborative effort. The overarching goal outlined is to enhance
training of mental healthcare professionals so they're better-equipped to screen for and treat
diabetes distress and comorbid diabetes/depression. That said, in order to broaden and maximize
the impact of improved psychosocial care for a diabetes patient population, endocrinologists and
primary care physicians who treat diabetes will also have to be trained to increase screening and
referrals. "There's a lot left to do," Dr. Hood emphasized. The new position statement and higher
number of related abstracts at this conference are small steps in the right direction. Next, the ADA/
APA have to devise ways to make sure psychosocial care is implemented in a cost-effective and
evidence-based manner, Dr. Hood explained - to this end, studies like Program ACTIVE II that
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identify specific, effective approaches to psychosocial support are so valuable. A follow-up meeting
between the two professional organizations is scheduled for August 2017. We're eager to see what
comes of this partnership and position statement, and to observe positive effects in real-world
clinical settings, though this will likely take some time. We're glad to note ADA's commitment to
spreading awareness/education of the position statement on psychosocial care. The ADA's
Standards of Care, for example, are influential around the globe, and we so hope diabetes providers
and mental healthcare providers alike take notice and change their practice to give patients the best
possible comprehensive care.

ADA Pathway to Stop Diabetes Symposium

▪ As always, the ADA Pathway to Stop Diabetes symposium offered an inspiring glimpse
into the future of diabetes management. Most notably, UNC's Dr. Zhen Gu, co-founder of
Zenomics, a startup recently awarded $5.8 million from MicroPort Scientific Corporation, discussed
a variety of smart insulin delivery approaches currently being investigated in his lab. In his view, the
main challenges facing the smart insulin field today are (i) achieving a fast response comparable to
normal beta cell activity; (ii) avoiding hypoglycemia; (iii) achieving ease of administration; and (iv)
ensuring biocompatibility. Overall, beyond Dr. Gu's star power, the symposium boasted an
impressive range of ongoing projects, from Dr. Daniel Ceradini's work (NYU Langone Medical
Center) investigating accelerated diabetic wound closure to Dr. Kathleen Page's results (USC) on
central adiposity in childhood as an early indicator of intrauterine exposure to gestational diabetes
and maternal adiposity. Other highlights included Cornell's Dr. Praveen Sethupathy, who discussed
recent findings demonstrating how a high-fat diet contributes to small intestinal morphology and
physiology, and UW's Dr. Joshua Thaler, who remarked on astrocycte and microglial inflammatory
signaling as it pertains to obesity susceptibility.

Award Lectures

▪ As always, the award lectures sparked inspiration amongst all who attended. Ms.
Davida Kruger (Henry Ford Medical Group, Detroit, MI) delivered an absolutely moving
Outstanding Educator in Diabetes Award Lecture, detailing her impressive dedication to the field
over the past 35 years. Columbia's Dr. Domenico Accili discussed exciting developments in diabetes
research, anticipating massive changes in the way diabetes will soon be managed. And, Ms. Brenda
Montgomery, ADA President of Healthcare and Education, discussed the ADA's noteworthy efforts
in the fight to prevent diabetes.

◦ Diabetes educator extraordinaire Ms. Davida Kruger delivered the
Outstanding Educator in Diabetes Award Lecture, providing insights on her
role in the DCCT, as a nurse practitioner in diabetes, and as an ADA
volunteer. Ms. Kruger stressed the increasingly important role of the nurse practitioner,
presenting data showing that nurse practitioners make equally accurate diagnoses as
physicians and are also more likely than physicians to provide health education and
promotion, adapt medical regimens to the patient's preferences, and listen more to the
patient. Ms. Kruger closed by stating that the field "must remain open to all team
members" and keep the patient at the "head of the team." Ms. Kruger deservedly left the
podium with a standing ovation, and our team joins the diabetes world in our deepest
gratitude and admiration for Ms. Kruger's incredible leadership and service to the field.

◦ In this year's inspiring Banting Medal for Scientific Achievement lecture,
Columbia's Dr. Domenico Accili presented his vision of a revamped toolkit for
diabetes care in 2021, 100 years after the discovery of insulin: Prevention of beta
cell de-differentiation, a gut-targeted Foxo1 inhibitor to coax gut cells into producing
insulin in a glucose-dependent manner, and selective insulin sensitizers. The meat of his
talk focused on dispelling the perception that beta cell failure is a consequence of beta cell
death; rather, his data suggest that beta cell dedifferentiation is to blame. Dr. Accili sees a
big opportunity here: If beta cells are not dead, but just quiescent as dedifferentiated of
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converted cells, then there's a chance to restore beta cell health even after the onset of
hyperglycemia. For type 1 diabetes, Dr. Accili's lab has set sights on coaxing gut cells into
producing insulin in a glucose-dependent fashion, and for type 2 diabetes, Dr. Accili
explained that it is possible to modulate critical nodes of insulin signaling to dial up/down
individual bio-responses, enabling selective reversal of insulin resistance. With a portfolio
this lengthy and deep, we can't think of anyone more deserving of this award than Dr.
Accili - our only hope is that he sticks with it and delivers 2021: A Diabetes Odyssey.

◦ Ms. Brenda Montgomery, ADA President of Health Care & Education, gave a
speech on ADA's efforts in the fight to prevent diabetes. Last year's President's
address by Dr. Desmond Schatz, in which he pleaded with attendees to bring diabetes to
"the boiling point of water where it erupts with urgency" was a tough act to follow, but Ms.
Montgomery delivered. In particular, Ms. Montgomery focused on prevention, organizing
her remarks in accordance with the ADA's three strategic imperatives: (i) Drive Discovery,
through research, partnership, and innovation; (ii) Raise Voice, to intensify the urgency
around the diabetes epidemic and mobilize action; and (iii) Support People, to continually
develop new and effective resources for people affected by diabetes. Ms. Montgomery
characterized the ADA's work in the prevention space as a story of "small steps leading to
big rewards." Though we have yet to see fruits from those labors, we certainly applaud and
thank all involved for their time and effort.

SGLT-2 Inhibitors

Symposium: The Integrated Results of the CANVAS Program

Background to the Design of the Trials

Gregory Fulcher, MD (University of Sydney, Sydney, Australia)

Dr. Gregory Fulcher opened the symposium with a brief history of the SGLT-2 inhibitor drug class and of
the FDA's post-marketing CVOT requirement. SGLT-2 inhibitors work by increasing urinary glucose
excretion, thereby lowering glucose levels in the blood. This mechanism gives reason to believe that SGLT-2
agents may be cardioprotective: For one, hyperglycemia in itself is a risk factor for CV events. SGLT-2
inhibitors also reduce blood pressure via osmotic diuresis, promote weight loss (by excreting more calories
through the urine), and reduce albuminuria - each of these independently is a risk factor for CV morbidity
and mortality, and there are hypotheses circulating in the diabetes field that SGLT-2 inhibitors (including
canagliflozin) might confer CV benefit by attacking a variety of contributing risk factors. Importantly, this
is all speculation at this stage, as research is ongoing to determine mechanism of cardioprotection.
Switching gears, Dr. Fulcher described the intention behind the FDA's post-marketing CVOT requirement,
which went into effect in 2008 - these trials should demonstrate that a new anti-diabetic drug is not
associated with an "unacceptable increase" in CV risk. The upper bound of the 95% confidence interval for
hazard ratio on a primary CV endpoint (most often, three-point MACE consisting of non-fatal MI, non-fatal
stroke, and CV death) must be <1.8 pre-approval in order to win marketing authorization. Post-approval, a
larger, dedicated CVOT must demonstrate a hazard ratio <1.3 to convincingly show non-inferiority vs.
placebo. The FDA does not explicitly encourage demonstration of CV superiority, which would be achieved
by a hazard ratio and confidence interval bound under 1.0. Lastly, Dr. Fulcher reminded everyone that
canagliflozin is branded as Invokana by J&J, and is approved in 100 mg and 300 mg oral doses.

Methods for the Trials and the Integrated Analyses

Kenneth Mahaffey, MD (Stanford University, Palo Alto, CA)

Dr. Kenneth Mahaffey provided an overview of the trial design and data analysis scheme. The CANVAS
program studied a total of 10,142 people across the CANVAS (n=4330) and CANVAS-R (n=5,812) trials.
After a two-week placebo run-in period, participants in CANVAS were randomized to 100 mg or 300 mg
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canagliflozin or placebo and participants in CANVAS-R were randomized to canagliflozin 100 mg (with
optional up-titration to 300 mg) or placebo. As enrollment criteria, all participants had an A1c ranging
from 7% to 10.5%, an eGFR >30 mL/min/1.73 min2, and were aged >30 years with a history of a prior
cardiovascular event or >50 years with at least two cardiovascular risk factors. The primary outcome was
3-point MACE (the composite of cardiovascular death, non-fatal MI, and non-fatal stroke). Secondary
outcomes included all-cause mortality and cardiovascular death. Exploratory outcomes included non-fatal
MI, non-fatal stroke, hospitalization for heart failure, hospitalization for heart failure or cardiovascular
death, total hospitalizations, albuminuria progression, albuminuria regression, and a renal composite
endpoint encompassing 40% reduction in eGFR, end-stage renal disease, or renal death. Importantly, the
CANVAS program employed a hierarchical statistical testing structure - thus, secondary endpoints were
assessed in a pre-specified order and, if a secondary endpoint failed, all endpoint results following that one
in the hierarchy would be considered only exploratory. On the statistics front, Dr. Mahaffey explained that
across the entire CANVAS program data all participants on canagliflozin were pooled together such that the
statistical analyses evaluated a "strategy of canagliflozin treatment" versus placebo, without differentiating
between the 100 mg and 300 mg doses in CANVAS or the possible up-titration from 100 mg to 300 mg in
CANVAS-R.

Effects on Cardiovascular Outcomes

Bruce Neal, MB, ChB, PhD (The George Institute for Global Health, Sydney, Australia)

Dr. Bruce Neal presented the cardiovascular results from the integrated CANVAS and CANVAS-R program.
The room waited with bated breath as Dr. Neal discussed the patient populations, baseline characteristics,
and metabolic outcomes in the program (detailed below). Finally, Dr. Neal presented the primary three-
point MACE (non-fatal MI, non-fatal stroke, CV death) endpoint: canagliflozin therapy was associated with
a 14% risk reduction compared to placebo (HR=0.86, 95% CI: 0.75-0.97, p<0.0001 for non-inferiority,
p=0.0158 for superiority) - and the room prompting burst into applause and cheers, interrupting Dr. Neal
mid-sentence. With a rueful smile, Dr. Neal acknowledged that he had waited eight years for this moment -
and the CV results at least were certainly worth the wait! By individual study, the hazard ratio point
estimate for the primary outcome were fairly consistent across CANVAS (HR=0.88, 95% CI:0.75-1.03) and
CANVAS-R (HR=0.82, 95% CI: 0.66-1.01), though the results were not significant for either trial
individually (likely due to a lack of power). The trial just missed superiority for all-cause mortality
(HR=0.87, 95% CI:0.74-1.01, p=0.24) - since this was the second endpoint in the pre-specified hierarchical
testing structure, the other endpoint results can only be considered exploratory.
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▪ Hospitalization for heart failure: Very notably, canagliflozin was associated with a substantial
and impressive 33% reduction in risk for heart failure (HR=0.67, 95% CI: 0.52-0.87). Canagliflozin
also reduced risk for a composite endpoint of CV death/heart failure hospitalization by 22%
(HR=0.78, 95% CI:0.67 to 0.91). Notably, the Kaplan-Meier curve for hospitalization for heart
failure especially appeared to diverge early and drastically, mirroring the results we saw in the
EMPA-REG OUTCOME trial for Lilly/BI's Jardiance (empagliflozin).
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▪ Individual components of MACE primary outcome: The hazard ratio for individual
components of MACE trended in the right direction favoring canagliflozin, but none of them reached
statistical significance even though three-point MACE did. For non-fatal MI, the hazard ratio was
0.85 (95% CI: 0.69-1.05). For non-fatal stroke, the hazard ratio was 0.90 (95% CI: 0.71-1.15). And
for CV death, the hazard ratio was 0.87 (95% CI: 0.72-1.06).
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▪ Canagliflozin produced pronounced effects on a number of metabolic and
cardiovascular risk factors. The mean A1c difference between the canagliflozin and the placebo
groups was 0.58% - canagliflozin produced a large drop in A1c within the first few months post-
randomization that attenuated over the six year follow-up period. Canagliflozin also produced a
mean placebo-adjusted systolic blood pressure reduction of 3.93 mmHg, which occurred early in the
trial (within the first year) and was sustained throughout the six-year follow-up. Finally, participants
on canagliflozin experienced a mean placebo-adjusted weight loss of 1.6 kg (3.5 lbs) that also
occurred in the first year and was sustained throughout the follow-up period.

▪ Together, CANVAS and CANVAS-R enrolled 10,142 patients (4330 in CANVAS and
5813 in CANVAS-R). Across the program, 96% of participants completed the study and end-of-
trial vital status was known for over 99% of participants. Mean follow-up across the program was
188 weeks - CANVAS initiated first and mean follow-up in that trial was 296 weeks, while mean
follow-up in CANVAS-R was 108 weeks. At the end of the trial, 71% of canagliflozin and 70% of
placebo patients remained on their assigned intervention.

▪ Baseline characteristics were well-matched between the combined canagliflozin arms
and placebo. Mean age across the study was 63 years old, with a mean diabetes duration of 14
years. Very notably, about two-thirds of participants had a history of cardiovascular disease at
baseline (and one-third had CV risk factors but no history of CV disease). 90% of participants in the
canagliflozin group had hypertension at baseline (vs. 90% in the placebo group) and 14% of
participants randomized to canagliflozin had heart failure at baseline (vs. 15% of the placebo group).

◦ In terms of demographic baseline characteristics, about one-third of participants
were female, nearly 80% of participants were white, and about 60% of participants were
from North America or Europe. This is fairly typical for a global CVOT, though greater
racial/ethnic and geographic representation in trials overall is needed, and we'd like to see
this emphasized to a greater degree, particularly given the extent to which under-
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represented minorities have an outsized risk of type 2 diabetes and type 2 diabetes
complications.

◦ Participants in the CANVAS program were on a variety of background
diabetes and cardiovascular medications. Nearly 80% of participants were taking
metformin at baseline, about half were on insulin, 42%-44% were taking SUs, and
12%-13% were taking DPP-4 inhibitors. Notably, only 4% of participants in each arm were
taking a GLP-1 agonist at baseline - we would love to see an analysis of cardiovascular and
other outcomes in patients on dual canagliflozin and GLP-1 agonist therapy, but we
assume that the small number of participants in this subgroup would make such an
analysis difficult. In terms of cardiovascular medications, nearly 75%-80% of participants
were on RAAS inhibitors, statins, and antithrombotic agents, respectively. A little more
than half were on beta blockers and a little less than half were taking a diuretic.

▪ Dr. Neal also presented several subgroup analyses that probed the potential for
heterogeneity of effect among different patient populations. The p-values for interaction
were all non-significant for age (<65 years old or ≥65 years old), sex, race (White, Black/African
American, Asian, or other), and region (North America, Central/South America, Europe, and Rest of
the world). Similarly, there was no significant interaction for various risk factors, including BMI,
blood pressure control, duration of diabetes, A1c, or eGFR. The primary outcome benefit was also
consistent regardless of CV disease, peripheral vascular disease, heart failure, or amputation history.

◦ In fact, the only potential heterogeneity of effect was observed in two
background therapy subgroups. Those taking beta blockers at baseline were
significantly more likely to benefit from canagliflozin therapy than those who were not
(HR=0.75 for those on beta blockers, 95% CI: 0.64-0.88 vs. HR=1.04 for those not on beta
blockers, 95% CI:0.85-1.28, p=0.01). Furthermore, the heterogeneity of benefit was even
more pronounced among the subgroups of those taking or not taking a diuretic at baseline:
the HR for those on a diuretic was 0.66 (95% CI:0.56-0.79) and the HR for those not on a
diuretic was 1.11 (95% CI: 0.93-1.34) - the p-value for interaction was a highly-significant
p<0.001. There was no significant difference in benefit among subgroups of patients
taking insulin, statins, antithrombotic agents, or RAAS inhibitors at baseline.

Effects on Renal Outcomes

Dick De Zeeuw, MD (University Medical Center Groningen, Netherlands)

Next up, Dr. Dick De Zeeuw presented the effects of canagliflozin on renal outcomes. To complement its
impressive cardioprotective effects, canagliflozin also showed signs of renal protection, including a 27% risk
reduction for progression to albuminuria (HR=0.73, 95% CI: 0.67-0.79), a 70% increase in the regression of
albuminuria (HR=1.70, 95% CI: 1.51-1.91), and a 40% risk reduction for the composite endpoint of renal
death, renal replacement therapy, or 40% reduction in eGFR (HR=0.60, 95% CI: 0.47-0.77). Canagliflozin
was further associated with an 18% (95% CI: -16% to -20%) reduction in urinary albumin:creatinine ratio
(UACR). For the subset of participants with microalbuminuria and macroalbuminuria, canagliflozin
decreased UACR by 34% and 36%, respectively. Together, these results suggest a potential renal-protective
effect of canagliflozin treatment in people with type 2 diabetes, and Dr. De Zeeuw underscored these
findings as a highlight of the CANVAS and CANVAS-R integrated full results. This data is particularly
impressive in light of the fact that the CANVAS program enrolled a low renal risk population in which 70%
of participants had normoalbuminuria (an albumin:creatinine ratio <30 mg/g) and a sizeable proportion
had a normal eGFR (25% and 24% of participants in the canagliflozin and placebo arms respectively had
mean eGFR >90 ml/min/1.73 m2, and 56% and 54% had mean eGFR between 60-90 ml/min/1.73 m2). Our
curiosity is piqued for J&J's CREDENCE trial investigating Invokana specifically for renal outcomes in
patients with type 2 diabetes and diabetic kidney disease (expected to complete in June 2019).
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Effects on Safety Outcomes

Vlado Perkovic, MD (Georgia Institute for Global Health, Sydney, Australia)

The safety data makes CANVAS a more complicated story. Dr. Vlado Perkovic presented these results, the
headline being a near doubling of lower limb amputations with canagliflozin vs. placebo (HR=1.97, 95% CI:
1.41-2.75, p<0.001). In total, there were 187 lower limb amputations across the two outcomes trials
(CANVAS and CANVAS-R), occurring at a rate of 6.3/1,000 patient-years in the canagliflozin arm vs. 3.4/
1,000 patient-years in the placebo arm. Approximately 71% of these amputations occurred at the level of the
toes or metatarsals, though some were above the ankle and a smaller number were above the knee. The
Kaplan-Meier curves for lower-extremity amputations separate around ~year one and continue to diverge
for six years post-randomization. Dr. Perkovic presented a multivariate analysis of common risk factors for
amputation, which disappointingly showed consistently higher risk with canagliflozin vs. placebo,
regardless of a patient's prior history of amputation, peripheral vascular disease, etc. (see below for a
breakdown of this data). While prior history of amputation leads to the greatest chance of a subsequent
amputation, this risk is still intensified to the same degree by canagliflozin vs. placebo. Without any insight
into what is mediating canagliflozin's adverse impact on the lower limbs, most experts with whom we have
spoken (admittedly still a small number) say that the risk appears to be associated with the molecule itself.
This suggests that HCPs won't be able to tailor prescriptions based on patient disposition (i.e. if the effect on
lower limb amputations was driven by a particular subgroup. For example, if this risk were limited to
participants with a risk like baseline peripheral vascular disease, this safety issue might be circumvented
with a single black box warning not to prescribe Invokana to patients with peripheral vascular disease. At
present, that does not appear to be the case. The FDA initiated an investigation of lower limb amputations
based on interim CANVAS results in May 2016, and then just last month issued a boxed warning on all
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products in the Invokana family, so of course we knew this was likely to be an upsetting outcome regardless
of the CV data.

▪ J&J now faces the very challenging task of promoting a favorable risk/benefit profile
for its SGLT-2 inhibitor. Will patients risk a toe (or possibly lower limb) for the chance to
prevent MI, stroke, and CV death with other in-class choices available? Will providers prescribe
Invokana when there's another SGLT-2 inhibitor with the same demonstrated risk reduction for
three-point MACE and no signal for amputations? How will this all be reflected on formularies?
We've heard mixed opinions from thought leaders so far: Some say they'll keep patients on
Invokana, while others advocate for switching to Jardiance. Some suggest (with hope!) that the
lower limb amputation risk could be manageable if further investigations identify a confounding
variable apart from the canagliflozin molecule itself - we do think it's critical to separate out the
confounders, like, for example, adjudication. Others are wary that this risk may apply to
empagliflozin as well and the EMPA-REG OUTCOME trial just wasn't long enough to pick up on it.
We're hopeful that this latter point isn't the case, since the heightened amputation risk with
canagliflozin vs. placebo appears early on, beginning at year one. We'll be heartbroken if amputation
risk comes to define the narrative surrounding first-in-class SGLT-2 inhibitor Invokana or the drug
class more broadly, given demonstrated CV superiority and renal benefits. We can foresee a future,
however, where busy HCPs steer clear of any product in this class because of concerns surrounding
lower limb amputation. Or, perhaps this risk will hurt the Invokana business but will encourage
patient switches to Jardiance or Farxiga (AZ's dapagliflozin). We'll be watching these trends closely.
Bottom line: This is a major safety concern that can't be ignored, nor would we expect it to be by
providers, patients, payers, or regulatory agencies. Amputation is a particularly vivid diabetes
complication for patients and in the public eye, and we expect J&J will have to be exceptionally
thoughtful in how it proceeds. Dr. List suggested to us that this signal could shine a light on the
importance of greater education on foot care for people with diabetes - we hope J&J will be a leader
in expanding understanding/management of this complication. Currently, we don't believe patients
have much education at all about how to minimize this risk and in fact, perhaps key education could
provide significantly more benefit.

▪ In a separate call with us, Dr. Robert Cuddihy (VP of Medical Affairs for
Cardiovascular and Metabolism) underscored Janssen's continued commitment to
the Invokana franchise, and suggested that amputation risk could be managed with
improved patient education on foot care and regular screening. As he pointed out,
amputations didn't appear out of nowhere, but were usually preceded by infection or another
warning sign. Moreover, the patient population enrolled in CANVAS was particularly prone to this
complication (with high CV risk corresponding to an elevated risk of lower-extremity amputations as
well). In contrast, a metaanalysis of phase 3 canagliflozin studies found a much lower base rate of
lower limb amputations in the background diabetes population vs. the high-risk diabetes population
(0.6/1,000 patients vs. 2.4/1,000 patients, respectively). On the other hand, Dr. Cuddihy
acknowledged that there's something quite visceral about an amputation (vs. a heart attack) that
may affect an individual patient's decision on whether or not to start or continue Invokana
treatment. Further post-hoc analyses of CANVAS and CANVAS-R will certainly provide more
answers. Again, Dr. Cuddihy emphasized that J&J received the final data from these outcomes trials
with little time remaining before ADA - continued analysis will come with more time.

▪ The hazard ratio for low-trauma bone fractures was 1.23 in favor of placebo, but this
did not reach statistical significance (95% CI: 0.99-1.52). Fractures were another safety
concern to watch out for in CANVAS and CANVAS-R, given the FDA's strengthened label warning
on this front, and it was reassuring to see no statistically significant signal across the two outcomes
trials. Interestingly, there was a statistically significant increase in fracture risk in CANVAS
(HR=1.55, 95% CI: 1.21-1.97) but not in CANVAS-R (HR=0.86, 95% CI: 0.62-1.19), and Dr. Perkovic
reported a statistically significant p-value of 0.005 for this interaction. Further investigations will
have to unpack this and determine how concerned patients/providers should be about canagliflozin
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and bone health. Said Dr. Neal, "I'm not easily persuaded by things happening by chance, but this is
a weird result. We don't see a fracture signal in EMPA-REG OUTCOME, nor in CANVAS-R, nor in
any of the other CANVAS trials, so it's possibly by chance."

▪ As expected, genital mycotic infections were significantly more likely among females
taking canagliflozin (HR=4.37, 95% CI: 2.78-6.88) and among males taking
canagliflozin (HR=3.76, 95% CI: 2.91-4.86). DKA was another prespecified point-of-
interest, but no statistically significant signal was detected. The DKA event rate was 0.6/
1,000 patient-years in the canagliflozin group vs. 0.3/1,000 patient-years in the placebo group
(HR=2.33, 95% CI: 0.76-7.17). Of 18 total cases of DKA, five patients were later found to have
autoimmune/type 1 diabetes. In general, the concerns surrounding SGLT-2 inhibitors/DKA are
more pronounced for a type 1 patient population, so this was a reassuring safety finding for
canagliflozin as a type 2 diabetes therapy. That said, we continue to believe that SGLT-2 inhibitors
could be advantageous for some patients with type 1, provided there is strong education on ketone
monitoring and other DKA risk management.

▪ For all other adverse events, there was no significant difference in frequency between
the canagliflozin and placebo arms. Serious adverse events occurred at a rate of 104/1,000
patient-years among canagliflozin-treated participants and 120/1,000 patient-years among placebo-
treated participants (HR=0.93, 95% CI: 0.87-1.00). There were 1,025 total adverse events that led to
study discontinuation - 35/1,000 patient-years vs. 33/1,000 patient-years in the canagliflozin and
placebo groups, respectively (HR=1.13, 95% CI: 0.99-1.28). Hospitalization due to any cause
occurred at a rate of 119/1,000 patient-years in the canagliflozin group vs. 131/1,000 patient-years in
the placebo group (HR=0.94, 95% CI: 0.88-1.00). Data was also collected on UTIs, hypoglycemia,
osmotic diuresis, volume depletion, severe hypersensitivity/cutaneous reaction, hepatic injury,
venous thromboembolic events, photosensitivity, and acute pancreatitis, with no statistically
significant difference in event rates between the canagliflozin and placebo groups.
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Implications for Clinical Practice

David Matthews, DPhil (University of Oxford, UK)

To put the benefit-risk profile into perspective, Dr. David Matthews shared the expected incidence rate for a
number of endpoints in the CANVAS program. For every 1000 patients treated with canagliflozin over five
years, we can expect 23 fewer patients to experience a MACE event, 16 fewer patients to experience
hospitalization for heart failure, and 17 fewer patients to experience the renal composite endpoint (renal
death, renal replacement therapy, or 40% reduction in eGFR). In total, 56 fewer patients would be expected
to experience on of these cardiovascular or renal events - this is especially notable considering that patients
with diabetes face an excess residual cardiovascular risk and that few treatments are available for heart
failure or diabetic nephropathy. On the other hand, these substantial wins would be expected to occur at the
cost of 15 additional patients experiencing a lower-limb amputation (including 10 toe or forefoot
amputations and five above-the-ankle amputations). For comparison, based on EMPA-REG OUTCOME, for
every 1,000 patients treated over three years (a shorter time period than the CANVAS figures), clinicians
can expect 22 fewer CV deaths, 25 fewer deaths overall, and 14 fewer hospitalizations for heart failure with
empagliflozin therapy. The only strong safety signal observed in the trial was genital infections - treatment
with empagliflozin in 1,000 patients would be expected to produce 53 additional genital infections over
three years.

▪ Dr. Matthews highlighted the analysis presented earlier by Dr. Neal a lack of
significant interaction between cardiovascular disease status at baseline and the CV
benefit for canagliflozin. He emphasized that there's no clear difference in outcome or size of the
hazard ratios or confidence intervals when subgroups of those with and without CV disease are
examined. That said, he also underscored that the study is not powered to distinguish between the
primary and secondary prevention populations (we may have to wait until the much larger
DECLARE trial (n=17,000) for a clearer understanding of this). Overall, Dr. Matthews stated that
results hold for a patient population that matches the one in CANVAS, that is one third primary
prevention and two thirds secondary prevention.

▪ Dr. Matthews also offered a direct comparison of primary and secondary endpoint
hazard ratios and confidence intervals between CANVAS and EMPA-REG OUTCOME.
While acknowledging the caveat that it's extremely difficult to draw comparisons across trials due to
differences in participant population, trial design, analytic approaches, and drug effects, Dr.
Matthews nonetheless presented a helpful slide superimposing the key CANVAS hazard ratios and
confidence intervals with that of EMPA-REG OUTCOME (see below). Overall, Dr. Matthews
characterized the findings of the two trials as "effectively concordant" - indeed, it appears that the
hazard ratios and confidence intervals between the two trials are generally very consistent. In fact,

www.closeconcerns.com 74

https://www.closeconcerns.com/knowledgebase/r/8f369de1#Top_Five_EMPA-REG_Highlights
https://clinicaltrials.gov/ct2/show/NCT01730534?term=dapagliflozin+AND+declare&rank=1
https://www.closeconcerns.com/knowledgebase/r/2d36c833#Symposium:_Results_of_the_EMPA-REG_OUTCOME_Study


Dr. Matthews pointed out that the hazard ratios and confidence intervals for the primary MACE
outcome in the two trials were almost identical. For comparison, the hazard ratio in the CANVAS
program was 0.86 (95% CI: 0.75-0.97, p=0.0158 for superiority) and the hazard ratio in the EMPA-
REG OUTCOME trial was also 0.86 (95% CI: 0.74-0.99, p<0.001 for non-inferiority, p=0.038 for
superiority). Notably, the "nearly insignificant" p-value for the primary endpoint was a sticking
point in the FDA Advisory Committee discussion on the Jardiance CV indication, so we'll be curious
to see how the FDA digests the CANVAS data for a label update. Additionally, the CV death
component of MACE was not individually significant in CANVAS, whereas the risk of CV death was
highly significantly reduced in EMPA-REG OUTCOME and the indication ultimately received for
Jardiance was only for CV death. J&J management has already confirmed that the company will
submit a Supplemental New Drug Application (sNDA) seeking an expanded indication to the FDA
by the end of September - we'll be following closely to see what kind of language this data will
support from a regulatory standpoint (and in guidelines as well).

◦ There also appears to be some heterogeneity in the non-fatal stroke results -
while neither finding was significant, risk for non-fatal stroke trended toward reduction in
CANVAS while there was actually signal for increased stroke in EMPA-REG OUTCOME.
The confidence intervals for both were fairly wide and cross the line of unity in both trials,
however, so we certainly don't think any definitive comments can be made on the stroke
effect of either drug or the class as a whole.
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Independent Commentary

Clifford Bailey, MD (Aston University, Birmingham, UK)

In his independent commentary, Dr. Clifford Bailey put these integrated CANVAS/CANVAS-R results into
context with EMPA-REG OUTCOME for Lilly/BI's SGLT-2 inhibitor Jardiance (empagliflozin). He posited
that CV and renal benefits are highly likely to be class effects for SGLT-2 inhibitors, based on the parallel
data in CANVAS and EMPA-REG OUTCOME. The risk reduction for three-point MACE is exactly the same
in both trials (14%). Canagliflozin demonstrated a 33% risk reduction for heart failure hospitalization, while
empagliflozin demonstrated a 35% risk reduction for this endpoint (p=0.002 vs. placebo). Empagliflozin
also significantly reduced risk for diabetic nephropathy by 39%, in comparison to canagliflozin's 27% risk
reduction for progression to albuminuria and 40% risk reduction for the composite endpoint of renal death,
renal replacement therapy, or 40% reduction in eGFR. Dr. Bailey mentioned CVD-REAL, the AZ-sponsored
real-world analysis that found a significant 39% risk reduction for heart failure hospitalization associated
with SGLT-2 inhibitors (including Invokana, Jardiance, and Farxiga) vs. other glucose-lowering drugs
(p<0.001). He suggested that all signs so far point to a cardioprotective class effect for SGLT-2 inhibitors,
with especially strong signals for a heart failure benefit (though this will have to be determined through
RCTs, such as Lilly/BI's EMPEROR HF program and AZ's Dapa-HF program). One of the clear bright spots
of this new CVOT data is reassurance that EMPA-REG OUTCOME results were not a fluke. For now, these
integrated results have created a complicated risk/benefit profile for Invokana, and Dr. Bailey emphasized
that the near doubling of risk for lower-extremity amputations is a very real safety concern. Some have said
the biggest win from CANVAS may actually manifest for the Jardiance franchise, since empagliflozin's CV
benefits now have more credence without any associated amputation risk - obviously, we would not
imagine that anyone would see the troubling safety data as a win for any manufacturer or any patients.

▪ Dr. Bailey drew attention to the different patient populations in CANVAS and EMPA-
REG OUTCOME. Whereas 99% of EMPA-REG OUTCOME participants has established
CV disease at baseline or were at very high CV risk, CANVAS enrolled a much lower
proportion of high-risk individuals, only 65%. "The 65% is much more reminiscent of the
population you'd see in routine practice," Dr. Bailey explained, which highlights another important
contribution of CANVAS to our understanding of SGLT-2 inhibitors. He argued that the positive CV
effects of this therapy class may apply in primary as well as secondary prevention. If this primary
cardioprotection is confirmed further by AZ's CVOT DECLARE, which also enrolls a large subset of
lower-risk participants, it could be truly transformative for diabetes care - we could give patients a
glucose-lowering, weight-lowering, convenient oral medication that protects stroke, heart attacks,
and CV death early on.

▪ That the hazard ratio for stroke trended in the right direction in CANVAS is also
reassuring, Dr. Bailey suggested. In EMPA-REG OUTCOME, strokes were actually more
common in the treatment vs. placebo arm, though the 1.24 hazard ratio did not reach statistical
significance (95% CI: 0.92-1.67, p=0.16). In a separate conversation with our team, Dr. Neal
suggested that Lilly/BI may have been "unlucky" on this stroke endpoint. Ideally, further
investigations of mechanism help elucidate differential effects of canagliflozin and empagliflozin on
non-fatal MI, non-fatal stroke, and CV death. For now, we hope the focus remains on the significant
risk reduction for three-point MACE and CV events in general. Janssen's Dr. List announced that a
Supplemental New Drug Application (sNDA) for inclusion of the canagliflozin CV data on the
Invokana label will be submitted to the FDA by the end of September.

Close Concerns Questions

Q: What are the risk factors for amputation? Are there clear patient populations that should avoid
Invokana?

Q: What are the logical next steps to investigate amputation risk using data from databases
used in the CVD-REAL study or comparable datasets such as those used by major US
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insurance companies? Since Invokana has been out the longest, what is the best way to compare
compounds?

Q: What is the best way to interpret the different adjudication approaches of amputations
used in various CVOTs?

Q: To what extent might the amputation risk be a class effect?

Q: How much will J&J continue to invest in the Invokana franchise? There has previously been
discussion of a prediabetes CVOT for the drug, as well as the potential for a phase 3 obesity program for the
combination of canagliflozin and phentermine.

Q: What's going to happen to prescribing habits? Is there a reason an HCP might still prescribe
Invokana over Jardiance beyond formulary and how would typical clinicians trade off better glycemic or
weight advantages associated (at least for some patients) with the relatively higher amputation risk (despite
low overall numbers)? Will the amputation risk is going to deter HCPs from Invokana, specifically, or perhaps
from the whole SGLT-2 class? How much more

Q: How will these results impact formularies?

Q: How will patients and providers and professional groups view the trade-off between lowering
CV events and increasing chances of a lower limb amputation?

Q: How does the "do no harm" tenet for healthcare providers play into decisions around drugs
to use in this class?

Q: What concerns exist over patients enrolled in CANVAS-R who may be at higher than typical
risk of amputations?

Q: What components of outcomes trials should be changed to make them more comparable?
Would it be a useful investment to have an outcome trial with all SGLTs?

Oral Presentations: ADA Presidents Oral Session

Hospitalization for Heart Failure and Death in New Users of SGLT2 Inhibitors in
Patients With and Without Cardiovascular Disease-CVD-REAL Study

Matthew Cavender, MD (University of North Carolina, Chapel Hill, NC)

Dr. Matthew Cavender shared new findings from the AZ-sponsored CVD-REAL study, showing consistent
CV benefits to SGLT-2 inhibitor therapy across primary and secondary prevention populations.
Approximately 87% of registered participants (n=306,156) had no prior history of CV disease at baseline, as
we learned at ACC 2017 during the initial results presentation, and these individuals still experienced an
impressive 46% relative risk reduction for all-cause mortality with an SGLT-2 inhibitor (n=133,549) vs.
another glucose-lowering drug (n=133,294) such as metformin (most common), sulfonylureas, DPP-4
inhibitors, TZDs, GLP-1 agonists, or insulin (HR=0.54, 95% CI: 0.44-0.66). Patients with established CV
disease experienced a 53% relative risk reduction for all-cause death with an SGLT-2 inhibitor (HR=0.47,
95% CI: 0.36-0.61) - as expected, the absolute risk reduction is greater because this high-risk subset had a
larger total number of events. Dr. Cavender reminded everyone that the risk reduction for all-cause
mortality was 51% across the entire study (p<0.001), which falls between 46% for a primary prevention
cohort and 53% for a secondary prevention cohort. Initiation of SGLT-2 inhibitor therapy lowered a high-
risk patient's risk for heart failure hospitalization by 31% (HR=0.69, 95% CI: 0.59-0.8) and a low-risk
patient's risk for this endpoint by 55% (HR=0.45, 95% CI: 0.32-0.63), compared to a 39% relative risk
reduction across CVD-REAL in its entirety (p<0.001). For the composite endpoint of hospitalization for
heart failure/death from any cause, SGLT-2 inhibitors reduced risk for the primary prevention group by
41% (HR=0.59, 95% CI: 0.52-0.67) and for the secondary prevention group by 48% (HR=0.52, 95% CI:
0.44-0.61), compared to a 46% relative risk reduction across the whole trial (p<0.001). It's unclear why
lower-risk participants experienced even greater absolute risk reductions for heart failure hospitalization
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and the composite endpoint vs. patients with a history of CV events - it's possible that SGLT-2 inhibitors
may exert a preventive or protective effect against heart failure in relatively more healthy hearts, though of
course this is speculation since the mechanism of benefit is still largely a mystery. All in all, this data
suggests a broad CV benefit to SGLT-2 inhibitors. There was not information shared on amputations but we
will be eager to learn anything on this front, as well as on fractures.

▪ Dr. Cavender emphasized the real-world nature of this investigation. While there are
limitations to observational research, CVD-REAL also translates findings from EMPA-REG
OUTCOME into real clinical settings - and in an enormous population. "It gives us some degree of
confidence that data from randomized controlled trials (RCTs) like EMPA-REG OUTCOME has to
do with how drugs are playing out in real-world clinical practice," he explained. We agree that
there's excitement in this real-world dataset showing profound CV benefits for the SGLT-2 class,
including Lilly/BI's Jardiance (empagliflozin), J&J's Invokana (canagliflozin), and AZ's Farxiga
(dapagliflozin), even if they are slightly inflated. We've heard from many thought leaders, including
CVOT expert Dr. Silvio Inzucchi and Dr. Matthew Riddle at this very meeting, that demonstrating
primary CV prevention is the next frontier for SGLT-2 inhibitors. CVD-REAL offers a big hint for a
primary cardioprotective class effect, one that will hopefully be confirmed by ongoing RCTs and
post-hoc analyses of completed RCTs. The CANVAS CVOT for Invokana, presented yesterday,
showed 14% relative risk reduction for three-point MACE (p=0.02 for superiority vs. placebo) and
the participant population included about ~1/3 participants without established CV disease at
baseline. AZ's DECLARE trial will feature an even larger primary prevention cohort, and is expected
to complete in April 2019.

Oral Presentations: GLP-1s and SGLT2s-To Do or Not to Do in Type 1
Diabetes Mellitus?

Twenty-Four-Week Efficacy and Safety of Sotagliflozin, a Dual SGLT1 and SGLT2
Inhibitor, as Adjunct Therapy to Insulin in Type 1 Diabetes (inTandem1)

John Buse, MD, PhD (University of North Caroline, Chapel Hill, NC)

UNC's Dr. John Buse presented full data from the phase 3 inTandem1 trial, elucidating the benefit-risk
profile of SGLT-1/2 dual inhibitor sotagliflozin in type 1 diabetes. inTandem1 was a double-blinded trial that
randomized 793 patients to either placebo, sotagliflozin 200 mg, or sotagliflozin 400 mg. The trial included
a six-week insulin optimization period prior to randomization. As was reported in the topline results, even
in the context of optimized insulin, the trial impressively met its primary endpoint by producing a mean
placebo-adjusted A1c reduction of 0.35% in the 200 mg arm (baseline A1c post-optimization=7.6%;
p<0.001) and 0.41% in the 400 mg arm (baseline A1c post-optimization=7.6%; p<0.001) at 24 weeks.
inTandem1 employed a hierarchical statistical testing structure, in which secondary endpoints were
assessed in the following order: (i) "net benefit" (defined as target A1c<7% with no severe hypoglycemia or
DKA); (ii) weight; (iii) bolus insulin dose; (iv) fasting plasma glucose (FPG); and two measures of patient-
reported outcomes - (v) the Diabetes Treatment Satisfaction Questionnaire status (DTSQ) score; and (vi) the
two-item Diabetes Distress Screening Scale (DDS2) questionnaire score. We previously learned from a
second release of topline data from inTandem1 that the 400 mg dose demonstrated superiority to placebo
for all of these secondary endpoints, while the 200 mg dose only demonstrated superiority for A1c, net
benefit, and weight. Dr. Buse very excitingly provided new detail on these secondary outcomes. More than
twice as many patients achieved net benefit on sotagliflozin 400 mg compared to placebo: 44% of
participants in the 400 mg arm achieved "net benefit" at week 24, compared to just 22% of those in the
placebo arm (p<0.001). Those in the 200 mg arm also substantially more likely to achieve net benefit - 34%
(p=0.002 vs. placebo). As was shared in the topline results, patients taking sotagliflozin experienced a 1.6 kg
(3.5 lbs) and a 2.7 kg (6 lbs) weight reduction at 24 weeks with the 200 mg and 400 mg doses, respectively -
this compares to a mean weight gain of 0.8 kg (1.8 lbs) in the placebo group (p<0.001). The results shared
today revealed that the superiority of sotagliflozin 400 mg for the other secondary endpoints was similarly
highly statistically significant (p<0.001). On the other hand, Dr. Buse noted that there was some
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heterogeneity between the impact of the two doses on bolus insulin dose - while sotagliflozin 400 mg was
associated with a statistically significant decrease in bolus insulin (p<0.001; exact dosages not shared),
there was no statistically significant difference in bolus insulin dose among those treated with sotagliflozin
200 mg and those in the placebo arm. On the other hand, the p-value for the difference between the 200 mg
arm vs. placebo was below 0.05 for FPG (p=0.036), DTSQ score (p<0.001), and DDS2 score (p=0.002).
That said, because of the hierarchical nature of the statistical testing, Dr. Buse emphasized that these
findings may only be characterized as "descriptive" rather than significant. While some more conservative
clinical trial purists may make a big deal about this, we're very, very pleased to see consistency between the
400 mg and the 200 mg dose for these very critical endpoints. We're especially excited about the
quantification of the quality of life and patient satisfaction benefits of this drug - anecdotally, we've heard
rave review from patients with type 1 diabetes taking selective SGLT-2 inhibitors and we're glad to see this
backed up with hard data. Safety data was as reported in the topline results, with fairly balanced adverse
event rates across all three arms, somewhat higher rates of DKA with sotagliflozin, and somewhat lower
rates of severe hypoglycemia. While there is some concern in some quarters about type 1 patients taking this
class, we don't think there is a way to stop it - it may be valuable to look at gaps in therapy for type 1s in
order to better understand patients taking SGLT-2s off label. We applaud Lexicon for collecting so many
outcomes and hope that these will be standardized soon.

inTandem1 Primary and Secondary Efficacy Endpoint Results

Endpoints Sotagliflozin 200 mg
(p-value vs. placebo)

Sotagliflozin 400 mg
(p-value vs. placebo)

Placebo

A1c -0.43% (p<0.001) -0.49% (p<0.001) -0.08%

Net Benefit (proportion

of patients with A1c<7%

and no severe

hypoglycemia or DKA)

34% (p=0.002) 44% (p<0.001) 22%

Weight 1.6 kg (3.5 lbs, p<0.001) 2.7 kg (6 lbs, p<0.001) 0.8 kg (1.8 lbs)

Bolus insulin Undisclosed (p=0.10) Undisclosed Undisclosed

Fasting plasma glucose

(FPG)

Undisclosed (p=0.036) Undisclosed (p<0.001) Undisclosed

Patient-reported

Diabetes Treatment

Satisfaction

Questionnaire status

(DTSQ) score

Undisclosed (p<0.001) Undisclosed (p<0.001) Undisclosed

Patient-reported

Diabetes Distress

Screening Scale (DDS2)

score

Undisclosed (p=0.002) Undisclosed (p<0.001) Undisclosed

inTandem1 Safety Results

Sotagliflozin 200 mg Sotagliflozin 400
mg

Placebo
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Proportion of patients

with ≥1 treatment-

emergent adverse

events

67% 71% 68%

% patients with

diarrhea

7% 10% 7%

% patients with genital

mycotic infection

6% 10% 3%

Number of patients

with DKA

3 (1.1%) 8 (3.1%) 0

Number with severe

hypoglycemia

11 (4.2%) 12 (4.6%) 18 (6.7%)

A 12-Week Dose-Ranging Study of Sotagliflozin, a Dual SGLT-1 and SGLT-2
Inhibitor, as Adjunct Therapy to Insulin in Type 1 Diabetes (inTandem4)

Paul Strumph, MD (Lexicon Pharmaceuticals, The Woodlands, TX)

Lexicon VP of Clinical Development Dr. Paul Strumph also took to the stage to discuss full results from the
phase 2 dose-ranging inTandem4 study of sotagliflozin. The double-blinded, 12-week trial randomized 141
patients with type 1 diabetes to three doses of sotagliflozin (75 mg, 200 mg, or 400 mg), plus placebo. Unlike
the phase 3 inTandem1 trial, inTandem4 only included a two-week placebo run-in period, rather than a six-
week insulin optimization period. The vast majority of the numeric data was already shared in the topline
results, though Lexicon shared p-values for the first time, demonstrating that these results were highly
statistically significant. The primary endpoint A1c results as well as the secondary urinary glucose
excretion, postprandial glucose, body weight, fasting plasma glucose (non-inferior), and blood pressure
results are summarized in the table below. Very notably, however, Lexicon shared data on beta-
hydroxybutyrate (BHB) levels at baseline and at week 12 - as a measure of ketogenesis, BHB measurements
are very helpful as we consider the potential DKA risk of sotagliflozin. Notably, the mean increase in blood
BHB at week 12 was only 0.1 mmol/l, which is the lowest value detectable by a point of care BHB meter. Dr.
Strumph also noted that this level of BHB increase is lower than what is typically seen with selective-
SGLT-2 inhibitors. Overall incidence of DKA was very low this trial, with the only case of DKA in the entire
trial occurred in the 400 mg arm - though, very notably, the patient who experienced DKA chose to continue
the study after the event, demonstrating that the perceived benefits outweighed the DKA risk for this
patient. Although just one case, this is unsurprising to us. The level of DKA observed in both inTandem4 and
inTandem1 is somewhat lower in all arms than might be expected in a general type 1 diabetes population.
Dr. Buse noted during Q&A following the inTandem1 presentation that all participants in the trial were very
carefully and intensively educated on DKA risk management. Our sense is that this level of intensive
education rarely happens in the "real-world," and we hope that Lexicon will continue its leadership in
pairing sotagliflozin with appropriate educational efforts when the product launches. Write Richard Wood
of dQ&A for more on overall level of understanding by patients of DKA and DKA risk.

inTandem4 Primary and Secondary Efficacy Endpoint Results

Endpoints (placebo-
adjusted for all
efficacy endpoints)

Sotagliflozin 75 mg
(p-value vs. placebo)

Sotagliflozin 200 mg
(p-value vs. placebo)

Sotagliflozin 400
mg (p-value vs.
placebo)

A1c -0.25% (p=0.07) -0.48% (p<0.001) 0.38% (p=0.006)
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Urinary glucose

excretion (g/day)

42 (p=0.006) 58 (p<0.001) 70 (p<0.001)

Change in 2-hour

postprandial glucose

reduction (mg/dl)

-20 (p=0.27) -27 (p=0.15) -49 (p=0.006)

Body weight -1.3 kg (2.9 lbs; p=0.38) -2.4 kg (5.3 lbs;

p<0.001)

-2.8 kg (6.2 lbs;

p<0.001)

Change in fasting

plasma glucose (mg/dl)

-9 (p=0.51) -9 (p=0.48) -21 (p=0.10)

Change in systolic

blood pressure (mmHg)

in subgroup of patients

with baseline ≥130

mmHg

-8.4 (p=0.26) -6.8 (p=0.28) -14.3 (p=0.013)

inTandem4 Safety Results

Sotagliflozin 75
mg

Sotagliflozin
200 mg

Sotagliflozin
400 mg

Placebo

Proportion of

patients with ≥1

treatment-

emergent adverse

events

48.6% 28.6% 34.3% 50%

Number of

patients with

diarrhea

0 1 1 0

Number with

genital mycotic

infection

1 1 1 0

Number with

DKA

0 0 1 (2.9%) 0

Number with

severe

hypoglycemia

1 (2.9%) 1 (2.9%) 1 (2.9%) 0
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Oral Presentations: Landscape of Therapeutic Trials in Type 2 Diabetes

Safety and Efficacy of Ertugliflozin Plus Sitagliptin vs. Either Treatment Alone
after 52 Weeks in Subjects with T2DM Inadequately Controlled on Metformin:
VERTIS FACTORIAL Trial Extension

Richard Pratley, MD (Florida Diabetes and Endocrine Center, Orlando, FL)

Dr. Richard Pratley shared one-year findings from the VERTIS FACTORIAL trial, underscoring the glucose-
lowering and weight loss efficacy of Merck/Pfizer's SGLT-2 inhibitor ertugliflozin in combination with
sitagliptin (Merck's DPP-4 inhibitor Januvia). This is particularly exciting as we await FDA decisions on
ertugliflozin, ertugliflozin/metformin (fixed-dose combination), and ertugliflozin/sitagliptin (fixed-dose
combination) expected by January 2018 - we've been looking forward to this data for a long time! In
VERTIS FACTORIAL, 1,233 patients with type 2 diabetes on stable metformin therapy were randomized to
one of five arms: (i) a 5 mg dose of ertugliflozin, (ii) a 15 mg dose of ertugliflozin, (iii) a 100 mg dose of
sitagliptin, (iv) a combination regimen of 5 mg ertugliflozin/100 mg sitagliptin, or (v) a combination
regimen of 15 mg ertugliflozin/100 mg sitagliptin. Initial 26-week results were presented in a poster at
EASD 2016, and Dr. Pratley discussed data from the trial extension out to 52 weeks, which demonstrated
sustained superior reductions in A1c and fasting plasma glucose for the SGLT-2/DPP-4 combinations vs.
either agent alone. After one year of treatment, A1c dropped by 1.4% from a baseline 8.6% for both the
combo therapy groups vs. an A1c decline of 1%, 0.9%, and 0.8% for the 5 mg ertugliflozin, 15 mg
ertugliflozin, and 100 mg sitagliptin groups, respectively (and that's in an RCT - unlikely that would be seen
in "real life" from our admittedly speculative view). In both combo arms, 40% of participants reached an
A1c goal of <7% after one year vs. 26% of patients on 5 mg ertugliflozin, 23% of patients on 15 mg
ertugliflozin, and 27% of patients on sitagliptin. A "global" word on findings such as these - we'd love to see
what the A1c goals would look like with other interventions combined after the initial findings (diet,
exercise, behavior modification, peer to peer counseling, etc.)

▪ Ertugliflozin also demonstrated a profound weight loss benefit in VERTIS
FACTORIAL. Dr. Pratley showed that ertugliflozin was associated with 2.4 kg (5.3 lbs) weight loss
at a 5 mg dose, 3.2 kg (7.1 lbs) weight loss at a 15 mg dose, 2.4 kg (5.3 lbs) weight loss at a 5 mg dose
in combination with sitagliptin, and 2.8 kg (6.2 lbs) weight loss at a 15 mg dose in combination with
sitagliptin. Meanwhile, patients on sitagliptin alone in VERTIS FACTORIAL experienced 0.1 kg
(0.22 lbs) weight loss on average over the course of a full year. Baseline body weight was 87 kg-89 kg
(192 lbs-196 lbs) across all study arms. Weight loss is one of the key aspects to SGLT-2 inhibitors
that makes these products so appealing for type 2 diabetes patients (not to mention the superior
A1c-lowering and possible CV benefits). We're not at all surprised to see marked improvements in
body weight with ertugliflozin treatment vs. sitagliptin or placebo, but we're always happy to see
corroborating evidence on this front. We're also pleased to see that combination with sitagliptin
does not appear to substantially attenuate the weight loss effect of ertugliflozin.

▪ Dr. Pratley's presentation highlighted SGLT-2/DPP-4 fixed-dose combination tablets
as an important advancement in type 2 diabetes care. He began with the statement that
SGLT-2 inhibitors and DPP-4 inhibitors have complementary mechanisms of action, which suggests
that a combination of the two could be a more efficient way to get patients to goal - especially those
with high baseline A1c. VERTIS FACTORIAL provides hard evidence for the benefits to this
particular combination vs. either monotherapy, with more patients getting to A1c goal while also
losing weight and facing a lower pill burden.
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Safety and Efficacy of Ertugliflozin after 52 Weeks in Subjects with T2DM
Inadequately Controlled on Metformin and Sitagliptin: Results from the
Extension Phase of the VERTIS SITA2 Trial

Jie Liu, MD (Merck & Co., Chicago, IL)

Dr. Liu presented 52-week results from VERTIS SITA2 investigating ertugliflozin as an add-on to a
metformin/sitagliptin regimen - a follow-up to the 26-week data shared in an oral presentation at EASD
2016. Participants (n=464) with type 2 diabetes experienced a mean 0.8% A1c decline from a baseline of
8.1% with 5 mg ertugliflozin after one year, while patients in the placebo arm showed essentially flat A1c
from baseline 8%. Similarly, people randomized to 15 mg ertugliflozin experienced a mean 0.8% A1c
reduction from a baseline of 8%. Dr. Liu displayed graphs to clearly depict this sustained glucose-lowering
effect out to one year, which is certainly compelling, in our view. In VERTIS SITA2, 33% of patients on
ertugliflozin reached an A1c target <7% at week 52, regardless of dose, compared to only 14% of the placebo
group. We're glad to see such strong data from the VERTIS program, and we're excited by the prospect of a
fourth SGLT-2 inhibitor coming soon to the commercial market by a group that could more successfully get
this class to the patients that need it. Expanded options within this class will be a noteworthy win, and we
look forward to seeing how ertugliflozin may grow whole class sales - while patients and clinicians in the
US are rarely "choosing" compounds anymore, as much as the formularies are making choices for them, we
do believe that a powerhouse combo of Merck/Pfizer marketing in this class would be positive for all.

▪ Weight loss effects were consistent between week 26 and week 52 in VERTIS SITA2.
According to Dr. Liu, body weight decreased by a mean 3.5 kg (7.7 lbs) from a baseline 88 kg (194
lbs) for the 5 mg ertugliflozin group, by a mean 2.8 kg (6.2 lbs) from a baseline 87 kg (192 lbs) the 15
mg ertugliflozin group, and by 1 kg (2.2 lbs) from a baseline 87 kg (192 lbs) for the placebo group.

▪ As Dr. Liu put it, DPP-4 inhibitors are already commonly considered as a second-line
therapy option after metformin. He suggested that this data supports earlier
intervention with an SGLT-2 inhibitor alongside. Merck's Januvia (sitagliptin) leads the
DPP-4 inhibitor class in sales and has surely cultivated familiarity among diabetes care providers, so
we're hopeful that a fixed-dose combination of ertugliflozin/sitagliptin - if approved - also becomes
an early consideration for type 2 diabetes treatment. That said, frustratingly in the US, clinicians
and payers seem to be less comfortable with fixed dose combinations than do their counterparts in
other geographic regions. We'd love to get more patient sentiments, particularly that relate to
adherence, to the payers.

The Long-Term Efficacy and Safety of Canagliflozin in Combination with Insulin
in Japanese Patients with T2DM

Shinichi Harashima, MD (Kyoto University, Japan)

Dr. Shinichi Harashima presented results from a one-year study of SGLT-2 inhibitor canagliflozin (n=76)
vs. placebo (n=70) added onto a background of insulin therapy. Canagliflozin, branded by Mitsubishi
Tanabe Pharma as Canaglu in Japan (and branded by J&J as Invokana ex-Japan), was associated with
superior A1c reductions vs. placebo for type 2 diabetes patients on premixed, basal only, or basal-bolus
therapy at baseline (p<0.001 for all comparisons). After 16 weeks, the A1c treatment difference between the
two study arms was 1.1% (p<0.001). All participants then entered a 36-week open label period, and patients
switched from placebo onto canagliflozin achieved similar levels of A1c decline by week 52. The SGLT-2
inhibitor was also associated with superior reductions in fasting plasma glucose, body weight, and
HOMA2-%B, which reflects beta cell function (p<0.001 vs. placebo for all comparisons). While
hypoglycemia rates were similar across the two study arms - 4.85 events per subject-year of exposure vs.
4.51 events per subject-year of exposure with canagliflozin vs. placebo, respectively - patients on
canagliflozin who experienced a meaningful reduction in daily insulin dose did face substantially lower risk
for hypoglycemia. Dr. Harashima reported that mean daily insulin dose for the 19 patients experiencing >8
hypoglycemia episodes over the course of the trial was 35.7 units, compared to only 27.4 units for the 72
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patients who experienced no hypoglycemia events during the trial. The implication here is that a larger,
longer study might show a beneficial effect of canagliflozin therapy on hypoglycemia risk, mediated by a
change in daily insulin requirements. We'd love to see that data.

Oral Presentations: Translating Therapeutics to the Real World

Dapagliflozin in Renal Impairment: The Association of British Clinical
Diabetologists Nationwide Dapagliflozin Audit

Robert Ryder, MD (City Hospital, Birmingham, UK)

Dr. Robert Ryder presented data from the UK's Association of British Clinical Diabetologists (ABCD)
nationwide audit, demonstrating the efficacy of dapagliflozin in type 2 diabetes patients with normal, mild,
and moderate renal impairment. The ABCD audit collected anonymous data of real type 2 diabetes patients
(baseline A1c of ~9.5%; disease duration of 8.2 to 11 years) treated with dapagliflozin between 2014 and
2016 (n=2,027). The patients were categorized into three groups, depending on baseline eGFR: CKD group 1
(normal, eGFR > 90 ml/min), group 2 (mild renal impairment, eGFR 60-90 ml/min), and group 3
(moderate renal impairment, eGFR 30-59ml/min). Study results found that the drug reduced A1c, weight,
BMI, systolic blood pressure, and ALT by similar statistically and clinically significant amounts in normal
and mild renal impairment. In moderate renal impairment, there was a reduction in weight and ALT but
there was no significant impact on A1c or systolic blood pressure. Specifically, over approximately four
months, comparing groups, mean A1c fell by 1.1 ± 1.1% from 9.7±1.4 to 8.6±1.5% (p=0.000) in group 1,
0.9±1.4% from 9.4±1.5 to 8.5±1.4% (p<0.001) in group 2, but did not change significantly in group 3
(9.3±1.4 to 9.1±1.8% [p=0.510]). Weight fell by 3.2±5.2 kg from 106.8±22.1 to 103.5±22.0 (p<0.001) in
group 1, 2.1±4.8 kg from 101.1±22.4 to 99.0±22.0kg (p<0.001) in group 2 and 3.5±7.7kg from 105.9±18.3 to
102.4±18.1kg (p=0.003) in group 3. These data are reassuring in the versatility of SGLT-2 inhibitors'
benefits and also add to the conversation on how clinicians can better personalize therapies with regard to
their patients' comorbidities.

Questions and Answers

Q: I know that in the UK, they can stop medications after a couple of years. What criteria did
you use to measure the stopping and restarting of medications?

A: There aren't any particular criteria. Clinicians do whatever clinicians do. Some will stop if the med doesn't
work; others will continue. There isn't any specific thing driving this for people. They do whatever they think
is best for their patient.

Q: Was there a difference across side effect profiles?

A: The side effects were similar across groups.

Posters

DURATION-8 Randomized Controlled Trial 1-Year Results: Efficacy and Safety of
Once-Weekly Exenatide (ExQW) Plus Once-Daily Dapagliflozin (DAPA) vs. ExQW
or DAPA Alone (141-LB)

C Guja, J Frias, A Ahmed, E Hardy, H Wang, P Ohman, and S Jabbour

AZ presented new one-year DURATION-8 results, demonstrating that the combination of AZ's SGLT-2
inhibitor Farxiga (dapagliflozin) and once-weekly GLP-1 agonist Bydureon (exenatide) maintained
improvements in glycemic control, body weight, and SBP compared to either drug alone. These results
represent the 24-week extension from the promising 28-week DURATION-8 results presented at this past
EASD meeting. In this double-blind, multicenter study, adults with type 2 diabetes were randomized to
either exenatide plus dapagliflozin, exenatide alone, or dapagliflozin alone. Of the initial 695 patients
randomized, 564 (81%) completed the full 52-week treatment period. The findings demonstrated that at
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week 52, the combination therapy group continued to achieve greater reductions in A1c, FPG, 2-hour PPG,
body weight, and SBP compared to either treatment group alone. Specifically, the -1.8% A1c reduction for
exenatide/dapagliflozin dual therapy significantly exceeded those of exenatide (-1.4%; p<0.01) and
dapagliflozin (-1.2%; p<0.01) alone. Notably, Body weight reductions were -3.3 kg for the dual therapy
arm, significantly greater than -1.5 kg for exenatide monotherapy (p<0.001) and -2.3 kg for dapagliflozin
monotherapy (p<0.001). SBP reductions were 4.5 mmHg, 0.7 mmHg (p<0.001), and 2.7 mmHg,
respectively. Regarding safety and tolerability, the combination therapy was well tolerated, with slightly
more adverse events vs. either drug alone (66.2% vs. 62.2% [exenatide] and 61.8% [dapagliflozin]), though
the three groups had comparable rates of serious adverse events. In general, patients treated with exenatide
unsurprisingly reported more GI adverse events. These results confirm the promising findings that made
waves at last EASD and the excitement surrounding the GLP-1/SGLT-2 combination approach. As both of
these classes have the potential for CV risk reduction, we would be interested to see if a combination therapy
could provide further additive benefits. For more on DURATION-8 and AZ's latest, please see our EASD
2016 and 1Q17 coverage.

24-Week Efficacy and Safety of Sotagliflozin, a Dual SGLT-1 and SGLT-2 Inhibitor,
as Adjunct Therapy to Insulin in Type 1 Diabetes (inTandem2) (146-LB)

T Danne, B Cariou, P Banks, S Sawhney, P Strumph, and The Sotagliflozin inTandem2 Writing
Group

The inTandem2 study demonstrated significant A1c reductions of 0.36% (200 mg dose) and 0.35% (400 mg
dose) with sotagliflozin vs. placebo (p<0.001) in patients with type 1 diabetes on optimized insulin regimens
(baseline A1c = 7.7-7.8% after insulin optimization). The company reported topline results from the study in
December. The double-blind trial randomized 782 patients with type 2 diabetes to receive either placebo,
200 mg sotagliflozin, or 400 mg sotagliflozin for 24 weeks in addition to optimized insulin therapy. The
study also included a double-blind long-term extension period of 24 weeks that is ongoing. In addition to the
primary endpoint of A1c reduction at 24 weeks, investigators assessed a secondary endpoint of "net
benefit": the percentage of patients with A1c <7% at 24 weeks and no episodes of severe hypoglycemia or
DKA during the study period. This endpoint was achieved by 32% of patients in both sotagliflozin groups vs.
15% of patients in the placebo group (p<0.001). While we appreciate seeing composite endpoints like these
included in trials, as they are often more clinically relevant than A1c reductions alone, we understand from
a regulatory perspective, there may need to be work standardizing them. In this case, while the significant
difference vs. placebo is encouraging, the fact that less than a third of treated patients achieved the net
benefit goal is somewhat disappointing. As for specific safety endpoints, rates of severe hypoglycemia were
3.8% with 200 mg sotagliflozin, 2.3% with 400 mg sotagliflozin, and 2.7% with placebo. DKA rates were
0.4% with 200 mg sotagliflozin, 1.1% with 400 mg sotagliflozin, and 0% with placebo.

12-Week Efficacy and Safety of Sotagliflozin, a Dual SGLT-1 and SGLT-2 Inhibitor,
as Adjunct Therapy to Insulin in Young Adults with Poorly Controlled Type 1
Diabetes (JDRF Study) (147-LB)

B Bode, P Banks, S Sawhney, P Strumph, and The Sotagliflozin JDRF Study Writing Group

The JDRF-partnered study of sotagliflozin in young adults with poorly controlled type 1 diabetes failed to
demonstrate significant A1c reductions vs. placebo but showed promising improvements in other clinically
relevant endpoints. Lexicon announced topline results from the study in December. The trial enrolled 87
patients age 18-30 with type 1 diabetes and an A1c ≥9%. Patients were randomized to receive either 400 mg
sotagliflozin or placebo for 12 weeks in addition to insulin; the primary endpoint was change in A1c at 12
weeks. Sotagliflozin produced placebo-adjusted A1c reductions of 0.35% (baseline = 9.7-9.9%) and the
difference between groups was not statistically significant (p=0.10). Because the primary endpoint was not
significant, p-values for secondary endpoints could not be used to declare statistical significance. However,
sotagliflozin did appear to produce improvements vs. placebo on postprandial glucose, body weight, time in
range, and A1c in patients with a baseline A1c of 9-10%. In addition, approximately 8 times as many
patients in the sotagliflozin group achieved the "net benefit" endpoint of A1c <7% at 12 weeks with no severe
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hypoglycemia or DKA compared to the placebo group, though the absolute percentage of responders was
low in both groups (16% vs. 2%). We were especially impressed by the CGM data from the study -
sotagliflozin therapy produced a one-third increase in time spent in range of 70 mg/dl-180 mg/dl. This
study is a good example of the limitations of using A1c as the sole metric of efficacy for diabetes drugs, as
other parameters like time in range and weight loss are likely more relevant for many patients. While there
is almost exclusive focus on A1c at the regulatory level (though JDRF and The diaTribe Foundation among
others are actively advocating for regulatory consideration of outcomes beyond A1c), it's important to note
that this was a phase 2, non-pivotal trial in an extremely challenging population. See our discussion of the
topline results for more of our thoughts on this study.

Effect of Ertugliflozin on Glycemic Control, Body Weight, Blood Pressure, and
Bone Mineral Density in Type 2 Diabetes Mellitus Inadequately Controlled with
Metformin Monotherapy: VERTIS MET Trial (1168-P)

J Rosenstock, J Frias, D Páil, B Charbonnel, R Pascu, D Saur, A Darekar, S Huyck, H Shi, B
Lauring, and S Terra

In VERTIS MET, Merck/Pfizer's SGLT-2 inhibitor candidate ertugliflozin showed superior lowering of A1c,
fasting plasma glucose, body weight, and blood pressure vs. placebo. The study enrolled 621 patients with
type 2 diabetes and a mean baseline A1c of 8%, randomizing them to ertugliflozin 5 mg, ertugliflozin 15 mg,
or placebo. After 26 weeks, participants in the 5 mg ertugliflozin arm experienced a mean A1c treatment
difference of 0.7% (p<0.001 vs. placebo), while those in the 15 mg ertugliflozin arm experienced a mean A1c
treatment difference of 0.88% (p<0.001 vs. placebo). Body weight dropped similarly, although these
reductions were not dose dependent, meaning patients taking 5 mg ertugliflozin actually lost more weight
on average compared to patients taking the higher-dose, 15 mg ertugliflozin. This data supports the efficacy
of Merck/Pfizer's SGLT-2 inhibitor candidate, which was accepted for review by the FDA earlier this year -
a regulatory decision is expected by January 2018, and we look forward to a four-product SGLT-2 inhibitor
market (ertugliflozin would join J&J's canagliflozin, Lilly/BI's empagliflozin, and AZ's dapagliflozin).

Dapagliflozin is Associated with Lower Risk of Hospitalization for Kidney Disease,
Heart Failure, and All-Cause Death Compared to DPP-4i: CVD-REAL Nordic
(165-LB)

A Norhammar, JW Eriksson, J Bodegard, M Thuresson, P Fenici, D Nathanson, M Kosiborod,
HL Gulseth, T Nyström, and KI Birkeland

A subgroup analysis of CVD-REAL compared real-world renal and cardiovascular outcomes between type 2
diabetes patients starting treatment with SGLT-2 inhibitor dapagliflozin (AZ's Farxiga) vs. DPP-4
inhibitors. Mean follow-up time was 0.94 years in the dapagliflozin arm vs. 0.99 years in the DPP-4 arm.
Dapagliflozin (n=8,582) reduced risk for hospitalization for kidney disease by 62% (HR=0.38, 95% CI:
0.29-0.51, p<0.00) compared to DPP-4 inhibitors (n=25,746). The SGLT-2 agent was also associated with a
37% risk reduction for heart failure hospitalization (HR=0.63, 95% CI: 0.50-0.81, p<0.001) and with a 27%
risk reduction for all-cause death (HR=0.73, 95% CI: 0.59-0.91, p=0.004) compared to DPP-4 inhibitors.
CVD-REAL is an AZ-sponsored observational analysis of SGLT-2 inhibitors vs. other glucose-lowering
drugs, and the "real-world" nature of the trial means that events were not adjudicated as they are in
randomized controlled trials, and the findings are subject to possible confounding. That said, even if these
values for relative risk reduction are somewhat inflated, the renal and cardioprotective benefits to SGLT-2
inhibitor therapy are quite remarkable. It's great to see real-world evidence to back-up findings from major
randomized controlled outcomes trials, including EMPA-REG OUTCOME for Lilly/BI's Jardiance
(empagliflozin) and CANVAS for J&J's Invokana (canagliflozin). This is also the first post-hoc analysis of
CVD-REAL (the initial results were presented at ACC 2017 in March) that compares SGLT-2 inhibitors vs.
another specific therapy class - we're eager to see more of these comparative analyses, especially SGLT-2
inhibitors vs. GLP-1 agonists since certain agents in both of these classes have positive CVOT data. We salute
AZ and all the researchers for making this happen.
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Combination Therapy of Canagliflozin and Teneligliptin in Japanese Patients with
T2DM: Results from Phase 3 Studies (1194-P)

K Kaku, T Kadowaki, N Inagaki, K Kondo, K Nishimura, G Kaneko, N Maruyama, N Nakanishi,
H Iijima, Y Watanabe, and M Goda

This poster displayed an integrated analysis of three phase 3 studies comparing canagliflozin/teneligliptin
co-administration vs. monotherapy with either the SGLT-2 inhibitor (canagliflozin) or the DPP-4 inhibitor
(teneligliptin). Two 24-week trials randomized Japanese participants with type 2 diabetes to canagliflozin
vs. placebo as an add-on to a background of teneligliptin (n=138), or to teneligliptin vs. placebo as an add-
on to a background of canagliflozin (n=154). Both studies showed superior A1c-lowering with the SGLT-2/
DPP-4 combination vs. either agent alone: In the former, the A1c treatment difference was 0.88% in favor of
canagliflozin (p<0.001 vs. placebo), dropping from a baseline A1c ~8%. In the latter, the A1c treatment
difference was 0.94% in favor of teneligliptin (p<0.001 vs. placebo), also from a baseline A1c ~8%. A third,
52-week open label trial added canagliflozin onto a baseline regimen of teneligliptin (n=153). Sustained A1c
improvements on combination therapy were observed throughout the one-year trial duration, and 82% of
participants achieved clinically-meaningful A1c reductions and body weight reductions. This highlights one
of the key benefits to SGLT-2/DPP-4 combos, in that they show superior glucose-lowering efficacy and
weight loss efficacy, all the while offering a milder side-effect profile vs. either drug alone. Indeed, adverse
events were well balanced across all groups, with the exception of genital mycotic infections which are
expected to be higher with SGLT-2 inhibitor treatment (occurring in 1% of male trial participants and 11% of
female trial participants in the third, 52-week study). These integrated results were the basis for a New
Drug Application jointly-submitted by Mitsubishi Tanabe Pharma (which markets canagliflozin in Japan as
Canaglu) and Daiichi Sankyo (which markets teneligliptin as Tenelia) to Japanese regulatory authorities
earlier this year. A decision on this fixed-dose combination candidate, MT-2412, is expected in 2Q18.

Safety and Efficacy of Ertugliflozin in Combination with Sitagliptin in Subjects
with T2DM Inadequately Controlled on Diet and Exercise: The VERTIS SITA Trial
(1197-P)

B Lauring, S Miller, T Krumins, H Zhou, S Huyck, J Johnson, G Golm, S Terra, J Mancuso, and
S Engel

This poster displayed 26-week results from Merck/Pfizer's VERTIS SITA trial comparing combination
therapy with SGLT-2 ertugliflozin/DPP-4 inhibitor sitagliptin (Merck's Januvia) vs. placebo. The study
randomized participants (n=291 patients with type 2 diabetes) to one of three arms: (i) 5 mg ertugliflozin/
100 mg sitagliptin once-daily, (ii) 15 mg ertugliflozin/100 mg sitagliptin once-daily, or (iii) placebo. Patients
in the lower dose combo group experienced a mean A1c reduction of 1.6% from a baseline 8.9% vs. a mean
A1c reduction of 0.44% from a baseline of 9% for patients on placebo (p<0.001). Similarly, patients in the
higher dose combo group experienced superior A1c reductions of 1.68% from a baseline 9% (p<0.001 vs.
placebo). Defining A1c goal as <7%, 36% of 5 mg ertugliflozin participants and 31% of 15 mg ertugliflozin
participants (both on top of sitagliptin) achieved this target by week 26 vs. only 8% of placebo participants
(p<0.001 for both comparisons). The dual therapy was also associated with significant reductions in weight
and systolic blood pressure. On average, body weight dropped 2.9 kg (6.4 lbs) for people on 5 mg
ertugliflozin/100 mg sitagliptin vs. 0.9 kg (2 lbs) for people on placebo (p<0.001). Patients on 15 mg
ertugliflozin/100 mg sitagliptin lost a mean 3 kg (6.6 lbs) over 26 weeks (p<0.001 vs. placebo). Baseline
body weight was 91 kg (201 lbs) in the two dual therapy arms and was 95 kg (209 lbs) in the placebo arm.
Systolic blood pressure declined by 2 mmHg in the lower dose combo group and by 4 mmHg in the higher
dose combo group, but actually increased by a mean 2.4 mmHg among patients on placebo (p=0.011 and
p<0.001, respectively). This trial saw little difference in adverse events across groups (and a generally low
incidence of safety issues overall) as well as great retention - 291 were randomized, 282 completed all 26
weeks, and 254 completed on study medication. Fewer participants (~2% of both ertugliflozin/sitagliptin
groups) discontinued treatment due to an adverse event vs. placebo (~3%). Ultimately, in patients with type
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2 diabetes not at goal, co-initiation of ertugliflozin and sitagliptin could provide better glycemic control,
weight loss, and lower blood pressure.

▪ These poster results were part of a range of VERTIS program studies presented at this
ADA (also VERTIS MONO, VERTIS SITA2, and VERTIS FACTORIAL). Across the board, these
posters and oral presentations emphasized the value of a fixed-dose SGLT-2/DPP-4 combination
due to superior glucose-lowering, weight loss, and blood pressure-lowering efficacy. If approved by
the FDA (and decisions on standalone ertugliflozin as well as this fixed-dose combination and a
fixed-dose combination of ertugliflozin/metformin are expected by January 2018), this new oral
combination will join a class with AZ's Qtern (dapagliflozin/saxagliptin) and Lilly/BI's Glyxambi
(empagliflozin/linagliptin). We're eager to see this approval, as we see the Merck/Pfizer duo as
particularly fit to make a fixed-dose SGLT-2/DPP-4 combination a commercial success and to
ensure wide patient access.

Long-Term Efficacy and Safety of Ertugliflozin Monotherapy in Patients with
Inadequately Controlled T2DM Despite Diet and Exercise: The 52-Week VERTIS
MONO Study (1208-P)

R Aronson, A Goldman, J Frias, A Darekar, B Lauring, S Huyck, and S Terra

Merck/Pfizer's VERTIS MONO study of ertugliflozin (which was accepted for review by the FDA earlier this
year) showed the SGLT-2 inhibitor's A1c-lowering, weight loss, and blood pressure-reducing efficacy vs.
placebo. Patients with type 2 diabetes and baseline A1c ~8% (n=461) were randomized to 5 mg ertugliflozin,
15 mg ertugliflozin, or placebo for 26 weeks, and then entered a "phase b" of the trial in which participants
allocated to placebo and who also did not receive rescue therapy also received metformin for 26 weeks in
phase B. Ertugliflozin was associated with dose-dependent, superior A1c reductions vs. placebo at week 26
(with a greater decline in the 15 mg arm vs. the 5 mg arm), but the mean A1c across all groups (including
placebo) evened out once metformin was added to medication regimen. At week 52, the mean A1c drop was
1% for the placebo/metformin group, 0.9% for the low-dose ertugliflozin group, and 1% for the high-dose
ertugliflozin group; 27.5% of participants in the placebo/metformin group achieved A1c goal <7% vs. 25.6%
of those in the low-dose SGLT-2 group and 28.5% of those in the high-dose SGLT-2 group. Change in fasting
plasma glucose was also similar across all study arms after one year: -29.3 mg/dl, -29 mg/dl, and -32.7
mg/dl for the placebo/metformin, 5 mg, and 15 mg cohorts, respectively (all from a baseline fasting glucose
~180 mg/dl). Both ertugliflozin groups experienced clinically-meaningful reductions in body weight and
systolic blood pressure, though comparable results on body weight were also seen in the placebogroup after
metformin was added. As expected for an SGLT-2 inhibitor, ertugliflozin was associated with an increased
frequency of female genital mycotic infections, affecting 27% and 29% of the low- and high-dose groups,
respectively (vs. 10% of the placebo/metformin group). All in all, the poster concludes that ertugliflozin
offers good glycemic control and weight loss benefits to patients with type 2 diabetes inadequately
controlled on diet/exercise alone, even though it's unclear how the benefits distinguish the agent from
metformin - we imagine there is more to the story here, although we also recognize cost as a key
consideration and must note that metformin is generic and relatively inexpensive compared to the pricing
we'd expect for a newly-approved SGLT-2 inhibitor.

Effect of Empagliflozin on Cardiac and Vascular Hemodynamic Markers by
Subgroups of Age, SEx, and Hypertension in Patients with T2DM and High CV
Risk: EMPA-REG OUTCOME (1452-P)

R Chilton, L Gullestad, D Fitchett, S Inzucchi, M Mattheus, H Woerle, and O Johansen

This new sub-analysis of the EMPA-REG OUTCOME trial explored the effect of longer-term (164 weeks)
empagliflozin therapy on hemodynamics, arterial stiffness, and myocardial work burden. The EMPA-REG
OUTCOME trial's primary analysis had previously shown empagliflozin treatment to reduce the risk of
cardiovascular death by 38%. The trial enrolled 7020 patients with type 2 diabetes and known CV disease
who were randomized to either placebo, or 10 or 25 mg of empagliflozin. Median treatment duration and
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observation time were 2.6 and 3.1 years, respectively. Empagliflozin treatment resulted in significantly
greater reductions in pulse pressure, mean arterial pressure, and double product (a measure of cardiac
workload and an indirect measure of myocardial oxygen demand) at week 164 as compared to placebo.
Reductions in these measures with either empagliflozin dose versus placebo held across age, gender, and
systolic blood pressure groups.

Symposium: SGLT2 Inhibitors-Still More to Explore

Clinical Impact of SGLT2 Inhibitors on Bone-The FDA Perspective

Hyon J. Kwon, PhD (FDA, Silver Spring, MD)

With the safety of SGLT-2 inhibitors currently under a microscope, FDA's Dr. Hyon Kwon provided insight
on the fracture risk associated with J&J's Invokana (canagliflozin) and AZ's Farxiga (dapagliflozin) but not
Lilly/BI's Jardiance (empagliflozin). He positioned the label warnings for Invokana and Farxiga not as
deterrents, but as a means to encourage thoughtful patient selection to mitigate fracture risk in the real
world - we were happy to hear this perspective from FDA, since we'd hate for safety concerns to define the
SGLT-2 inhibitor story when there are also tremendous glycemic, weight loss, and CV benefits to consider.
Dr. Kwon noted that canagliflozin was only associated with a significantly increased risk for fractures in
the CANVAS trial, but not in other studies within the Invokana clinical program, so heightened fracture risk
may only apply to patients at high CV risk. An interim analysis of CANVAS found a hazard ratio of 1.51 in
favor of placebo (95% CI=1.04-2.19), which doesn't cross the line of unity and thus meets the threshold for
statistical significance. Non-CANVAS studies reported a hazard ratio of 1.09 in favor of placebo (95%
CI=0.71-1.66), but this fracture risk did not meet statistical significance. Dr. Kwon displayed graphs for time
to first fracture in CANVAS, in which the curves diverge early on. He explained that a separation of curves
<12 weeks after randomization suggests that fractures are due to falls rather than an impact on bone
metabolism, an effect that would only accrue with longer duration of treatment. Moreover, interim
CANVAS results showed a 60% increased risk of falls for participants on 300 mg canagliflozin vs. placebo
(HR=1.60; 95% CI=1.11-2.32), which contributes to this hypothesis. It's unclear if this increase in falls is a
chance finding or if something about the canagliflozin causes increased risk of falls (through balance issues
or confusion, perhaps?). As such, based on current data, the FDA cannot rule out that this particular
SGLT-2 inhibitor may confer excess fracture risk for all patients, regardless of their CV risk factors. A
pooled analysis of CANVAS and other Invokana clinical trials resulted in a hazard ratio of 1.32 in favor of
placebo (95% CI=1.00-1.74). That said, we're reserving judgement until we see the full, integrated results
from CANVAs and CANVAS-R, which will be presented on Monday. In addition to long-awaited CV data,
our ears will be perked for any safety details on the bone fracture risk (and the newly characterized
amputation risk). Turning to Farxiga, Dr. Kwon showed that there was no imbalance in fractures between
dapagliflozin-treated patients and placebo-treated patients overall, but that one study enrolling individuals
with moderate renal impairment did find excess fracture risk associated with AZ's SGLT-2 inhibitor.
Fractures were most common in participants with eGFR between 11-45 ml/min/1.73m . This was added to2

the drug label under the "warnings & precautions" section, but again, this risk could be well-managed
through diligent patient education, allowing many people with diabetes to still benefit from a highly-
effective, advanced therapy.

▪ We think we speak for many at this meeting when we say we're anxious for CANVAS to
report full results on Monday afternoon. No matter what, this data will be telling - we have
our fingers crossed for a statistically significant CV benefit that builds evidence for a
cardioprotective class effect (following EMPA-REG OUTCOME) and highlights the therapeutic
advantages of SGLT-2 inhibitors, but we'll also need to scrutinize fracture data from the completed
trial as well as data on amputations considering the FDA's decision to add safety warnings for lower
limb amputations to the Invokana label. All in all, our sense is that SGLT-2 inhibitors have a
complicated risk-benefit profile and we're always eager for more data to aid patients and providers
in clinical decision-making regarding this class.
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Clinical Role of SGLT2 Inhibitors - Current and Future

Julio Rosenstock, MD (Dallas Diabetes and Endocrine Center, Dallas, TX)

In a very candid presentation, Dr. Julio Rosenstock provided an overview of the many indications he
envisions in the future of the SGLT-2 inhibitor class. While acknowledging that there has been a steady
stream of safety warnings for the class, he emphasized that most of the concerns are manageable and the
overall risk-benefit profile for these agents favor their use in a number of indications. Within type 2
diabetes, based on the EMPA-REG OUTCOME data and the CVD-REAL data, Dr. Rosenstock asserted that,
it would be highly questionable for a patient with type 2 diabetes and a prior history of cardiovascular
disease to not be on an SGLT-2 inhibitor, unless there was a contraindication, intolerance issues, or other
clinical concern - he also appeared optimistic that the impressive cardiovascular benefit observed in EMPA-
REG OUTCOME is a class effect, based on CVD-REAL. We certainly look forward to the CANVAS results
presentation this Monday to potentially substantiate this! Further, Dr. Rosenstock suggested that SGLT-2
inhibitor and metformin combination therapy will increasingly become the preferred first line treatment for
all patients with newly-diagnosed type 2 diabetes, not just those with established CV disease. He also
suggested that SGLT-2 inhibitor/DPP-4 inhibitor fixed-dose combinations (FDC) will become the preferred
second-line treatment for patients who are not well managed on metformin monotherapy - he argued that it
makes little sense to intensify with only an SGLT-2 inhibitor or only a DPP-4 inhibitor when the
combination of the two has been demonstrated to be more efficacious than either component. Beyond type 2
diabetes, Dr. Rosenstock forecasted a role for SGLT-2 inhibition in type 1 diabetes adjunct therapy. He
acknowledged that there are clear safety issues - characterizing the highly publicized DKA risk as "real" -
but emphasized that the risk is predictable, detectable and preventable. That said, Dr. Rosenstock shared
rumors that Janssen is unlikely to pursue a type 1 diabetes indication for Invokana (canagliflozin) further,
following phase 2 results. On the other hand, he was more optimistic about Janssen pursuing an obesity
indication for a combination of canagliflozin/phentermine, which reported promising phase 2 data at ADA
2016. Dr. Rosenstock was also excited about the potential of SGLT-2 inhibitors in chronic kidney disease and
in heart failure - several trials are ongoing for both of these indications and we're similarly excited to see
these results. Finally, Dr. Rosenstock also highlighted a potential role of SGLT-2 inhibitors in prediabetes
and primary CV prevention. Indeed, J&J has previously shared plans to conduct a CVOT for Invokana in
people with prediabetes and we're very intrigued by this prospect as well.

SGLT-2 Inhibitors, Diabetic Ketoacidosis, and the Kidney

Matthew Weir, MD (University of Maryland, Baltimore, MD)

Dr. Matthew Weir reviewed the pathophysiology of SGLT-2 inhibitors, describing potential mechanisms for
diabetic ketoacidosis (DKA) and for the CV and renal benefits associated with multiple members of the class,
ultimately concluding that the "risk is very small and the upside is very substantial" for this therapy class as
a whole. He compared the biochemical pathways of starvation to DKA and pointed to glomerular
hyperfiltration, pro-inflammatory processes, and increased ATP production as possible mechanisms for
SGLT-2 inhibitors' renal and CV benefits. Dr. Weir discussed some of the more recent data on eGFR
reductions with SGLT-2 agents (specifically looking at the findings in EMPA-REG OUTCOME), and shared
that these reductions are likely not of significant concern. Looking forward, he called attention to additional
considerations about newer therapies, including (i) their ability to be complementary with RAAS blockers,
(ii) if effects remain at various blood pressures, and (iii) whether effects persist after treatment cessation. In
conclusion, Dr. Weir strongly endorsed the use of SGLT-2 inhibitors, emphasizing the improvements in
glycemic control, blood pressure reductions, and opportunities for CV and renal risk reduction, all of which
outweigh the manageable DKA risk in his view (and ours).
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Corporate Symposium: DCRI Evidence to Practice Series - Management of
Diabetes for Heart Failure Patients (Sponsored by BI)

Latest Research Findings and Knowledge Gaps

Jennifer Green, MD (Duke University, Durham, NC)

In her introduction to this bright and early corporate symposium, Dr. Jennifer Green highlighted the
substantial overlap between diabetes and heart failure (28%-44% of patients with heart failure also have
diabetes) and reviewed the current evidence on the effects of specific diabetes drugs on heart failure. She
explained that while the FDA-mandated cardiovascular outcomes trials of diabetes drugs have provided
valuable information about heart failure outcomes, significant knowledge gaps remain. Specifically, she
noted that i) CVOTs for diabetes drugs were not designed specifically to enroll patients with heart failure or
evaluate heart failure outcomes; ii) the percentage of participants with heart failure varied in the different
trials; iii) minimal details about heart failure outcomes were collected; iv) heart failure hospitalization was
typically the only heart failure endpoint measured, leaving out a number of other relevant outcomes; and v)
the physiological basis of the drugs' positive or negative effects on heart failure has not been fully explained.
Looking forward, Dr. Green argued that at a minimum, investigators should collect more detailed
information on heart failure outcomes in future trials of diabetes drugs. We've heard a great deal about
assessing BNP (a marker for heart failure) at baseline in diabetes CVOTs - of course, hindsight is 20/20 and
we don't expect this is possible in CVOTs that have already initiated, but we expect more rigorous
assessments of heart failure at baseline will become the norm as heart failure is seen as an increasingly
important endpoint in these trials. She also expressed interest in investigating diabetes drugs specifically in
patients with heart failure (as Lilly/BI are currently doing in the EMPEROR trials of Jardiance
[empagliflozin] and AZ is doing in the Dapa-HF trial of Farxiga [dapagliflozin]), conducting trials to
determine the best drug for these patients, and assessing the effects of older diabetes drugs on heart failure
risk.

Case Presentations

Robert Mentz, MD (Duke University, Durham, NC), Darren McGuire, MD (UT Southwestern,
Dallas, TX), Eldrin Lewis, MD (Brigham and Women's Hospital, Boston, MA)

The majority of the corporate symposium centered around three case presentations involving patients with
both type 2 diabetes and heart failure. The speakers agreed that metformin is currently the treatment of
choice for this patient population. Dr. Darren McGuire noted that many physicians still shy away from
using metformin in patients with heart failure because it was previously contraindicated, but many
cardiologists are now specifically endorsing the drug for this population. The speakers were cautiously
optimistic about the positive effects of Lilly/BI's Jardiance (empagliflozin) on heart failure demonstrated in
EMPA-REG-OUTCOME. All three speakers expressed excitement about the results demonstrating a 38% risk
reduction for cardiovascular death and 35% risk reduction for heart failure hospitalization with Jardiance
vs. placebo in patients with type 2 diabetes and high cardiovascular risk. However, the consensus seemed to
be that only results from the EMPEROR trials, which are specifically designed to investigate the impact of
Jardiance on heart failure, will be able to establish the drug as a standard treatment for this population.
This was interesting to hear - of course, we do not expect the FDA will include any indication for heart
failure on the Jardiance label until results from these trials are available (given the fairly dismissive
discussion of the heart failure secondary endpoint finding at last year's Advisory Committee meeting on the
EMPA-REG OUTCOME results). On the other hand, the ESC heart failure guidelines have already been
updated to recommend empagliflozin as a potential treatment for those with type 2 diabetes and comorbid
heart failure.

Questions and Answers

Dr. Darren McGuire (UT Southwestern, Dallas, TX): I'm convinced there's heterogeneity among DPP-4
inhibitors. I would avoid saxagliptin and alogliptin because sitagliptin has a completely clean heart failure
label. If a DPP-4 is used, I would use sitagliptin, but I'm not sure I would use one in this patient [in the
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hospital after an acute MI with diabetes and heart failure]. I think metformin is great. The EMPA-REG results
were impressive but we didn't have acute MI patients in that trial so I don't really know what I'm doing. My
gut instinct is that it's logical and probably indicated to do empagliflozin. There's a relatively preserved
ejection fraction and little concern about GLP-1 agonists, so I'd probably prefer that over DPP-4 inhibitors.
I'm comfortable with an A1c target of 7-8%.

Dr. Jennifer Green (Duke University, Durham, NC): If you switched from saxagliptin to sitagliptin, you would
probably get the same glycemic control. If you stopped the DPP-4 inhibitor, you could increase the
empagliflozin dose but would probably have an A1c increase. In the EMPA-REG trial, there were essentially
comparable benefits with both doses, so I wouldn't feel compelled to up-titrate the dose. There are lots of
nuances.

Q: If you used sitagliptin, how would you handle the dose because of the patient's impaired
renal function?

Dr. McGuire: I would use a lower dose. But I would lean away from DPP-4 inhibitors because of the impaired
renal function.

Q: How reliable is her eGFR?

Dr. McGuire: She's having an acute MI and heart failure, so there's likely acute kidney injury. We have to use
the best evidence we have but we don't know what her real kidney function is.

Q: Should we be focusing on obesity management?

Dr. McGuire: Absolutely. We need your help. People think about cardiac rehab as a treadmill and exercise, but
it's a structured comprehensive program. We should use cardiac rehab resources for eligible people. Obesity
should be a focus of the intervention as well.

Dr. Eldrin Lewis (Brigham and Women's Hospital, Boston, MA): You hear about the obesity paradox in heart
failure. I don't think it's a paradox. If you're obese, you may be short of breath for other reasons, so you may
be healthier than someone of normal weight who has the same degree of dyspnea. We should be emphasizing
weight loss for control of diabetes and heart failure symptoms.

Dr. Green: There's some data on the association between glucose-lowering therapies and their effect on
weight and heart failure outcomes. The suggestion is that therapies associated with weight loss are associated
with reduced heart failure risk and those associated with weight gain are associated with higher risk. It's an
area ripe for further exploration.

Corporate Symposium: CVOTs and Combination Therapy: Updates and
Advances at ADA 2017 (Sponsored by AstraZeneca)

Cardiovascular Outcomes Trials (CVOTs): Clinical Application of Current Data
and a Sneak Peek into the Future

Carol Wysham, MD (University of Washington, Spokane, WA); Hertzel Gerstein, MD
(McMaster University, Ontario, Canada)

Drs. Carol Wysham and Hertzel Gerstein reviewed all the major CVOT data on diabetes drugs that has been
published so far, and shared pearls of wisdom about how to translate these findings into real-world clinical
practice. Dr. Gerstein positioned GLP-1 agonists as the frontrunners in terms of demonstrating CV benefit,
with both the LEADER trial for Novo Nordisk's Victoza (liraglutide) and the SUSTAIN 6 study for Novo
Nordisk's semaglutide showing meaningful CV risk reduction. That said, SGLT-2 inhibitors like Lilly/BI's
Jardiance (empagliflozin) and J&J's Invokana (canagliflozin) have also demonstrated superiority vs.
placebo in reducing risk for three-point MACE (non-fatal MI, non-fatal stroke, or CV death), and these
agents come with the convenience of oral dosing (whereas GLP-1 agonists are injectable therapies). Dr.
Wysham emphasized that CVD-REAL showed SGLT-2 inhibitors to be associated with a very dramatic risk
reduction for heart failure hospitalization and all-cause death. A majority of European participants in CVD-
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REAL (92%) were taking AZ's SGLT-2 inhibitor Farxiga (dapagliflozin), while a majority of US participants
were taking Invokana (76%) - Dr. Wysham underscored this point to clarify that she wouldn't necessarily
recommend switching patients off dapagliflozin onto empagliflozin right now. AZ's own CVOT for
dapagliflozin, DECLARE, is scheduled to complete in April 2019.

Oral Combination Therapy for T2D: What, Why, and How Explored

Julio Rosenstock, MD (University of Texas, Dallas, TX); Melanie Davies, MD (University of
Leicester, UK)

Drs. Julio Rosenstock and Melanie Davies led this interactive discussion on oral combination therapies for
type 2 diabetes, covering DPP-4/metformin tablets, SGLT-2/metformin tablets, and SGLT-2/DPP-4 tablets
including AZ's Qtern (dapagliflozin/saxagliptin). The duo positioned combination therapy as a solution to
therapeutic inertia. The status quo in diabetes management is still the treat-to-fail paradigm, with
healthcare providers trying medications in a stepwise fashion. Instead, Drs. Rosenstock and Davies
advocated for early intervention with simultaneous medications, or better yet, with a fixed-dose
combination therapy. They presented Qtern (and other SGLT-2/DPP-4 combo products like Lilly/BI's
Glyxambi) as a rational choice in diabetes care: These agents come in convenient oral doses, they lower risk
of hypoglycemia and promote weight loss, they show superior glucose-lowering efficacy vs. either drug
alone, and they eliminate some patient barriers by turning two co-pays into one. Diabetes treatment
guidelines are starting to recommend combination therapy earlier on, especially for patients with high
baseline A1c, but Drs. Rosenstock and Davies suggested that this change needs to happen faster. We're
certainly intrigued by the promise of fixed-dose SGLT-2/DPP-4 combinations, and we're glad to note AZ's
commitment to Qtern given its strong clinical profile. Moreover, we love the argument that combination
therapy could circumvent therapeutic inertia, which continues to be a problem leading to suboptimal
diabetes care.

Insulin Therapy

Symposium: Cardiovascular Safety of Insulin Degludec vs. Insulin Glargine
in Patients with Type 2 Diabetes at High Risk of Cardiovascular Events
(DEVOTE) Trial Results

Introduction and Trial Design

Steven Marso, MD (University of Missouri, Kansas City, MO)

Dr. Steven Marso set the stage by presenting the trial design for DEVOTE. This randomized, double-blind,
treat-to-target trial (n=7,637) enrolled people with type 2 diabetes on at least one diabetes therapy and an
A1c >7% or <7% with basal insulin treatment at least 20 units/day. The study population had a high-risk
cardiovascular profile; enrollment criteria included cardiovascular or chronic kidney disease for people
over the age of 50 and the presence of cardiovascular risk factors for people over the age of 60. This global
population included participants from five continents, 20 countries, and 438 trial sites. As is typical for
CVOTs, the primary endpoint was time from randomization to first occurrence of a three-point MACE (non-
fatal MI, non-fatal stroke, or CV death). Secondary endpoints included rate and incidence of severe
hypoglycemia episodes.

Cardiovascular Outcomes

Darren McGuire, MD (University of Texas Southwestern Medical Center, Dallas, TX)

Dr. Darren McGuire took the stage to discuss the primary cardiovascular outcomes from DEVOTE. Novo
Nordisk's next-generation basal insulin Tresiba (insulin degludec) met its primary endpoint by
demonstrating non-inferiority compared to standard of care insulin glargine (Sanofi's Lantus) for three-
point MACE (non-fatal MI, non-fatal stroke, and CV death). The hazard ratio (HR) point estimate was in the
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"right direction" at 0.91, but did not achieve statistical significant for superiority (95% CI:0.78-1.06,
p<0.001 for non-inferiority, p=0.21 for superiority). Expanded MACE (including hospitalization for
unstable angina) was non-inferior as well (HR=0.91, 95% CI:0.80-1.05, p=0.22), and Tresiba additionally
demonstrated non-inferiority for each component of the MACE endpoint, with point estimates to the "left of
unity" (meaning <1.0) in each case, including non-fatal MI (HR=0.85, 95% CI: 0.68-1.06, p=0.15), non-fatal
stroke (HR=0.90, 95% CI: 0.65-1.23, p=0.50), and hospitalization for unstable angina (HR=0.95, 95%
CI:0.68-1.31, p=0.74). Similarly, point estimates for all reported mortality endpoints were in the "right
direction," though not statistically significant for superiority, including CV death (HR=0.96, 95% CI:
0.0.76-1.21), all-cause mortality (HR=0.91, 95%CI:0.76-1.11), CV death excluding undetermined cause of
death (HR=0.91, 95% CI: 0.69-1.20), and non-CV death (HR=0.84, 95% CI: 0.60- 1.16).

Source: NEJM

▪ All in all, we can certainly rest assured that Tresiba is at the very least safe from a CV
standpoint (though we cannot draw any definitive conclusions about potential
benefit). That said, non-inferiority in and of itself is reassuring given Tresiba's long and
complicated regulatory history. As a reminder, the product's first regulatory submission in the US
received a Complete Response Letter (CRL) from the FDA, requesting a CVOT to further investigate
a signal for increase expanded MACE risk observed in the phase 3 trials. The FDA's eventual
approval based on firewalled interim data was certainly reassuring on this front and we're pleased to
get our hands on full CVOT data that suggests not even a whiff of increased risk for Tresiba.

▪ The robustness of these results are underscored by the fact that the DEVOTE study
population was selected to reflect the global population of people with type 2 diabetes.
Between the Tresiba (n=3,818) and insulin glargine (n=3,819) arms, participants aged 65 years, an
average diabetes duration of 16 years, a BMI of 33.6 kg/m3, and an A1c of 8.4%. Respectively, 86%
and 85% of participants had established cardiovascular disease or chronic kidney disease and the
remaining 14% and 15% had cardiovascular risk factors.
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Glycemic Efficacy and Hypoglycemia

Bernard Zinman, MD (University of Toronto, Canada)

The great Dr. Bernard Zinman presented the very impressive hypoglycemia and glycemic efficacy findings
from the DEVOTE trial. In many ways, while these were all secondary endpoints, these findings were the
real headliners of the study - indeed, the independent commentary from hypoglycemia expert Dr. Elizabeth
Seaquist focused almost entirely on the hypoglycemia results. The results are a big win to be sure: Tresiba
was associated with a very significant 40% relative risk reduction in the overall rate of severe
hypoglycemia compared to Lantus (HR=0.60, 95% CI 0.48-0.76, p<0.001 for superiority) and a whopping
53% reduced risk for nocturnal severe hypoglycemia (HR=0.47, 95% CI: 0.31-0.73, p<0.001). (Amazing
confidence intervals.) Severe hypoglycemia was adjudicated in the study and defined as low blood glucose
requiring the assistance of another person - in total, 1,005 events were sent for adjudication and the
independent confirmed 752 events as severe hypoglycemia for the analysis. 4.9% of participants in the
Tresiba group experienced one or more episodes of severe hypoglycemia, compared to 6.6% of participants
in the Lantus group (odds ratio: 0.73; 95% CI: 0.60-0.89; p<0.001 for superiority). Overall, a participant
taking Tresiba was 27% less likely to experience one or more episodes of severe hypoglycemia (HR=0.73,
95% CI:0.60-0.89, p<0.001).

Source: NEJM

▪ Notably, these reductions in hypoglycemia occurred in the context of virtually
identical low mean A1cs at the end of the trial and lower fasting plasma glucose. Mean
A1c was 7.55% in the Tresiba group and 7.5% in the Lantus group (baseline A1c=8.4%). The end-of-
trial A1c difference between the two arms was estimated at 0.01% (p=0.78). On the other hand,
mean fasting plasma glucose (FPG) was 7.2 mg/dl lower in the Tresiba group compared to the
Lantus group at the end of the trial (128 mg/dl vs. 136 mg/dl, p<0.001). This was driven by a larger
reduction in FPG in the Tresiba group - 40 mg/dl vs. 35 mg/dl. The end-of-trial average basal
insulin dose was slightly but significantly higher in the Tresiba group (2 units higher than average in
Lantus group, p=0.04).
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▪ Based on a subgroup analysis, it appears that the severe hypoglycemia benefit of
Tresiba is more pronounced in those with established CV disease than in those
without. There is a very clear 48% rate reduction for severe hypoglycemia in those with established
CV disease at baseline (HR=0.52, 95% CI: 0.40-0.66). On the other hand, the point estimate among
those with risk factors for CV disease - but no established CV disease - actually trended slightly
toward increased risk at 1.24, though the confidence intervals were very wide and crossed the line of
unity (95% CI: 0.65-2.38). Very notably, the p-value for interaction was 0.014. We've seen some
previous analyses (based on the very large TECOS dataset) suggesting that those with a history of a
previous CV event are more likely to experience subsequent severe hypoglycemia - suggesting that
those with established CV disease at baseline are more vulnerable to hypoglycemia. While of course
this subgroup analysis is only exploratory and hypothesis-generating, we're intrigued by the
implication that Tresiba therapy could perhaps offer hypoglycemia benefit to those who are most
vulnerable and most at risk. We've increasingly heard some suggest that older patients, more frail
patients (many of whom have had a previously hypoglycemic event) should be treated to higher A1c
targets due to concerns about hypoglycemia. At the same time, some of these same thought leaders
advocate for the use of human insulins in patients who are unable to afford newer analogs (including
older patients in the Medicare Part D "donut hole") and argue that insulin analogs - including next-
generation analogs like Tresiba - offer only "incremental benefits". We hope that long-term,
compelling data like these findings from DEVOTE can help improve reimbursement and access to
these drugs and allow older patients achieve lower A1c targets safely. We also hope that providers
and others in the community who are concerned about both hypoglycemia and cost do more to
advocate for the inclusion of these next-generation agents on formularies, etc.

◦ There was no heterogeneity in effect for differences in sex, age, BMI, renal
function, diabetes duration, baseline insulin regimen, or region.

▪ The full results offered a very exciting and impressive - but limited - look into the
impact of Tresiba on outcomes beyond A1c. The data released thus far does not mention
impact on weight - we hope to see this and other outcomes beyond A1c in future analyses. "Mild-to-
moderate" blood glucose-confirmed hypoglycemia was not adjudicated in this trial and it's unclear if
any data on this front was collected - we certainly hope so as "less-severe" levels of hypoglycemia
still have enormous quality of life and productivity implications for patients. We continue to believe
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that CGM studies would be enormously helpful in characterizing the benefit of next-generation
insulin products especially (but other drugs as well) and we wish that CGM data could have been
gathered for this large and long-term study (though, of course, we recognize that this study initiated
many years ago and CGM accuracy has only relatively recently tremendously improved - at least
relatively speaking).

Safety

Richard Pratley, MD (Florida Hospital Diabetes Institute, Orlando, FL)

Dr. Richard Pratley reviewed safety outcomes from DEVOTE, which were largely similar between Tresiba-
and Lantus-treated participants, indicating that insulin degludec is safe and well-tolerated. There were
1,473 serious adverse events in the Tresiba arm of the trial, affecting 39% of patients vs. 1,517 serious
adverse events in the Lantus arm, affecting 40% of patients. Severe adverse events occurred in 25% of both
the Tresiba and Lantus groups (945 and 962 events, respectively). Adverse events leading to treatment
discontinuation occurred in 5% of the Tresiba group vs. 6% of the Lantus group (200 and 222 events,
respectively) - 24 of these events were reported by investigators as probably/possibly related to insulin
degludec, while 31 were probably/possibly related to insulin glargine. He called special attention to
neoplasms, likely because of age-old concerns that insulin, as a growth factor, heightens cancer risk (though
these worries have dissipated with additional studies, including ORIGIN). In DEVOTE, neoplasms were
classified by one chairman and two independent oncologists, who sorted events into categories for
malignant, benign, and unclassifiable. The hazard ratio for benign neoplasm was 1.37 in favor of Lantus,
though this did not reach statistical significance (95% CI: 0.76-2.47). The hazard ratio for malignant
neoplasm was 0.94 in favor of Tresiba, but there was no statistically significant signal for risk reduction
(95% CI: 0.71-1.24). All in all, there were 45 benign neoplasms observed during the course of the trial (26 in
the degludec group and 19 in the glargine group) and 192 malignant neoplasms (93 in the degludec group
and 99 in the glargine group). These safety findings underscore Tresiba's non-inferior profile vs. Lantus,
which holds true not only for CV effects, but for all adverse events as well.

▪ Dr. Pratley listed 16 adverse events occurring at a frequency ≥1% in DEVOTE, but
emphasized that they were all equally likely to happen whether a patient was
randomized to insulin degludec or insulin glargine. Hypoglycemia reported as an SAE was
more common with Tresiba then glargine (see table), but adjudicated events (actually numerically
higher in number as they were captured on a special form) were lower. This likely an effect of the
reporting structure. The adjudicated events are the most accurate representation of the difference in
hypoglycemia risk. Other adverse events included atrial fibrillation, acute MI, angina pectoris,
angina unstable, coronary artery disease, MI, congestive cardiac failure, non-cardiac chest pain,
cellulitis, pneumonia, fall, hypoglycemia, ischemic stroke, transient ischemic attack, acute kidney
injury, and chronic obstructive pulmonary disease. Frequency on each of these is displayed in the
table below.
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Conclusion and Clinical Implications

John Buse, MD (University of North Carolina, Chapel Hill, NC)

Dr. John Buse delivered concluding remarks on the DEVOTE full results, putting this trial into context with
BEGIN, SWITCH 1 and SWITCH 2, and our knowledge to-date of how hypoglycemia affects CV risk and
patient quality of life. One of the most important takeaways, in his view and ours, is that the significant 40%
risk reduction for severe hypoglycemia at a similar A1c level and the 53% risk reduction for severe
hypoglycemia overnight corroborate Tresiba's hypoglycemia benefit as reported in BEGIN, SWITCH 1, and
SWITCH 2. Novo Nordisk has submitted SWITCH 1 and SWITCH 2 data to the FDA for inclusion on the
Tresiba label (decision expected in July), and this label update was recently EMA-approved. Novo Nordisk
has also submitted the DEVOTE data to both the FDA and the EMA. Busy patients/providers deserve ready
access to information on empirically-grounded benefits, such as lower risk for hypoglycemia, particularly
significant hypoglcyemia, a key outcome beyond A1c metric. Fear of hypoglycemia affects patients and
providers alike, with 79% of type 1 patients and 58% of type 2 patients who experience a severe episode
opting to decrease their insulin dose (leading to suboptimal glycemic control). Similarly, 72% of PCPs and
79% of diabetes care specialists endorse that they would treat patients more aggressively if hypoglycemia
was not a concern. Dr. Buse also shared findings from a large, systematic metaanalysis that linked
hypoglycemia to a significantly increased risk for all-cause mortality (HR=1.8, 95% CI: 1.5-2.2), CV
mortality (HR=2.2, 95% CI: 2.0-2.4), and major CV events (HR=2.3, 95% CI: 1.1-5.0). While the decrease in
hypoglycemia seen in DEVOTE wasn't sufficient to significantly lower CV events and CV death for people on
Tresiba vs. Lantus, Dr. Buse emphasized that reducing the severity and frequency of hypoglycemia could
have an independent positive impact on a patient's cardiovascular health. What's more, helping patients
avoid hypoglycemia allows for best practice diabetes management and substantially improves quality of
life for people living with this chronic disease. Although cost wasn't explicitly mentioned during Dr. Buse's
presentation, we know hypoglycemia incurs major avoidable costs on the healthcare system due to
hospitalizations, emergency care, productivity loss, and more. We imagine the profound hypoglycemia
benefit in DEVOTE could come into play for Tresiba in formulary negotiations - we'd surely love to see a
health economic analysis predicting cost-savings. Dr. Buse announced that further analysis from DEVOTE,
focused on the associations between glycemic control, glycemic variability, and outcomes, will be presented
at EASD 2017 in Lisbon, Portugal. We can't wait.
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Independent Commentary

Elizabeth Seaquist, MD (University of Minnesota, Minneapolis, MN)

University of Minnesota and the International Hypoglycemia Study Group's Dr. Elizabeth Seaquist
provided a thoughtful and balanced independent commentary on the DEVOTE results. She praised the
strengths of the trial design, including the randomized, double-blinded, event-driven, and treat-to-target
design with well-defined endpoints. She highlighted the large size of the trial as well (n=7,637 at 434 sites on
five continents), commenting that the study's "generalizability to patients with type 2 diabetes is assured."
The very low dropout rate (2%), standardized titration protocol, rigorous adjudication of severe
hypoglycemia, and systematic collection of adverse events also improved Dr. Seaquist's confidence in the
findings and conclusions. That said, Dr. Seaquist also pointed out several weaknesses in the data that was
collected - one was directed more at the design of the trial while the other two were directed at the limited
clinical information provided by the trial. On the first, Dr. Seaquist noted investigators in the trial could
modify the titration protocol based on clinical judgement and it's unclear if these modifications were applied
in a standardized way between the two arms of the trial. In terms of the information included in the
endpoints, Dr. Seaquist underscored that data on moderate symptomatic hypoglycemia and on
hypoglycemic events with blood glucose levels ≤54 mg/dl were not collected. The former is the most
common kind of hypoglycemia experienced by patients and the lack of inclusion of this endpoint makes it
difficult to assess the impact of Tresiba on more common forms of hypoglycemia. The latter information
would be important and useful to have since it's known that impaired awareness of hypoglycemia is more
likely to develop with recurrent episodes of hypoglycemia with blood glucose ≤54 mg/dl. Dr. Seaquist also
highlighted additional questions that should be addressed using the DEVOTE data, including (i) Was the
reduction in severe hypoglycemia in the Tresiba arm associated with a reduction in healthcare costs?; and
(ii) Was the reduction in severe hypoglycemia in the Tresiba arm associated with improved quality of life/
sleep and reduced fear of hypoglycemia (this is yet another question that would have been aided by greater
collection of hypoglycemia data in our view)? Furthermore, she highlighted several questions that DEVOTE
leaves unanswered: (i) Does Tresiba reduce hypoglycemia more relative to Lantus in patients with severe
renal impairment?; (ii) What is the relative impact of Tresiba vs. Lantus on severe hypoglycemia in insulin-
naïve patients?; and (iii) How do the effects of Tresiba on glycemic control and hypoglycemia in type 2
diabetes compare to Toujeo (U300 insulin glargine)?

Oral Presentations: Landscape of Therapeutic Trials in Type 2 Diabetes

Efficacy and Safety of Insulin Degludec/Liraglutide (IDegLira) vs. Basal-Bolus
(BB) Therapy in Patients with Type 2 Diabetes (T2D): DUAL VII Trial

Liana Billings, MD (North Shore University Health System, Skokie, IL)

To numerous rounds of thunderous applause, Dr. Liana Billings (North Shore University Health System,
Skokie, IL) presented the impressive results of the DUAL VII trial comparing the safety and efficacy of Novo
Nordisk's Xultophy (insulin degludec/liraglutide) versus traditional basal-bolus therapy in type 2 diabetes.
People with type 2 diabetes on insulin glargine (n=506) were randomized in an open-label setting to once-
daily Xultophy for 26 weeks or to basal-bolus regimen with insulin glargine and insulin aspart. The trial
met its primary endpoint by demonstrating that treatment with Xultophy is non-inferior to basal-bolus
therapy with respect to A1c lowering (-1.48% vs. -1.46%, baseline A1c 8.2%) and furthermore demonstrated
superiority for a host of secondary outcomes. Compared to basal-bolus therapy, average total daily insulin
dose among those taking Xultophy was less than half that of those on basal-bolus therapy (40 vs. 84 units;
p<0.001). The end-of-trial body weight difference was also substantially in favor Xultophy (-0.93 kg [2.1
lbs] vs. +2.64 kg [5.8 lbs], p<0.001). Very notably, Xultophy additionally proved superior in terms of
hypoglycemia: only 20% of participants in the Xultophy arm experienced blood glucose-confirmed
symptomatic or severe hypoglycemia during the study period, versus a whopping 53% of participants in the
basal-bolus therapy arm, an extremely impressive 89% risk reduction (HR= 0.11; 95% CI: 0.08-0.17;
p<0.0001). Xultophy's safety profile remained consistent with previous findings; unsurprisingly, nausea
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was the most frequently-reported adverse event (28 patients in the treatment arm vs. 4 in the basal-bolus
arm), but Dr. Billings pointed out that only <3% of the participants in the IDegLira arm experienced nausea
at any given time. Indeed, as we understand it, the basal insulin component of these combinations can
mitigate the GI side effects typically associated with GLP-1 agonists. During Q&A, the esteemed Dr. Julio
Rosenstock deemed this the "most robust, most impressive piece of data I've seen in years." We are equally
impressed with these clinical advantages for Xultophy over traditional basal-bolus treatment regimen -
especially in terms of the crucial outcome of hypoglycemia risk reduction - and hope these findings help to
advance the uptake of the emerging class of GLP-1 agonist/basal insulin co-formulations. We expect to
continue to see increasing preference for GLP-1 agonists over prandial insulin as a basal intensification
option, and DUAL VII lends strong clinical evidence for this choice. We'll be back with more on DUAL VII
with our take on additional analyses, presented in two posters: one on the cost effectiveness of Xultophy
(981-P) and another detailing patient-reported outcomes from DUAL VII (124-LB). While we are happy to
see this research, it is our sense that it is extremely challenging for patients to actually gain access to this
therapy, despite now years of robust praise.

Efficacy and Safety of Exenatide QW vs. Placebo Added to Insulin Glargine in
Uncontrolled Basal-Insulin Treated Type 2 Diabetes: DURATION-7 Trial

Juan Frias, MD (National Research Institute, Los Angeles, CA)

In a packed oral session, Dr. Juan Frias (National Research Institute, Los Angeles, CA) presented the results
from the DURATION-7 study, demonstrating clinical glycemic and weight benefits for AZ's GLP-1 agonist
Bydureon (exenatide once-weekly) as an add-on to insulin therapy in people with type 2 diabetes.
Participants already on insulin therapy (n=461) were randomized to once-weekly Bydureon or placebo in
combination with their existing insulin regimen. With Bydureon, participants experienced a significantly
greater mean reduction in A1c (-1.0% vs. -0.3%, baseline A1c=8.5%, p<0.01) after 28 weeks, and 25% more
patients in the Bydureon treatment arm achieved an A1c of <7% by the end of the study. Therapeutic
intensification with Bydureon furthermore reduced fasting plasma glucose and 2-hour postprandial glucose
by an average of 9 mg/dl (p=0.028) and 27 mg/dl (p<0.001) versus placebo, respectively. Notably,
participants in the Bydureon arm additionally lost an average of 1.5 kg (3.3 lbs) relative to placebo
(p<0.001), and 20% more participants using Bydureon achieved the composite endpoint of an A1c <7% with
no weight gain or major hypoglycemia. Participants taking add-on Bydureon also experienced a 2 unit/day
decrease in daily insulin requirements, but this did not achieve statistical significance (p=0.07). Adverse
events were not significantly different between the treatment and placebo arms (125 vs. 133 events);
gastrointestinal complaints were numerically higher in the exenatide group (35 vs. 25 events), as expected
with a GLP-1 agonist, and no severe hypoglycemia events occurred in either treatment arm. Together these
results underscore the superiority of exenatide once-weekly in combination with basal insulin over basal
insulin therapy alone.

Oral Presentations: ADA Presidents Oral Session

Efficacy and Safety of Oral Basal Insulin: Eight-Week Feasibility Study in People
with Type 2 Diabetes (T2DM)

Leona Plum-Mörschel, PhD (Profil, Mainz, Germany)

In the very last presentation of ADA 2017, Dr. Leona Plum-Mörschel (Profil, Neuss, Germany) shared phase
2a data for Novo Nordisk's recently discontinued oral insulin candidate. The oral formulation paired
longer-acting insulin analog insulin 338 with an absorption enhancer - Dr. Plum-Mörchel emphasized that
oral delivery allows for insulin absorption via the portal vein, which could potentially translate into more
physiologic action and less hypoglycemia. The eight-week trial randomized 50 insulin-naïve patients with
type 2 diabetes to once daily oral insulin 338 or once daily insulin glargine injection (Sanofi's Lantus). The
trial was conducted in a double-blind, double-dummy manner - participants either took active oral insulin
338 and injectable placebo or injectable insulin glargine and oral placebo. All other diabetes medications
except metformin and DPP-4 inhibitors were discontinued during the two-week washout period. At
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baseline, participants had a mean A1c of 8.1% in the oral insulin 338 arm and 8.2% in the insulin glargine
arm. Insulin dose over the eight-week period rose comparably in both treatment groups and the end-of-trial
treatment ratio was 347 nmol of oral insulin 338 to one unit of insulin glargine. Oral insulin 338 was found
to be non-inferior to insulin glargine on a number of glycemic endpoints, including the primary endpoint of
fasting plasma glucose (5.2 mg/dl higher with oral insulin, p=0.46), 10-point plasma glucose profile, A1c
(0.3% higher with oral insulin, p=0.077), fructosamine (9.6 umol/l higher with oral insulin, p=0.37), and
fasting C-peptide (0.02 nmol/l lower with oral insulin, =0.68). Notably, the only statistically significant
finding was an increase in variability in fasting plasma glucose profiles over time with oral insulin 338
compared to insulin glargine (p=0.0060). That said, despite the increase in variability, fewer hypoglycemic
events occurred in the oral insulin 338 arm (seven events in six patients) than in the insulin glargine arm (11
events in six patients) - fortunately, there were no reported episodes of severe hypoglycemia. The rate of
other adverse events in the trial were similar across the two arms of the study, with no treatment-emergent
serious adverse events, no severe adverse events, and no medical events of special interest. Further, Dr.
Plum-Mörschel shared that there were no clinically significant findings in vital signs, ECG, physical
examination (including fundoscopy), or safety laboratory data. Overall, the trial demonstrates the
feasibility of glycemic management via oral insulin delivery, though it's not clear that this candidate offers
any substantial benefit over current insulin formulations, other than the convenience of oral dosing. That
said, dose titration for oral insulin remains a complex prospect and, given the increasing popularity of non-
insulin alternatives for type 2 diabetes (including GLP-1 agonists - which will soon be offered in oral and
implantable formulations - and SGLT-2 inhibitors) that may delay the need for insulin initiation altogether.
Given the increasingly high bar for new diabetes drugs, Novo Nordisk's robust clinical development
pipeline, and the company's recent shift in its R&D priorities to focus on truly disruptive diabetes therapies
and diabetes-adjacent indications, we're not surprised by the decision not to pursue this candidate further
given this data.

Oral Presentations: Hospital-Based Care and Diabetes - Adherence to
Diabetic Care Strategies

How Much Does Adherence to Insulin Influence Glycemic Control?

Julie Lauffenburger, PhD (Harvard University, Boston, MA)

Dr. Julie Lauffenburger presented results from an analysis of insurance claims data designed to identify
independent predictors of good glycemic control and quantify the extent of each factor's predictive value.
The analysis involved 690 patients with good glycemic control (A1c <8%) and 733 patients with poor
control (A1c >8%). Investigators found that independent predictors of good control included age, mail order
use, rapid-acting insulin use, insulin lispro use, insulin persistence, number of fills for insulin testing
supplies, endocrinologist visits, and number of different pharmacies used. Of these factors, those considered
potentially modifiable yielded a Net Reclassification Index (NRI) value of 0.38, meaning that modifying
those variables could move 38% of the patients in the poor control group to the good control group or vice
versa. Individual factors with the highest NRI were insulin therapy (0.28), lifestyle (21%), and provider and
pharmacy (30%). A chi square analysis found that 76% of the variation in glycemic control was attributable
to modifiable factors. Individual factors that explained most of the variation were provider and pharmacy
(35%), insulin therapy (31%), lifestyle (12%), and insulin persistence (4%). Dr. Lauffenburger concluded that
factors related to insulin therapy seem to be the most influential in predicting glycemic control, emphasizing
that persistence is a fairly strong factor in itself. This underscores the need to empower patients to be more
engaged in their medication regimen and other aspects to diabetes management, given that persistence
itself could move so many individuals into the favorable category of good glycemic control (which,
importantly, could translate to better health outcomes overall).

Questions and Answers

Q: I would think defining adherence to insulin would be more challenging than adherence to a
once-daily pill. The number of units prescribed is not necessarily what the person takes or
what the physician instructs them to take. What was your definition of insulin persistence?
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A: The challenge with insulin in particular is that it's about the days' supply. When you calculate medication
adherence or persistence, that's what the pharmacist inputs. The persistence measure we used was published
in Endocrine Practice. We looked at the first time they filled the prescription and the second time and divided
patients into percentiles based on the time between the first and second fill. If the time between the first and
second fill was longer than the 90th percentile, they were labeled non-adherent. If they didn't fill it for 30-60
days after we thought they should, they were non-adherent.

Q: I'm fascinated by the results showing that payment for use of testing supplies was related. A
lot of that is a function of the health insurer. Was there any variability that this insurer had in
co-payments? Was it a large enough variability to examine?

A: The co-pays were fairly right-skewed. There was a decent degree of variation, largely associated with which
insulin products patients were receiving.

Posters

A Novel Formulation of Insulin Lispro Containing Citrate and Treprostinil Shows
Faster Absorption and Improved Postprandial Glucose Excursions vs. Humalog in
Patients with T1DM (959P)

C Kazda, J Leohr, R Liu, S Reddy, MA Dellva, ST Lim, MT Loh, MP Knadler, T Hardy, L Plum-
Moerschel

Lilly presented new data on its novel ultra-rapid insulin formulation LY900014, demonstrating that the
candidate shows faster absorption and improved postprandial glucose excursions vs. Lilly's Humalog
(insulin lispro) in type 1 diabetes. Type 1 diabetes patients (n=30) were randomized to either LY900014 or
Humalog. Results demonstrated that the LY900014 group had accelerated early insulin lispro absorption
compared to the Humalog group: LY900014 reduced the time to early half-maximal drug concentration by
36.5% (p<0.0001) and the insulin lispro area under the concentration curve vs. time from 0 to 30 min post
dose increased by 123% (p<0.0001) compared to Humalog. Additionally, the total glucose excursion over
the 5-hour test-meal was significantly reduced by 44% for LY900014 vs. Humalog. We will have more
information to follow on how long the insulin "lasts" etc. Regarding tolerability and adverse events, the type
1 patient population demonstrated no differences in local tolerability and the number or severity of
hypoglycemic events. As a reminder, LY900014 is Lilly's internally-developed candidate that could begin
phase 3 trials by the end of 2017. This ultra-rapid insulin has recently received more attention after the
disappointing termination of Lilly's partnership with Adocia on the phase 3-ready ultra-rapid insulin
BioChaperone Lispro (see its data from ADA 2016). For more on Lilly's discussion around the new
candidate, please see our 4Q16 update.

▪ LY900014's formulation contains locally-acting excipients, citrate and trepostinil, to
help accelerate insulin lispro absorption with the goal of providing ultra-rapid
prandial insulin. Specifically, citrate increases vascular permeability at the injection site and
treprostinil accelerates insulin lispro absorption by local vasodilation with no measurable systemic
exposure. With this formulation, the goal is that LY900014 will more closely mimic physiologic
prandial insulin secretion, improving postprandial glucose control and allowing greater flexibility in
insulin administration timing.

Superior Glycemic Control with a Glucose-Responsive Insulin (GRI) (961P)

M Moore, D Kelley, M Smith, P Zafian, T Ye, S Lin, N Kaarsholm, R Nargund, M Van Heek, B
Farmer, P Williams, A Cherrington

Findings from a preclinical study of Merck's glucose-responsive insulin candidate (a lectin-bound insulin
analog - it's unclear if this is the same phase 1 MK-2640 GRI candidate) were presented in a poster. The
study investigated the insulin in a dog model (n=8) vs. canine or human insulin, with each animal receiving
both treatments in random order. Infusion of the insulin was adjusted in a low-glycemic condition to match
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canine/human insulin levels to bioequivalence. In a condition of hyperglycemia, the liver then reduced
extraction of the insulin from the blood, allowing more of the glucose-responsive insulin to remain in active
circulation. Greater plasma levels of the drug were correlated with increased hepatic glucose uptake
(p<0.05 vs. control), non-hepatic glucose uptake (p<0.05 vs. control), and overall glucose disappearance
(p<0.001 vs. control). Tracer-determined glucose levels declined in the presence of the insulin analog
(p<0.05 vs. control). These results - which are extremely early-stage - support the potential of a lectin-
bound molecule for smart insulin delivery, and the poster concludes that this is an approach to glucose-
responsive insulin worth further consideration. That said, this very early-stage study was limited in that
there's no indication (yet) of how sensitive this lectin-bound analog will be in humans or whether it will
prove clinical utility. Glucose-responsive insulin is one of the most challenging areas of diabetes research,
given insulin's narrow therapeutic range, the complexity of insulin dosing/titration, and the safety concerns
that stem from releasing insulin into the bloodstream but expecting it to turn "on" and "off" automatically.
We're not giving up hope, and we're so glad that Merck's continued research interest in this area. Merck
also has a glucose-responsive insulin candidate - MK-2640 - that finally completed its phase 1 trial in
August 2016 (per its ClinicalTrials.gov page) after being delayed several times. Whether or not the company
decides to move forward with this preclinical candidate or with a phase 2 program for MK-2640 (and at
this point, we're not sure, at least in the near-term), these results will be incredibly informative to the
community of researchers working on smart insulin. This includes Dr. Zhen Gu's lab at the University of
North Carolina (which recently published positive preclinical results on a smart insulin patch and was
highlighted today during the ADA Pathways symposium) and many other preclinical candidates outlined in
our insulin competitive landscape. Merck's MK-2640 remains the most advanced pipeline candidate in this
area, and we would of course love to see ongoing clinical development, but we'll have to wait-and-see. Dr.
Gu continues to offer big inspiration to us!

A Novel Formulation of Insulin Lispro Containing Citrate and Treprostinil Shows
Significantly Faster Absorption and an Improvement in Postprandial Glucose
Excursions vs. Humalog in Patients with T2DM (978P)

C Kapitza, J Leohr, R Lu, S Reddy, MA Dellva, M Matzopoulos, MP Knadler, MT Loh, T Hardy,
C Kazda

In this poster, Lilly shared new data on its novel ultra-rapid insulin formulation LY900014, demonstrating
that the candidate shows faster absorption and improved postprandial glucose excursions vs. Lilly's
Humalog (insulin lispro) in type 2 diabetes. Patients (n=29) were similarly randomized to either LY900014
or Humalog. LY900014 reduced the time to early half-maximal drug concentration by 23% (p<0.0001) and
increased the insulin lispro area under the concentration curve vs. time from 0 to 30 min by 117%
(p<0.0001) compared to Humalog. As for postprandial glucose excursions, the total excursion over the
5-hour test-meal was reduced by 105% (p<0.0001) for LY900014 vs. Humalog. Regarding tolerability and
adverse events, the type 2 patient population demonstrated no differences in local tolerability and the
number or severity of hypoglycemic events. As a reminder, LY900014 is Lilly's internally-developed
candidate that could begin phase 3 trials by the end of 2017. This ultra-rapid insulin has recently received
more attention after the disappointing termination of Lilly's partnership with Adocia on the phase 3-ready
ultra-rapid insulin BioChaperone Lispro (see its data from ADA 2016). For more on Lilly's discussion
around the new candidate, please see our 4Q16 update.

Older Adults with Type 2 Diabetes (T2D) Experience Less Hypoglycemia when
Switching to Insulin Glargine 300 U/mL (Glargine-300) vs. Other Basal Insulins
(DELIVER 3 Study) (986P)

FL Zhou, F Ye, V Gupta, R Gupta, J Sung, P Berhanu, L Blonde

Sanofi presented data from the DELIVER 3 study demonstrating that switching to Toujeo (insulin glargine
U300) vs. other basal insulins was associated with significantly less hypoglycemia and similar glycemic
control among older patients (≥65 years) with type 2 diabetes. DELIVER 3 was a retrospective cohort
analysis of de-identified patient-level EMR data in the US. The analysis included patients who switched to
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either Toujeo (n=468) or another basal insulin (n=1,142) between March 1, 2015 and March 31, 2016. Mean
age was 71.8 years in the Toujeo group and 73.1 years in the comparator group; baseline A1c was 8.5% and
8.3% in the respective groups (both statistically significant differences). After six months, both cohorts
achieved similar A1c reductions and a similar percentage of patients with A1c <7% and <8%. However,
patients in the Toujeo cohort were 50% less likely to experience hypoglycemia during the follow-up period
compared to the comparator cohort after adjustment for confounders (p=0.0002). The authors highlighted
the fact that these results reflect Toujeo's performance in real clinical practice, without the constraints of a
randomized controlled trial. They also identified a number of limitations: the potential for selection bias,
underreporting of hypoglycemia, coding errors, lack of adherence, and a lack of data on insulin dose,
reasons for switching, duration of disease, and discontinuation rates. With these substantial limitations as
caveats (the lack of dosing information seems particularly problematic), these results should help Sanofi
build its case that Toujeo offers clinically relevant benefits over other basal insulins.

Patient-Reported Outcomes (PROs) in Insulin Degludec/Liraglutide (IDegLira) vs.
Basal-Bolus (BB) Therapy in Patients (Pts) with Type 2 Diabetes (T2D): DUAL VII
Trial (124-LB)

LK Billings, A Doshi, D Gouet, A Oviedo, HW Rodbard, N Tentolouris, AK Busk, A Basse, and E
Jodar

This poster overviewed patient-reported outcomes (PROs) from the DUAL VII trial, demonstrating that
treatment with Novo Nordisk's Xultophy (insulin degludec/liraglutide) resulted in greater improvements
related to diabetes management, treatment burden, and adherence than treatment with basal-bolus
therapy. People with type 2 diabetes on insulin glargine (n=506) were randomized in an open-label setting
to once-daily Xultophy for 26 weeks or to basal-bolus regimen with insulin glargine and insulin aspart. In
assessing PROs, the Treatment-Related Impact Measure for Diabetes (TRIM-D) questionnaire, which
consists of 28 questions across five domains, showed significant moderate significant improvements for
patients on Xultophy versus basal bolus therapy in all domains, including diabetes management, treatment
burden, compliance, daily life, and psychological health. After 26 weeks, total score change from baseline
was +9.2 for the Xultophy group, versus +3.5 for basal bolus therapy (p<0.0001). Furthermore, the Short
Form-36 version 2 questionnaire (SF-36), which consists of 36 items across eight domains, showed small
improvements in all domains with Xultophy, with a significant benefit for Xultophy over basal bolus
therapy in the mental health component of the survey (+2.5 vs. -0.2, p=0.0074). Additionally, after 26
treatment weeks, 85% of participants in the Xultophy arm were "very" or "extremely" willing to continue
their treatment, versus only 68% of participants in the basal-bolus therapy arm. These results demonstrate
that in addition to the glycemic and weight loss benefits for Xultophy demonstrated in the main DUAL VII
results, this drug may have additional benefits for perception of outcomes by the patient - a major win in
our eyes in terms of outcomes beyond A1c. We imagine that this improved perception of treatment outcomes
with Xultophy could be influenced by better glycemic control, fewer injections, weight loss, or lower rates of
hypoglycemia. However, it should be noted that this was an open-label trial, and these results could be
influenced as such.

Comparable Glycemic Control, Greater Weight Loss, and Lower Hypoglycemia
with Once Weekly Dulaglutide Versus Insulin Glargine, Both COmbined with
Lispro, in Type 2 Diabetes and Moderate to Severe Chronic Kidney Disease
(AWARD-7) (138-LB)

KR Tuttle, MC Lakshmanan, JL Gross, B Rayner, RS Busch, B Woodward, AG Zimmermann,
FT Botros

The 52-week AWARD-7 trial evaluated GLP-1 agonist dulaglutide (Lilly's Trulicity) in a head-to-head
comparison with insulin glargine (Sanofi's Lantus), both in combination with insulin lispro (Lilly's
Humalog) in patients with chronic kidney disease. Primary endpoint results of A1c change at 26 weeks were
reported in this poster, as were safety findings. The trial randomized 576 patients with eGFR between 15
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and 60 ml/min/1.73m to either dulaglutide 1.5 mg, dulaglutide 0.75 mg, or titrated insulin glargine.2

AWARD-7 met its primary endpoint by demonstrating non-inferiority to insulin glargine in terms of A1c
reduction: mean A1c reduction was 1.19% in the dulaglutide 1.5 mg group, 1.12% in the dulaglutide 0.75 mg
group, and 1.13% in the insulin glargine group (baseline A1c=8.6%, p<0.001 for all comparisons to
baseline). This similarity in A1c occurred in the context of increases in fasting plasma glucose (FPG) in the
dulaglutide groups (+23.1 mg/dl in the dulaglutide 1.5 mg group and +17.7 mg/dl in the dulaglutide 0.75 mg
group), compared to a reduction in FPG in the insulin glargine group (-19.1 mg/dl; p<0.001 compared to
both dulaglutide arms). This suggests that dulaglutide has a greater effect on postprandial glucose
lowering, as is expected for a GLP-1 agonist. Similar proportions of participants achieved A1c<8% and
A1c<7% in each group.

▪ Very notably, dulaglutide was associated with substantial weight loss and
hypoglycemia benefits compared to insulin glargine. The 0.75 mg and 1.5 mg doses of
dulaglutide produced mean body weight reductions of ~2 kg (~4.4 lbs) and ~3 kg (~6.6 lbs),
respectively, compared to a weight increase of ~1 kg (2.2 lbs) in the insulin glargine group.
Compared to insulin glargine, dulaglutide was also associated with a significantly lower rate of total
hypoglycemia (p<0.001), documented symptomatic hypoglycemia (p<0.001), and nocturnal
hypoglycemia (p<0.001). In addition, the higher 1.5 mg dose was associated with a lower rate of
severe hypoglycemia as well (p<0.05). Participants did not wear CGM during this study, so it's
possible that these results underestimate the rate of documented symptomatic and nocturnal
hypoglycemia - we would love to see greater use of CGM in these types of studies to better
characterize potential hypoglycemia benefits - particularly given how easy CGM use in trials has
become! Notably, these improvements in hypoglycemia occurred in the context of slightly greater
increases in insulin lispro dose in the dulaglutide group compared to the insulin glargine group.
From a baseline insulin lispro dose of about 0.25 U/kg, lispro dose increased to ~0.4 U/kg in the
glargine group, while lispro dose increased to ~0.45 U/kg in the dulaglutide 1.5 mg group and to
~0.5 U/kg in the dulaglutide 0.75 mg group.

▪ Adverse events were as expected, with a higher rate of nausea, vomiting, and diarrhea
in the dulaglutide-treated group. All other adverse event rates were comparable between the
two groups.

▪ Even more intriguingly, secondary endpoint data demonstrating a potential renal-
protective effect of dulaglutide on eGFR compared to insulin glargine was presented
in a separate late-breaking poster (142-LB). See below for our coverage.

Dulaglutide versus Glargine, Both Combined with Lispro, Mitigated eGFR Decline
in People with Type 2 Diabetes and Moderate to Severe Chronic Kidney Disease
(AWARD-7) (142-LB)

KR Tuttle, MC Lakshmanan, JL Gross, B Rayner, RS Busch, AG Zimmermann, A Haupt, DB
Woodward, FT Botros

This poster detailed results for a pre-specified secondary endpoint of impact on eGFR and albuminuria in
the AWARD-7 trial. The AWARD-7 study team, led by Dr. Katherine Tuttle, evaluated the effect of
dulaglutide (Lilly's Trulicity) vs. insulin glargine (Sanofi's Lantus), both in combination with insulin lispro
(Lilly's Humalog), in patients with type 2 diabetes and moderate to severe chronic kidney disease. The
52-week trial randomized 576 patients with eGFR between 15 and 60 ml/min/1.73m to either dulaglutide2

1.5 mg, dulaglutide 0.75 mg, or titrated insulin glargine. Very impressively, dulaglutide treatment appeared
to mitigate further eGFR decline throughout the trial. While eGFR declined by an average of 1.9 in the
insulin glargine group at 26 weeks, eGFR only declined by 0.1 and 0.4 in the 1.5 mg and 0.75 mg groups,
respectively. Baseline eGFR was around 38 in all three treatment arms. The treatment difference in eGFR
decline for the 1.5 mg and 0.75 mg groups was thus, respectively, 1.8 and 1.6 (p<0.05 for both comparisons
to insulin glargine). By percent change from baseline, those in the insulin glargine group experienced a 7.7%
decline in eGFR, while those in the dulaglutide 1.5 mg arm experienced a 0.8% decline in eGFR (p<0.05 vs.
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insulin glargine), and those in the dulaglutide 0.75 mg arm experienced a 3.3% decline in eGFR (p<0.05 vs.
insulin glargine). Furthermore, the percent decline in eGFR in both of the dulaglutide arms was not
statistically significant compared to baseline, while the decline in the insulin glargine arm was highly
statistically significant (p<0.001). These differences in eGFR were driven by an apparent protective effect in
patients with macroalbuminuria at baseline. On the other hand, UACR was reduced in all three treatment
arms and the between-treatment difference was non-significant for this endpoint. From a safety standpoint,
there were no significant differences between dulaglutide and insulin glargine for renal events of interest.
Overall, these results - while only hypothesis-generating - are certainly extremely intriguing. At the very
least, we can largely rest assured that dulaglutide does not increase renal risk compared to insulin glargine.
Further, there appears to be a suggestion of renal benefit that we would love to see characterized further
when the REWIND trial for Trulicity reports in July 2018. The LEADER and SUSTAIN 6 trials for Novo
Nordisk's GLP-1 agonists Victoza (liraglutide) and semaglutide both demonstrated a potential beneficial
effect for these agents on hard renal endpoints and it would be amazing to see that corroborated in
REWIND.

▪ Primary endpoint and safety results were presented in poster 138-LB (see above).

Qualitative Assessment of the Imapct of Insulin Degludec on Quality of Life in
Patients with Type 2 Diabetes (823-P)

W Polonsky, S Lanar, N Knoble, J Weatherall, J Hakan-Bloch, E Constam, A Philis-Tsimikas,
and A Marrel

This poster presented results from a prospective, non-interventional, qualitative research study
demonstrating substantial quality of life (QoL) benefits following initiation of insulin degludec therapy in
patients with type 2 diabetes. Twenty adults with type 2 diabetes from two sites in the US and one in
Switzerland who had switched to insulin degludec from another insulin were interviewed about their
experience after at least three months of use. The mean age for these patients was 66 and the mean most
recent A1c was 7.8%. After qualitative analysis, four major effects of insulin degludec were identified: (i)
improved physical wellbeing; (ii) increased sense of adaptability and freedom; (iii) more security, especially
regarding hypoglycemia; and (4) reduced sense of burden from diabetes. Interestingly, American patients
placed more weight on medical outcomes such as A1c as markers of success, whereas Swiss patients more
frequently identified overall quality of life measures. Limitations of this study include the small and
homogenous study population, which was mostly white, unemployed or retired, and more than 60 years
old. This study may help to drive future qualitative and quantitative research to identify unique QoL
benefits of diabetes medications. We feel that the benefits of next-generation therapies like Tresiba are most
acutely observed on outcomes beyond A1c, such as patient-reported quality of life outcomes, and we're glad
to see Novo Nordisk take a leadership role in formally characterizing these benefits.

Ultra-Rapid Biochaperone Lispro Improves Post-Prandial Glucose Excursions
Versus Insulin Lispro in a 14-day Treatment Study in Subjects with Type 1
Diabetes (964-P)

G Andersen, G Meiffren, D Lamers, A Ranson, B Alluis, M Gaudier, O Soula, T Heise, and S
Bruce

Adocia's ultra-rapid BioChaperone Lispro (BCLIS) demonstrated an accelerated absorption profile and
significant reductions in postprandial glucose excursions compared with insulin lispro (Lilly's Humalog) in
people with type 1 diabetes. The randomized, monocentric, double-blind, comparator-controlled 14-day
phase 1 crossover trial enrolled 36 participants (mean age 45 ± 12 years) with type 1 diabetes. Patients were
randomized to receive bolus doses of either BCLIS or insulin lispro for 14 days. While in the inpatient setting
for days 1-3 and 14 of the study, patients received the insulin they had been assigned to 15 minutes before,
immediately before, or 15 minutes after an individualized mixed-meal, with blood samples and lispro
concentrations subsequently measured. Patients continued the insulin regimens to which they had been
randomized in the outpatient setting on days 4-13, and additionally self-measured plasma glucose (SMPG)
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levels four times daily. BCLIS insulin had a "faster-in/faster-out" profile than insulin lispro. BCLIS dosing
additionally resulted in significantly lower post-meal glycemic excursions as compared to insulin lispro if
the insulin was dosed immediately before the meal's start or 15 minutes thereafter. Notably, postprandial
glycemic excursion profiles were similar between BCLIS injected fifteen minutes after a meal's start and
insulin lispro injected immediately before a meal's start. Mean outpatient SMPG values didn't differ
significantly BCLIS and insulin lispro. Safety profiles were also similar between the treatment groups.

Real-World Use of IDegLira Significantly Improves Glycemic Control in Patients
with T2D (988-P)

H Price, B Schultes, R Prager, T Phan, B Thorsted, M Bluher

Drawing on dataset from the multi-center, retrospective EXTRA study, this poster demonstrated
improvements in glycemic control, body weight, and hypoglycemia risk associated with Novo Nordisk's
Xultophy (insulin degludec/liraglutide) in a real-world setting. The EXTRA study included data (from
EMRs) for 611 adult patients with type 2 diabetes in five European countries. All participant had been
taking Xultophy for at least six months at time of analysis. Meeting its primary endpoint, the study found a
mean A1c reduction of 0.9% six months after initiation of Xultophy (p<0.0001); similar results were
observed at 3 and 12 months. A1c reductions were observed regardless of baseline therapy at time of
initiation (e.g. basal insulin, oral antidiabetic drugs, GLP-1 agonists, etc.) Fasting plasma glucose also
decreased by an average of 45.8 mg/dl at six months (p<0.0001). This reduction was sustained at 12
months as well (mean reduction of 44.5 mg/dl, p<0.05). Adding to these benefits, investigators also found a
0.7 kg (1.5 lbs) reduction in body weight at 6 months (p<0.05), though this varied depending on pre-study
treatment regimens (weight expectedly increased with Xultophy therapy in those on just GLP-1 agonists and
oral agents at baseline, for instance). The MDI at baseline subgroup was the only one that experienced
significant weight loss following Xultophy initiation in this subgroup analysis - of course, subgroup
analyses are notorious finicky with small sample sizes, so it's quite likely that the weight benefits of
Xultophy apply to the other subgroups as well. On the safety side of things, hypoglycemia events per
patient-year decreased from 0.28 to 0.06 after Xultophy initiation - a very impressive 81% reduction
(p=0.0001). Ultimately, this study shows that Xultophy is effective at improving glycemic control and
reducing risk of hypoglycemia in routine clinical practice, outside of an interventional study.

Ultra-Rapid Biochaperone Lispro Improves Postprandial Blood Glucose Control
versus Humalog in a 14-day Treatment Study in Subjects with Type 2 Diabetes
(994-P)

T. Heise, G. Meiffren, D. Lamers, B. Kronshage, A. Ranson, B. Alluis, M. Gaudier, E.
Anastassiadis, O. Soula, S. Bruce

Adocia's ultra-rapid BioChaperone lispro (BCLIS) demonstrated an accelerated absorption profile and
significant reductions in postprandial glucose control versus insulin lispro (Lilly's Humalog) in people with
type 2 diabetes. The randomized, monocentric, double-blind, comparator controlled 14-day crossover phase
1 trial enrolled 51 participants (mean age 62 ± 9 years) with type 2 diabetes. Participants were randomized
to receive either individualized BCLIS or insulin lispro bolus doses with meals. On inpatient days 1-2 and
13-14, patients received the insulin to which they had been randomized with an individualized mixed-meal,
after which blood samples and lispro concentrations were assessed. In the outpatient setting on days 3-12,
patients continued their assigned insulin regimens and measured their plasma glucose (SMPG) levels.
BCLIS insulin had a "faster-in/faster-out" profile than insulin lispro. BCLIS additionally resulted in
significant reductions in post-prandial glucose exposure for up to three hours after dosing as compared
with insulin lispro. Differences in glycemic excursions between treatments were most pronounced on days
13-14. Mean outpatient SMPG values didn't differ significantly between BCLIS and insulin lispro, but
notably, similar values were achieved with 10% lower BCLIS doses. Treatment with BCLIS was safe and
well tolerated.
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SORELLA-1: Similar One-Year Efficacy and Safety in People with T1DM Using
SAR342434 or Insulin Lispro in Combination with Insulin Glargine (Gla-100)
(1003P)

S Garg, K Wernicke-Panten, M Rojeski, S Pierre, K Jedynasty

This poster featured one year data from the phase 3 SORELLA 1 study, demonstrating the non-inferiority of
Sanofi's SAR34233, a rapid-acting follow-on biologic to insulin lispro, to the originator product (Lilly's
Humalog) in people with type 1 diabetes, reinforcing the 26-week findings presented at ADA 2016.
Developed as a rapid acting follow-on product to Humalog, SAR has an identical amino acid sequence to
that of insulin lispro and a previous clamp study determined that SAR was similar in pharmacokinetic
exposure and pharmacodynamics activity to insulin lispro. In the study, 507 people with type 1 diabetes
were randomized to receive either a multiple daily injection regimen of SAR or insulin lispro in addition to
once-daily insulin glargine. At 52 weeks, the SAR and insulin lispro groups exhibited a LS mean difference
in A1c of 0.06% (95% CI: -0.084% to 0.197%), solidly indicating non-inferiority between the two drugs. In
addition, both groups showed similar post-prandial glucose excursions and insulin dosages. Almost all
patients reported at least one episode of hypoglycemia, but with similar incidence between the SAR and
insulin lispro groups for all categories of hypoglycemia: severe (13.5% vs. 13.4%), documented symptomatic
<70 mg/dl (87.3% vs. 89.8%), and asymptomatic <70 mg/dl (97.2% vs. 97.6%).Furthermore, in both SAR-
and insulin lispro- treated patients, anti-insulin lispro antibody incidence levels were similar (62.5% vs.
63.1% respectively). Each treatment group had two patients who discontinued treatment due to a
treatment-emergent adverse event: 54.4% of SAR-treated and 55.5% of insulin lispro-treated participants
reported any adverse event. Thus, the study's findings concluded that SAR was just as effective and well-
tolerated as insulin lispro in people with type 1 diabetes.

Similar Glucose Control, Postprandial Glucose Excursions, and Safety in People
with T2DM Using SAR342434 or Insulin Lispro in Combination with Insulin
Glargine (Gla-100): SORELLA 2 Study (1004P)

KM Derwahl, T Bailey, K Wernicke-Panten, L Ping, and S Pierre

This poster featured initial phase 3 data from the SORELLA 2 study, demonstrating the non-inferiority of
Sanofi's SAR34233, a rapid-acting follow-on biologic to insulin lispro, to the originator product (Lilly's
Humalog) in people with type 2 diabetes. Developed as a rapid acting follow-on product to Humalog, SAR
has an identical amino acid sequence to that of insulin lispro and a previous clamp study determined that
SAR was similar in pharmacokinetic exposure and pharmacodynamics activity to insulin lispro. In the
study, 505 people with type 2 diabetes (mean age 62 years; mean BMI 32 kg/m3; mean A1c 8%) were
randomized to receive either a multiple daily injection regimen of SAR or insulin lispro in addition to once-
daily insulin glargine. At 26 weeks, the SAR and insulin lispro groups exhibited a LS mean difference in A1c
of -0.07% (95% CI: -0.215% to 0.067%), solidly indicating non-inferiority between the two drugs. In
addition, both groups showed similar post-prandial glucose excursions and insulin dosages. Almost all
patients reported at least one episode of hypoglycemia, but with similar incidence between the SAR and
insulin lispro groups for all prespecified categories of hypoglycemia: severe (2.4% vs. 1.6%), documented
symptomatic <70 mg/dl (60.1% vs. 66.3%), and asymptomatic <70 mg/dl (35.2% vs. 37.3%).Furthermore,
in both SAR- and insulin lispro- treated patients, anti-insulin lispro antibody incidence levels were similar
(38.4% vs. 36.7% respectively). Each treatment group had two patients who discontinued treatment due to a
treatment-emergent adverse event: 46.6% of SAR-treated and 42.9% of insulin lispro-treated participants
reported any adverse event. There was one death in the SAR arm and two deaths in the insulin lispro arm,
but these were unrelated to the study drug. Thus, the study's findings concluded that SAR was just as
effective and well-tolerated as insulin lispro in people with type 2 diabetes.

www.closeconcerns.com 108

https://www.closeconcerns.com/knowledgebase/r/20fd4d89#Similar_Glucose_Control_Postprandial_Glucose_Excursions_and_Safety_in_People_with_T1DM_Using_SAR342434_or_Insulin_Lispro_in_Combination_with_Insulin_Glargine_Gla-100:_SORELLLa_1_Study_94-LB


Switching to Insulin Degludec Improves Glycemic Control in Patients with T2D in
a Real-World Setting (1010-P)

B Schultes, N Tentolouris, S Knudsen, A Lapolla, M Eidenmueller, R Prager, T Phan, M
Wolden, T Siegmund

This poster featured results from the EU-TREAT study, evaluating the real-world impact of switching to
Novo Nordisk's next-generation Tresiba (insulin degludec) on glycemic control and safety in patients with
type 2 diabetes. Based on EMR records from 833 adults with type 2 diabetes, switching to insulin degludec
from other basal insulins produced improved glycemic control maintained over 12 months, as measured by
A1c and fasting plasma glucose. Primary endpoint results demonstrated a moderate decline in A1c with
switches to insulin degludec, from 8.4% to 7.9% (p<0.001), maintained at 12 months. Fasting plasma
glucose also decreased from 178.9 mg/dl to 155.2 mg/dl (p<0.001), maintained at 12 months. Switching to
insulin degludec also significantly lowered basal, prandial, and total insulin requirements. A 3.2% reduction
in daily insulin requirements (p=0.006) was seen at 6 and 12 months. Body weight did not change from
baseline to 6 or 12 months. Perhaps most notably, the rate ratios of overall, non-severe nocturnal, and
severe hypoglycemic episodes were all significantly lower at both 6 and 12 months post-switch. At six
months, switching to insulin degludec was associated with a 61% reduction in overall hypoglycemia
(p<0.001), a 60% reduction in non-severe overall hypoglycemia (p<0.001), a whopping 90% reduction in
non-severe nocturnal hypoglycemia (p<0.001), and a very, very impressive 92% reduction in severe
hypoglycemia (p=0.004). 9% of patients discontinued insulin degludec use by 6 months, mostly due to cost,
insufficient efficacy, and "other reasons." Ultimately, this study shows that insulin degludec is effective at
improving glycemic control and reducing risk of hypoglycemia in patients with type 2 diabetes in routine
clinical practice, outside of an randomized, controlled trial. We applaud Novo Nordisk for undertaking
these kinds of studies to better characterize the benefits of Tresiba in real-world clinical practice - at first
glance, it appears that the hypoglycemia results here are even more impressive that that seen in the
randomized, controlled DEVOTE and SWITCH 2 trials. While of course these types of studies will not
replace RCTs, we do think they provide valuable clinical decision-making information for providers.

Switching to Insulin Degludec Reduces the Risk of Hypoglycemia in Patients with
T1D in a Real-World Setting (1014-P)

T Siegmund, N Tentolouris, S Knudsen, A Lapolla, M Eidenmueller, R Prager, T Phan, M
Wolden, B Schultes

Very notably, this poster highlighted results from a real-world study - using the EU-TREAT dataset -
demonstrating that patients with type 1 diabetes switching to Novo Nordisk's next-generation Tresiba
(insulin degludec) from other basal insulins achieved improved glycemic control maintained over 12
months, as measured by A1c and fasting plasma glucose. What's more, switching to insulin degludec
significantly lowered basal, prandial, and total insulin requirements, while also reducing overall, severe,
and non-severe nocturnal hypoglycemic episodes in the same sample. The study drew on EMR data from
1,717 adult patients with type 1 diabetes collected during the multicenter, retrospective EU-TREAT study of
patients who switched to insulin degludec from another basal insulin. Results showed a small but significant
decline in the primary endpoint of A1c at six months with insulin degludec, from 8.0% to 7.8% (p<0.001).
Notably, this reduction was maintained at 12 months. Fasting plasma glucose also decreased from 63.4 mg/
dl to 144.6 mg/dl (p<0.001), maintained at 12 months. A 10.6% reduction in daily insulin requirements
(p<0.001) was observed at 6 months among those who switched to insulin degludec and the difference
increased to 11.4% at 12 months. However, there was a small weight increase of +0.6 kg (1.3 lbs, p<0.001),
which was stable at +0.5 kg (1.1 lbs) at 12 months. Perhaps most notably, the rate ratios of overall, non-
severe nocturnal, and severe hypoglycemic episodes were all significantly lower at both six and 12 months
post-switch. The six months, insulin degludec was associated with a 21% reduction in overall hypoglycemia
(p<0.001), a 19% reduction in non-severe overall hypoglycemia (p=0.001), a very impressive 46% reduction
in non-severe nocturnal hypoglycemia (p<0.001), and a whopping 85% reduction in severe hypoglycemia
(p<0.001). These risk reductions were very similar at 12 months. In terms of safety, 5.6% of patients
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discontinued insulin degludec use by six months, mostly due to insufficient efficacy, cost, and "other
reasons." Ultimately, this study shows that insulin degludec is effective at improving glycemic control and
reducing risk of hypoglycemia in routine clinical practice, outside of an interventional study.

Efficacy and Safety of MYL-1501D (Mylan's Insulin Glargine) Compared with
Lantus (Sanofi's Insulin Glargine) in Patients with Type 2 Diabetes After 24
Weeks: The INSTRIDE 2 Study (1017-P)

T Blevins, A Barve, A Jacob, B Sun, and M Ankersen

Mylan's biosimilar insulin glargine candidate, MYL-1501D, demonstrated similar efficacy and safety to
Sanofi's Lantus (insulin glargine) in people with type 2 diabetes over 24 weeks. MYL-1501D has the same
amino acid sequence and formulation as Lantus. The phase 3 INSTRIDE 2 study enrolled 560 people with
type 2 diabetes with A1c <9.5% who were either insulin-naïve or on once-daily Lantus and ≥two oral
antidiabetic drugs (OADs) for three months before screening. Patients were randomized to either once-daily
MYL-1501D (n=277) or Lantus (n=283) for 24 weeks while maintaining other OADs. After 24 weeks,
MYL-1501D met its primary endpoint for non-inferiority: From a baseline A1c of 8.1%, participants in the
biosimilar arm experienced a mean A1c reduction of 0.6% while those in the Lantus arm experienced a
mean A1c reduction of 0.66% (A1c treatment difference of 0.06%, 95% CI: -0.10%-0.22% which crosses the
line of unity). Secondary endpoints also supported the candidate's non-inferiority vs. Lantus. There was no
significant difference between groups on change in fasting plasma glucose, for example (p=0.51). On safety,
both groups had similar rates of adverse events, with hypoglycemia being the most common and occurring
in 27% and 23% of biosimilar-treated and Lantus-treated patients, respectively. Mylan/Biocon are expected
to submit the drug candidate to the FDA "shortly," although the date has been pushed back repeatedly
according to Mylan's 1Q17 earnings call. The candidate was submitted to the EMA in 3Q16.

Efficacy and Safety of MYL-1501D (Mylan's Insulin Glargine) Compared with
Lantus (Sanofi's Insulin Glargine) in Patients with Type 1 Diabetes After 52
Weeks: The INSTRIDE 1 Study (1018-P)

T Blevins, A Barve, A Jacob, B Sun, and M Ankersen

This analysis of Mylan's Biocon-partnered biosimilar insulin glargine candidate, MYL-1501D, demonstrated
non-inferiority to Sanofi's Lantus (insulin glargine) in people with type 1 diabetes (n=558). This poster
presented 52-week results from INSTRIDE 1, an open-label, randomized, phase 3 study. After a six-week
run-in period on Lantus, patients were randomized to either once-daily MYL-1501D (n=280) or to continue
on Lantus (n=278) in addition to mealtime insulin lispro (Lilly's Humalog). After 52 weeks, the mean
change in A1c from baseline (~7.4%) was 0.21% and 0.25% for the MYL-1501D and Lantus groups,
respectively, such that MYL-1501D met criteria for non-inferiority vs. Lantus (A1c treatment difference of
0.05%, 95% CI: -0.15%-0.06% which crosses the line of unity). Rates of hypoglycemia were comparable
between groups, at 55% vs. 61% in the biosimilar and Lantus arms, respectively, as were rates of other
adverse events. The poster concludes that Mylan's biosimilar insulin candidate met its primary endpoint in
the INSTRIDE 1 trial extension. Mylan/Biocon are expected to submit the drug candidate to the FDA
"shortly," although the date has been pushed back repeatedly according to Mylan's 1Q17 earnings call. The
candidate was submitted to the EMA in 3Q16.

Symposium: Combination Therapy in Type 2 Diabetes-Promise Delivered?

The Future of Combination Therapy in the Treatment of Type 2 Diabetes-Which
Classes, Why, and When?

John Buse, MD, PhD (University of North Carolina School of Medicine, Chapel Hill, NC)

Dr. John Buse, a vocal advocate for basal insulin/GLP-1 agonist combinations from the start, suggested that
these products (Novo Nordisk's Xultophy and Sanofi's Soliqua) should supplant insulin monotherapy as
second-line treatment for type 2 diabetes. He highlighted the superior A1c-lowering efficacy, impressive
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weight loss, and "stunning" reductions in postprandial glucose shown across several clinical studies of
Xultophy (insulin degludec/liraglutide) and Soliqua (insulin glargine/lixisenatide). What's more, these
agents are able to get a sizeable proportion of patients to A1c <7% (and ~40% of patients to A1c <6.5%)
without inducing hypoglycemia - as Dr. Buse put it, in this danger zone of 0.7%-0.8% A1c-lowering below
recommended targets, you'd expect to see an "exploding" increase in hypoglycemia and severe
hypoglycemia, but the GLP-1 component of these compounds sidesteps the issue entirely. To further support
his position on this particular combo class, Dr. Buse pointed out that the great promise of GLP-1 agonism
has always been on a background of insulin. The first paper on GLP-1 in man, published in the NEJM in
1992, investigated the effects of a GLP-1 agonist on top of optimized insulin therapy. In the LEADER trial
demonstrating a substantial CV benefit to liraglutide (Novo Nordisk's Victoza), most patients were taking
insulin at baseline. We echo Dr. Buse's enthusiasm for basal insulin/GLP-1 agonist fixed-ratio combinations,
and we're eager to see greater uptake of Xultophy and Soliqua, which were only FDA-approved seven
months ago (coincidentally, on the same afternoon). Pooled sales from these two products totaled $19
million in 1Q17, and we hope to see steep growth for this highly-anticipated and advanced class. We'd also
love to see numbers on prescription volume, and will be keeping our fingers crossed for improved
reimbursement (since we can't expect a wide patient population to benefit from these effective new drugs if
they aren't affordable and accessible). To ADA's credit, basal insulin/GLP-1 combos were swiftly
incorporated into the 2017 Standards of Care, which were published <one month after FDA-approval of
Xultophy and Soliqua. That said, particularly US-based clinicians as well as payers globally seem to be slow
to move to combinations first regardless of the data showing they would benefit from this.

▪ "I do think there's a role for SGLT-2 inhibitors in combination with insulin." Dr. Buse
spent part of his talk discussing this potential future direction for combination approaches in type 2
diabetes. He underscored that a majority of patients in EMPA-REG OUTCOME (Lilly/BI's CVOT for
empagliflozin, branded as Jardiance) were taking insulin at baseline, which is suggestive that these
two agents can be efficacious and synergistic (though, on the other hand, only about half of
participants in the CANVAS program were taking insulin at baseline). There is little guidance for
patients/providers right now on how to maximize clinical benefit from a medication regimen
incorporating both an SGLT-2 inhibitor and an insulin product, but Dr. Buse hopes for more
language on this in upcoming iterations of professional guidelines, and so do we.

▪ Dr. Buse expressed early excitement for multivalent peptides, including triple
combinations of GLP-1/GIP/glucagon. Preclinical investigations in animal models have
produced highly-promising data so far, and Dr. Buse especially emphasized how these compounds
can optimize weight loss without sacrificing glycemic control (definitely a key consideration in type 2
diabetes care). He characterized this as an up-and-coming area of combination therapy to look out
for.

▪ Moreover, Dr. Buse called attention to a "huge opportunity" for combining a diabetes
drug with a weight loss agent - he focused on canagliflozin/phentermine as an
example. Phase 2 results from J&J (which markets canagliflozin as SGLT-2 inhibitor Invokana)
were presented as a late-breaking poster at ADA 2016, and additional analyses were presented at
this meeting. Unlike benefits to A1c, which for a combination therapy are typically less than the sum
of reductions from each component monotherapy, Dr. Buse explained that benefits to weight loss
can be very close to additive. Indeed, we saw additive weight loss effects for GLP-1 agonist/SGLT-2
inhibitor co-administration in DURATION-8 - though Dr. Buse was less positive about the glycemic
effects of the combination (see below). It's unclear at the moment whether J&J will move forward
with phase 3 studies of canagliflozin/ phentermine, but with such unequivocal support from a
thought leader like Dr. Buse, we see a strong case for further clinical development.

▪ Lastly, Dr. Buse shared some skepticism on GLP-1 agonist/SGLT-2 inhibitor
combination approaches. While results from DURATION-8 investigating AZ's Bydureon
(exenatide once-weekly) alongside Farxiga (dapagliflozin) were positive, Dr. Buse emphasized the
sub-additive benefits to A1c - "I had hoped for more." He mentioned the differential effects on
glucagon from SGLT-2 inhibitors vs. GLP-1 agonists as one potential concern. On the other hand,
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Dr. Buse acknowledged that this area of combination treatment holds possibility for aggregate CV
benefits. While topline results from the EXSCEL CVOT for exenatide were neutral, other GLP-1
agonists like liraglutide and semaglutide have shown significant cardioprotection, and we've now
seen CV superiority vs. placebo for two SGLT-2 inhibitors as well - empagliflozin and canagliflozin.
Dr. Buse concluded: "Before rushing off and building up GLP-1/SGLT-2 as the clear savior of all
patients with diabetes and CV disease, we need to be cautious about understanding this combination
better."

Symposium: Dealing with the Rising Costs of Insulin - An Active Dialogue

The Rising Costs of Insulin - Introduction and Historical Perspective

Kasia Lipska, MD (Yale School of Medicine, New Haven, CT)

Dr. Kasia Lipska opened this highly-anticipated symposium on insulin costs with a look at the history of
insulin development and pricing. Unsurprisingly, given her somewhat controversial previous commentary
on insulin pricing, Dr. Lipska took a relatively critical stance on the value of modern insulin analogs,
describing what she termed "the paradox of incremental innovation." While the benefits are of course
incremental for some, they are quite striking for others, and it was disappointing to hear this dismissive,
one-size-fits-all language. She acknowledged that substantial and important advances have been made in
insulin therapy - making insulin much safer and "more convenient" - since its discovery in 1922, but pointed
out that these improvements have occurred in a stepwise manner, with new patents accompanying each
advance. (She didn't give another view on how she would suggest advances take place.) Further, she noted
that, with the arrival of newer insulin, older insulins often largely became obsolete and disappeared from
the market in high-income countries like US in particular. She highlighted this as the "paradox," as
generally older products create a market for generics, which largely has not happened in the insulin field -
though this may be changing with the arrival of Lilly/BI's biosimilar insulin glargine Basaglar (and
upcoming biosimilars from Merck and Mylan/Biocon). All in all, she posed the question, "Was each
incremental innovation worth the price that we pay today?" While we certainly sympathize with the point
that insulin pricing is a major problem for many patients (as, we would add, prices for heart attacks,
strokes, dialysis etc), it is not our sense that innovation in insulin is the main driver of increasing costs
(compared to the complex PBM/rebate negotiation system, etc.) and we certainly would not term
substantial benefits in hypoglycemia and ease-of-dosing an "incremental" improvement in quality of life for
many patients. That said, we recognize that insulin analogs may be out of reach for some patients in the
current healthcare system and, to that end, we appreciated Dr. Lipska highlighting her recent JAMA
viewpoint (co-authored with Drs. Irl Hirsch and Matthew Riddle) on practical tips for physicians on human
insulin therapy in patients with type 2 diabetes. We also appreciated Dr. Lipska's acknowledgement that
human insulin certainly is not a solution for everyone and that modern insulins are "definitely better" than
older versions from a pure clinical standpoint (which presumably she would acknowledge is important - the
clinical viewpoint). Finally, Dr. Lipska concluded her presentation by acknowledging the complexity of
contributors to insulin pricing and highlighted several remaining questions: (i) Who are the other players
contributing to rising insulin prices?; (ii) What else can clinicians do to keep costs down?; and (iii) What are
the potential policy solutions? She didn't say what part of her work would be addressing this, but we look
forward to her solutions.

Questions and Answers

Q: The average wholesale price (AWP) shown in that diagram - why is there so little
transparency in that?

A: Some say "AWP" also stands for "Ain't What's Paid." It's not the real price of the insulin. Pharma
companies tell us that the actual net price of insulin has either stayed the same or hasn't increased as well.
The gap between the two has risen, and part of that is because of rebating and discounts for insurers and
PBMs in this process. You're right, we need more transparency to see if we can judge it as far as it's not clear
where money changes hands in this system. (Editor's note - it's not clear if Dr. Lipska has looked at annual
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reports for these organizations - for the last several years, this information has been publicly report by Novo
Nordisk and Lilly and others).

Understanding the Players in the Rising Costs of Insulin

Alan Carter, PharmD (MRIGlobal, Kansas City, MO)

Pharmacist Dr. Alan Carter emphasized the complex "cast" of players in the issue of insulin pricing,
including suppliers of raw materials, manufacturers pharmaceutical wholesalers, pharmacies, prescribers,
and people with diabetes. Overall, however, he underscored in great detail that insulin is an extremely
complex process, with safety and quality assurance standards largely in the court of individual
manufacturers. As a result, trust in insulin manufacturers is paramount and quality assurance trumps
price. He suggested that new policies like Medicare Part D and the ACA had the unintended consequences of
increasing PBM leverage, which is one of the main drivers of increasing costs. At the same time, Dr. Carter
argued that it will take all stakeholders - "a village" - to safety and effectively lower insulin costs without
sacrificing safety and quality.

Clinical Decision-Making in a Cost-Conscious Era

David Robbins, MD (University of Kansas, Kansas City, KS)

Dr. David Robbins outlined several opportunities for healthcare providers, patients, the ADA, the
government, pharmaceutical companies, and all of us to impact insulin, drug, and healthcare pricing. For
the field as a whole, Dr. Robbins asked all the various stakeholders to stop oversimplifying the issue of drug
pricing and to share the blame, rather than point fingers. Further, the formation of partnerships to tackle
this problem are crucial. He also emphasized the need to healthy, educated, and fair critics, while
recognizing that we are all subject to bias. To that end, he emphasized that "new" is not always better. And
finally, he called upon attendees to always advocate for their patients - hear hear!

▪ For healthcare providers, Dr. Robbins emphasized the need to be a "tough, but fair,
critic." He suggested that conflicts of interest and bias is rampant in among prescribers.
Underscoring his point, he cited a study that found every additional $13 payment or gift from a
pharmaceutical company to a prescriber was associated keeping a patient on a particular drug for an
additional 107 days (p<0.001). He emphasized that the healthcare field has a whole has to take a
hard look at conflicts of interest and be honest with themselves about how this may bias clinical
care. To help make better decisions on which diabetes drugs to actually prescribe, Dr. Robbins
highlighted the importance of healthcare providers asking patients about their individual resources.
Dr. Robbins also called upon healthcare providers to demand better guidelines and rigorous
comparisons of new vs. old medications and tools. Additionally, more emphasis on the prevention
and early reversal of type 2 diabetes is needed. Finally, Dr. Robbins suggested that healthcare
providers have an obligation to spend time volunteering care in free clinics.

▪ For patients, Dr. Robbins highlighted the benefits of being an informed consumer. Dr.
Robbins asked patients to understand the benefits of drugs and ask their providers if the branded
medications are really better than lower-cost generics. Further, in cases where insurance coverage
may be denied, Dr. Robbins called on patients to doggedly ask the insurance companies for the
reason behind the denial, rather than just accepting it.

▪ For the ADA, Dr. Robbins wished for greater transparency on the organization's
funding sources and the inclusion of such disclosures on the widely-used ADA
diabetes guidelines. Dr. Robbins acknowledged that pharmaceutical funding is critical to support
the wide breadth of programs that the ADA is engaged in, but he suggested that separating ADA
guideline and opinion statements from such funding. He also asked the ADA to support comparative
effectiveness studies of different medications - including both branded and generic options - to help
providers with difficult clinical decision-making. Finally, Dr. Robbins argued that the ADA should
not taking advertising from pharmaceutical companies on its website or other materials.
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▪ From a regulatory standpoint, Dr. Robbins argued that the FDA and other government
agencies should set a higher bar for new diabetes drugs, demonstrating improvements over
standard of care rather than just demonstrating efficacy compared to placebo. As he put it, the
government has dual obligations of protecting and also guiding the consumer.

▪ Dr. Robbins also highlighted several opportunities for pharmaceutical companies. In
particular, he asked manufacturers to demonstrate that new drugs are cost-effective and to expand
and simply safety net programs for expensive and critical drugs. He also suggested that companies
stop fighting Medicare's efforts to employ competitive bidding (though, in our view, competitive
bidding processes must also be accompanied by rigorous quality assurance standards). Finally, Dr.
Robbins emphasized that pharmaceutical companies need to do a better job of communicating their
narrative and "what they do right." For instance, he emphasized that these companies employ truly
dedicated people, the USA leads the world in discovery and innovation, and these companies often
return reasonable profit margins (which the exception of predatory companies like Turing and
Valeant). All in all, Dr. Robbins suggested that manufacturers need to do a better job of
communicating the high cost of drug R&D.

Paving the Way Forward

Robert Ratner, MD (Georgetown University School of Medicine, Washington, DC)

Answering the question "What's the solution to high insulin prices?," former ADA Chief Scientific and
Medical Officer Dr. Robert Ratner stated that there is only one real solution: "Someone has to make less
money." He emphasized that the system of insulin pricing/coverage/rebating is extremely complicated and
that a lack of transparency makes it difficult to understand where the bulk of the money is going. That said,
Dr. Ratner noted that rebates to pharmacy benefits managers (PBMs) rose substantially from $67 billion in
2013 to a whopping $106 billion in 2015. While acknowledging that an appropriate level of profit from
insulin supports R&D and prices in the US subsidize insulin in low- and middle-income countries, Dr.
Ratner stated to great applause, "The issue of middlemen with no added value increasing expenditures is
something we can get rid of without having any downward pressure on insulin pricing elsewhere" - hear
hear! Dr. Ratner views free market competition mechanisms as the most likely to be successful in driving
insulin pricing reform. He acknowledged that the very first biosimilar insulin glargine - Lilly/BI's Basaglar
- has not been discounted quite as much as some had hoped (in the US, the follow-on biologic is discounted
about 15% relative to originator Lantus). On the other hand, he underscored that we typically must wait for
two or more generics to see price driven down, and Dr. Ratner was fairly optimistic on the future launch of
additional biosimilars given that new FDA commissioner Dr. Scott Gottlieb has publicly highlighted
simplification of the biosimilar regulatory process as one of his goals. Even with the current, rather
complicated process, Merck has already submitted a biosimilar insulin glargine formulation and Mylan/
Biocon are planning to submit their own formulation shortly. Dr. Ratner also sees greater proliferation of
direct-to-consumer programs as promising - he highlighted Walmart's $26/vial human insulin as an
excellent example of how the complex insurance/PBM/rebate system can be bypassed entirely to bring
insulin directly to patients at a lower cost. We think that the Blink Health and InsideRx direct discount
programs are a good example of this principle as well, though the prices for medications through these
programs are admittedly still much higher than that of Walmart insulin. Most promising in Dr. Ratner's
view, however, are the recent proliferation of lawsuits accusing insulin manufacturers, payers, and PBMs
of price-fixing in insulin. While he reserved judgement on whether any of these lawsuits had merit, he
pointed out that they will force transparency in this opaque field by forcing various stakeholders to disclose
their contractual agreements as part of discovery. We think it's highly unlikely that any actual price-fixing
is occurring and, while we wholeheartedly agree with the need for transparency, we wish it wouldn't take
several high-profile lawsuits to encourage companies to disclose their financial agreements. We certainly
believe voluntary disclosures would generate more goodwill, while these lawsuits that only further
exacerbating the public furor over drug pricing. The "story" has spun out of control in many ways and we
continue to hope that manufacturers and other stakeholders will take the initiative to address these
concerns head-on - without being pushed by external forces. Some progress has been made in recent
months, but there is still much more room to help relieve the financial burden of diabetes care for patients.
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▪ On the other hand, Dr. Ratner was less optimistic about the potential for legislative or
regulatory controls to offer near-term relief on insulin pricing. He noted that there has
been significant discussion among politicians and in legislature (both at the state and the national
level) on potential policy solutions to the issue of high drug costs. He highlighted proposals to allow
Medicare Part D to negotiate with manufacturers, government-imposed price controls, and
challenges to "pay for delay" tactics, but ultimately emphasized that the legislative process can be
incredibly slow. On the regulatory front, he suggested that some of the proposals floating around
could have unintended, negative consequences from a global perspective. For instance, he noted that
calls to allow the importation of drugs from other counties have become popular in some circles and
that this would actually be possible within the current purview of the FDA, without need for
legislative change. That said, Dr. Ratner pointed out that the last four FDA commissioners
(including Dr. Gottlieb) has come out "categorically against" this idea. Further, Dr. Ratner suggested
that cross-border importation of insulin would actually incentivize companies to only sell insulin in
companies that can command a higher price, like the US, and potentially create insulin shortages in
other countries.

Symposium: ADA Pathway to Stop Diabetes Symposium

Responsive Vesicles Integrated with Transcutaneous Patches for Glucose-
Mediated Insulin Delivery

Zhen Gu, PhD (University of North Carolina, Chapel Hill, NC)

Echoing his talk at the JDRF Mission Summit in January, Dr. Zhen Gu discussed several approaches to
glucose-responsive insulin delivery that his iMedication lab is researching. Two projects - the microgel and
nano-network approaches - use the enzyme glucose oxidase to convert glucose to gluconic acid and create
an acidic environment that activates the release of insulin. While these approaches have shown some
positive effects in preclinical models, Dr. Gu explained that response speed has been a challenge, as the
body's buffering ability makes it difficult to immediately generate an acidic environment. Therefore, the lab
is also exploring a hypoxia-sensitive insulin patch that releases insulin when oxygen levels fall (both glucose
and oxygen are consumed in the glucose oxidase reaction). Finally, Dr. Gu mentioned his lab's preliminary
efforts to use red blood cells for smart insulin delivery: the cells are coated with modified insulin that
detaches in response to high glucose. In addition to speed, other key challenges that Dr. Gu cited include the
risk of hypoglycemia, ease of administration, and biocompatibility.

Symposium: What's New in Insulin-Related Therapy?

Old Problems, New Solutions - Insulin Management Through Innovation

Lori Berard (WRHA Health Sciences Centre Diabetes Research Group, Winnipeg, CA)

Ms. Lori Berard's talk on non-pharmacological innovations in insulin initiation and titration centered on a
singular theme: "We've had 100 years of insulin, but there are still a LOT of problems we deal with on a
day-to-day basis." Ms. Berard set the stage for this topic by reviewing the classic barriers to insulin therapy
(e.g., fear of needles, hypoglycemia, complications, weight gain, etc.), noting that while the field has
addressed many of these limitations, there is still much left to do. She acknowledged that we've done a fairly
good job at 'figuring out' insulin therapy in people with type 1 diabetes, attributing this to the fact that these
patients are often seen by specialists accustomed to prescribing insulin. Meanwhile, she argued that
primary care physicians are left with the responsibility of treating a growing type 2 population and that it
is here that we are failing our patients (especially in terms of initiation). In particular, Ms. Berard shared
her assessment that many PCPs lack confidence in prescribing insulin to type 2s (leading to delayed starts)
and that even when we do give insulin, "we're not good at supporting patients beyond the initial
prescription." More broadly, she pointed out that this is a population in which perceived disease severity is
often lacking and in which there is a very strong perception of failure. She argued that these factors are all
the more reason to focus future innovation on our prescribers and equipping them with better tools to
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prescribe/titrate insulin and communicate with their patients - e.g., automated insulin titration, shared
decision-making systems. As she summarized playfully at the end, "If we could just help the people who help
patients get to goal, then we'd be in a better place." Agreed!

Corporate Symposium: The Physiologic and Mechanistic Rationale for
Achieving HbA1c Target Goals with Basal Insulin in Vulnerable Patients
with Type 2 Diabetes (Sponsored by Sanofi)

The Physiologic Rationale for Optimizing HbA1c Target Goal Attainment with
Basal Insulin

Vivian Fonseca, MD (Tulane University School of Medicine, New Orleans, LA)

There are currently 29 million people with diabetes and 1.9 million new cases per year, and approximately
50% of these individuals are unable to achieve glycemic targets (A1c ≤7%). Dr. Vivian Fonseca opened his
presentation with these hard-to-stomach stats, and continued on to outline multiple reasons that keep
patients from getting to goal: Namely, the complex pathophysiology of type 2 diabetes and the progressive
decline in beta cell function. Insulin therapy is necessary in type 2 diabetes because it is sometimes the sole
therapeutic agent that can help patients achieve glycemic goals. Furthermore, insulin is safe when properly
administered, and has proven effectiveness. Patients are often reluctant at first to start insulin, but delaying
insulin therapy can be harmful later on. Dr. Fonseca argued that it's important to start insulin at a lower
A1c, because it is more effective at reducing A1c ≤7% when the baseline level is lower. In order to find an
insulin that works best for each individual, important factors to consider include the absolute A1c reduction
rate, amount of hypoglycemia, level of complexity, and insulin titration and doses. Dr. Fonseca concluded
by re-emphasizing the importance of using basal insulin as a therapeutic option early on in individuals with
type 2 diabetes.

Optimizing Glycemic Control While Mitigating Hypoglycemic Risk in Challenging
Patients with T2D

Pablo Mora, MD (Dallas Diabetes Research Center, Dallas, TX)

Dr. Pablo Mora discussed the role of basal insulin and walked attendees through the barriers to insulin use
in real-world clinical practice. He opened by appreciating patient/provider concerns related to
hypoglycemia, weight gain, and the stigma associated with insulin use. That said, Dr. Mora emphasized
that intensive glucose lowering is safe and carries the greatest lifetime benefit when initiated early in the
course of diabetes. He turned to data on the most advanced basal insulin products on the market, including
Novo Nordisk's Tresiba (insulin degludec) and Sanofi's Toujeo (insulin glargine U300). Specifically, Dr.
Mora discussed the molecular nature of the degludec and glargine insulin analogues and reviewed positive
results from the SWITCH studies and the EDITION clinical program. He highlighted that these newer basal
insulins offer less variability, longer duration of action, easy and safe titration methods, and improved
safety outcomes (on the hypoglycemia front, on the CV front). Dr. Mora concluded that the PK/PD profiles
of new insulin therapies and the advanced features of new insulin delivery devices have made insulin
therapy significantly more user-friendly.

All Basal Insulins Are Not Created Equal: Comparative PK/PD, Efficacy, Side-
Effect (Hypoglycemia), and Safety Profiles for Established and New Longer-Acting
Basal Insulins

Guillermo Umpierrez, MD (Emory University, Atlanta, GA)

For type 2 diabetes, Dr. Guillermo Umpierrez advocated that insulin should be started in patients with
hyperglycemic emergencies, high baseline A1c, or when combination oral or injectable agents are no longer
effective. For these patients, there are many different basal insulin products available, at different doses and
different dosing frequencies. Many of these products have similar effectiveness, but Dr. Umpierrez described
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how patients will make their choice based on personal preferences: It comes down to how they relatively
weigh injection frequency, lifestyle factors, flexibility of regimen, level of support available, and cost.
Moreover, when basal insulin is no longer sufficient, patients may add bolus insulin in order to improve
glycemic control, which comes with its own set of options. Regardless of the type of insulin used, the
addition basal insulin to a diabetes treatment regimen helps between 40-50% of patients reach A1c goals,
and adding mealtime insulin helps between 50-60% of patients achieve A1c goals, according to Dr.
Umpierrez. Combination therapy using insulin and incretin agents is especially effective in helping
individuals with type 2 diabetes improve glycemic control and reduce hypoglycemia. We loved this mention
of fixed-ratio GLP-1/basal insulin combos, including Sanofi's Soliqua (lixisenatide/insulin glargine) and
Novo Nordisk's Xultophy (liraglutide/insulin degludec).

Modifying Insulin Therapy in Complex and Vulnerable Patients: Practical
Approaches for Switching to a Physiologic, Basal Insulin Formulation

Juan Frias, MD (National Research Institute, Los Angeles, CA)

Dr. Juan Frias delivered a clinician-focused presentation on practical considerations for the use of basal
insulin. Acknowledging the many barriers that lead to the delay of insulin therapy, Dr. Frias highlighted the
advantages of newer insulin delivery devices. Specifically, he noted that insulin pens are associated with
greater accuracy, reduced hypoglycemia, and improved patient adherence. He also gave high praise to
insulin glargine U300 (Sanofi's Toujeo), sharing that compared to the U100 formulation of insulin glargine
(Sanofi's Lantus), Toujeo has a more constant and prolonged PK/PD profile, lower glycemic variability, and
lower hypoglycemia risk. In discussing practical approaches for Toujeo use, Dr. Frias suggested titrating
doses based on self-monitored fasting plasma glucose results, no more frequently than every three-four
days. In addition, he shared insights on the clinical use of insulin degludec (Novo Nordisk's Tresiba),
advising attendees on recommended starting dose, dose increases, and patient education on missed doses.
In conclusion, Dr. Frias positioned basal insulin as the gold standard of injectable therapy.

Questions and Answers

Q: In what populations do you use Sanofi's Lantus (insulin glargine U100)?

Dr. Umpierrez: I very seldom use glargine U100, except in type 1 diabetes at very low doses. In general, this is
once-daily.

Q: How do you overcome socioeconomic barriers?

Dr. Frias: I hear about this a lot from my patients - 90% are Latino. They've seen their relatives have severe
problems with diabetes and they associate that with insulin. A lot of this can be solved through education. It
helps to show them the needle and say we can always stop if needed.

Dr. Mora: The Hispanic population gets really worried when we talk about multiple injections a day. So giving
the story that insulin is good and safe and only needs to be injected once per day can help.

Dr. Fonseca: And giving the first injection sometimes helps. They realize that it doesn't hurt so bad.

Dr. Frias: Also, sometimes adding a GLP-1 agonist to basal-bolus therapy is nice.

Dr. Mora: In my experience, the level of comfort to initiate GLP-1 therapy is not quite there yet. For both the
clinician and the patient.

Q: What are the options for GLP-1 agonists in patients with an eGFR of 48 ml/min/1.73m ?2

Dr. Fonseca: There isn't much of a concern. These agents are not toxic to the kidney. There may be some
nausea, vomiting, and dehydration. These side-effects can be more problematic for people with lower eGFR.
But in general, I don't think that's much of a concern.

Dr. Umpierrez: The study with liraglutide showed that the GLP-1 agonist agent can be used safely on eGFRs as
low as 30 ml/min/1.73m .2
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Q: Thoughts on the hypoglycemic profile of ultra-concentrated, U500 insulin compared to
other formulations of insulin glargine?

Dr. Umpierrez: I have very little experience with U500. I don't believe in it a lot, so I don't use it.

Dr. Fonseca: I use it a fair amount in these people who have severe insulin resistance. So you don't get much
hypoglycemia. But when you get them under better control, it could be a problem. I can get by without using
basal. I give it three times/day, sometimes with a GLP-1 agonist.

Dr. Mora: I would have a bit of caution with U500 in that it accumulates at the end of the day, so it's good to
back off at the end of the day.

Corporate Symposium: Optimizing Comprehensive Glycemic Management
in Challenging Patients with Type 2 Diabetes (Sponsored by Sanofi)

Vanita Aroda, MD (Georgetown University School of Medicine, Hyattsville, MD), Lawrence
Blonde, MD (Ochsner Medical Center, New Orleans, LA), Vivian Fonseca, MD (Tulane
University Health Sciences Center, New Orleans, LA), and Juan Frias, MD (UCLA, Los Angeles,
CA)

This Sanofi-sponsored corporate symposium highlighted the potential of basal insulin/GLP-1 agonist fixed-
dose combinations as an optimal therapeutic options for patients not achieving their goals on basal insulin
alone. Dr. Vivian Fonseca kicked off the symposium with an overview of current treatment options, the need
for therapies that help patients achieve glycemic goals with minimal hypoglycemia and weight gain, and
the importance of the patient-oriented perspective on minimizing injections and daily burdens of therapies.
Dr. Vanita Aroda then discussed the importance of addressing postprandial glucose (PPG) as an integral
part of treatment to lower A1c. PPG may also be tied to cardiovascular risk, although trial data has been
mixed. She examined both short- and long-acting GLP-1 agonists and their differing effects on PPG, finding
that short-acting GLP-1 agonists like exenatide and lixisenatide flattened PPG glucose levels significantly
while long-acting liraglutide only showed some suppression of PPG. Dr. Blonde then led a review of the
treatment options in type 2 diabetes and the use of basal insulin as the first choice injectable therapy
recommended by the ADA and AACE. Interestingly, in a series of five studies investigating basal insulin as
the first injectable, GLP-1 agonists were found to be more effective in A1c reduction and additionally helped
with weight loss. Dr. Blonde also reviewed the impact of hypoglycemia in insulin use, which is a key
challenge for patients and a common reason cited for patients who choose to discontinue insulin. Newer
insulins like Novo Nordisk's Tresiba (insulin degludec) or Sanofi's Toujeo (insulin glargine U300) are
associated with similar A1c and weight reductions as older insulins but also have the additional benefits of
lowering the risk for both nocturnal and severe hypoglycemia, as demonstrated in trials like SWITCH 2 and
EDITION 1, 2, and 3. However, Dr. Blonde pointed out that many patients will not attain or maintain target
glycemia with basal insulin alone, and there are further strategies for intensification depending on the
patient's profile. When on the lower end of the A1c spectrum, hyperglycemia may be driven more by PPG
and can be addressed by combination injectable therapy. To conclude the symposium, Dr. Juan Frias
knitted everything together with a broad overview of the complementary mechanisms of action between
basal insulin and GLP-1 agonists on insulin release, glucose uptake, glucose production, glucagon secretion,
and gastric emptying. The two major fixed-dose combinations - Sanofi's Soliqua (insulin glargine/
lixisenatide) and Novo Nordisk's Xultophy (insulin degludec/liraglutide) - are approved in the US for
patients suboptimally controlled on any basal insulin or lixisenatide and/or liraglutide in combination with
any oral medication. However, in Europe these agents have more expansive labels approved as the first
injectable agent. The benefits of a fixed-ratio combination compared to individual components is compelling
- improved glycemic control, a body weight benefit, no increase hypoglycemia, and reduced GI side effects.

Questions and Answers

Q: Some patients stop responding to GLP-1 agonists. Can you explain why this happens and
how to address it?
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Dr. Fonseca: Some people just stop taking the medication and you need to have a frank discussion about that.
Secondly, you wonder about the development of antibodies, particularly with exenatide. Neutralizing
antibodies are not that common in GLP-1 agonists except in exenatide. In that case, you can stop the drug and
switch to another GLP-1 agonist and see what happens. Thirdly, it is possible to use GLP-1 agonists
inappropriately because the patient lacks insulin. If you're insulin deficient, nothing is going to work.

Dr. Frias: Secondary failure is the nature of type 2 diabetes management. At some point you reach an
equilibrium or your diabetes progresses.

Q: It seems like we are giving our patients all of these drugs, but not reaching our goals. What
else can you do?

Dr. Aroda: We keep treating to failure and we need to prevent that.

Dr. Blonde: There are studies that show earlier treatment with combinations of agents may produce more
durable reductions in A1c. It would be interesting to do a study in coformulations that looks at simultaneous
versus sequential therapy. There are studies that suggest simultaneous is better than sequential.

Q: You use U500, the maximal amount of insulin. What do you do when someone needs more
than that?

Dr. Aroda: Well you've got to treat the patient. If they need more insulin then give it to them, but you should
also be asking why the maximum amount of basal is not working. And maybe you should consider bariatric
surgery or something of the like to handle this.

Q: The ideal combo would be U300 and lixisenatide for a lot of patients. Why wouldn't you use
this?

Dr. Fonseca: Well the simple answer is that you can't give test two experimental agents at the same time and
these two drugs were in the experimental process at the same time so you can't do that right now. The FDA
won't let you do that. But in the future you may see that there are trials around this and while I don't like to
predict the future often, you could see this coming sometime soon.

Product Theaters

Diabetes - Treatment and Management (Presented by Sanofi)

Bruce Bode, MD (Emory University, Atlanta, GA)

Dr. Bruce Bode presented a product theater focused on Sanofi's Toujeo (U300 insulin glargine), highlighting
its gradual and stable insulin release, A1c reductions, and safety profile. Dr. Bode first opened by stressing
the complexity of type 2 diabetes treatment and the ADA 2017 guidelines' various therapeutic options. He
also stressed the importance of discussing insulin early in people with diabetes, highlighting the progressive
nature of the disease and the need to dispel negative myths of the progression to insulin as an indicator of
failure. Moving to present Toujeo, Dr. Bode emphasized its reduced injection volume, smaller precipitate,
and gradual insulin release. He shared much of the clinical data from the EDITION study program, dosing
recommendations, safety information, and warnings and precautions. Closing the product theater, Dr.
Bode additionally mentioned the accompanying COACH support program and Sanofi's co-pay card.

Questions and Answers

Q: Any differences between hypoglycemia for Lantus vs. Toujeo?

A: I was a researcher in several of these trials. EDITION 1 and 2 showed significant reductions in hypo. In
EDITION 3 and 4, there was a trend toward hypoglycemia but it was not significant.

Q: What's your experience of Toujeo in practice?

A: It's very easy to get. I rarely get denials up until the launch of the new insulin from Lilly. Basaglar and
Tresiba are covered. And coupons can be used for Part D.
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Q: What's the accuracy and variability of the pen device?

A: It's more precise than giving a syringe. That's been true since pens have been developed. Pens' accuracy is
quite accurate.

Q: What would you do with other oral agents?

A: Always stop SFUs - it impairs the ability to titrate insulin without causing hypoglycemia. Always keep
metformin, if the patient can tolerate it. I'll also generally keep GLP-1s and SGLT-2s.

Q: When should I change Lantus to Toujeo?

A: Based on the label, when you are not getting control at night, especially for type 1 diabetes. If you're not yet
at goal, Toujeo's a good choice.

Clinical Data Review - Comparing the Safety and Efficacy of Two Once-Daily Basal
Insulins in Patients with Type 1 and Type 2 Diabetes

Carol Wysham, MD (University of Washington, Spokane, WA)

In this Novo Nordisk-sponsored product theater, Dr. Carol Wysham reviewed the data from the SWITCH 1
and SWITCH 2 trials demonstrating significant reductions in hypoglycemia with Novo Nordisk's Tresiba
(insulin degludec) vs. Sanofi's Lantus (insulin glargine). In SWITCH 1, Tresiba was associated with 11% less
severe and symptomatic hypoglycemia, 36% less nocturnal hypoglycemia, and 35% less severe
hypoglycemia than Lantus in patients with type 1 diabetes. In SWITCH 2, Tresiba was associated with 30%
less severe and symptomatic hypoglycemia and 42% less nocturnal hypoglycemia than Lantus in patients
with type 2 diabetes. Novo Nordisk announced in its 1Q17 update in May that the EMA has approved a label
update for Tresiba based on the SWITCH results; a corresponding FDA decision is expected by September
2017. Novo Nordisk has also submitted data from DEVOTE (which demonstrated an impressive 40%
reduction in severe hypoglycemia and 53% reduction in nocturnal severe hypoglycemia with Tresiba
compared to Lantus) to the FDA and the EMA. Novo Nordisk is clearly hoping that these label additions will
help give Tresiba an edge over its most direct competitor, Sanofi's Toujeo (U300 insulin glargine), which
has no hypoglycemia claim in its label.

Questions and Answers

Q: Why is Tresiba not recommended in pediatric patients needing less than five units?

A: It wasn't studied and I assume you couldn't use that pen for that amount of insulin.

Q: Why was the fasting plasma glucose goal so low?

A: Those were the goals used in several other basal insulin studies and they found that it was a safe goal.
Almost all the trials that targeted a glucose <100 mg/dl never achieved a level below 115-120 mg/dl, so the
goal was to get fasting glucose more consistent.

Q: Why were the results taken at the end of the maintenance period?

A: We were looking not at what might happen during the time when we were rapidly changing the dose but
assuming that during the maintenance period the dose would be fairly consistent, so the groups would be
most comparable.

Q: What was the conversion for patients with type 2 diabetes on BID basal insulin?

A: Patients already on once-daily basal insulin were converted unit per unit. If they were on twice-daily
insulin, the recommendation was to decrease it, although it was individualized by A1c and frequency of
hypoglycemia.

Q: Why did the Tresiba trials not show A1c superiority to glargine?

A: Remember that the original trials of glargine against NPH didn't show superiority either. The investigators
had guidelines and were told to titrate to get to goal. They made the decision on whether to titrate based on
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strict criteria, so this result was expected. In order for hypoglycemia rates to be compared, you had to have
equivalent A1c reductions. Otherwise you couldn't really meet the FDA requirements for understanding
hypoglycemia rates.

Q: Was there any difference in the types of oral medications in SWITCH 2?

A: No, the patients were pretty well balanced.

Q: In SWITCH 1, was there any difference in the timing of injections?

A: The recommendation was to give it at the same time every day but the investigators were given some
leeway. Because they were comparing Tresiba to glargine, they were asked to give it at the same time every
day.

Q: Was there a difference in dosage?

A: In SWITCH 1, in order to achieve the same A1c, a 3% lower dose of Tresiba was required. In SWITCH 2 it
was a 4% lower dose.

GLP-1 Agonists

Symposium: Update on Cardiovascular Outcomes Trials (CVOTs)

Cardiovascular Outcomes with Semaglutide in Subjects with Type 2 Diabetes
Mellitus (SUSTAIN 6)

Tina Vilsbøll, MD (University of Copenhagen, Copenhagen, Denmark)

Very notably, Dr. Tina Vilsbøll presented brand-new analyses of the SUSTAIN 6 cardiovascular outcomes
trial (CVOT) for Novo Nordisk's once-weekly injectable GLP-1 agonist semaglutide, offering a deeper dive
into the worrisome 76% increased risk for retinopathy complications observed in the trial. In SUSTAIN 6
(n=3,297), diabetic retinopathy complications were a pre-defined and adjudicated composite endpoint
consisting of four events, two related to diagnosis (vitreous hemorrhage and onset of diabetes-related
blindness defined as visual acuity of 20/200) and two related to treatment (retinal photocoagulation and
intravitreal agents). Overall, 50 participants in the semaglutide arm experience retinopathy complications
(an event rate of 3%), compared to 29 in the placebo arm (1.8% event rate). By event type, 22 participants
taking semaglutide required retinal photocoagulation (1.3%, vs. 14 on placebo [0.9%]), 10 taking
semaglutide required intravitreal agents (0.6%, vs. 7 on placebo [0.4%]), 13 taking semaglutide experienced
vitreous hemorrhage (0.7%, vs. 7 on placebo [0.4%]), and 5 taking semaglutide experienced new-onset
diabetes-related blindness (0.3%, vs. 1 on placebo [0.1%]). Importantly, there were significant differences in
the patient population that experienced retinopathy complications - in both the semaglutide and placebo
arms (n=79 total) and the overall SUSTAIN 6 population. Average diabetes duration in this population was
17.5 years (vs. 13.9 years overall), mean baseline A1c was 9.4% (vs. 8.7% overall), and 76% were treated
with insulin at baseline (vs. 58% in the general population). Further, and perhaps most importantly, the
majority of patients who experienced complications had a history of retinopathy at baseline - 84% has a
history of diabetic retinopathy (vs. 29% in the general population), 29% had a history of medical
retinopathy (vs. 6% in general population), and 18% had a history of both proliferative retinopathy and
treatment with laser therapy or intravitreal agents (vs. 3% in the general population). Looking only at the
subset of patients in SUSTAIN 6 with a history of retinopathy, the Kaplan-Meier curves for new retinopathy
events diverge sharply between the semaglutide-treated patients and placebo throughout the trial. On the
other hand, the Kaplan-Meier curves are virtually superimposable for patients without a history of
retinopathy (and the risk was much, much lower overall), suggesting that the signal is driven almost
entirely by those with a history of retinopathy. In addition, as those who experienced new events had a
higher mean baseline A1c, the early A1c reduction was generally larger and more dramatic than in the
overall population - several commentators have suggested that a precipitous drop in A1c may be driving the
retinopathy risk (something similar was seen in DCCT). Indeed, Dr. Vilsbøll showed that larger A1c
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reductions at week 16 were associated with higher incidence of retinopathy complications in those with
baseline retinopathy, regardless of treatment with semaglutide or placebo.

▪ Overall, Dr. Vilsbøll characterized the retinopathy risk as manageable with
appropriate patient selection. In Q&A, she was directly asked if she anticipated a black box
warning or other strong language for the retinopathy risk on the semaglutide label, with the
questioner drawing a comparison to the warning for pancreatitis for GLP-1 agonists. While Dr.
Vilsbøll emphasized that the labeling decisions are up to the FDA, she was reassuring and expressed
confidence in using semaglutide herself as a clinician. She recalled that, at the height of the
pancreatitis controversy, there was not a clear understanding of the mechanism driving the potential
increased risk. On the other hand, Dr. Vilsbøll feels comfortable with the current understanding and
explanation of the increased retinopathy risk with semaglutide and expressed confidence that she
will be able to identify which patients she should be more cautious prescribing semaglutide to. We're
reassured by Dr. Vilsbøll's perspective, though it's clear that significant provider and patient
education on retinopathy will be required to optimize use of semaglutide in the diabetes patient
population once it's available. We hope Novo Nordisk will continue to demonstrate leadership in
this area - and perhaps a positive consequence of this worrisome signal could be increased attention
to retinopathy, a sometimes underappreciated complication of diabetes.

▪ Dr. Vilsbøll also shared further analysis of the impressive weight loss benefit
associated with semaglutide, demonstrating that the weight loss cannot be attributed
to GI side effects alone. Overall, patients taking semaglutide 0.5 mg experienced a placebo-
adjusted weight loss of 2.87 kg (6.3 lbs) and those taking semaglutide 1.0 mg experienced a placebo-
adjusted weight loss of 4.35 kg (9.6 lbs). Among participants in the semaglutide 0.5 mg arm, those
who experienced nausea and vomiting experienced a placebo-adjusted mean weight loss of 2.7 kg
(6.0 lbs), compared to 2.8 kg (6.2 lbs) for those who did not experience any nausea or vomiting.
Similarly, among participants in the semaglutide 1.0 mg arm, those who experienced nausea and
vomiting lost 4.6 kg (10.1 lbs, placebo-adjusted), compared to 4.2 kg (9.3 lbs, placebo-adjusted)
among those who did not experience nausea or vomiting.

Symposium: New Learnings from the Results of the Liraglutide Effect and
Action in Diabetes - Evaluation of Cardiovascular Outcome (LEADER) Trial

New Learnings - Cardiovascular Outcomes

Richard Pratley, MD (Florida Hospital, Orlando, FL)

Dr. Richard Pratley shared new cardiovascular analyses from the LEADER cardiovascular outcomes trial
(CVOT) for Novo Nordisk's GLP-1 agonist Victoza (liraglutide). Initially presented to great fanfare at ADA
2016, LEADER (n=9,340) demonstrated a 13% risk reduction for the primary 3-point MACE endpoint (non-
fatal MI, non-fatal stroke, and CV death) with liraglutide therapy compared to placebo (p=0.01 for
superiority). Dr. Pratley delved into several additional analyses of the cardiovascular findings,
underscoring the robust nature of the benefit. Notably, the primary endpoint included only time to first
occurrence of a CV event - so a person who experienced two non-fatal MIs would only count as one "event"
in the primary analysis. When recurrent CV events were included in the analysis (or, in other words, when
looking at the total number of non-fatal MIs, non-fatal stroke, and CV deaths that occurred in the trial), the
hazard ratio remained remarkably consistent in favor of liraglutide and highly statistically significant
(HR=0.86, 95% CI: 0.78-0.95, p=0.004). As Dr. Pratley put it, this finding provides a better sense of the
benefit of liraglutide on the overall burden of disease since, unfortunately, recurrent CV events do occur in
far too many patients (and, indeed, those with a prior CV event are at higher risk for future events). All in
all, this finding provides evidence of a CV benefit of liraglutide in even the highest risk populations.

▪ Dr. Pratley examined the potential impact of concomitant medications on the primary
outcome findings in LEADER. This is especially important as some have suggested that the
LEADER findings may be driven by differences in CV medication or glucose-lowering therapy
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between the two arms. The investigators evaluated the impact of liraglutide on primary outcome
event rate when adjusted for beta-blockers, ACE inhibitors, statins, or platelet aggregation inhibitors
and the hazard ratios and 95% confidence intervals remained remarkably consistent despite these
adjustments (see table below). Further, some have suggested that increased insulin, SU, or TZD
usage in the placebo group during the trial could be driving the results by causing harm in the
placebo arm. This hypothesis was not substantiated by the analyses presented by Dr. Pratley - the
hazard ratio of benefit in favor of liraglutide also remained remarkably consistent regardless of
concomitant antihyperglycemic therapy (ranging from 0.79 to 0.88, see table below for full results).
This finding is particularly reassuring and further reinforces that the CV benefit of liraglutide is
likely "real." The LEADER team also examined the primary outcome results in patients who did and
did not experience a severe hypoglycemia event and again found very consistent hazard ratios. We
note that the confidence interval for the subgroup of those who did experience severe hypoglycemia
was very, very large, likely a reflection of the relatively small number of patients who experienced
this event, due in part to the impressive 31% hypoglycemia risk reduction associated with liraglutide.

▪ Dr. Pratley noted that the CV benefit of liraglutide is not readily explained by
differences in clinical and metabolic endpoints, despite the end-of-trial differences in A1c
(0.4% favoring liraglutide, p<0.001), weight (2.4 kg [5.1 lbs] favoring liraglutide, p<0.001), systolic
blood pressure (1.2 mmHg favoring liraglutide, p<0.001), and lipids. Looking to A1c specifically, the
rate of primary endpoint occurrence was similar across subgroups when participants were stratified
by in-trial A1c reduction from baseline at six months. The primary endpoint was experienced by 15%
of liraglutide-treated patients with >1.5% A1c reduction (12% of placebo patients), 13% of patients
with A1c reduction between 0.4% and 1.4% (12% of placebo patients), and 14% of patients with A1c
reduction <0.4% (14% of placebo patients). The similarity in event rate across the three A1c
reduction subgroups suggests that it's unlikely A1c alone that's driving the benefit, according to Dr.
Pratley.

▪ Overall, the additional analyses provided more information on what is not driving the
CV benefit of LEADER than offering potential explanations. Given that the benefit does not
appear to be driven by concomitant therapies or known metabolic characteristics of liraglutide, Dr.
Pratley posited that the benefit is likely driven by "off-target" effects of GLP-1 agonism, whether
acting directly on the heart or acting on the vasculature. That said, we've also seen some
heterogeneity in the GLP-1 agonist class thus far - Novo Nordisk's semaglutide also reported positive
results in SUSTAIN 6, but Sanofi's Lyxumia (lixisenatide), AZ's Bydureon (exenatide once-weekly),
and Intarcia's ITCA 650 (implantable exenatide mini-pump) did not demonstrate CV superiority in
their own CVOTs (though the last one was admittedly a much smaller trial designed for an easier
safety threshold). Given that human GLP-1-based liraglutide and semaglutide differ substantially
from the exendin-4-based GLP-1 agonists that have shared CV results thus far (and, some suggest
Novo Nordisk's compounds also differ substantially other human-based GLP-1 agonists in terms
size, etc.), it's quite possible that we'll continue to see substantial heterogeneity in this class in our
view.

Additional CV Analyses for LEADER

Analysis Primary outcome hazard ratio (95% CI)

Unadjusted primary finding 0.87 (0.78-0.97)

Recurrent CV events included 0.86 (0.78-0.95)

Adjusted for beta-blockers at baseline 0.86 (0.77-0.96)

Adjusted for ACE inhibitors at baseline 0.87 (0.78-0.97)

Adjusted for statins 0.87 (0.78-0.97)
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Adjusted for platelet aggregation inhibitors 0.87 (0.78-0.97)

Subgroup of those on insulin at baseline 0.88 (0.75-1.03)

Subgroup of those not on insulin at baseline 0.86 (0.74-1.01)

Subgroup of those never treated w/ insulin during

trial

0.82 (0.68-0.98)

Subgroup of those never treated w/ SU during trial 0.79 (0.67-0.94)

Subgroup of those never treated w/ TZD during

trial

0.87 (0.78-097)

Subgroup of those who did not experience severe

hypoglycemia during trial

0.88 (0.78-0.98)

Subgroup of those who did experience severe

hypoglycemia during trial

0.85 (0.52-1.39)

New Learnings - Secondary Outcomes

Stephen Bain, MD (Swansea University, Swansea, UK)

Dr. Bain offered additional granularity on the impressive secondary microvascular benefit observed in the
LEADER trial. At ADA 2016, the LEADER investigators shared that liraglutide therapy produced a 16%
statistically significant improvement in time to first microvascular event (encompassing renal and
ophthalmic adverse outcomes; 95% CI: 0.73-0.97, p=0.02), driven entirely by a 22% statistically significant
improvement in renal outcomes (95% CI: 0.67-0.92, p=0.003). There was no statistically significant
improvement in eye outcomes - the hazard ratio was 1.15 (95% CI: 0.87-1.52, p=0.33). Focusing on the renal
outcome, Dr. Bain showed that the results remained virtually the same when adjusted for use of RAAS
inhibitors at baseline (HR=0.78, 95% CI: 0.67-0.92, p=0.002). Expanding upon the urinary albumin-to-
creatinine ratio (UACR) data presented at EASD 2016 (in which liraglutide produced a 19% reduction in
urinary albumin-creatinine ratio, a measure of microalbuminuria [HR=0.81, 95% CI: 0.76-0.86]), Dr. Bain
showed that the estimated treatment ratio was comparable regardless of whether patients' had normal
albuminuria (HR=0.86; 95%CI: 0.80-0.93), microalbuminuria (HR=0.76; 95% CI: 0.67-0.85), or
macroalbuminuria (HR=0.87; 95% CI:0.72-1.06).

▪ Dr. Bain also offered an exciting expanded look at the glycemic and patient-reported
outcomes associated with liraglutide therapy in LEADER. Participants in the liraglutide
arm of the trial were 79% more likely to achieve an A1c<8% and more than twice as likely to achieve
an A1c <7.5% or <7% compared to placebo at three years. Even more impressively, liraglutide
therapy was associated with a significant delay in time to insulin initiation, producing a 48% relative
risk reduction in insulin initiation (HR=0.52, 95% CI: 0.48-0.58). The results were similar for time
to initiation of insulin or of any new oral agent: liraglutide was associated with a 37% risk reduction
for therapy intensification (HR=0.63; 95% CI: 0.59-0.68). We've long felt that earlier use of GLP-1
agonists could delay the need for treatment intensification (and the associated hypoglycemia, weight
gain, etc. concerns associated with insulin) and we're pleased to see long-term clinical evidence in
support of this. We were also extremely pleased to see patient-reported quality of life results from
one of the largest trials of a GLP-1 agonist to date. In LEADER, liraglutide demonstrated superiority
in both the European Quality of Life (EQ-5D) index score (p=0.020) and the EQ-5D visual analog
scale (VAS) score (p=0.019).
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Oral Presentations: New Insights into Prevention and Treatment of
Hypoglycemia

Severe Hypoglycemia, Cardiovascular Outcomes, and Death - The LEADER
Experience

Bernard Zinman, MD (University of Toronto, Canada)

Presenting additional data from LEADER, Dr. Bernard Zinman ruled out hypoglycemia as a mediating
factor between liraglutide and reduced risk for three-point MACE (non-fatal MI, non-fatal stroke, and CV
death) but emphasized that hypoglycemia is an independent CV risk factor. Separating participants into
two subgroups, Dr. Zinman reported a 15% relative risk reduction for three-point MACE among patients
who experienced severe hypoglycemia during the course of the trial (HR=0.85; 95% CI: 0.52-1.39) and a
12% relative risk reduction for three-point MACE among those who did not (HR=0.88; 95% CI: 0.78-0.98).
The p-value for this interaction was a nonsignificant 0.9, meaning that severe hypoglycemia did not
interfere with liraglutide's CV effects. This echoed a major theme of an ADA day #3 symposium on post-hoc
LEADER analyses - new post-hoc analyses suggest that third-party variables like hypoglycemia are not
likely confounders, supporting the conclusion that something about the liraglutide molecule itself confers
cardioprotection. That said, an episode of severe hypoglycemia in LEADER substantially increased risk for
a MACE event in the seven days following, by a remarkable 6x (HR=7.3, 95% CI: 1.8-29, p<0.05). This risk
was still significantly raised vs. study participants who didn't experience severe hypoglycemia in the 15
days following an event, 30 days, 60 days, 90 days, 180 days, and 365 days, though by a smaller margin as
more time passed. Dr. Zinman shared data on this heightened risk for MACE events in the aftermath of
severe hypoglycemia across both the liraglutide and placebo arms after adjusting for sex, age, concomitant
medications (including insulin), baseline A1c, and diabetes duration. He showed significantly heightened
risk for CV death and non-CV death following severe hypoglycemia as well. In all cases, there's a curve for
the correlation between a severe hypoglycemic event and CV risk, with the greatest relative risk increase in
the week immediately following. Dr. Zinman explained the wide confidence intervals in terms of a low
number of events, but given the critical importance of hypoglycemia in diabetes and CV disease, he
advocated for further research on this front. As he put it, minimizing hypoglycemia remains an essential
goal in optimal management of diabetes, which now more than ever includes delaying/preventing CV
events - notably, all the diabetes drugs that have demonstrated a cardioprotective benefit thus far also carry
a low risk of hypoglycemia and we continue to believe that much access work needs to be done to ensure
patients are able to benefit from these incredible agents. We'd love to see analysis of the opposite
relationship as well - whether a history of CV events raises risk for severe hypoglycemia. We previously saw
an intriguing and worrisome analysis to this effect from the TECOS dataset at ESC 2016 and we'd love to
see further evidence from other trials (given that, beyond the primary endpoint findings, CVOTs offer an
incredible opportunity and large datasets to inform other aspects of clinical practice).

Oral Presentations: Landscape of Therapeutic Trials in Type 2 Diabetes

Efficacy and Safety of Insulin Degludec/Liraglutide (IDegLira) vs. Basal-Bolus
(BB) Therapy in Patients with Type 2 Diabetes (T2D): DUAL VII Trial

Liana Billings, MD (North Shore University Health System, Skokie, IL)

To numerous rounds of thunderous applause, Dr. Liana Billings (North Shore University Health System,
Skokie, IL) presented the impressive results of the DUAL VII trial comparing the safety and efficacy of Novo
Nordisk's Xultophy (insulin degludec/liraglutide) versus traditional basal-bolus therapy in type 2 diabetes.
People with type 2 diabetes on insulin glargine (n=506) were randomized in an open-label setting to once-
daily Xultophy for 26 weeks or to basal-bolus regimen with insulin glargine and insulin aspart. The trial
met its primary endpoint by demonstrating that treatment with Xultophy is non-inferior to basal-bolus
therapy with respect to A1c lowering (-1.48% vs. -1.46%, baseline A1c 8.2%) and furthermore demonstrated
superiority for a host of secondary outcomes. Compared to basal-bolus therapy, average total daily insulin
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dose among those taking Xultophy was less than half that of those on basal-bolus therapy (40 vs. 84 units;
p<0.001). The end-of-trial body weight difference was also substantially in favor Xultophy (-0.93 kg [2.1
lbs] vs. +2.64 kg [5.8 lbs], p<0.001). Very notably, Xultophy additionally proved superior in terms of
hypoglycemia: only 20% of participants in the Xultophy arm experienced blood glucose-confirmed
symptomatic or severe hypoglycemia during the study period, versus a whopping 53% of participants in the
basal-bolus therapy arm, an extremely impressive 89% risk reduction (HR= 0.11; 95% CI: 0.08-0.17;
p<0.0001). Xultophy's safety profile remained consistent with previous findings; unsurprisingly, nausea
was the most frequently-reported adverse event (28 patients in the treatment arm vs. 4 in the basal-bolus
arm), but Dr. Billings pointed out that only <3% of the participants in the IDegLira arm experienced nausea
at any given time. Indeed, as we understand it, the basal insulin component of these combinations can
mitigate the GI side effects typically associated with GLP-1 agonists. During Q&A, the esteemed Dr. Julio
Rosenstock deemed this the "most robust, most impressive piece of data I've seen in years." We are equally
impressed with these clinical advantages for Xultophy over traditional basal-bolus treatment regimen -
especially in terms of the crucial outcome of hypoglycemia risk reduction - and hope these findings help to
advance the uptake of the emerging class of GLP-1 agonist/basal insulin co-formulations. We expect to
continue to see increasing preference for GLP-1 agonists over prandial insulin as a basal intensification
option, and DUAL VII lends strong clinical evidence for this choice. We'll be back with more on DUAL VII
with our take on additional analyses, presented in two posters: one on the cost effectiveness of Xultophy
(981-P) and another detailing patient-reported outcomes from DUAL VII (124-LB). While we are happy to
see this research, it is our sense that it is extremely challenging for patients to actually gain access to this
therapy, despite now years of robust praise.

Oral Presentations: GLP-1s and SGLT2s-To Do or Not to Do in Type 1
Diabetes Mellitus?

Efficacy and Safety of Liraglutide in Insulin-Pump-Treated People with Type 1
Diabetes: The Lira Pump Trial

Thomas Dejgaard, MD; Kirsten Nørgaard, MD; Christian Frandsen, MD (Copenhagen
University Hospital, Hvidovre, Denmark)

A team of researchers from Copenhagen University Hospital (Hvidovre, Denmark) presented the results of
the highly-anticipated Lira Pump Trial demonstrating the clinical potential of the GLP-1 agonist liraglutide
as an addition to insulin pump treatment in people with type 1 diabetes. People with type 1 diabetes using
CSII and with overweight (n=44) were randomized to receive liraglutide 1.8 mg or placebo in addition to
regular insulin pump therapy for 26 weeks. Dr. Thomas Dejgaard outlined the positive primary outcomes:
compared to placebo, liraglutide as an add-on to insulin pump treatment produced significant
improvements in A1c (-0.6% vs. +0.2%; p<0.001) and weight loss (-7.3 kg [16.1 lbs] vs. -0.6 kg [1.3 lbs];
p<0.001) without increasing the time spent in hypoglycemia (3.2 vs. 3.5 events; p=0.77). While the A1c
reduction could be characterized as modest for a GLP-1 agonist, we're especially impressed by the reduction
from a presumably low baseline A1c combined with the substantial weight loss. As expected for a GLP-1
agonist, nausea was the most commonly reported adverse event for participants randomized to the
liraglutide treatment arm; 64% of participants experienced this, though it was transient and disappeared
over the first few weeks of the study (we'd love to better understand the experience and intensity of nausea
since this percentage isn't that helpful overall). Currently approved for type 2 diabetes (under the trade
name Victoza) and obesity (under the trade name Saxenda), these results underscore the potential of
liraglutide for type 1 diabetes as well.

▪ Dr. Kirsten Nørgaard followed with a deeper dive into the impact of add-on liraglutide
to insulin dosing and time-in-range. Excitingly, liraglutide as an add-on to insulin pump
therapy gave participants significantly more time spent in the normoglycemic range (57% vs. 45%) -
a crucial outcome for patient quality of life and perceived therapeutic and personal success. That
said, there was no statistically significant difference in time spent in hypoglycemia (defined as <3.9
mmol/l [70 mg/dl]). Very surprisingly (shockingly), liraglutide also produced no change in total
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daily dose of insulin; it is less surprising that the distribution between basal and bolus insulin also
wasn't changed.

▪ Dr. Christian Frandsen closed with a closer look at the effect of liraglutide on weight
loss. In addition to producing significant reductions in the primary outcome of body weight,
liraglutide also produced reductions in a number of more specific measures of body composition,
including total fat, android fat, gynoid fat, and total lean mass. The mechanism of this effect is
unclear but likely is not related to food preferences. As revealed by food preference surveys given
throughout the study, liraglutide did not appreciably impact food preferences.

Questions and Answers

Q: Your group has already presented nice studies in obese and non-obese people with type 1
diabetes on MDI. What is different about this CSII population that the outcomes are so much
better?

A: The A1c reduction in liraglutide treated patients were exactly the same (0.6%) between these trials. The
major difference is that here we didn't see an appreciable A1c change in the patients in the placebo arm,
whereas we saw a -0.4% A1c reduction in the placebo arm in the other studies, leaving no significant
difference between the treatment and control groups.

Q: Why the choice of a 1.8 mg dose of liraglutide? You showed very impressive weight loss - is
this because people with type 1 are more sensitive to the drug? Did any participants need a
reduction in dose?

A: I don't think it's true that people with type 1 diabetes are more sensitive to liraglutide. A few patients had to
reduce to a 1.2 mg dose to minimize nausea side effects.

Q: Do you think these improvements you're seeing are due to weight loss?

A: A large part of it could be the weight loss, that's possible.

Oral Presentations: Landscape of Therapeutic Trails in Type 2 Diabetes

Efficacy and Safety of Exenatide QW vs. Placebo Added to Insulin Glargine in
Uncontrolled Basal-Insulin Treated Type 2 Diabetes: DURATION-7 Trial

Juan Frias, MD (National Research Institute, Los Angeles, CA)

In a packed oral session, Dr. Juan Frias (National Research Institute, Los Angeles, CA) presented the results
from the DURATION-7 study, demonstrating clinical glycemic and weight benefits for AZ's GLP-1 agonist
Bydureon (exenatide once-weekly) as an add-on to insulin therapy in people with type 2 diabetes.
Participants already on insulin therapy (n=461) were randomized to once-weekly Bydureon or placebo in
combination with their existing insulin regimen. With Bydureon, participants experienced a significantly
greater mean reduction in A1c (-1.0% vs. -0.3%, baseline A1c=8.5%, p<0.01) after 28 weeks, and 25% more
patients in the Bydureon treatment arm achieved an A1c of <7% by the end of the study. Therapeutic
intensification with Bydureon furthermore reduced fasting plasma glucose and 2-hour postprandial glucose
by an average of 9 mg/dl (p=0.028) and 27 mg/dl (p<0.001) versus placebo, respectively. Notably,
participants in the Bydureon arm additionally lost an average of 1.5 kg (3.3 lbs) relative to placebo
(p<0.001), and 20% more participants using Bydureon achieved the composite endpoint of an A1c <7% with
no weight gain or major hypoglycemia. Participants taking add-on Bydureon also experienced a 2 unit/day
decrease in daily insulin requirements, but this did not achieve statistical significance (p=0.07). Adverse
events were not significantly different between the treatment and placebo arms (125 vs. 133 events);
gastrointestinal complaints were numerically higher in the exenatide group (35 vs. 25 events), as expected
with a GLP-1 agonist, and no severe hypoglycemia events occurred in either treatment arm. Together these
results underscore the superiority of exenatide once-weekly in combination with basal insulin over basal
insulin therapy alone.
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Oral Presentations: Beyond Glycemic Impact

Semaglutide Provides Superior Body Weight Reduction across SUSTAIN 1-5
Clinical Trials

Ildiko Lingvay, MD (University of Texas Southwestern Medical Center, Dallas, TX)

Dr. Ildiko Lingvay (University of Texas Southwestern Medical Center, Dallas, TX) presented a meta-
analysis of the phase 3 SUSTAIN 1-5 clinical trials, demonstrating that Novo Nordisk's once-weekly GLP-1
agonist semaglutide provided clinically meaningful and superior reductions in body weight across all five
studies, versus a range of tested comparator drugs and in a broad range of patient populations. As a
reminder, SUSTAIN 1 tested semaglutide against placebo (n=388; 30 weeks) in treatment-naïve patients,
SUSTAIN 2-4 tested semaglutide head-to-head against other diabetes drugs in patients on metformin
(sitagliptin in SUSTAIN 2 [n=1,231; 56 weeks], exenatide once-weekly in SUSTAIN 3 [n=813; 56 weeks], and
insulin glargine in SUSTAIN 4 [n=1,089; 30 weeks]), and SUSTAIN 5 tested semaglutide against placebo as
an add-on therapy in patients on metformin and insulin (n=397; 30 weeks). Average A1c and BMI at
baseline were similar across all five studies, ranging from 8.1-8.4% and 32-34 kg/m . Impressively, Dr.2

Lingvay outlined that significantly greater absolute reductions in body weight were seen with semaglutide
across the entire SUSTAIN program. Participants on 1.0 mg semaglutide lost an average of 4.5 kg (9.9 lbs)
in SUSTAIN 1 (versus -1 kg [2.2 lbs] with placebo), -6.1 kg (13 lbs) in SUSTAIN 2 (versus -1.9 kg [4.2 lbs]
with sitagliptin), -5.6 kg (12 lbs) in SUSTAIN 3 (versus -1.9 kg [4.2 lbs] with exenatide once-weekly), -5.2 kg
(11.5 lbs) in SUSTAIN 4 (versus +1.2 kg [2.6 lbs] with insulin glargine), and -6.4 kg [14 lbs] in SUSTAIN 5
(versus -1.4 kg [3.1 lbs] with placebo). Across the entire SUSTAIN program, participants on 1.0 mg
semaglutide also achieved >10% weight loss significantly more often than those in the comparator group.
The proportion of patients achieving this weight loss goal reached 13% in SUSTAIN 1 (versus 2% with
placebo), 24% in SUSTAIN 2 (versus 3% with sitagliptin), 21% in SUSTAIN 3 (versus 4% with exenatide
once-weekly), 16% in SUSTAIN 4 (versus 2% with insulin glargine), and 26% in SUSTAIN 5 (versus 3% with
placebo). Dr. Lingvay alluded that longer-term data from the SUSTAIN 6 trial demonstrates that
semaglutide's impressive weight loss effects can be sustained for at least 2 years (more on this coming soon
in our coverage of poster 1125-P) and that these weight loss effects are accompanied by significant
reductions in A1c as well (results are detailed in poster 1124-P) Given that ~90% of people with type 2
diabetes struggle with overweight or obesity, weight management is a crucial advantage in a potential new
diabetes medication, and all this is in addition to semaglutide's added ability to reduce the risk of
cardiovascular death, as demonstrated in the SUSTAIN 6 CVOT. Given this extremely promising clinical
profile, this candidate, we expect the product is poised to perform very well in the booming GLP-1 agonist
market. An FDA decision and an EU CHMP opinion for the submissions of once-weekly, injectable
semaglutide for type 2 diabetes are expected in 4Q17 according to Novo Nordisk's last earnings update. A
more patient-friendly oral version of semaglutide remains in phase 3 development.

Double-Blind, Placebo-Controlled, Randomised Trial to Assess the Effect of
Liraglutide on Left Ventricular Diastolic Dysfunction in Type 2 Diabetes Mellitus
Patients

Maurice Bizino, MD (Leiden University Medical Center, Leiden, Netherlands)

Dr. Maruice Bizino presented results from a small trial (n=50) demonstrating no improvement in left
ventricular diastolic dysfunction (LVDD) with Novo Nordisk's Victoza (liraglutide) vs. placebo and some
potentially detrimental effects on diastolic filling. The study was initiated based on the hypothesis that
Victoza could have a beneficial effect on LVDD because it promotes weight loss and preclinical studies have
shown evidence that it can reverse cardiac defects. The trial enrolled 50 patients with type 2 diabetes and
asymptomatic LVDD who were randomized to receive either Victoza or placebo for six months in addition to
standard of care. At the end of the study period, Victoza produced essentially the expected effects on
metabolic parameters: weight loss, increased heart rate, and comparable changes in blood pressure and
A1c. The results on heart failure parameters were more surprising and disappointing. Victoza did not

www.closeconcerns.com 128

http://www.abstractsonline.com/pp8/#!/4297/presentation/44333
http://www.abstractsonline.com/pp8/#!/4297/presentation/44332
https://www.closeconcerns.com/knowledgebase/r/f4370abf#Symposium:_SUSTAIN_6
https://www.closeconcerns.com/knowledgebase/r/e79d1ce5#All-Time_High_Sales_for_GLP-1_Agonists_Whole_Class_Grows_35_YOY_to_1.4_Billion
https://www.closeconcerns.com/knowledgebase/r/e79d1ce5#All-Time_High_Sales_for_GLP-1_Agonists_Whole_Class_Grows_35_YOY_to_1.4_Billion
https://www.closeconcerns.com/knowledgebase/r/ecdfcdd4
https://www.closeconcerns.com/knowledgebase/r/e79d1ce5#Injectable_Semaglutide_Upcoming_Regulatory_Decisions_and_Phase_3b_Data


improve LVDD and in fact reduced early diastolic filling and left ventricular filling pressure. Dr. Bizino
explained that a reduction in preload (the tension in cardiac muscle right before contraction, approximated
by end diastolic volume) was the most likely explanation for the change in filling pattern. He stressed that
the overall conclusions of these results are not obvious - lowering filling pressure could be helpful in some
cases, but it could also be detrimental specifically in patients with heart failure and preserved ejection
fraction (HFpEF). He concluded his talk by calling for the inclusion of more patients with subclinical
cardiovascular disease in CVOTs for diabetes drugs and for additional safety trials of Victoza in patients
with HFpEF (likely a long shot given the results from the LEADER trial showing that Victoza had no effect
on hospitalization for heart failure and the FIGHT trial found no benefit for Victoza in patients hospitalized
for acute heart failure).

Questions and Answers

Q: Based on this, I would think a large trial like LEADER would have shown increased
hospitalization for heart failure but it obviously didn't. Does that give you confidence or do we
need further studies?

A: I'm aware of the big trials and the effect of liraglutide on heart failure but I do think those are different
patients. In this small study we see a dramatic effect. That's a reason for further investigation. In addition,
patients with diastolic dysfunction are not as recognized as those with systolic heart failure. Those are two
reasons why further investigations are needed.

Q: Do you have data on systolic function and left atrial and left ventricular size and volume?
There also should have been a change in end diastolic volume if it's preload.

A: We looked at systolic function and heart images. Systolic function was slightly decreased; stroke volume
and ejection fraction were decreased by 2%. End diastolic volume was also significantly decreased. Left atrial
volume went in the same direction but there was not a significant difference.

Q: There was significant weight loss in the study. Was there any association between weight
loss or other factors and changes in diastolic function?

A: No. We tried to correlate gender and insulin use and there was no correlation whatsoever.

Oral Presentations: Obesity Pathogenesis and Treatment - Insights from
Mouse Models

PB-718, a Dual GLP-1/Glucagon Receptor Agonist Demonstrates Superior Weight
Loss Effect and Ameliorates Nonalcoholic Steatohepatitis (NASH) in Animal
Models

Michael Xu, MD (Pegbio, Suzhou, China)

Dr. Michael Xu presented a range of preclinical data on an investigational, PEGylated GLP-1/glucagon
receptor dual agonist - Pegbio's PB-718. In a mouse model of diabetes (n=6), both low and high doses of the
agent were associated with superior weight loss and reduced fasting plasma glucose vs. twice-daily
liraglutide. In mice with NASH (n=6), both doses led to more weight loss, a greater reduction in liver
weight, and a greater lowering of liver weight/body weight ratio vs. placebo (p<0.0001 for all
comparisons). Moreover, there was a dose-dependent reduction in NAS score for NASH severity (p<0.01 for
lower dose vs. placebo; p<0.0001 for higher dose vs. placebo), which takes into account steatosis, liver
inflammation, fibrosis, and other markers. Dr. Xu also reviewed findings from a preclinical investigation of
Pegbio's drug candidate in monkeys. Consistent with the data from rodent studies, PB-718 demonstrated
dose-dependent and significant superiority vs. placebo in stimulating weight loss and improving NAS score.
Dr. Xu explained that there are strong mechanistic underpinnings that support the utility of GLP-1/
glucagon dual agonists for diabetes, obesity, and NASH. Oxynotomodulin, an endogenous dual agonist of
GLP-1/glucagon, has been correlated with decreased food intake, enhanced glucose tolerance, and improved
liver health. We're certainly excited by GLP-1/glucagon dual agonists as a potential new therapy class
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(competitive landscape here), and we're happy to see companies investing in these agents for diabetes as
well as adjacent indications. NASH, in particular, is a therapeutic area of high unmet need with no FDA-
approved medicines to-date, and we also see marked room for improvement in available tools for obesity
management.

Questions and Answers

Q: Have you compared your agent with semaglutide (Novo Nordisk's GLP-1 agonist candidate,
in phase 2 for obesity and NASH)?

A: No we have not, but we will be eager to compare our compound to semaglutide in some study. Actually, we
were approached by them and tried to figure out how to compare these compounds side-by-side. Of course,
semaglutide has not yet been approved.

Oral Presentations: Translating Therapeutics into the Real World

Value Index Favors Using GLP-1 More Than DPP-4, Saving Medicare $200 Million

Saad Sakkal, MD (Metabolic Care Center, Mason, OH)

Dr. Saad Sakkal defined the value index in diabetes as the amount of money spent to improve A1c by 1% in
three months. According to Medicare pricing, the value index for DPP-4 inhibitors was calculated at $927
vs. $750 for GLP-1 agonists. If Medicare switched the 1,197,066 patients currently on a DPP-4 inhibitor onto
a GLP-1 agonist, it could save up to $211,880,682 annually. For context, the annual cost of diabetes care
nationally is around $340 billion, and this is expected to rise. This analysis reflects the clinical trial data
showing that GLP-1 agonists are more effective than DPP-4 inhibitors, and we now have cost-savings
information to support greater use and better reimbursement prospects for products in the GLP-1 class. In
light of this information, we'd also love to see future studies comparing the value index between other
therapy classes beyond GLP-1 agonists and DPP-4 inhibitors.

Posters

DURATION-8 Randomized Controlled Trial 1-Year Results: Efficacy and Safety of
Once-Weekly Exenatide (ExQW) Plus Once-Daily Dapagliflozin (DAPA) vs. ExQW
or DAPA Alone (141-LB)

C Guja, J Frias, A Ahmed, E Hardy, H Wang, P Ohman, and S Jabbour

AZ presented new one-year DURATION-8 results, demonstrating that the combination of AZ's SGLT-2
inhibitor Farxiga (dapagliflozin) and once-weekly GLP-1 agonist Bydureon (exenatide) maintained
improvements in glycemic control, body weight, and SBP compared to either drug alone. These results
represent the 24-week extension from the promising 28-week DURATION-8 results presented at this past
EASD meeting. In this double-blind, multicenter study, adults with type 2 diabetes were randomized to
either exenatide plus dapagliflozin, exenatide alone, or dapagliflozin alone. Of the initial 695 patients
randomized, 564 (81%) completed the full 52-week treatment period. The findings demonstrated that at
week 52, the combination therapy group continued to achieve greater reductions in A1c, FPG, 2-hour PPG,
body weight, and SBP compared to either treatment group alone. Specifically, the -1.8% A1c reduction for
exenatide/dapagliflozin dual therapy significantly exceeded those of exenatide (-1.4%; p<0.01) and
dapagliflozin (-1.2%; p<0.01) alone. Notably, Body weight reductions were -3.3 kg for the dual therapy
arm, significantly greater than -1.5 kg for exenatide monotherapy (p<0.001) and -2.3 kg for dapagliflozin
monotherapy (p<0.001). SBP reductions were 4.5 mmHg, 0.7 mmHg (p<0.001), and 2.7 mmHg,
respectively. Regarding safety and tolerability, the combination therapy was well tolerated, with slightly
more adverse events vs. either drug alone (66.2% vs. 62.2% [exenatide] and 61.8% [dapagliflozin]), though
the three groups had comparable rates of serious adverse events. In general, patients treated with exenatide
unsurprisingly reported more GI adverse events. These results confirm the promising findings that made
waves at last EASD and the excitement surrounding the GLP-1/SGLT-2 combination approach. As both of
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these classes have the potential for CV risk reduction, we would be interested to see if a combination therapy
could provide further additive benefits. For more on DURATION-8 and AZ's latest, please see our EASD
2016 and 1Q17 coverage.

Patient-Reported Outcomes (PROs) in Insulin Degludec/Liraglutide (IDegLira) vs.
Basal-Bolus (BB) Therapy in Patients (Pts) with Type 2 Diabetes (T2D): DUAL VII
Trial (124-LB)

LK Billings, A Doshi, D Gouet, A Oviedo, HW Rodbard, N Tentolouris, AK Busk, A Basse, and E
Jodar

This poster overviewed patient-reported outcomes (PROs) from the DUAL VII trial, demonstrating that
treatment with Novo Nordisk's Xultophy (insulin degludec/liraglutide) resulted in greater improvements
related to diabetes management, treatment burden, and adherence than treatment with basal-bolus
therapy. People with type 2 diabetes on insulin glargine (n=506) were randomized in an open-label setting
to once-daily Xultophy for 26 weeks or to basal-bolus regimen with insulin glargine and insulin aspart. In
assessing PROs, the Treatment-Related Impact Measure for Diabetes (TRIM-D) questionnaire, which
consists of 28 questions across five domains, showed significant moderate significant improvements for
patients on Xultophy versus basal bolus therapy in all domains, including diabetes management, treatment
burden, compliance, daily life, and psychological health. After 26 weeks, total score change from baseline
was +9.2 for the Xultophy group, versus +3.5 for basal bolus therapy (p<0.0001). Furthermore, the Short
Form-36 version 2 questionnaire (SF-36), which consists of 36 items across eight domains, showed small
improvements in all domains with Xultophy, with a significant benefit for Xultophy over basal bolus
therapy in the mental health component of the survey (+2.5 vs. -0.2, p=0.0074). Additionally, after 26
treatment weeks, 85% of participants in the Xultophy arm were "very" or "extremely" willing to continue
their treatment, versus only 68% of participants in the basal-bolus therapy arm. These results demonstrate
that in addition to the glycemic and weight loss benefits for Xultophy demonstrated in the main DUAL VII
results, this drug may have additional benefits for perception of outcomes by the patient - a major win in
our eyes in terms of outcomes beyond A1c. We imagine that this improved perception of treatment outcomes
with Xultophy could be influenced by better glycemic control, fewer injections, weight loss, or lower rates of
hypoglycemia. However, it should be noted that this was an open-label trial, and these results could be
influenced as such.

Comparable Glycemic Control, Greater Weight Loss, and Lower Hypoglycemia
with Once Weekly Dulaglutide Versus Insulin Glargine, Both Combined with
Lispro, in Type 2 Diabetes and Moderate to Severe Chronic Kidney Disease
(AWARD-7) (138-LB)

KR Tuttle, MC Lakshmanan, JL Gross, B Rayner, RS Busch, B Woodward, AG Zimmermann,
and FT Botros

The 52-week AWARD-7 trial evaluated GLP-1 agonist dulaglutide (Lilly's Trulicity) in a head-to-head
comparison with insulin glargine (Sanofi's Lantus), both in combination with insulin lispro (Lilly's
Humalog) in patients with chronic kidney disease. Primary endpoint results of A1c change at 26 weeks were
reported in this poster, as were safety findings. The trial randomized 576 patients with eGFR between 15
and 60 ml/min/1.73m to either dulaglutide 1.5 mg, dulaglutide 0.75 mg, or titrated insulin glargine.2

AWARD-7 met its primary endpoint by demonstrating non-inferiority to insulin glargine in terms of A1c
reduction: mean A1c reduction was 1.19% in the dulaglutide 1.5 mg group, 1.12% in the dulaglutide 0.75 mg
group, and 1.13% in the insulin glargine group (baseline A1c=8.6%, p<0.001 for all comparisons to
baseline). This similarity in A1c occurred in the context of increases in fasting plasma glucose (FPG) in the
dulaglutide groups (+23.1 mg/dl in the dulaglutide 1.5 mg group and +17.7 mg/dl in the dulaglutide 0.75 mg
group), compared to a reduction in FPG in the insulin glargine group (-19.1 mg/dl; p<0.001 compared to
both dulaglutide arms). This suggests that dulaglutide has a greater effect on postprandial glucose
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lowering, as is expected for a GLP-1 agonist. Similar proportions of participants achieved A1c<8% and
A1c<7% in each group.

▪ Very notably, dulaglutide was associated with substantial weight loss and
hypoglycemia benefits compared to insulin glargine. The 0.75 mg and 1.5 mg doses of
dulaglutide produced mean body weight reductions of ~2 kg (~4.4 lbs) and ~3 kg (~6.6 lbs),
respectively, compared to a weight increase of ~1 kg (2.2 lbs) in the insulin glargine group.
Compared to insulin glargine, dulaglutide was also associated with a significantly lower rate of total
hypoglycemia (p<0.001), documented symptomatic hypoglycemia (p<0.001), and nocturnal
hypoglycemia (p<0.001). In addition, the higher 1.5 mg dose was associated with a lower rate of
severe hypoglycemia as well (p<0.05). Participants did not wear CGM during this study, so it's
possible that these results underestimate the rate of documented symptomatic and nocturnal
hypoglycemia - we would love to see greater use of CGM in these types of studies to better
characterize potential hypoglycemia benefits. Notably, these improvements in hypoglycemia
occurred in the context of slightly greater increases in insulin lispro dose in the dulaglutide group
compared to the insulin glargine group. From a baseline insulin lispro dose of about 0.25 U/kg,
lispro dose increased to ~0.4 U/kg in the glargine group, while lispro dose increased to ~0.45 U/kg
in the dulaglutide 1.5 mg group and to ~0.5 U/kg in the dulaglutide 0.75 mg group.

▪ Adverse events were as expected, with a higher rate of nausea, vomiting, and diarrhea
in the dulaglutide-treated group. All other adverse event rates were comparable between the
two groups.

▪ Even more intriguingly, secondary endpoint data demonstrating a potential renal-
protective effect of dulaglutide on eGFR compared to insulin glargine was presented
in a separate late-breaking poster (142-LB). See below for our coverage.

Dulaglutide versus Glargine, Both Combined with Lispro, Mitigated eGFR Decline
in People with Type 2 Diabetes and Moderate to Severe Chronic Kidney Disease
(AWARD-7) (142-LB)

KR Tuttle, MC Lakshmanan, JL Gross, B Rayner, RS Busch, AG Zimmermann, A Haupt, DB
Woodward, and FT Botros

This poster detailed results for a pre-specified secondary endpoint of impact on eGFR and albuminuria in
the AWARD-7 trial. The AWARD-7 study team, led by Dr. Katherine Tuttle, evaluated the effect of
dulaglutide (Lilly's Trulicity) vs. insulin glargine (Sanofi's Lantus), both in combination with insulin lispro
(Lilly's Humalog), in patients with type 2 diabetes and moderate to severe chronic kidney disease. The
52-week trial randomized 576 patients with eGFR between 15 and 60 ml/min/1.73m to either dulaglutide2

1.5 mg, dulaglutide 0.75 mg, or titrated insulin glargine. Very impressively, dulaglutide treatment appeared
to mitigate further eGFR decline throughout the trial. While eGFR declined by an average of 1.9 in the
insulin glargine group at 26 weeks, eGFR only declined by 0.1 and 0.4 in the 1.5 mg and 0.75 mg groups,
respectively. Baseline eGFR was around 38 in all three treatment arms. The treatment difference in eGFR
decline for the 1.5 mg and 0.75 mg groups was thus, respectively, 1.8 and 1.6 (p<0.05 for both comparisons
to insulin glargine). By percent change from baseline, those in the insulin glargine group experienced a 7.7%
decline in eGFR, while those in the dulaglutide 1.5 mg arm experienced a 0.8% decline in eGFR (p<0.05 vs.
insulin glargine), and those in the dulaglutide 0.75 mg arm experienced a 3.3% decline in eGFR (p<0.05 vs.
insulin glargine). Furthermore, the percent decline in eGFR in both of the dulaglutide arms was not
statistically significant compared to baseline, while the decline in the insulin glargine arm was highly
statistically significant (p<0.001). These differences in eGFR were driven by an apparent protective effect in
patients with macroalbuminuria at baseline. On the other hand, UACR was reduced in all three treatment
arms and the between-treatment difference was non-significant for this endpoint. From a safety standpoint,
there were no significant differences between dulaglutide and insulin glargine for renal events of interest.
Overall, these results - while only hypothesis-generating - are certainly extremely intriguing. At the very
least, we can largely rest assured that dulaglutide does not increase renal risk compared to insulin glargine.
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Further, there appears to be a suggestion of renal benefit that we would love to see characterized further
when the REWIND trial for Trulicity reports in July 2018. The LEADER and SUSTAIN 6 trials for Novo
Nordisk's GLP-1 agonists Victoza (liraglutide) and semaglutide both demonstrated a potential beneficial
effect for these agents on hard renal endpoints and it would be amazing to see that corroborated in
REWIND.

▪ Primary endpoint and safety results were presented in poster 138-LB (see above).

Real-World Use of IDegLira Significantly Improves Glycemic Control in Patients
with T2D (988-P)

H Price, B Schultes, R Prager, T Phan, B Thorsted, and M Bluher

Drawing on dataset from the multi-center, retrospective EXTRA study, this poster demonstrated
improvements in glycemic control, body weight, and hypoglycemia risk associated with Novo Nordisk's
Xultophy (insulin degludec/liraglutide) in a real-world setting. The EXTRA study included data (from
EMRs) for 611 adult patients with type 2 diabetes in five European countries. All participant had been
taking Xultophy for at least six months at time of analysis. Meeting its primary endpoint, the study found a
mean A1c reduction of 0.9% six months after initiation of Xultophy (p<0.0001); similar results were
observed at 3 and 12 months. A1c reductions were observed regardless of baseline therapy at time of
initiation (e.g. basal insulin, oral antidiabetic drugs, GLP-1 agonists, etc.) Fasting plasma glucose also
decreased by an average of 45.8 mg/dl at six months (p<0.0001). This reduction was sustained at 12
months as well (mean reduction of 44.5 mg/dl, p<0.05). Adding to these benefits, investigators also found a
0.7 kg (1.5 lbs) reduction in body weight at 6 months (p<0.05), though this varied depending on pre-study
treatment regimens (weight expectedly increased with Xultophy therapy in those on just GLP-1 agonists and
oral agents at baseline, for instance). The MDI at baseline subgroup was the only one that experienced
significant weight loss following Xultophy initiation in this subgroup analysis - of course, subgroup
analyses are notorious finicky with small sample sizes, so it's quite likely that the weight benefits of
Xultophy apply to the other subgroups as well. On the safety side of things, hypoglycemia events per
patient-year decreased from 0.28 to 0.06 after Xultophy initiation - a very impressive 81% reduction
(p=0.0001). Ultimately, this study shows that Xultophy is effective at improving glycemic control and
reducing risk of hypoglycemia in routine clinical practice, outside of an interventional study.

Results of a Phase 2 Study of the Oxyntomodulin (OXM) Analogue LY2944876 in
Patients with Type 2 Diabetes (T2DM) (1070-P)

M Sheetz, R Bray, LS Tham, C Jones, J Kinsella, and R Violante-Ortiz

Lilly presented full phase 2 results for its PEGylated GLP-1/glucagon dual agonist, oxyntomodulin analog
LY2944876 in patients with type 2 diabetes. In this 24-week trial, 420 patients were randomized to once-
weekly injections of one of four doses of LY2944876 (10 mg, 15 mg, 30 mg, or 50 mg), exenatide once-weekly
(AZ's GLP-1 agonist Bydureon), or placebo. At both week 12 and week 24, LY2944876 demonstrated
superiority to placebo and non-inferiority to exenatide for the primary endpoint of A1c reduction. A1c
reductions were largely dose-dependent for LY2944876 and ranged from ~0.8% to ~1.4%. At the highest 50
mg dose, LY2944876 produced statistically superior weight reductions compared to exenatide and placebo
(p=0.044 and p=0.007, respectively). However, the finding did not achieve the predefined criterion for
superior weight loss (a posterior probability [PP] of ≥60% by Bayesian analysis with a margin of 1.5 kg -
LY2944876 only achieved a PP of 29.4%). Lilly also shared several additional results of interest. At week 24,
significantly more patients in the 50 mg dose group had achieved a weight loss of ≥5% body weight (35.5%)
than in the placebo (11.8%, p=0.004) or exenatide (18.3%, p=0.025) groups. That said, at week 24, the
proportion of participants achieving A1c ≤7% or ≤6.5% in the 50 mg dose group was comparable to that of
the exenatide arm. Lilly also reported that fasting glucagon levels were reduced by approximately 40% in
the 50 mg group, compared to a ~12% reduction in the exenatide group. There was no significant chance in
blood pressure between any of the groups. Heart rate increased in the two highest dose groups for the dual
agonist, but the increase was less than the increase observed with exenatide (p<0.05). Adverse events
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associated with the dual agonist were similar to what might be expected with a selective GLP-1 agonist,
largely consisting of GI events.

▪ Lilly previously partnered with Transition Therapeutics on the development of this
candidate, before declining to advance the candidate into phase 3, despite its status as
a potential first-to-market GLP-1/glucagon dual agonist. Transition Therapeutics - and this
candidate - have since been acquired by OPKO Health, which is investigating a potential obesity
indication for this drug, rather than a type 2 diabetes indication. We previously learned that the
topline results met the trial's primary endpoint and demonstrated non-inferiority to exenatide in
terms of A1c and superiority in terms of body weight. Full results in hand, however, it's clear that the
weight loss superiority did not meet the predefined criteria that Lilly was looking for. Given its
robust portfolio of newly-launched diabetes drugs and early-stage pipeline efforts, Lilly
understandably has a very high internal threshold for continued clinical development of its
candidates - and particularly for advance into phase 3. Lilly also appears to somewhat favor its
internally-developed diabetes candidates to licensed molecules (with the notable exception of the
very successful BI alliance, and its acquisition of Locemia's nasal glucagon). Indeed, Lilly's phase 1
pipeline includes an internally-developed, once-weekly GLP-1/glucagon dual agonist for type 2
diabetes and NASH, a candidate that was added after the decision not to pursue the Transition
Therapeutics partnership further. See our GLP-1/glucagon dual agonist competitive landscape an
overview of the robust industry investment in this area.

The Effect of NNC0090-2746, a Dual GIP/GLP-1 Receptor Agonist (RA), on
Glycemic Control, Plasma Cholesterol, and Body Weight in Subjects with Type 2
Diabetes: A Phase 2a Randomized Clinical Trial (1071-P)

JP Frias, EJ Bastyr, L Vignati, M Tschöp, C Schmitt, K Owen, RH Christensen, and R DiMarchi

This poster featured phase 2a data deonstrating significant improvements in glycemic control, body weight,
and cholesterol with Novo Nordisk's GIP/GLP-1 receptor agonist NNC0090-2746 compared to placebo after
12 weeks in people with type 2 diabetes. These promising results come on the heels of a separate poster
presented at ADA overviewing phase 1 evidence that the candidate is well-tolerated in doses of up to 2 mg in
people with type 2 diabetes and can produce meaningful reductions in fasting, post-prandial, and 24 hour
profile plasma glucose, as well as A1c reductions of up to 0.67%, after two weeks (1095-P). In this phase 2a
study, 108 people with type 2 diabetes (average age 55 years, average A1c 8.3%, average diabetes duration
8 years) were randomized to receive NNC009-2746, placebo, or Novo Nordisk's GLP-1 agonist Victoza
(liraglutide). The Victoza arm was open-label, and this analysis only statistically compares the double-blind
NNC009-2746 and placebo arms. After 12 weeks, participants taking the GIP/GLP-1 agonist showed
significant improvement in the primary endpoints of A1c reduction: relative to placebo, A1c was reduced
0.63% in the treatment group (95% CI: -0.93 to -0.33; p<0.0001). The GIP/GLP-1 agonist also produced
significant reductions in mean 7-point SMPG (-31.7 mg/dl, p<0.0001) and FPG (-38.2 mg/dl, p<0.0001). As
for the key secondary endpoint of body weight, NNC009-2746 produced significant weight loss relative to
placebo at 8 weeks (-1.8% treatment difference, p=0.0141) but the trend lost significance at week 12 (-1.6%,
p<0.05). However, significant improvements were maintained throughout the entire study in various
adipose biomarkers and lipid parameters, including total cholesterol (treatment difference -0.92 mg/dl,
p=0.02) and plasma leptin levels (treatment difference -0.78 mg/dl, p=0.018). Interestingly, a post-hoc
analysis revealed a significant interaction between baseline A1c and body weight reduction such that
participants with a baseline A1c below 8.5% lost significantly more weight with the GIP/GLP-1 agonist
relative to placebo than those with an A1c above 8.5% (p for interaction = 0.041), suggesting that the
maximum benefit of NNC0090-2746 with respect to weight loss is obtained by people with already near-
target glycemic control. As for adverse events, the treatment group experienced more adverse events than
the placebo group (65% vs. 42%), driven by a higher proportion of gastrointestinal adverse events (35% vs.
17%) as expected with agents in the GLP-1 agonist family. Together, these results support the safety and
efficacy of NNC0090-2746 for impoving glycemic control and reducing body weight (especially for those
already with good glycemic control).
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ITCA 650 Improves Glycemic Control and Reduces the Need to Advance
Antidiabetes Therapy (1078-P)

R Henry, B Schwartz, L Kjems, H Huang, and M Baron

Intarcia presented pooled data from the FREEDOM-1 and FREEDOM-2 clinical trials, to examine the
addition of or increase of therapy from baseline as a measure of effectiveness and sustainability of
antidiabetes therapy in patients with uncontrolled type 2 diabetes treated with ITCA 650 (n=414),
sitagliptin (n=257), or placebo (n=143). Mean baseline A1c for these patients was 8.6% and the criteria for
addition of or increase of therapy was predetermined and included an A1c >8.0% after week 26. After data
was analyzed up to week 39, results indicated that advancement of therapy was required in 11.8%, 25.7%,
and 39.2% of patients treated with ITCA 650, sitagliptin, and placebo respectively. P-values for the
comparison between the three groups were not provded. Additionally, after week 26, the proportion of
patients who required therapy advancement increased faster in the placebo and sitagliptin groups
compared to the ITCA 650 group. These results suggest that ITCA 650 therapy produces more stable and
sustained glycemic control over time than sitagliptin or placebo.

ITCA 650 Significantly Reduces the Need to Advance Antidiabetes Therapy
Compared with Sitagliptin (1110-P)

J Rosenstock, P Prabhakar, L Kjems, H Huang, and M Baron

This poster presented an additional exploratory analysis of the FREEDOM-2 trial, which assessed Intarcia's
implantable GLP-1 agonist ITCA 650 (exenatide mini-pump) head-to-head vs. Merck's DPP-4 inhibitor
Januvia (sitagliptin). In FREEDOM -2 study, a randomized, double-blind, double-dummy study, ITCA 650
produced greater reductions in A1c and body weight than sitagliptin. In this analysis, data from patients
uncontrolled on metformin (n=263 on ITCA 650, n=257 on sitagliptin; mean baseline A1c 8.6%) was
examined to determine the number of patients requiring advancement of antidiabetes therapy. The criteria
for addition of or increase of therapy was predetermined and included an A1c >8.0% after week 26. Results
demonstrated that only 15% of patients treated with ITCA 650 required therapy intensification at week 26,
compared with 35% of patients in the sitagliptin group. After 52 weeks, 85% of those in the ITCA 650 group
remained on only 2 therapies (metformin and ITCA 650) compared to almost 65% of patients in the
sitagliptin group, indicating better sustained glycemic control and reduced need for additional therapy.
These results make a particularly compelling case for ITCA 650 as a second-line therapy for type 2 diabetes
and points to a role for ITCA 650 in delaying the need to insulin therapy. Coupled with the weight loss
benefits and low risk of hypoglycemia - and with rumors of a lower daily cost compared to injectable GLP-1
agonists already on the market - we can see a convincing argument for the value of ITCA 650 early in the
progression of type 2 diabetes.

User Evaluation of the Exenatide Once-Weekly Suspension Autoinjector (1116-P)

S LaRue, J Springer, J Meehan, and C Wysham

This poster provides evidence for the user-friendliness of AZ's once-weekly exenatide autoinjector. The study
involved 104 people unfamiliar with the new autoinjector device, including potential users (people with type
2 diabetes and aregivers), healthcare professionals, and retail pharmacists. These participants were
assessed by a human factors professional on 12 critical tasks for which use errors with the autoinjector
could possibly result in a negative clinical impact (such as mixing the medication by shaking, removing the
needle cap, injecting the dose, etc.). They additionally answered standardized questions on the device's
subjective ease of use using a 5-point scale from "very easy" to "very difficult." On the first attempt, 78% of
participants were able to successfully prepare and complete and autoinjection. Of the minority of
participants who were not successful on their first attempt, 42% were able to self-correct and learn from
their errors. Furthermore, the success rate for only the essentially tasks considered necessary for medical
benefit was above 93%. Together these results support that dosing exenatide with the new autoinjector
device is both easily learned and accurate. Submitted for regulatory review in 1Q17, AZ's exenatide auto-
injector fills a vast unmet need by eliminating the complex and lengthy reconstitution process that its
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Bydureon pen currently requires. A regulatory decision is expected in 2018, and we imagine that, if
approved, this new injection device could eliminate one of the biggest barriers to Bydureon uptake.

Symposium: Combination Therapy in Type 2 Diabetes - Promise Delivered?

Pathophysiologic Rationale for Combination vs. Step-Wise Treatment Approach

James Gavin, MD, PhD (Emory University, Atlanta, GA)

In front of a rapt, standing-room-only crowd, the esteemed Dr. James Gavin (Emory University, Atlanta,
GA) made an eloquent case for the urgency of combination therapy. He set the stage with an outline of the
incredible complexity and heterogeneity of diabetes at both a physiological and genetic level. To illustrate
this, Dr. Gavin proposed that diabetes is even more nuanced than the famous "ominous octet" would
suggest, presenting an alternative "egregious eleven" which includes the influence of the microbiome,
immune system, and increased glucose absorption in the stomach and small intestine in addition to the
traditional players - impaired insulin secretion in the beta cells, increased glucagon secretion in the alpha
cells, increased hepatic glucose production, neurotransmitter dysfunction, decreased muscular glucose
uptake, increased glucose reabsorption in the kidneys, increased lipolysis in adipose tissue, and a decreased
incretin effect in the gut. Given this incredible complexity, Dr. Gavin argued that it is imperative to treat
diabetes in a more physiologically-minded way; principally (i) prescribing multiple combined diabetes
drugs with complementary mechanisms of action to address as many pathophysiological defects as
possible, and (ii) doing so early in order to more powerfully delay disease progression and the onset of
complications. In an age where so many diabetes drugs are available (several of which, such as GLP-1
agonists and SGLT-2 inhibitors, offer cardioprotective benefits beyond glycemic control), why does the
current treat-to-fail paradigm still persist? Dr. Gavin pinpointed this to "conservative" treatment
algorithms which "invite clinical inertia" by recommending stepwise treatment. He powerfully exemplified
this point by contrasting traditional diabetes treatment algorithms like the ADA's with the equivalent
treatment algorithms for hypertension - another complex and multifactorial disease. Here combination
therapy is the mantra of thought - according to Dr. Gavin, hypertension guidelines recommend that as
many as 75% of people with hypertension will benefit from initial combination therapy involving drugs with
complementary actions. We can only imagine how much better off people with diabetes would be if this
philosophy was more embraced in endocrinology practice, although the ongoing issue of access and high
drug costs remains an incredibly challenging barrier. A true giant in the field, few people understand the
ecosystem of diabetes better than Dr. Gavin, and we left his talk with a sense of optimism that it is possible
to push the needle forward in diabetes care.

The Future of Combination Therapy in the Treatment of Type 2 Diabetes - Which
Classes, Why, and When?

John Buse, MD (University of North Carolina, Chapel Hill, NC)

Dr. John Buse, a vocal advocate for basal insulin/GLP-1 agonist combinations from the start, suggested that
these products (Novo Nordisk's Xultophy and Sanofi's Soliqua) should supplant insulin monotherapy as
second-line treatment for type 2 diabetes. He highlighted the superior A1c-lowering efficacy, impressive
weight loss, and "stunning" reductions in postprandial glucose shown across several clinical studies of
Xultophy (insulin degludec/liraglutide) and Soliqua (insulin glargine/lixisenatide). What's more, these
agents are able to get a sizeable proportion of patients to A1c <7% (and ~40% of patients to A1c <6.5%)
without inducing hypoglycemia - as Dr. Buse put it, in this danger zone of 0.7%-0.8% A1c-lowering below
recommended targets, you'd expect to see an "exploding" increase in hypoglycemia and severe
hypoglycemia, but the GLP-1 component of these compounds sidesteps the issue entirely. To further support
his position on this particular combo class, Dr. Buse pointed out that the great promise of GLP-1 agonism
has always been on a background of insulin. The first paper on GLP-1 in man, published in the NEJM in
1992, investigated the effects of a GLP-1 agonist on top of optimized insulin therapy. In the LEADER trial
demonstrating a substantial CV benefit to liraglutide (Novo Nordisk's Victoza), most patients were taking
insulin at baseline. We echo Dr. Buse's enthusiasm for basal insulin/GLP-1 agonist fixed-ratio combinations,
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and we're eager to see greater uptake of Xultophy and Soliqua, which were only FDA-approved seven
months ago (coincidentally, on the same afternoon). Pooled sales from these two products totaled $19
million in 1Q17, and we hope to see steep growth for this highly-anticipated and advanced class. We'd also
love to see numbers on prescription volume, and will be keeping our fingers crossed for improved
reimbursement (since we can't expect a wide patient population to benefit from these effective new drugs if
they aren't affordable and accessible). To ADA's credit, basal insulin/GLP-1 combos were swiftly
incorporated into the 2017 Standards of Care, which were published <one month after FDA-approval of
Xultophy and Soliqua. That said, particularly US-based clinicians as well as payers globally seem to be slow
to move to combinations first regardless of the data showing they would benefit from this.

▪ "I do think there's a role for SGLT-2 inhibitors in combination with insulin." Dr. Buse
spent part of his talk discussing this potential future direction for combination approaches in type 2
diabetes. He underscored that a majority of patients in EMPA-REG OUTCOME (Lilly/BI's CVOT for
empagliflozin, branded as Jardiance) were taking insulin at baseline, which is suggestive that these
two agents can be efficacious and synergistic (though, on the other hand, only about half of
participants in the CANVAS program were taking insulin at baseline). There is little guidance for
patients/providers right now on how to maximize clinical benefit from a medication regimen
incorporating both an SGLT-2 inhibitor and an insulin product, but Dr. Buse hopes for more
language on this in upcoming iterations of professional guidelines, and so do we.

▪ Dr. Buse expressed early excitement for multivalent peptides, including triple
combinations of GLP-1/GIP/glucagon. Preclinical investigations in animal models have
produced highly-promising data so far, and Dr. Buse especially emphasized how these compounds
can optimize weight loss without sacrificing glycemic control (definitely a key consideration in type 2
diabetes care). He characterized this as an up-and-coming area of combination therapy to look out
for.

▪ Moreover, Dr. Buse called attention to a "huge opportunity" for combining a diabetes
drug with a weight loss agent - he focused on canagliflozin/phentermine as an
example. Phase 2 results from J&J (which markets canagliflozin as SGLT-2 inhibitor Invokana)
were presented as a late-breaking poster at ADA 2016, and additional analyses were presented at
this meeting. Unlike benefits to A1c, which for a combination therapy are typically less than the sum
of reductions from each component monotherapy, Dr. Buse explained that benefits to weight loss
can be very close to additive. Indeed, we saw additive weight loss effects for GLP-1 agonist/SGLT-2
inhibitor co-administration in DURATION-8 - though Dr. Buse was less positive about the glycemic
effects of the combination (see below). It's unclear at the moment whether J&J will move forward
with phase 3 studies of canagliflozin/ phentermine, but with such unequivocal support from a
thought leader like Dr. Buse, we see a strong case for further clinical development.

▪ Lastly, Dr. Buse shared some skepticism on GLP-1 agonist/SGLT-2 inhibitor
combination approaches. While results from DURATION-8 investigating AZ's Bydureon
(exenatide once-weekly) alongside Farxiga (dapagliflozin) were positive, Dr. Buse emphasized the
sub-additive benefits to A1c - "I had hoped for more." He mentioned the differential effects on
glucagon from SGLT-2 inhibitors vs. GLP-1 agonists as one potential concern. On the other hand,
Dr. Buse acknowledged that this area of combination treatment holds possibility for aggregate CV
benefits. While topline results from the EXSCEL CVOT for exenatide were neutral, other GLP-1
agonists like liraglutide and semaglutide have shown significant cardioprotection, and we've now
seen CV superiority vs. placebo for two SGLT-2 inhibitors as well - empagliflozin and canagliflozin.
Dr. Buse concluded: "Before rushing off and building up GLP-1/SGLT-2 as the clear savior of all
patients with diabetes and CV disease, we need to be cautious about understanding this combination
better."
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Symposium: Into the Endocrine Bowels of Diabetes

The Incretin Effect - From the Last 30 Years to the Next 30!

Michael Nauck, MD (Diabetes Center, Harz, Germany)

Dr. Michael Nauck provided a comprehensive overview of the incretin effect, looking back at the past 30
years' work and then looking into the future at upcoming challenges and therapeutic strategies. He opened
with a description of the incretin effect is and the mechanisms behind the reduced incretin effect in diabetes,
touching on reduced functional beta-cell mass and the loss of response to GIP and/or GLP-1. Moving onto
the physiology of GIP and GLP-1, Dr. Nauck also presented arguments for GIP's role as the "more important
physiological incretin hormone," noting that it reaches higher plasma concentrations after nutrient
stimulation and that GLP-1's gastric emptying slowing effects limit the increment in glucose concentrations
following nutrient intake. Assessing the current landscape of incretin-based drugs, Dr. Nauck illustrated
that the incretin effect is lost when treated with GLP-1 agonists and that DPP-4 inhibitors similarly do not
change the incretin effect. Then looking into the future, Dr. Nauck shared his insights on the challenges for
the incretin effect's experimental paradigm, specifically regarding oral vs. isoglycemic IV glucose, as he
noted that assessment of the incretin effect may need to be amended to portal glucose infusion. In addition,
he pointed to intra-islet generation of GLP-1 and paracrine stimulation of beta cells as an alternative
mechanism explaining the incretin effect. Turning to therapeutic strategies, Dr. Nauck shared that the
recovery of an impaired incretin effect in type 2 diabetes may be a good experimental probe to search for
GLP-1 secretagogues, as these may serve as new glucose-lowering agents. Lastly, he acknowledged the
value of understanding the effects of genetic variants in the incretin system, as these may predict clinical
responses to incretin-based therapies - indeed, we agree that personalized medicine is one of the field's most
significant opportunities for the future, though we do not see this quite reaching clinical utility within the
next 30 years.

Questions and Answers

Q: What's the data on metformin and its involvement with GLP-1?

A: I think that's been studied pretty well. In animal studies, metformin suppresses pro-glucagon, especially in
the lower gut. But it doesn't change the incretin effect. That's a clear result from the studies.

Q: We've always assumed the incretin effect to be hormonal. What are your thoughts on other
contributing mechanisms, such as swallowing food or the CNS and neuronal components of
the incretin response?

A: The simplest answer is to take type 1 patients and transplant the pancreas. Then you have a fully normal
pancreatic effect. That made me believe that the nervous input doesn't play a big role in the incretin effect.

The Upper Gut and Diabetes

Christopher Rayner, PhD (University of Adelaide, Adelaid, Australia)

Dr. Christopher Rayner discussed the role of the upper gastrointestinal function in postprandial blood
glucose control and therapeutic strategies to manipulate gut function. He opened by discussing the
importance of postprandial glycemic control and the upper GI tract's involvement in this process, noting
that gastric emptying, secretion of incretin hormones, and small intestinal digestion and absorption are all
significant determinants of postprandial glucose. Illustrating the gut's importance, Dr. Rayner presented a
range of data including blood glucose responses to intraduodenal glucose infusion, the effects of gastric
emptying on postprandial insulin requirements, as well as the effects of exogenous GLP-1 on blood glucose
and plasma insulin levels. As for therapeutic strategies that may help manipulate this gut function, Dr.
Rayner focused on short-acting GLP-1 agonists, macronutrient preloads, and suppression of small intestinal
motor function. Specifically, he showed data on GLP-1 agonists' ability to slow gastric emptying and noted
that short-acting formulations are likely better for this effect compared to long-acting formulations. In
addition, Dr. Rayner presented data on a low-dose whey/guar preload in type 2 diabetes, which
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demonstrated lower PPG and a ~0.1% A1c reduction over 12 weeks. Lastly, he discussed some data in both
human and rat models on GLP-1 agonists' effects on slowing down small intestinal motility, with
demonstrated delays of contents reaching the cecum. From this presentation, we can see the field's emphasis
on the potential of the booming GLP-1 agonist class, as its mechanisms in metabolism from a variety of
angles continue to be explored.

Questions and Answers

Q: Could you comment on metformin? It has a multitude of effects, some of which appear to be
GI-related.

A: Metformin is a fascinating story. IV dosing of metformin is very effective and dosing to the gut seems to be
important. Also, research has shown that dosing to the distal gut seems more important than to the proximal
gut. A number of mechanisms could involve the gut - possibly related to GLP-1, bile acids, and the microbiota.

Q: What about the effect of other proteins such as casein on gastric emptying?

A: With the preload strategy, you can choose from different proteins. But the choice of whey protein is made
from a series of studies showing slightly favorable effects of whey over other proteins.

Q: You showed that exenatide decreases cecum arrival time. That may explain the constipation
of some patients but then why do some patients show diarrhea?

A: You're right, there's a variation of reported symptoms. How closely is this related to gut transit? The transit
doesn't seem to correlate well. It looks like stool form may be better correlated with gut transit but it's an area
that is not well understood.

Symposium: Successes with Type 1 Diabetes Complications and Survival

Predictors and Clinical Outcomes of Treatment Intensification in Patients (Pts)
with T2D Uncontrolled on Basal Insulin (BI) in Real-World Settings

Lee Kallenbach, PhD (Practice Fusion, San Francisco, CA)

In patients with uncontrolled type 2 diabetes, treatment intensification with GLP-1 agonist/basal insulin co-
administration leads to significant A1C reductions and lower rates of hypoglycemia vs. patients who have
no treatment modifications. Dr. Lee Kallenbach discussed these results, and put them in context with
therapeutic inertia and a reluctance to consider combination agents in type 2 diabetes care. HCPs too-often
delay intensification of treatment for patients with uncontrolled type 2 diabetes who have not achieved their
glycemic goals (A1c <7% after six months on basal insulin), which is a barrier to optimal care. Using data
collected from January 2011-December 2013 in Practice Fusion's EHR system, Dr. Kallenbach reported that
only 2,121 out of 14,653 patients (a meager 14%) intensified their basal insulin regimen within six months.
Those who did intensify did so with a rapid-acting insulin, with a GLP-1 agonist, or with another injectable
therapy. Mean A1c-lowering was greater in all three injectable therapy groups vs. controls who did not add
another medication to their basal insulin monotherapy: After 12 months and from a baseline A1c ~9%, A1c
declined 0.3% in the rapid-acting insulin arm, 0.3% in the GLP-1 arm, 0.2% in the "other" category, and
0.1% in the control category. Patients adding a GLP-1 agonist experienced the lowest rates of hypoglycemia
of all study participants. Dr. Kallenbach concluded that intensifying basal insulin treatment by adding a
GLP-1 agonist may have profound beneficial effects in patients with type 2 diabetes.
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Corporate Symposium: Novel Approaches to Improving Adherence in T2D
(Sponsored by Intarcia)

How Does Adherence Impact Patient Outcomes?

Steve Edelman, MD (UCSD, San Diego, CA)

Dr. Steve Edelman gave a passionate talk on the role of adherence in improving outcomes in type 2 diabetes.
Despite the approval of 40 new type 2 diabetes drugs over the past decade, there has been no increase in the
proportion of patients with an A1c <7% (~50% of patients) and no decrease in the proportion of patients
with an A1c >9% (~30% of patients). Dr. Edelman highlighted the unacceptable current levels of morbidity
and mortality due to type 2 diabetes and the soaring costs of treatment, noting that 43% of diabetes
spending goes toward inpatient treatment vs. only 12% to therapies and devices ("this really bothers me").
Dr. Edelman attributed this bleak state of affairs to the enormous gap between results in clinical trials and
those in the real world. He cited an analysis demonstrating that comparable patients get only half the A1c
reduction from GLP-1 agonists in the real world as they do in clinical trials and that 75% of this gap is due to
adherence. He emphasized that this problem is not unique to GLP-1 agonists or other injectable medications,
since oral type 2 diabetes therapies also have adherence rates below 50%. Dr. Edelman described poor
adherence as the result of an imbalance between the perceived costs of taking medications (adverse effects,
concerns about long-term effects, being labeled as sick) and the perceived benefits (patients don't feel any
different). He stressed that the most important way clinicians can make a dent in this problem is by truly
listening to their patients and asking them open-ended questions about their challenges with diabetes
management.

▪ Dr. Edelman listed three questions that clinicians should ask their patients during a
visit:

◦ (i) What is the hardest thing for you about managing your diabetes?

◦ (ii) How often do you forget to take your medications?

◦ (iii) Do you have any concerns or fears about your medications?

▪ Dr. Edelman told a story that was particularly illustrative of the need for real trust
between doctors and patients. He described a patient of his who was taking five different
medications for type 2 diabetes, including over 200 units of insulin per day, yet had an A1c
consistently above 13%. Taking her at her word that she was taking her medications as prescribed,
Dr. Edelman continued raising her doses, until one day he decided to give her 25 units of insulin
aspart in the clinic (normally taking up to 80 units by history from the patient) to observe her
response himself. The patient's blood glucose dropped dramatically, to the point where she
experienced severe hypoglycemia requiring a code to be called. After this, the patient admitted that
she was afraid of taking insulin but didn't want to disappoint her doctors, so she filled every
prescription but had not actually taken any of the medication. This anecdote was an excellent
reminder that HCPs not only need to go down their checklist and ask all the right questions ("are
you taking your medications?"), but that they need to create an environment where patients trust
them enough to provide honest answers.

Injectable GLP-1 RA Therapy in T2D: Benefits and Downfalls

Julio Rosenstock, MD (University of Texas, Dallas, TX)

Dr. Rosenstock delivered a broad overview of injectable GLP-1 agonist therapy and how both evidence and
clinical experience have expanded rapidly in the field. He reviewed the major physiologic actions of GLP-1
agonists, including increasing glucose-dependent insulin secretion and lowered glucagon secretion,
increased satiety, and effects on gastric emptying and GI adverse events. He also provided an overview of
the differentiation of different GLP-1 agonists in source, dose frequency, pharmacokinetics, receptor
agonism, and main glycemic target. Most notably, he drew a distinction between "prandial" GLP-1 agonists
from "non-prandial" GLP-1 agonists. Short-acting, prandial GLP-1 agonists tend to have a strong reduction
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on post-prandial glucose, reduce post-prandial insulin secretion and glucagon, and decelerate gastric
emptying rate. Non-prandial, or long-acting, GLP-1 agonists have more stable plasma levels over 24 hours
with a predominant effect on FPG and little to no effect on gastric emptying.

▪ Dr. Rosenstock characterized LEADER as a "gamechanger" in terms of proving
cardiovascular benefit in patients with proven cardiovascular disease. He highlighted
the role these results - demonstrating a CV benefit for liraglutide - could have on the positioning of
GLP-1 agonists within the diabetes armamentarium in the real world. Currently, GLP-1 agonists are
prescribed as second or third line therapy with orals with or without basal insulin and Dr.
Rosenstock suggested that prescribing may increase due to this evidence of additional
cardiovascular benefits. In fact, he even suggested that GLP-1 agonists could be be positioned as a
second line therapy after metformin.

▪ In an overview of the major trials on GLP-1 agonist efficacy among different agonists,
he illustrated the benefit-risk profile for these agents. Although there is a range, he
indicated that GLP-1 agonists were comparable for the most part in A1c and body weight efficacy.
However, the class still struggles with barriers such as GI adverse events and injectable
administration, which may be reasons for the slow growth, inconsistent adherence, and low
treatment persistence with frequent drug discontinuations. The adverse effects are well known, with
major issues including nausea, vomiting, diarrhea, and hypoglycemia when associated with insulin.
However, the nausea and vomiting are worse initially but subside, and only 3%-5% of patients cite
them as the reason for treatment withdrawals. However, Dr. Rosenstock pointed out that, in the real
world, the withdrawal rate is around 40%-50% because patients do not receive the same support.
Factors affecting choice and persistence include injection frequency, needle size, injection-site
reactions, GI side effects, and the cost. Overall, he emphasized that strategies to overcome these
barriers are needed to address the many adherence issues present with GLP-1 agonist use.

Novel Approaches to GLP-1 RA Delivery: Improving Adherence and Patient
Outcomes

Robert Henry, MD (UCSD, San Diego, CA)

Dr. Robert Henry reviewed the current phase 3 data on Intarcia's ITCA 650, portraying it as the next step
needed to make GLP-1 agonists a standard second-line or possibly even first-line treatment for type 2
diabetes. He discussed i) the FREEDOM-1 study that demonstrated statistically superior A1c reductions of
1.%4-1.7% after 39 weeks with ITCA 650 vs. placebo; ii) the FREEDOM-1 HBL study that demonstrated a
mean A1c reduction of 3.4% with ITCA 650 in patients with a higher baseline A1c (10%-12%); and iii) the
FREEDOM-2 study that demonstrated significantly greater A1c reductions (1.5% vs. 0.8%) and weight loss
(4 kg vs. 1.3 kg) with ITCA 650 vs. Merck's Januvia (sitagliptin). Interestingly, he did not mention the
FREEDOM-CVO study that demonstrated non-inferiority on cardiovascular outcomes with ITCA 650 vs.
placebo - there has been very little mention of this study since the topline results were released over a year
ago (May 2016), and we have yet to see full results from the trial which is unusual given the high level of
anticipation for CVOT results in the diabetes field. Dr. Henry concluded by emphasizing Intarcia's efforts to
make the implantation procedure as simple as possible and describing ITCA 650 as a potential game
changer. This is the very first time Intarcia has sponsored a corporate symposium to our knowledge and
we're very glad to see its success. The ensuing panel discussion underscored both the novelty of ITCA 650 for
many healthcare providers and the interest the concept of implantable therapy generates - see below.

Questions and Answers

Q: Is ITCA 650 considered a short-acting or long-acting GLP-1 agonist?

Dr. Rosenstock: It is long-acting. You're taking exenatide subcutaneously and it clears in 3 min so it has a
really short biologic activity and short half-life. Here you have continuous levels of a GLP-1 agonist, which is
more continuous than exenatide once-weekly, which has big spikes. And probably those weekly injections
eventually level off. This is a short acting GLP-1 agonist molecule that is used as a continuous infusion just like
an insulin pump.
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Q: Why do you expect adherence with ITCA 650 in the real world to be higher than other
GLP-1s and why can't the patient remove the device?

Dr. Steven Edelman (UCSD, San Diego, CA): You saw the percentage of dropouts due to nausea and it was
very darn low. I expect adherence to be basically 100% except for the very small number of patients who have
unusual nausea. I think we'll see the real impressiveness of this device when they do real-world studies. If you
look at A1c reductions vs. other GLP-1s, they're in a comparable range in the clinical trial setting. You saw the
data on persistence and adherence. I think the beauty will be when it gets out to real world.

Dr. Rosenstock: Patients cannot remove the device themselves. If it needs to be removed, they have to go and
have it removed by a professional.

Dr. John Anderson (Frist Clinic, Nashville, TN): It's easy with an injectable to skip the next dose when you
have GI side effects. When you have an implantable device, you'll push through more. If you really want it
removed, you have to make an appointment. I think people will be more willing to tolerate transient GI side
effects.

Dr. Rosenstock: What we know from the one-year data is that eventually the nausea subsides. 3%-5% have it.
There's some relapse if people overeat, etc. Here patients will hang in there. They don't have the option to take
it out unless they call.

Dr. Anderson: I think people will feel more investment in having something subcutaneous. It's almost like
being in a trial.

Q: What would be the possible barriers to starting patients on this therapy, assuming it is
approved?

Dr. Edelman: The only barrier I foresee is the initial discussion with the patient and how you discuss it with
them to frame it correctly. I don't suggest using the word surgery or words that scare patients. For me, the
first barrier is getting their buy-in. After that it's pretty easy.

Dr. Anderson: It's important to show them the device. When you look at the matchstick it's very subtle and it's
not going to be seen.

Dr. Henry: You'll ask some patients how it is and they'll forget they have it in. They have amazing control but
they'll forget it's coming from the ITCA 650

Q: How are healthcare providers going to be trained on the procedure?

Dr. Henry: Intarcia has a training program where people will go and train providers to insert and remove the
device.

Dr. Anderson: If you don't want to do this yourself in primary care, Intarcia has plans to train people to be in
your region and do it for you. It shouldn't be a barrier if you yourself don't want to train.

Q: How much will it cost?

Dr. Henry: I don't know. I think it will be very reasonable and hopefully one of the less expensive GLP-1s.
We'll have to wait and see.

Dr. Edelman: Talking to payers, one thing that's very important to them is adherence. If person is adherent,
you may be paying more for the price of the prescriptions, but when they analyze the cost savings of reduced
hospitalizations, absenteeism, disability claims, there are incredible benefits when patients are adherent. You
spend a little more in terms of medications but you probably save 20-40x that in health benefits. I think
payers will be very attracted to this.

Dr. Henry: 100% adherence has to translate to fewer complications.

Q: How do you adjust the dose from 20 to 60 mg per day?

Dr. Rosenstock: This has been tested where you always start with 20 mg as the priming dose and lowest dose
to get people adjusted. After 3 months you can go up to 60 mg. We showed a study going from 20 to 40, 20 to
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60, and 20 to 80, which had more GI side effects, and between 20 to 60, which shows better weight loss.
When you have nausea that subsides after 20 mg, when going up to 60 mg you get a little spike of nausea and
which then goes down. You can put the 60 mg device in the same place as where you put the 20 mg so it is in
the same spot and doesn't require multiple insertion areas. The key issue here is we have to make life much
simpler for the patients. John presented a case that goes from metformin to ITCA 650. I think the patient
could be on an SGLT-2 inhibitor before adding the ITCA 650 device. Metformin, SGLT-2 inhibitors, and
GLP-1 agonists would be a good combination and if you did this earlier I bet you could control 80%-90% of
people with type 2 diabetes and you would be done.

Dr. Edelman: Can you talk about other therapies that might be worked on to put in this device?

Dr. Henry: Intarcia is actively looking at other compounds. Not every compound can go in the device. It has to
have a small volume and be stabilized. Clearly there are many peptides and maybe non-peptides that could go
in the device. Perhaps anti-tumor medications, anti inflammatories. There are many areas for the future.

Dr. Edelman: The Gates Foundation is working with Intarcia to develop a treatment for HIV in Africa.

Dr. Rosenstock: This is totally different from what we've done before in diabetes. I think it's a game-changing
concept. It may facilitate intervening much earlier in much healthier patients. When people are much
healthier, they don't want to take medications. They want to stay healthy but they don't want to take pills or
injections.

Dr. Henry: The potential for game changing is real. I hope it's approved soon and the market takes it up. It's a
great opportunity for sustained, effective glucose control and weight loss.

Corporate Symposium: Optimizing Comprehensive Glycemic Management
in Challenging Patients with Type 2 Diabetes (Sponsored by Sanofi)

Vanita Aroda, MD (MedStar Health Research Institute, Hyattsville, MD), Lawrence Blonde,
MD (Ochsner Medical Center, New Orleans, LA), Vivian Fonseca, MD (Tulane University
Health Sciences Center, New Orleans, LA), and Juan Frias, MD (UCLA, Los Angeles, CA)

This Sanofi-sponsored corporate symposium highlighted the potential of basal insulin/GLP-1 agonist fixed-
dose combinations as an optimal therapeutic options for patients not achieving their goals on basal insulin
alone. Dr. Vivian Fonseca kicked off the symposium with an overview of current treatment options, the need
for therapies that help patients achieve glycemic goals with minimal hypoglycemia and weight gain, and
the importance of the patient-oriented perspective on minimizing injections and daily burdens of therapies.
Dr. Vanita Aroda then discussed the importance of addressing postprandial glucose (PPG) as an integral
part of treatment to lower A1c. PPG may also be tied to cardiovascular risk, although trial data has been
mixed. She examined both short- and long-acting GLP-1 agonists and their differing effects on PPG, finding
that short-acting GLP-1 agonists like exenatide and lixisenatide flattened PPG glucose levels significantly
while long-acting liraglutide predominantly showed lowering of FPG with some improvement in PPG. Dr.
Blonde then led a review of the treatment options in type 2 diabetes and the use of basal insulin as the first
choice injectable therapy recommended by the ADA and AACE. Interestingly, in a series of five studies
investigating basal insulin as the first injectable, GLP-1 agonists were found to be more effective in A1c
reduction and additionally helped with weight loss, although GLP-1 agonists are not currently a first line
therapy according to the dominant treatment algorithms in the US. Dr. Blonde also reviewed the impact of
hypoglycemia in insulin use, which is a key challenge for patients and a common reason cited for patients
who choose to discontinue insulin. Newer insulins like Novo Nordisk's Tresiba (insulin degludec) or Sanofi's
Toujeo (insulin glargine U300) are associated with similar A1c and weight reductions as older insulins but
also have the additional benefits of lowering the risk for both nocturnal and severe hypoglycemia, as
demonstrated in trials like SWITCH 2 and EDITION 1, 2, and 3. However, Dr. Blonde pointed out that many
patients will not attain or maintain target glycemia with basal insulin alone, and there are further
strategies for intensification depending on the patient's profile. When on the lower end of the A1c spectrum,
hyperglycemia may be driven more by PPG and can be addressed by combination injectable therapy. To
conclude the symposium, Dr. Juan Frias knitted everything together with a broad overview of the
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complementary mechanisms of action between basal insulin and GLP-1 agonists on insulin release, glucose
uptake, glucose production, glucagon secretion, and gastric emptying. The two major fixed-dose
combinations - Sanofi's Soliqua (insulin glargine/lixisenatide) and Novo Nordisk's Xultophy (insulin
degludec/liraglutide) - are approved in the US for patients suboptimally controlled on any basal insulin or
lixisenatide and/or liraglutide in combination with any oral medication. However, in Europe these agents
have more expansive labels approved as the first injectable agent. The benefits of a fixed-ratio combination
compared to individual components is compelling - improved glycemic control, a body weight benefit, no
increase hypoglycemia, and reduced GI side effects.

Questions and Answers

Q: Some patients stop responding to GLP-1 agonists. Can you explain why this happens and
how to address it?

Dr. Fonseca: Some people just stop taking the medication and you need to have a frank discussion about that.
Secondly, you wonder about the development of antibodies, particularly with exenatide. Neutralizing
antibodies are not that common in GLP-1 agonists except in exenatide. In that case, you can stop the drug and
switch to another GLP-1 agonist and see what happens. Thirdly, it is possible to use GLP-1 agonists
inappropriately because the patient lacks insulin. If you're insulin deficient, nothing is going to work.

Dr. Frias: Secondary failure is the nature of type 2 diabetes management. At some point you reach an
equilibrium or your diabetes progresses.

Q: It seems like we are giving our patients all of these drugs, but not reaching our goals. What
else can you do?

Dr. Aroda: We keep treating to failure and we need to prevent that.

Dr. Blonde: There are studies that show earlier treatment with combinations of agents may produce more
durable reductions in A1c. It would be interesting to do a study in coformulations that looks at simultaneous
versus sequential therapy. There are studies that suggest simultaneous is better than sequential.

Q: You use U500, the maximal amount of insulin. What do you do when someone needs more
than that?

Dr. Blonde: Well you've got to treat the patient. If they need more insulin then give it to them, but you should
also be asking why the maximum amount of basal is not working. And maybe you should consider bariatric
surgery or something of the like to handle this.

Q: The ideal combo would be U300 and lixisenatide for a lot of patients. Why wouldn't you use
this?

Dr. Fonseca: Well the simple answer is that you can't give test two experimental agents at the same time and
these two drugs were in the experimental process at the same time so you can't do that right now. The FDA
won't let you do that. But in the future you may see that there are trials around this and while I don't like to
predict the future often, you could see this coming sometime soon.

DPP-4 Inhibitors

Oral Presentations: Landscape of Therapeutic Trials in Type 2 Diabetes

Safety and Efficacy of Ertugliflozin Plus Sitagliptin vs. Either Treatment Alone
after 52 Weeks in Subjects with T2DM Inadequately Controlled on Metformin:
VERTIS FACTORIAL Trial Extension

Richard Pratley, MD (Florida Diabetes and Endocrine Center, Orlando, FL)

Dr. Richard Pratley shared one-year findings from the VERTIS FACTORIAL trial, underscoring the glucose-
lowering and weight loss efficacy of Merck/Pfizer's SGLT-2 inhibitor ertugliflozin in combination with
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sitagliptin (Merck's DPP-4 inhibitor Januvia). This is particularly exciting as we await FDA decisions on
ertugliflozin, ertugliflozin/metformin (fixed-dose combination), and ertugliflozin/sitagliptin (fixed-dose
combination) expected by January 2018 - we've been looking forward to this data for a long time! In
VERTIS FACTORIAL, 1,233 patients with type 2 diabetes on stable metformin therapy were randomized to
one of five arms: (i) a 5 mg dose of ertugliflozin, (ii) a 15 mg dose of ertugliflozin, (iii) a 100 mg dose of
sitagliptin, (iv) a combination regimen of 5 mg ertugliflozin/100 mg sitagliptin, or (v) a combination
regimen of 15 mg ertugliflozin/100 mg sitagliptin. Initial 26-week results were presented in a poster at
EASD 2016, and Dr. Pratley discussed data from the trial extension out to 52 weeks, which demonstrated
sustained superior reductions in A1c and fasting plasma glucose for the SGLT-2/DPP-4 combinations vs.
either agent alone. After one year of treatment, A1c dropped by 1.4% from a baseline 8.6% for both the
combo therapy groups vs. an A1c decline of 1%, 0.9%, and 0.8% for the 5 mg ertugliflozin, 15 mg
ertugliflozin, and 100 mg sitagliptin groups, respectively (and that's in an RCT - unlikely that would be seen
in "real life" from our admittedly speculative view). The treatment difference for A1c decline was
statistically significant in favor of the combination vs. either monotherapy in all comparisons (p<0.05). In
both combo arms, 40% of participants reached an A1c goal of <7% after one year vs. 26% of patients on 5
mg ertugliflozin, 23% of patients on 15 mg ertugliflozin, and 27% of patients on sitagliptin. A "global" word
on findings such as these - we'd love to see what the A1c goals would look like with other interventions
combined after the initial findings (diet, exercise, behavior modification, peer to peer counseling, etc.)

▪ Ertugliflozin also demonstrated a profound weight loss benefit in VERTIS
FACTORIAL. Dr. Pratley showed that ertugliflozin was associated with 2.4 kg (5.3 lbs) weight loss
at a 5 mg dose, 3.2 kg (7.1 lbs) weight loss at a 15 mg dose, 2.4 kg (5.3 lbs) weight loss at a 5 mg dose
in combination with sitagliptin, and 2.8 kg (6.2 lbs) weight loss at a 15 mg dose in combination with
sitagliptin. Meanwhile, patients on sitagliptin alone in VERTIS FACTORIAL experienced 0.1 kg
(0.22 lbs) weight loss on average over the course of a full year. Baseline body weight was 87 kg-89 kg
(192 lbs-196 lbs) across all study arms. Weight loss is one of the key aspects to SGLT-2 inhibitors
that makes these products so appealing for type 2 diabetes patients (not to mention the superior
A1c-lowering and possible CV benefits). We're not at all surprised to see marked improvements in
body weight with ertugliflozin treatment vs. sitagliptin or placebo, but we're always happy to see
corroborating evidence on this front. We're also pleased to see that combination with sitagliptin
does not appear to substantially attenuate the weight loss effect of ertugliflozin.

▪ Dr. Pratley's presentation highlighted SGLT-2/DPP-4 fixed-dose combination tablets
as an important advancement in type 2 diabetes care. He began with the statement that
SGLT-2 inhibitors and DPP-4 inhibitors have complementary mechanisms of action, which suggests
that a combination of the two could be a more efficient way to get patients to goal - especially those
with high baseline A1c. VERTIS FACTORIAL provides hard evidence for the benefits to this
particular combination vs. either monotherapy, with more patients getting to A1c goal while also
losing weight and facing a lower pill burden.

Safety and Efficacy of Ertugliflozin after 52 Weeks in Subjects with T2DM
Inadequately Controlled on Metformin and Sitagliptin: Results from the
Extension Phase of the VERTIS SITA2 Trial

Jie Liu, MD (Merck & Co., Chicago, IL)

Dr. Liu presented 52-week results from VERTIS SITA2 investigating ertugliflozin as an add-on to a
metformin/sitagliptin regimen - a follow-up to the 26-week data shared in an oral presentation at EASD
2016. Participants (n=464) with type 2 diabetes experienced a mean 0.8% A1c decline from a baseline of
8.1% with 5 mg ertugliflozin after one year, while patients in the placebo arm showed essentially flat A1c
from baseline 8% (p<0.05). Similarly, people randomized to 15 mg ertugliflozin experienced a mean 0.8%
A1c reduction from a baseline of 8% (p<0.05 vs. placebo). Dr. Liu displayed graphs to clearly depict this
sustained glucose-lowering effect out to one year, which is certainly compelling, in our view. In VERTIS
SITA2, 33% of patients on ertugliflozin reached an A1c target <7% at week 52, regardless of dose, compared
to only 14% of the placebo group. We're glad to see such strong data from the VERTIS program, and we're
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excited by the prospect of a fourth SGLT-2 inhibitor coming soon to the commercial market by a group that
could more successfully get this class to the patients that need it. Expanded options within this class will be a
noteworthy win, and we look forward to seeing how ertugliflozin may grow whole class sales - while
patients and clinicians in the US are rarely "choosing" compounds anymore, as much as the formularies are
making choices for them, we do believe that a powerhouse combo of Merck/Pfizer marketing in this class
would be positive for all.

▪ Weight loss effects were consistent between week 26 and week 52 in VERTIS SITA2.
According to Dr. Liu, body weight decreased by a mean 3.5 kg (7.7 lbs) from a baseline 88 kg (194
lbs) for the 5 mg ertugliflozin group, by a mean 2.8 kg (6.2 lbs) from a baseline 87 kg (192 lbs) the 15
mg ertugliflozin group, and by 1 kg (2.2 lbs) from a baseline 87 kg (192 lbs) for the placebo group.

▪ As Dr. Liu put it, DPP-4 inhibitors are already commonly considered as a second-line
therapy option after metformin, and this data now supports earlier intervention with
an SGLT-2 inhibitor alongside. Merck's Januvia (sitagliptin) leads the DPP-4 inhibitor class in
sales and has surely cultivated familiarity among diabetes care providers, so we're hopeful that a
fixed-dose combination of ertugliflozin/sitagliptin - if approved - also becomes an early
consideration for type 2 diabetes treatment. That said, frustratingly in the US, clinicians and payers
seem to be less comfortable with fixed dose combinations than do their counterparts in other
geographic regions. We'd love to get more patient sentiments, particularly that relate to adherence,
to the payers.

Oral Presentations: Translating Therapeutics to the Real World

Subclasses of Dipeptidyl Peptidase-4 Inhibitors and Cardiovascular Risk: Analysis
of Real-World Data for 747,392 Patients with Type 2 Diabetes

Kyoung Hwa Ha, MD (Ajou University School of Medicine, Suwon, South Korea)

Dr. Kyoung Hwa Ha presented data from the claims database of the Korean National Health Insurance
System, comparing the risk of cardiovascular disease associated with five different DPP-4 inhibitors in
Korean patients with type 2 diabetes. Specifically, the study identified 747,392 patients who used sitagliptin
(n=232,855), vildagliptin (n=98,368), saxagliptin (n=44,422), linagliptin (n=299,294) or gemigliptin
(n=72,453) between January 2013 and June 2015. According to the results, the observed numbers of CVD
events (coronary artery disease, heart failure, stroke, or transient ischemic attack) were 13,627 (291,363
person-years) for sitagliptin, 6,676 (122,529 person-years) for vildagliptin, 2,353 (52,028 person-years) for
saxagliptin, 18,972 (402,492 person-years) for linagliptin, and 4,027 (79,904 person-years) for gemigliptin
users. Compared to sitagliptin, the fully adjusted hazard ratios for CVD events were 1.05 (95% CI:
1.02-1.08; p = 0.001) for vildagliptin, 0.93 (95% CI: 0.89-0.97; p = 0.001) for saxagliptin, 0.93 (95% CI:
0.91-0.95; p< 0.001) for linagliptin, and 0.96 (95% CI: 0.93-1.00; p = 0.039) for gemigliptin. Thus, Dr. Ha
concluded that vildagliptin therapy may be associated with higher risk of CV events, while therapy with
sitagliptin, saxagliptin, linagliptin, and gemigliptin were associated with lower CV risk.

Posters

Combination Therapy of Canagliflozin and Teneligliptin in Japanese Patients with
T2DM: Results from Phase 3 Studies (1194-P)

K Kaku, T Kadowaki, N Inagaki, K Kondo, K Nishimura, G Kaneko, N Maruyama, N Nakanishi,
H Iijima, Y Watanabe, and M Gouda

This poster displayed an integrated analysis of three phase 3 studies comparing canagliflozin/teneligliptin
co-administration vs. monotherapy with either the SGLT-2 inhibitor (canagliflozin) or the DPP-4 inhibitor
(teneligliptin). Two 24-week trials randomized Japanese participants with type 2 diabetes to canagliflozin
vs. placebo as an add-on to a background of teneligliptin (n=138), or to teneligliptin vs. placebo as an add-
on to a background of canagliflozin (n=154). Both studies showed superior A1c-lowering with the SGLT-2/
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DPP-4 combination vs. either agent alone: In the former, the A1c treatment difference was 0.88% in favor of
canagliflozin (p<0.001 vs. placebo), dropping from a baseline A1c ~8%. In the latter, the A1c treatment
difference was 0.94% in favor of teneligliptin (p<0.001 vs. placebo), also from a baseline A1c ~8%. A third,
52-week open label trial added canagliflozin onto a baseline regimen of teneligliptin (n=153). Sustained A1c
improvements on combination therapy were observed throughout the one-year trial duration, and 82% of
participants achieved clinically-meaningful A1c reductions and body weight reductions. This highlights one
of the key benefits to SGLT-2/DPP-4 combos, in that they show superior glucose-lowering efficacy and
weight loss efficacy, all the while offering a milder side-effect profile vs. either drug alone. Indeed, adverse
events were well balanced across all groups, with the exception of genital mycotic infections which are
expected to be higher with SGLT-2 inhibitor treatment (occurring in 1% of male trial participants and 11% of
female trial participants in the third, 52-week study). These integrated results were the basis for a New
Drug Application jointly-submitted by Mitsubishi Tanabe Pharma (which markets canagliflozin in Japan as
Canaglu) and Daiichi Sankyo (which markets teneligliptin as Tenelia) to Japanese regulatory authorities
earlier this year. A decision on this fixed-dose combination candidate, MT-2412, is expected in 2Q18.

Safety and Efficacy of Ertugliflozin in Combination with Sitagliptin in Subjects
with T2DM Inadequately Controlled on Diet and Exercise: The VERTIS SITA Trial
(1197-P)

B Lauring, S Miller, T Krumins, H Zhou, S Huyck, J Johnson, G Golm, S Terra, J Mancuso, and
S Engel

This poster displayed 26-week results from Merck/Pfizer's VERTIS SITA trial comparing combination
therapy with SGLT-2 ertugliflozin/DPP-4 inhibitor sitagliptin (Merck's Januvia) vs. placebo. The study
randomized participants (n=254 patients with type 2 diabetes who completed the entire duration of the trial
on medication) to one of three arms: (i) 5 mg ertugliflozin/100 mg sitagliptin once-daily, (ii) 15 mg
ertugliflozin/100 mg sitagliptin once-daily, or (iii) placebo. Patients in the lower dose combo group
experienced a mean A1c reduction of 1.6% from a baseline 8.9% vs. a mean A1c reduction of 0.44% from a
baseline of 9% for patients on placebo (p<0.001). Similarly, patients in the higher dose combo group
experienced superior A1c reductions of 1.68% from a baseline 9% (p<0.001 vs. placebo). Defining A1c goal
as <7%, 36% of 5 mg ertugliflozin participants and 31% of 15 mg ertugliflozin participants achieved this
target by week 26 vs. only 8% of placebo participants (p<0.001 for both comparisons). The dual therapy
was also associated with significant reductions in weight and systolic blood pressure. On average, body
weight dropped 2.9 kg (6.4 lbs) for people on 5 mg ertugliflozin/100 mg sitagliptin vs. 0.9 kg (2 lbs) for
people on placebo (p<0.001). Patients on 15 mg ertugliflozin/100 mg sitagliptin lost a mean 3 kg (6.6 lbs)
over 26 weeks (p<0.001 vs. placebo). Baseline body weight was 91 kg (201 lbs) in the two dual therapy arms
and was 95 kg (209 lbs) in the placebo arm. Systolic blood pressure declined by 2 mmHg in the lower dose
combo group and by 4 mmHg in the higher dose combo group, but actually increased by a mean 2.4 mmHg
among patients on placebo (p=0.011 and p<0.001, respectively). This trial saw little difference in adverse
events across groups (and a generally low incidence of safety issues overall) as well as great retention - 291
were randomized, 282 completed all 26 weeks, and 254 completed on study medication. Fewer participants
(~2% of both ertugliflozin/sitagliptin groups) discontinued treatment vs. placebo (~3%). Ultimately, in
patients with type 2 diabetes not at goal, co-initiation of ertugliflozin and sitagliptin could provide better
glycemic control, weight loss, and lower blood pressure.

▪ These poster results were part of a range of VERTIS program studies presented at this
ADA (also VERTIS MONO, VERTIS SITA2, and VERTIS FACTORIAL). Across the board, these
posters and oral presentations emphasized the value of a fixed-dose SGLT-2/DPP-4 combination
due to superior glucose-lowering, weight loss, and blood pressure-lowering efficacy. If approved by
the FDA (and decisions on standalone ertugliflozin as well as this fixed-dose combination and a
fixed-dose combination of ertugliflozin/metformin are expected by January 2018), this new oral
combination will join a class with AZ's Qtern (dapagliflozin/saxagliptin) and Lilly/BI's Glyxambi
(empagliflozin/linagliptin). We're eager to see this approval, as we see the Merck/Pfizer duo as
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particularly fit to make a fixed-dose SGLT-2/DPP-4 combination a commercial success and to
ensure wide patient access.

Product Theaters

Impact of the Incretin System on the Treatment of Type 2 Diabetes (Sponsored by
Merck)

Zachary Bloomgarden, MD (Mount Sinai School of Medicine, New York, NY)

Dr. Zachary Bloomgarden led this product theater focused on Merck's DPP-4 inhibitor Januvia (sitagliptin),
and more broadly, discussed the role of the incretin system in type 2 diabetes. He opened the session by
highlighting the reduced incretin effect in type 2 diabetes - in healthy individuals, the incretin effect would
be augmented in response to higher glucose levels, but this response is impaired in type 2 diabetes
pathophysiology. In addition, type 2 diabetes is associated with impaired suppression of alpha-cell
glucagon, which contributes to postprandial hyperglycemia. With this background, Dr. Bloomgarden
illustrated the mechanisms of action of incretin hormones and then reviewed the use of Januvia and
Janumet (sitagliptin/metformin fixed-dose combination) in type 2 diabetes management. Throughout the
product theater, he mentioned much data from the sitagliptin clinical program, highlighting the ability of
these drugs to enhance active incretin levels and to restore insulin secretory responses in combination with
metformin. Dr. Bloomgarden also reviewed Januvia's and Janumet's adverse event profiles and important
risk information for prescribers.

Novel Therapies

Oral Presentations: ADA Presidents Oral Session

REMD-477, a Human Glucagon Receptor (GCGR) Antibody, Reduces Daily Insulin
Requirements and Improves Glycemic Control in People with Type 1 Diabetes
(T1D)

Jeremy Pettus, MD (UCSD, San Diego, CA)

Dr. Jeremy Pettus presented exciting phase 1 data demonstrating that a single dose of the human glucagon
receptor (GCGR) antibody REMD-477 can produce substantial and long-lasting (weeks!) reductions in
insulin requirements and improvements in glycemia and time-in-range in people with type 1 diabetes,
without increasing hypoglycemia. In a double-blind study, people with type 1 diabetes (n=21) were
randomized to receive a single subcutaneous injection of either 70 mg REMD-477 or placebo. One day
following the injection, participants who received REMD-477 experienced a significant 21% reduction (9
units) in daily insulin dose compared to those who received placebo (p=0.02); this intensified to a 26%
reduction (12 units) by the second day after the injection (p=0.02). Furthermore, REMD-477 produced
substantial reductions in average daily blood glucose concentration not days but weeks after the injection.
For people in the treatment arm, average glucose fell 27 mg/dl in the first week post-injection (p<0.0010),
-31 mg/dl in the second week (p=0.05), and -20 mg/dl in the third week (p=0.05). REMD-477 further
produced substantial increases in time-in-range. In the week following the injection, participants on
REMD-477 spent 71% of their time in normoglycemia (70-180 mg/dl), versus 56% for those on placebo
(p=0.0001), and the effect persisted into the second week post-injection (70% time-in-range with
REMD-477, versus 57%; p<0.05). This increased time spent in normoglycemia with REMD-477 was driven
by reductions in hyperglycemia; importantly, hypoglycemia did not increase with REMD-477. Although the
mechanism of action of this candidate is not yet understood, Dr. Pettus presented evidence that a single dose
of REMD-477 produces long lasting elevations in plasma glucagon and GLP-1 that don't return to baseline
until 57 post-injection. Adverse events were infrequent and minor (headache, oropharyngeal pain, etc.) and
did not substantially differ between the REMT-477 and placebo groups (11 vs. 10 events), indicating a good
safety profile for this candidate. We are very moved by the sheer timescale of REMD-477's powerful actions
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and eager to learn more about the upcoming phase 2 study, which according to Dr. Pettus will examine the
effect of multiple weekly doses of the peptide drug. For good reason Dr. Pettus' presentation was certainly
one of the most highly-anticipated highlights of the President's Oral Sessions - the very final event of ADA,
highlighting particularly notable late-breaking abstracts - and we will be watching the progress of this
work very closely. Although this work is clearly in its earliest stages, REMD-477 is a perfect exemplification
of a patient-friendly diabetes therapy that optimizes important outcomes beyond A1c - namely time-in-
range and a vastly reduced injection burden.

Oral Presentations: New Insights into Prevention and Treatment of
Hypoglycemia

Nasal Glucagon for the Treatment of Moderate-to-Severe Hypoglycemic Episodes
in Real-World Settings in Adults with Type 1 Diabetes

Elizabeth Seaquist, MD (University of Minnesota, Minneapolis, MN)

Dr. Elizabeth Seaquist presented positive real-world data on Lilly's phase 3 nasal glucagon, showing that
96% of patients experiencing hypoglycemia recovered within 30 minutes following treatment and that most
of the caregivers were highly satisfied with the device. The study enrolled 129 adults with type 1 diabetes,
and 69 of these participants experienced a total of 157 symptomatic moderate or severe hypoglycemia
events (a blood glucose of approximately <60 mg/dl or requiring assistance) during the course of the study.
For 151 of these episodes (96%), a 3 mg dose of nasally-delivered glucagon met its primary endpoint of
"awakening or returning to normal status" within 30 minutes, as determined by a caregiver. For five of the
remaining six events, caregivers noted recovery within 45 minutes, and in four of these instances, the
patient's blood glucose was ≥70 mg/dl 30 minutes after administering nasal glucagon. These are impressive
results in a real-world setting, confirming what Locemia showed in phase 3 RCTs (Lilly acquired this
pipeline product from Locemia in October 2015). A majority of caregivers, 70%, were able to deliver nasal
glucagon to a patient experiencing hypoglycemia within 30 seconds, while 98% were able to do so in <2
minutes - what an exciting and much-needed improvement to the lengthy reconstitution process of existing
glucagon options. Overall, 94% of caregivers were satisfied with nasal glucagon, including 56% giving it the
highest "very satisfied" score. Dr. Seaquist emphasized that no calls to emergency services were made for
any of the 157 hypoglycemia episodes, not even for 12 cases of severe hypoglycemia when patients were
unconscious or experiencing convulsions or mental disorientation. Impressively, nasal glucagon met the
study's primary endpoint of recovery within 30 minutes in all 12 of these cases as well (experienced by seven
participants), which supports the agent's ability to rapidly raise dangerously low blood glucose in real-
world settings. Though an FDA submission has taken longer than we expected since Lilly acquired the phase
3 product from Locemia (due to additional development work and establishing a manufacturing
infrastructure), management shared in a separate interview with us that a filing is expected in 1H18, and
the product will be submitted in other geographies shortly thereafter. The health and healtheconomic
burden of hypoglycemia remains far too high, and we're hopeful that advances like Lilly's nasal glucagon
will bring us leaps and bounds ahead in our ability to treat the complication. To that end, it's extremely
valuable to see real-world efficacy and feasibility data, since the immediate goal is to help patients/
caregivers address hypoglycemia swiftly in everyday settings, avoiding an expensive hospital visit,
emergency call, or need for a healthcare professional.

▪ During a separate call with Dr. Seaquist and Lilly's nasal glucagon team, we heard
anecdotal evidence on caregiver responses to this innovative product: "it just makes
so much sense to them." Certainly, this intuitive ease of use is crucial for a product like glucagon,
used often in high-stress emergency situations. Once nasal glucagon is available, we'll be fascinated
to see how the ease-of-use and satisfaction compares to upcoming auto-injectors in development
(Xeris and Zealand, among others).

▪ According to Lilly management, the shelf life of this innovative product is anticipated
to be comparable to current recombinant glucagon. We were happy to hear this, as it will be
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another pull for patients, providers, and payers. Cost is of course a big question with glucagon, and
we so hope that this nasal glucagon is priced responsibly to maximize access to a superior, patient-
friendly, cost-saving therapy.

▪ Locemia presented equally positive simulated usability data at EASD 2015, which also
highlighted the simplicity of nasal delivery.

Oral Presentations: Obesity Pathogenesis and Treatment - Insights from
Mouse Models

PB-718, a Dual GLP-1/Glucagon Receptor Agonist Demonstrates Superior Weight
Loss Effect and Ameliorates Nonalcoholic Steatohepatitis (NASH) in Animal
Models

Michael Xu, MD (Pegbio, Suzhou, China)

Dr. Michael Xu presented a range of preclinical data on an investigational, PEGylated GLP-1/glucagon
receptor dual agonist - Pegbio's PB-718. In a mouse model of diabetes (n=6), both low and high doses of the
agent were associated with superior weight loss and reduced fasting plasma glucose vs. twice-daily
liraglutide. In mice with NASH (n=6), both doses led to more weight loss, a greater reduction in liver
weight, and a greater lowering of liver weight/body weight ratio vs. placebo (p<0.0001 for all
comparisons). Moreover, there was a dose-dependent reduction in NAS score for NASH severity (p<0.01 for
lower dose vs. placebo; p<0.0001 for higher dose vs. placebo), which takes into account steatosis, liver
inflammation, fibrosis, and other markers. Dr. Xu also reviewed findings from a preclinical investigation of
Pegbio's drug candidate in monkeys. Consistent with the data from rodent studies, PB-718 demonstrated
dose-dependent and significant superiority vs. placebo in stimulating weight loss and improving NAS score.
Dr. Xu explained that there are strong mechanistic underpinnings that support the utility of GLP-1/
glucagon dual agonists for diabetes, obesity, and NASH. Oxynotomodulin, an endogenous dual agonist of
GLP-1/glucagon, has been correlated with decreased food intake, enhanced glucose tolerance, and improved
liver health. We're certainly excited by GLP-1/glucagon dual agonists as a potential new therapy class
(competitive landscape here), and we're happy to see companies investing in these agents for diabetes as
well as adjacent indications. NASH, in particular, is a therapeutic area of high unmet need with no FDA-
approved medicines to-date, and we also see marked room for improvement in available tools for obesity
management.

Questions and Answers

Q: Have you compared your agent with semaglutide (Novo Nordisk's GLP-1 agonist candidate,
in phase 2 for obesity and NASH)?

A: No we have not, but we will be eager to compare our compound to semaglutide in some study. Actually, we
were approached by them and tried to figure out how to compare these compounds side-by-side. Of course,
semaglutide has not yet been approved.

Oral Presentations: Central Nervous System Regulation of Metabolism

Diabetes Remission Induced by Central FGF1 Is Associated with Improved Beta-
Cell Function

Jenny Brown, PhD Student (University of Washington, Seattle, WA)

Ms. Jenny Brown presented data from her work in Dr. Michael Schwartz's lab on the role of FGF1 on
glucose homeostasis regulated by the brain. Dr. Schwartz's team published an article in Nature Medicine
last May demonstrating that a single intracerebroventricular (ICV) injection of FGF1 resulted in sustained
remission of type 2 diabetes in mouse and rat models. The beneficial effects of central FGF1 appeared to be
related to insulin secretion, as the compound was not effective in rodent models of severe insulin deficiency.
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Ms. Brown aimed to build on this work by answering two questions: i) Does FGF1 increase insulin secretion
in animals in remission? and ii) Does diabetes remission induced by FGF1 involve other mechanisms besides
increased insulin secretion? A modified hyperglycemic clamp study in rats indicated that FGF1-induced
diabetes remission was associated with increased basal insulin secretion but not with increased insulin
secretion in response to a glucose infusion. However, increased basal insulin secretion does not appear to be
the whole story, as a modified hyperinsulinemic clamp study in rats showed that vehicle-treated animals
required higher plasma insulin levels to achieve the same plasma glucose as the FGF1-treated group. It is
not yet clear what the additional glucose-lowering mechanisms might be, but Ms. Brown suggested that all
of these findings support a revised model of glucose homeostasis that involves a central role for the brain.
We've been very intrigued by the work from Dr. Schwartz lab on the role of the brain in both diabetes and in
obesity - our interview with him last year was absolutely fascinating and we've been eagerly watching
closely to see what other learnings his lab may produce.

Questions and Answers

Q: Did you see the same results in female rats?

A: We haven't tested that yet but we plan to.

Q: We just learned in an earlier talk that the dorsal vagal complex could be manipulated with a
high-fat diet. Could there be an additional effect related to modulation of that complex by
FGF-1?

A: We're looking at the specific nuclei where it's acting now.

Q: What is the source of FGF-1? Is it naturally found in those areas? What is the difference
between putting it in the brain vs. the periphery?

A: When it's given peripherally, it's given at multiple doses. That leads to reductions in body weight and food
intake. The single brain injection induces acute reductions but they're not sustained.

Q: Did they lose their overeating behavior? Were there any other behavioral changes after a
week?

A: Body weight and food intake went back to the same level as the controls. The treated animals actually
weighed slightly more at the end.

Oral Presentations: Targets and Pathways in Diabetic Kidney Disease

PBI-4050 Protects against Diabetic Nephropathy and Improves Pancreatic
Function in High-Fat-Diet db/db Mouse Model

Lyne Gagnon, PhD (Prometic BioSciences, Laval, Quebec, Canada)

Dr. Lyne Gagnon discussed preclinical and phase 2 data for Prometic BioSciences' anti-fibrotic drug
candidate PBI-4050. This small molecule candidate is an agonist of an undisclosed receptor with a
protective role in fibrosis and an antagonist of a second undisclosed receptor with a deleterious role in
fibrosis. Data from several preclinical models have demonstrated that the compound reduces fibrosis in the
lungs, kidneys, heart, and liver and has positive effects on a wide range of metabolic parameters: reduced
triglycerides, increased adiponectin, decreased hyperfiltration, downregulation of inflammatory markers,
increased serum insulin, and reduced liver steatosis. Dr. Gagnon reviewed results presented at AHA last
November from an open-label phase 2 trial of PBI-4050 in patients with type 2 diabetes. Results
demonstrated a 0.75% A1c reduction after 12 weeks among patients with a baseline A1c ≥7.5% and a 0.9%
reduction among patients with a baseline A1c ≥8%. The trial also found significant reductions in several
biomarkers of kidney injury and improvements in a number of biomarkers of metabolic syndrome and
fibrosis. Dr. Gagnon suggested that the drug's ability to target multiple organs (kidneys, adipose tissue,
liver, pancreas, muscle) could give it an edge over existing type 2 diabetes medications. We agree that the
candidate's widespread effects and anti-fibrotic activity make it an intriguing candidate but believe that in
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the current environment, it will need to demonstrate a beneficial effect on cardiovascular and/or renal
outcomes in order to be truly competitive. The early-stage findings are certainly suggestive, though it's
unclear if the data shared thus far would be compelling enough to encourage the massive investment of a
large-scale phase 3 program in type 2 diabetes, including a CVOT.

Questions and Answers

Q: Was the gene expression data from the whole kidney or the cortex?

A: This data was from the cortex.

Q: What is the specific mechanism of action?

A: The drug acts on two receptors. I can't say which specific ones for patent reasons.

Q: You mentioned that microparticles are reduced. What are microparticles and why are they
important?

A: There was some indication that there was a reduction of microparticles from podocytes. This suggests that
the compound is protecting podocytes.

Q: Do you think the anti-fibrotic effects are mainly due to FGF?

A: No, there's regulation of many cytokines, growth factors, etc. It's more than just FGF.

Q: Are there side effects?

A: The compound appears very safe and well tolerated. There were very few side effects. There was diarrhea in
two patients. We have two more posters focused on side effects and other results, including a small but
significant reduction in BMI.

Q: Was there any negative effect on wound healing or other processes that require fibrosis?

A: Good question. We saw no effect on wound healing.

Posters

Dasiglucagon, a Novel Soluble Glucagon Analog, Successfully Restores Blood
Glucose Levels after Hypoglycemia in People with Type 1 Diabetes Mellitus
(T1DM) (389-P)

T Heise, B Bysted, U Mouritzen, U Hovelmann, D Lamers, and D Moller

Zealand presented a poster detailing phase 2 results from a PK/PD study of its liquid-stable glucagon
analog dasiglucagon. The trial compared four doses of dasiglucagon (0.1 mg, 0.3 mg, 0.6 mg, and 1.0 mg)
to native glucagon (Novo Nordisk's GlucaGen; 0.5 mg and 1.0 mg) in participants with type 1 diabetes
(n=58), demonstrating that dasiglucagon, like native glucagon, was able to rapidly and effectively increase
blood glucose concentration following a controlled, insulin-induced hypoglycemia event in which blood
glucose fell to 55 mg/dl. On the pharmacodynamic front, the three highest dasiglucagon doses (0.3 mg, 0.6
mg, and 1.0 mg) each took a median of six minutes to raise plasma glucose levels to above 70 mg/dl, versus
6 and 7 minutes for the 0.5 mg and 1.0 mg doses of native glucagon, respectively (and 10 minutes for the 0.1
mg dasiglucagon dose). Dasiglucagon furthermore showed comparable performance to native glucagon in
terms of the average time required to increase plasma glucose levels by 20 mg/dl; the four dasiglucagon
doses (0.1 mg, 0.3 mg, 0.6 mg, and 1.0 mg) respectively took a median of 14, 10, 9, and 9 minutes to achieve
this level of plasma glucose reduction, versus 10 minutes for both the 0.5 mg and 1.0 mg native glucagon
doses. Notably, the increase in plasma glucose was longer-lasting and more pronounced with dasiglucagon:
total plasma glucose excursions (as measured by area under the effect curve [AUE]) were significantly
higher with 0.3 mg dasiglucagon versus 0.5 mg native glucagon (p<0.0001) and for both 0.6 mg
(p=0.0043) and 1 mg (p<0.0001) dasiglucagon versus 1.0 mg native glucagon. This larger glucose
excursion profile promisingly suggests that dasiglucagon may be superior to native glucagon at preventing
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recurrent hypoglycemia. On the pharmacokinetic front, dasiglucagon reached maximum exposure
significantly later than native glucagon (~35 minutes; p<0.01), but demonstrated a significantly higher
total exposure for all dose comparisons (p<0.001). In a separate conversation with Zealand, the company
indicated that this could be suggestive of higher viability for dasiglucagon over native glucagon, meaning
that dasiglucagon could achieve the same the same glucose increasing efficacy at lower doses - but of course
this would need to be verified in future studies. Importantly, dasiglucagon was well-tolerated with a similar
safety profile as native glucagon. For both dasiglucagon and native glucagon, the most commonly reported
adverse events were nausea and vomiting (40 events with dasiglucagon, 35 events with native glucagon)
and mild injection site reactions which disappeared within 30 minutes post-dosing (7 events with
dasiglucagon, 5 events with native glucagon).

▪ Following the release of these topline results in 3Q16, Zealand commented in its 4Q16
earnings update that the FDA is expected to provide guidance of dasiglucagon's
development in 1Q17. The candidate is currently in phase 2 development both as a single-dose
rescue pen (phase 3 to begin as soon as 3Q17) and as a multi-dose component of a dual hormone
artificial pancreas system. We are very pleased to see this progress toward a more patient-friendly
and feasible alternative to the current very complex, error-prone native glucagon kits - a
longstanding area for improvement in diabetes care. For more on the soluble glucagon arena more
broadly, check out our soluble glucagon competitive landscape.

Mini-Dose Glucagon as a Novel Approach to Prevent Exercise-Induced
Hypoglycemia in Type 1 Diabetes (67-LB)

M Rickels, S Dubose, H Wolpert, E Toschi, R Beck, M Cummins, BJ Newswanger, and MC
Riddell

This phase 2 study compared Xeris' G-Pen Mini glucagon vs. basal insulin reduction vs. glucose tabs as a
way to avoid exercise-induced hypoglycemia, a persistent problem since the natural glucagon response is
impaired in people with type 1 diabetes. Each trial participant (n=15) went through four conditions in a
randomized crossover design: (i) control, (ii) 50% basal rate reduction five minutes prior to the start of
exercise, (iii) oral glucose tabs (20 grams five minutes before start, and another 20 grams 30 minutes after
start), and (iv) Xeris' mini-dose glucagon injected subcutaneously into the abdomen five minutes prior to
the start of exercise. The G-pen injection maintained plasma glucose levels between 125-175 mg/dl
throughout the duration of exercise (45 minutes) and for 45 minutes after, while glucose tabs elevated blood
sugar >225 mg/dl 45 minutes-post exercise. Basal insulin reduction was significantly less effective in
avoiding hypoglycemia (p<0.001 vs. G-Pen), as mean plasma glucose dropped to ~75 mg/dl by the end of
exercise and stayed low for 45 minutes after, which parallels almost exactly what happened on average in
the control condition. In total, six people experienced hypoglycemia (defined by blood sugar <70 mg/dl) in
the control condition, five in the basal rate reduction condition, and none in the mini-dose glucagon or oral
tabs conditions. On the opposite end, five individuals experienced hyperglycemia (defined by blood sugar
>250 mg/dl) in the oral tabs condition vs. only one in the mini-dose glucagon condition and none in the
control or basal rate reduction conditions. These results show promising early efficacy for Xeris' G-Pen Mini
as a solution for exercise-induced hypoglycemia in type 1 diabetes - compared to control, basal insulin
reduction, and oral glucose tabs, this mini-dose of glucagon minimized both hypoglycemia and
hyperglycemia during and immediately after exercise. This study is particularly important since it also
shows how much more effective a small dose of glucagon is if given just before exercise, rather than waiting
until hypoglycemia develops during exercise, the latter of which is repeatedly observed in duel hormone
studies using glucagon in artificial pancreas studies. The poster concludes that this phase 2 data supports a
larger, longer-term study of Xeris' G-Pen Mini, which we'd love to see. Xeris currently has one of the most
advanced clinical programs for glucagon, and we'll be watching eagerly for updates. See our glucagon
competitive landscape for more information.
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Ultra-Rapid Biochaperone Lispro Improves Post-Prandial Glucose Excursions
Versus Insulin Lispro in a 14-day Treatment Study in Subjects with Type 1
Diabetes (964-P)

G Andersen, G Meiffren, D Lamers, A Ranson, B Alluis, M Gaudier, O Soula, T Heise, and S
Bruce

Adocia's ultra-rapid BioChaperone Lispro (BCLIS) demonstrated an accelerated absorption profile and
significant reductions in postprandial glucose excursions compared with insulin lispro (Lilly's Humalog) in
people with type 1 diabetes. The randomized, monocentric, double-blind, comparator-controlled 14-day
phase 1 crossover trial enrolled 36 participants (mean age 45 ± 12 years) with type 1 diabetes. Patients were
randomized to receive bolus doses of either BCLIS or insulin lispro for 14 days. While in the inpatient setting
for days 1-3 and 14 of the study, patients received the insulin they had been assigned to 15 minutes before,
immediately before, or 15 minutes after an individualized mixed-meal, with blood samples and lispro
concentrations subsequently measured. Patients continued the insulin regimens to which they had been
randomized in the outpatient setting on days 4-13, and additionally self-measured plasma glucose (SMPG)
levels four times daily. BCLIS insulin had a "faster-in/faster-out" profile than insulin lispro. BCLIS dosing
additionally resulted in significantly lower post-meal glycemic excursions as compared to insulin lispro if
the insulin was dosed immediately before the meal's start or 15 minutes thereafter. Notably, postprandial
glycemic excursion profiles were similar between BCLIS injected fifteen minutes after a meal's start and
insulin lispro injected immediately before a meal's start. Mean outpatient SMPG values didn't differ
significantly BCLIS and insulin lispro. Safety profiles were also similar between the treatment groups.

Ultra-Rapid Biochaperone Lispro Improves Postprandial Blood Glucose Control
versus Humalog in a 14-day Treatment Study in Subjects with Type 2 Diabetes
(994-P)

T Heise, G Meiffren, D Lamers, B Kronshage, A Ranson, B Alluis, M Gaudier, E Anastassiadis,
O Soula, and S Bruce

Adocia's ultra-rapid BioChaperone lispro (BCLIS) demonstrated an accelerated absorption profile and
significant reductions in postprandial glucose control versus insulin lispro (Lilly's Humalog) in people with
type 2 diabetes. The randomized, monocentric, double-blind, comparator controlled 14-day crossover phase
1 trial enrolled 51 participants (mean age 62 ± 9 years) with type 2 diabetes. Participants were randomized
to receive either individualized BCLIS or insulin lispro bolus doses with meals. On inpatient days 1-2 and
13-14, patients received the insulin to which they had been randomized with an individualized mixed-meal,
after which blood samples and lispro concentrations were assessed. In the outpatient setting on days 3-12,
patients continued their assigned insulin regimens and measured their plasma glucose (SMPG) levels.
BCLIS insulin had a "faster-in/faster-out" profile than insulin lispro. BCLIS additionally resulted in
significant reductions in post-prandial glucose exposure for up to three hours after dosing as compared
with insulin lispro. Differences in glycemic excursions between treatments were most pronounced on days
13-14. Mean outpatient SMPG values didn't differ significantly between BCLIS and insulin lispro, but
notably, similar values were achieved with 10% lower BCLIS doses. Treatment with BCLIS was safe and
well tolerated.

SORELLA-1: Similar One-Year Efficacy and Safety in People with T1DM Using
SAR342434 or Insulin Lispro in Combination with Insulin Glargine (Gla-100)
(1003-P)

S Garg, K Wernicke-Panten, M Rojeski, S Pierre, and K Jedynasty

This poster featured one year data from the phase 3 SORELLA 1 study, demonstrating the non-inferiority of
Sanofi's SAR34233, a rapid-acting follow-on biologic to insulin lispro, to the originator product (Lilly's
Humalog) in people with type 1 diabetes, reinforcing the 26-week findings presented at ADA 2016.
Developed as a rapid acting follow-on product to Humalog, SAR has an identical amino acid sequence to

www.closeconcerns.com 154

https://www.closeconcerns.com/knowledgebase/r/20fd4d89#Similar_Glucose_Control_Postprandial_Glucose_Excursions_and_Safety_in_People_with_T1DM_Using_SAR342434_or_Insulin_Lispro_in_Combination_with_Insulin_Glargine_Gla-100:_SORELLLa_1_Study_94-LB


that of insulin lispro and a previous clamp study determined that SAR was similar in pharmacokinetic
exposure and pharmacodynamics activity to insulin lispro. In the study, 507 people with type 1 diabetes
were randomized to receive either a multiple daily injection regimen of SAR or insulin lispro in addition to
once-daily insulin glargine. At 52 weeks, the SAR and insulin lispro groups exhibited a LS mean difference
in A1c of 0.06% (95% CI: -0.084% to 0.197%), solidly indicating non-inferiority between the two drugs. In
addition, both groups showed similar post-prandial glucose excursions and insulin dosages. Almost all
patients reported at least one episode of hypoglycemia, but with similar incidence between the SAR and
insulin lispro groups for all categories of hypoglycemia: severe (13.5% vs. 13.4%), documented symptomatic
<70 mg/dl (87.3% vs. 89.8%), and asymptomatic <70 mg/dl (97.2% vs. 97.6%).Furthermore, in both SAR-
and insulin lispro- treated patients, anti-insulin lispro antibody incidence levels were similar (62.5% vs.
63.1% respectively). Each treatment group had two patients who discontinued treatment due to a
treatment-emergent adverse event: 54.4% of SAR-treated and 55.5% of insulin lispro-treated participants
reported any adverse event. Thus, the study's findings concluded that SAR was just as effective and well-
tolerated as insulin lispro in people with type 1 diabetes.

Similar Glucose Control, Postprandial Glucose Excursions, and Safety in People
with T2DM Using SAR342434 or Insulin Lispro in Combination with Insulin
Glargine (Gla-100): SORELLA 2 Study (1004-P)

KM Derwahl, T Bailey, K Wernicke-Panten, L Ping, and S Pierre

This poster featured initial phase 3 data from the SORELLA 2 study, demonstrating the non-inferiority of
Sanofi's SAR34233, a rapid-acting follow-on biologic to insulin lispro, to the originator product (Lilly's
Humalog) in people with type 2 diabetes. Developed as a rapid acting follow-on product to Humalog, SAR
has an identical amino acid sequence to that of insulin lispro and a previous clamp study determined that
SAR was similar in pharmacokinetic exposure and pharmacodynamics activity to insulin lispro. In the
study, 505 people with type 2 diabetes (mean age 62 years; mean BMI 32 kg/m3; mean A1c 8%) were
randomized to receive either a multiple daily injection regimen of SAR or insulin lispro in addition to once-
daily insulin glargine. At 26 weeks, the SAR and insulin lispro groups exhibited a LS mean difference in A1c
of -0.07% (95% CI: -0.215% to 0.067%), solidly indicating non-inferiority between the two drugs. In
addition, both groups showed similar post-prandial glucose excursions and insulin dosages. Almost all
patients reported at least one episode of hypoglycemia, but with similar incidence between the SAR and
insulin lispro groups for all prespecified categories of hypoglycemia: severe (2.4% vs. 1.6%), documented
symptomatic <70 mg/dl (60.1% vs. 66.3%), and asymptomatic <70 mg/dl (35.2% vs. 37.3%).Furthermore,
in both SAR- and insulin lispro- treated patients, anti-insulin lispro antibody incidence levels were similar
(38.4% vs. 36.7% respectively). Each treatment group had two patients who discontinued treatment due to a
treatment-emergent adverse event: 46.6% of SAR-treated and 42.9% of insulin lispro-treated participants
reported any adverse event. There was one death in the SAR arm and two deaths in the insulin lispro arm,
but these were unrelated to the study drug. Thus, the study's findings concluded that SAR was just as
effective and well-tolerated as insulin lispro in people with type 2 diabetes.

Efficacy and Safety of Mini-Dose Glucagon for Treatment of Nonsevere
Hypoglycemia in Adults with Type 1 Diabetes (1068-P)

MW Haymond, S Dubose, MR Rickels, H Wolpert, VN Shah, JL Sherr, RS Weinstock, S
Agarwal, AS Verdejo, MJ Cummins, B Newswanger, and RW Beck

Xeris' G-Pen Mini was investigated in 17 adults with type 1 diabetes as a treatment for nonsevere
hypoglycemia. In a randomized crossover design, participants spent three weeks with mini-dose glucagon
and three weeks with oral glucose tabs to treat any cases of mild hypoglycemia. The primary endpoint of
"success" was defined as blood glucose ≥50 mg/dl 15 minutes following treatment and blood glucose ≥70
mg/dl 30 minutes following treatment - 94% of patients in the mini-dose glucagon arm achieved success vs.
95% of patients in the glucose tabs arm. BGM and CGM data showed a similar profile for the G-Pen Mini vs.
oral glucose tabs. In the first hour post-hypoglycemic event, people in the glucagon group spent 62% of
time-in-range vs. 67% for people in the glucose tabs group (p=0.86). In the first two hours post-
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hypoglycemic event, participants in both groups spent a mean 79% of time-in-range (p=0.49). Time <70
mg/dl was a mean 35% for the glucagon group one hour post-hypoglycemia vs. 33% for the glucose tabs
group (p=0.95). Two hours post-hypoglycemia, these values were 20% and 19%, respectively (p=0.63). The
non-significant p-values indicate the G-Pen Mini's non-inferiority vs. oral glucose tabs as a treatment for
mild hypoglycemia, but the poster points out other distinct advantages to mini-dose glucagon: Namely,
carbohydrates as a solution to nonsevere hypoglycemia lead to excess caloric intake and excess
hyperglycemia, all of which could be avoided with Xeris' G-Pen Mini. After six weeks of the study,
participants were asked to choose between the two treatment options for an additional three weeks - ~50%
opted to continue mini-dose glucagon. Injection discomfort and nausea were the primary reported adverse
events associated with the G-Pen Mini, affecting 15 and three participants, respectively. Overall, these
results support continued investigation of Xeris' product for mild-to-moderate hypoglycemia, and we look
forward to future data readouts. Xeris is an industry leader right now in the glucagon competitive
landscape, and we're very happy to see forward progress on the company's various glucagon candidates.

A Phase 1b, Randomized, Placebo-Controlled, Multiple-Dose Study to Evaluate the
Safety, Tolerability, Pharmacokinetics, and Pharmacodynamics of AMG 876, a
Novel Fc-FGF-21 Fusion Protein, in Subjects with Type 2 Diabetes Mellitus
(1069-P)

L Abuqayyas, M Tracy, S Smith, A Anderson, and A Kaufman

A phase 1b study of Amgen's FGF21 candidate AMG 876 found the agent to be safe and well-tolerated at
various doses (7 mg, 21 mg, 70 mg, or 140 mg either once- or twice-weekly). In total, there were 43
treatment-emergent adverse events among 52 patients with type 2 diabetes randomized to AMG 876 (83%)
vs. 12 such events among 17 patients randomized to placebo (71%). There were no serious adverse events or
fatalities throughout the trial, although only one participant in the placebo arm discontinued treatment vs.
five participants in the FGF21 arm - four of these were in the highest-dose group, reporting (i) vomiting, (ii)
diarrhea, (iii) tremors/nausea, and (iv) tremors. Efficacy was investigated as a secondary endpoint in this
phase 1b trial. The poster reports significant reductions in fasting and postprandial glucose with AMG 876
vs. placebo. Amgen's candidate was also associated with a clinically-meaningful decrease in triglyceride
levels and an increase in HDL cholesterol vs. placebo. FGF21 analogs seem to be getting more attention in
the diabetes/obesity fields of-late, with new pipeline candidates from Amgen (for type 2 diabetes), Novo
Nordisk (for obesity), BMS (for NASH), and Roche (indication not yet announced). There's a lot of interest
brewing in this potential new therapy class, but we also recognize that all of these candidates remain
extremely early-stage and will have a long road ahead through clinical development before possibly
reaching the commercial market. Notably, both Lilly and Pfizer discontinued their FGF21 candidates for
type 2 diabetes following lackluster glucose-lowering results from phase 2 trials.

Results of a Phase 2 Study of the Oxyntomodulin (OXM) Analogue LY2944876 in
Patients with Type 2 Diabetes (T2DM) (1070-P)

M Sheetz, R Bray, LS Tham, C Jones, J Kinsella, and R Violante-Ortiz

Lilly presented full phase 2 results for its PEGylated GLP-1/glucagon dual agonist, oxyntomodulin analog
LY2944876 in patients with type 2 diabetes. In this 24-week trial, 420 patients were randomized to once-
weekly injections of one of four doses of LY2944876 (10 mg, 15 mg, 30 mg, or 50 mg), exenatide once-weekly
(AZ's GLP-1 agonist Bydureon), or placebo. At both week 12 and week 24, LY2944876 demonstrated
superiority to placebo and non-inferiority to exenatide for the primary endpoint of A1c reduction. A1c
reductions were largely dose-dependent for LY2944876 and ranged from ~0.8% to ~1.4%. At the highest 50
mg dose, LY2944876 produced statistically superior weight reductions compared to exenatide and placebo
(p=0.044 and p=0.007, respectively). However, the finding did not achieve the predefined criterion for
superior weight loss (a posterior probability [PP] of ≥60% by Bayesian analysis with a margin of 1.5 kg -
LY2944876 only achieved a PP of 29.4%). Lilly also shared several additional results of interest. At week 24,
significantly more patients in the 50 mg dose group had achieved a weight loss of ≥5% body weight (35.5%)
than in the placebo (11.8%, p=0.004) or exenatide (18.3%, p=0.025) groups. That said, at week 24, the
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proportion of participants achieving A1c ≤7% or ≤6.5% in the 50 mg dose group was comparable to that of
the exenatide arm. Lilly also reported that fasting glucagon levels were reduced by approximately 40% in
the 50 mg group, compared to a ~12% reduction in the exenatide group. There was no significant chance in
blood pressure between any of the groups. Heart rate increased in the two highest dose groups for the dual
agonist, but the increase was less than the increase observed with exenatide (p<0.05). Adverse events
associated with the dual agonist were similar to what might be expected with a selective GLP-1 agonist,
largely consisting of GI events.

▪ Lilly previously partnered with Transition Therapeutics on the development of this
candidate, before declining to advance the candidate into phase 3, despite its status as
a potential first-to-market GLP-1/glucagon dual agonist. Transition Therapeutics - and this
candidate - have since been acquired by OPKO Health, which is investigating a potential obesity
indication for this drug, rather than a type 2 diabetes indication. We previously learned that the
topline results met the trial's primary endpoint and demonstrated non-inferiority to exenatide in
terms of A1c and superiority in terms of body weight. Full results in hand, however, it's clear that the
weight loss superiority did not meet the predefined criteria that Lilly was looking for. Given its
robust portfolio of newly-launched diabetes drugs and early-stage pipeline efforts, Lilly
understandably has a very high internal threshold for continued clinical development of its
candidates - and particularly for advance into phase 3. Lilly also appears to somewhat favor its
internally-developed diabetes candidates to licensed molecules (with the notable exception of the
very successful BI alliance, and its acquisition of Locemia's nasal glucagon). Indeed, Lilly's phase 1
pipeline includes an internally-developed, once-weekly GLP-1/glucagon dual agonist for type 2
diabetes and NASH, a candidate that was added after the decision not to pursue the Transition
Therapeutics partnership further. See our GLP-1/glucagon dual agonist competitive landscape an
overview of the robust industry investment in this area.

The Effect of NNC0090-2746, a Dual GIP/GLP-1 Receptor Agonist (RA), on
Glycemic Control, Plasma Cholesterol, and Body Weight in Subjects with Type 2
Diabetes: A Phase 2a Randomized Clinical Trial (1071-P)

JP Frias, EJ Bastyr, L Vignati, M Tschöp, C Schmitt, K Owen, RH Christensen, and R DiMarchi

This poster featured phase 2a data deonstrating significant improvements in glycemic control, body weight,
and cholesterol with Novo Nordisk's GIP/GLP-1 receptor agonist NNC0090-2746 compared to placebo after
12 weeks in people with type 2 diabetes. These promising results come on the heels of a separate poster
presented at ADA overviewing phase 1 evidence that the candidate is well-tolerated in doses of up to 2 mg in
people with type 2 diabetes and can produce meaningful reductings in fasting, post-prandial, and 24 hour
profile plasma glucose, as well as A1c reductions of up to 0.67%, after two weeks (1095-P). In this phase 2a
study, 108 people with type 2 diabetes (average age 55 years, average A1c 8.3%, average diabetes duration
8 years) were randomized to receive NNC009-2746, placebo, or Novo Nordisk's GLP-1 agonist Victoza
(liraglutide). The Victoza arm was open-label, and this analysis only statistically compares the double-blind
NNC009-2746 and placebo arms. After 12 weeks, participants taking the GIP/GLP-1 agonist showed
significant improvement in the primary endpoints of A1c reduction: relative to placebo, A1c was reduced
0.63% in the treatment group (95% CI: -0.93 to -0.33; p<0.0001). The GIP/GLP-1 agonist also produced
significant reductions in mean 7-point SMPG (-31.7 mg/dl, p<0.0001) and FPG (-38.2 mg/dl, p<0.0001). As
for the key secondary endpoint of body weight, NNC009-2746 produced significant weight loss relative to
placebo at 8 weeks (-1.8% treatment difference, p=0.0141) but the trend lost significance at week 12 (-1.6%,
p<0.05). However, significant improvements were maintained throughout the entire study in various
adipose biomarkers and lipid parameters, including total cholesterol (treatment difference -0.92 mg/dl,
p=0.02) and plasma leptin levels (treatment difference -0.78 mg/dl, p=0.018). Interestingly, a post-hoc
analysis revealed a significant interaction between baseline A1c and body weight reduction such that
participants with a baseline A1c below 8.5% lost significantly more weight with the GIP/GLP-1 agonist
relative to placebo than those with an A1c above 8.5% (p for interaction = 0.041), suggesting that the
maximum benefit of NNC0090-2746 with respect to weight loss is obtained by people with already near-
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target glycemic control. As for adverse events, the treatment group experienced more adverse events than
the placebo group (65% vs. 42%), driven by a higher proportion of gastrointestinal adverse events (35% vs.
17%) as expected with agents in the GLP-1 agonist family. Together, these results support the safety and
efficacy of NNC0090-2746 for impoving glycemic control and reducing body weight (especially for those
already with good glycemic control).

Safety, Pharmacokinetics, and Pharmacodynamics of Multiple Ascending Doses of
the Novel Dual GIP/GLP-1 Agonist RG7697 in Patients with Type 2 Diabetes
Mellitus (1095-P)

C Schmitt, A Portron, S Jadidi, N Sarkar, and R Dimarchi

This poster shared phase 1 data on Roche's now-discontinued GLP-1/GIP dual agonist, RG7697. In the
multiple ascending dose study, patients with type 2 diabetes (n=56) on a stable dose of metformin for at
least two months were randomized to receive either once-daily subcutaneous injections of RG7697 (doses
ranging from 0.25-2.5 mg) or placebo for two weeks. Daily injections of RG7697 were generally well-
tolerated, although the most frequent adverse events included hypoglycemia, diarrhea, nausea, headache,
and decreased appetite. One patient withdrew from the study due to adverse events of hypokalemia,
dehydration, and acute renal failure. Reversible treatment-related increases in heart rate, lipase, and
amylase were recorded. PK steady state was achieved after seven days, and PD data showed a dose-
dependent glucose-lowering effect vs. placebo, with mean absolute A1c reductions between 0.41% and 0.67%
after 16 days. Postprandial glucose concentrations were reduced 37% from baseline and postprandial
insulin concentrations were reduced at doses of the agent ≥1.1 mg, suggesting an increase in insulin
sensitivity. That said, efficacy was a secondary endpoint in this trial, and ultimately a combination of these
safety and efficacy findings led to Roche's decision to discontinue RG7697 from its pipeline. GLP-1/GIP dual
agonists present an exciting advancement in diabetes therapy, although the most advanced candidates on
this competitive landscape remain very early-stage, in phase 1. We hope that these results, even though the
candidate was discontinued, help inform other existing clinical development programs for GLP-1/GIP dual
agonists.

Potent Body Weight Loss and Efficacy in a NASH Animal Model by a Novel Long-
Acting GLP-1/Glucagon/GIP Tri-agonist (HM15211) (1139-P)

IY Choi, JS Lee, JK Kim, YJ Park, S Jung, YH Kim, and SC Kwon

This poster demonstrates preliminary evidence for the safety and efficacy of Hamni's novel long-acting
GLP-1/glucagon/GIP triple agonist HM15211 in rodent models of obesity and NASH. In rodents with diet-
induced obesity, the triple agonist produced 35% body weight loss over four weeks, versus 19% weight loss
with the GLP-1 agonist liraglutide (Novo Nordisk's Victoza; p<0.001). The mechanism underlying this may
be energy expenditure; despite similar food intake, animals treated with the triple agonist showed an
energy expenditure of nearly 14 kcal/hour, versus only 13 kcal/hour for liraglutide and 12 kcal/hour with
placebo (p<0.001). The efficacy of the GLP-1/glucagon/GIP triple agonist extends beyond obesity to NASH,
demonstrating significant improvements over both liraglutide and placebo in measures of NASH prognosis,
including hepatic triglycerides, hepatic thiobarbituric acid, lobular inflammation, and overall NAFLD
Activity Score (NAS). Based on these promising results, we expect the candidate to advance to in-human
studies and we very much look forward to the phase 1 data.

Low Weekly Doses of IONIS-GCGRRX, a Second-Generation Antisense Glucagon
Receptor Antagonist, Caused Significant Improvements in Glycemic Control in
T2DM Patients on Stable Metformin Therapy (1158-P)

E Morgan, L Tai, SB Jung, R Geary, and S Bhanot

Ionis presented results from its phase 2b dose optimization study of glucagon receptor antagonist IONIS-
GCGRRx on a poster (topline data was released in early January 2017). The 75 mg dose of the agent (n=21
type 2 diabetes patients on stable metformin therapy at baseline) was associated with a 1.6% A1c decline vs.
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a 0.2% mean A1c drop for participants (n=23) randomized to placebo (p<0.001). The 50 mg dose (n=20)
was associated with a mean 0.9% A1c reduction (p<0.05 vs. placebo). Moreover, 67% of people in the 75 mg
arm achieved A1c-lowering ≥1% vs. 9% of people in the placebo arm (p<0.001) and 45% of people in the 50
mg arm (p<0.01 vs. placebo). And, 38% of the 75 mg group achieved target A1c <7% (from a baseline 8.8%)
vs. 9% of the placebo group (p<0.05). GLP-1 levels were increased in a dose-dependent fashion with IONIS-
GCGRRx, while participants on placebo experienced a mean decline in GLP-1. While all of this efficacy data
points to the superiority of the 75 mg dose, the poster also reports a 1.2x increase in ALT liver enzymes in
this treatment arm vs. a mean decrease in the 50 mg arm. There were three confirmed cases of ALT levels
increasing more than 3x in the 75 mg group, and none in the 50 mg group. The poster concludes that IONIS-
GCGRRx could be titrated on an individual basis between 50-75 mg, since there was no statistically
significant correlation between A1c-lowering and rise in ALT liver enzymes. On the whole, these results
support continued clinical development for Ionis' glucagon receptor antagonist candidate, possibly in
combination with different oral type 2 diabetes therapies (such as SGLT-2 inhibitors).

▪ IONIS-GCGRRx is a potential first-in-class glucagon receptor antagonist, ahead of
Ligand's phase 2 candidate. While we're excited to note clinical progress, we're also aware of safety
issues related to glucagon receptor antagonists, which led to the discontinuation of Lilly's and
Pfizer's in-class candidates in 2Q15 and 4Q16, respectively. Pfizer recently added a glucagon receptor
blocker to its phase 1 pipeline, which hints at the company's continued confidence in this therapeutic
target despite underwhelming results from its earlier phase 2 candidate.

Symposium: ADA Pathway to Stop Diabetes

Daniel Ceradini, MD (NYU Langone Medical Center, New York, NY); Joshua Thaler, MD
(University of Washington, Seattle, WA); Praveen Sethupathy, MD (Cornell University, Ithaca,
NY); Kathleen Page, MD (USC, Los Angeles, CA); Phillip White, MD (Duke University,
Durham, NC)

As always, the ADA Pathway to Stop Diabetes symposium offered an inspiring glimpse at the future of
diabetes management. We were particularly excited to hear from Dr. Zhen Gu (University of North
Carolina, Chapel Hill, NC) on the variety of smart insulin delivery approaches his lab is researching.
Echoing his talk at the JDRF Mission Summit in January, Dr. Gu discussed the merits of hypoxia-sensitive
vs. pH-sensitive delivery systems and his early forays into the possibility of using red blood cells for smart
insulin delivery. In his view, the main challenges facing the smart insulin field today are (i) achieving a fast
response comparable to normal beta cell activity; (ii) avoiding hypoglycemia; (iii) achieving ease of
administration; and (iv) ensuring biocompatibility. Other highlights from the symposium included:

▪ Dr. Daniel Ceradini (NYU Langone Medical Center, New York, NY) presented data
showing that that siRNA-mediated Keap1 knockdown resulted in significantly
accelerated diabetic wound closure in a humanized mouse model. The approach reduced
wound burden by 60% and could potentially allow for improvements in quality of life and significant
reductions in healthcare costs. We were very excited to see this research given this is an enormously
expensive complication and one that is addressable.

▪ Dr. Joshua Thaler (University of Washington, Seattle, WA) discussed his research on
how astrocyte and microglial inflammatory signaling promotes obesity susceptibility
in high fat diet-fed mice.

▪ Dr. Praveen Sethupathy (Cornell University, Ithaca, NY) discussed recent findings
demonstrating that a high-fat diet alters small intestinal morphology and physiology.
His lab found that 20 weeks on this diet led to a significant increase in epithelial proliferation and a
disproportionate allocation of stem cells and progenitors. In a promising proof of concept in fruit
flies, he found that overexpression of a particular mRNA in stem cell compartments can almost
completely suppress this proliferative response.
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▪ Dr. Kathleen Page (USC, Los Angeles, CA) summarized recent findings implicating
central adiposity in childhood as an early indicator of intrauterine exposure to
gestational diabetes and maternal adiposity. We find the subject of epigenetics extremely
interesting and hope to see more on this as an approach to reducing obesity longer-term.

▪ Dr. Phillip White (Duke Molecular Physiology Institute, Durham, NC) presented
findings demonstrating that inhibition of the enzyme BDK improves glucose tolerance
and lowers hepatic triglyceride content. BDK is an enzyme that regulates branched-chain
amino acid metabolism along with PPM1K; its beneficial effects appear to be exerted through
regulation of ATP-citrate lyase.

Responsive Vesicles Integrated with Transcutaneous Patches for Glucose-
Mediated Insulin Delivery

Zhen Gu, PhD (University of North Carolina, Chapel Hill, NC)

Echoing his talk at the JDRF Mission Summit in January, Dr. Zhen Gu discussed several approaches to
glucose-responsive insulin delivery that his iMedication lab is researching. Two projects - the microgel and
nano-network approaches - use the enzyme glucose oxidase to convert glucose to gluconic acid and create
an acidic environment that activates the release of insulin. While these approaches have shown some
positive effects in preclinical models, Dr. Gu explained that response speed has been a challenge, as the
body's buffering ability makes it difficult to immediately generate an acidic environment. Therefore, the lab
is also exploring a hypoxia-sensitive insulin patch that releases insulin when oxygen levels fall (both glucose
and oxygen are consumed in the glucose oxidase reaction). Finally, Dr. Gu mentioned his lab's preliminary
efforts to use red blood cells for smart insulin delivery: the cells are coated with modified insulin that
detaches in response to high glucose. In addition to speed, other key challenges that Dr. Gu cited include the
risk of hypoglycemia, ease of administration, and biocompatibility.

Symposium: ADA Diabetes Symposium - Emerging Therapeutic Targets and
Mechanisms of Action

Single-Molecule Combinatorial Therapeutics for Obesity and Diabetes

Matthias Tschöp, MD (Helmholtz Diabetes Center, Munich, Germany)

Dr. Matthias Tschöp offered an intriguing vision of a future in which patients with metabolic dysfunction
could receive personalized treatment with dual or triple agonists that target their specific metabolic defects.
He explained that a truly effective treatment for obesity probably needs to target the brain and that
modulating endogenous gut-brain communication pathways is likely safer than directly altering
neurotransmission. He reviewed published data showing beneficial effects of GLP-1/glucagon dual agonists
and a GIP/GLP-1/glucagon triagonist on several metabolic parameters. He acknowledged that it is
counterintuitive to use a glucagon agonist to reduce blood glucose and body weight but stressed that his lab
has done a significant amount of mechanistic research to demonstrate that glucagon receptor agonism does
have those effects in this case. The group's current working hypothesis for that aspect of the triagonist's
mechanism is that the molecule leads to increased energy expenditure in adipose tissue by acting through
FGF21 and adiponectin. Dr. Tschöp also reviewed data (presented as poster 1071-P) demonstrating
significant and sustained improvements in glycemic control and body weight with GLP-1/GIP dual agonist
NNC0090 in patients with type 2 diabetes. The study also found some reduction in total cholesterol and
leptin, and the overall results suggest that the maximal weight benefit of this therapy occurs in patients with
lower baseline A1c. Dr. Tschöp closed by briefly mentioning several other multi-agonist compounds his lab
is working on, including GLP-1/estrogen, GLP-1/dexamethasone, glucagon/T3, and GLP-1/PPAR alpha
dual agonists.

Questions and Answers
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Q: It seems like you've hit a bunch of home runs by putting two or three things together. What
doesn't work?

A: This is always a bit misleading. Of course we've tried hundreds of things that don't work. Most of my
hypotheses were wrong and there's lots of trial and error.

Q: At the end you mentioned interactions between estrogen and some other agents. Is there
any data in rodent, primate, or human studies to suggest differential responses by sex?

A: We have been asked to perform those studies for the revision of our paper. GLP-1/estrogen works
comparably in male and female rodents. The protection of the islet, which is quite striking, will probably be
more prominent in rodents than humans.

Q: Does the target cell need to have all three receptors for the triagonist to work?

A: The simple answer is no. It is sufficient that the target cell has one receptor. The molecule can only bind
one receptor at a time. We've dialed the affinity into the molecule so that if you give 100 molecules, 30 will
bind to one receptor, 40 to another, etc. There's no simultaneous binding to the best of our knowledge.

Q: If the agonist can bind to separate the receptors, as it comes off one could it get picked up
by another on the same cell? Could there be a kinetic effect of the cell having multiple
receptors?

A: I'm not sure but there's no data indicating that.

Q: You talked about targeting the brain but your data didn't relate to that. Have you done any
ICV injection studies?

A: I didn't include some of that data at the end for the sake of time. We haven't done ICV injections but that's
currently going on. It'll be more important to find out how much of our compounds is crossing the blood-
brain barrier. My hunch is it's not that much but that they are acting on the brain. When you knock out the
brain GLP-1 receptor, you see a reduction in benefit. Perhaps the compounds are getting into an area of the
brain with fenestrated capillaries like the arcuate nucleus.

Q: Could these compounds really be competitive antagonists that are decreasing the activity of
native agonists?

A: We discussed this possibility early on. We're certain now that it's glucagon receptor agonism based on a
number of studies. It's really agonism, not relative antagonism.

Symposium: Technical Innovations in Islet Transplantation-Novel
Approaches

Engineering Novel Encapsulation Platforms for Islets

Cherie Stabler, PhD (University of Florida, Gainesville, FL)

Dr. Cherie Stabler highlighted several novel beta cell encapsulation approaches that she views as
particularly promising, including microencapsulation, nanoscale coatings, and new coatings created by
covalent layer-by-layer encapsulation. She emphasized how these efforts can address several key
considerations in the effort to fabricate nano-scale barriers to encapsulate pancreatic islets, such as
ensuring a controllable thickness (through nanoscale control of capsule) and long-term mechanical stability
(through covalently linking layers). According to Dr. Stabler, a "home run" in encapsulation would involve
resolving the immunological problem, the cell source problem, and the transplant problem. Islet
encapsulation must solve issues of permeability, biocompatibility, and stability as well. The material must
be permeable enough to allow nutrients such as glucose and oxygen to come into the islet and for insulin to
leave the islet, while also being non-permeable to antibodies. Many materials degrade when put into the
body, so the material must be stable enough to survive. In conventional microencapsulation, islets suffer
from poor delivery of oxygen and nutrients, sluggish glucose response and insulin secretion, exacerbated by
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transplant site. ViaCyte has experienced some of these challenges firsthand in its phase 1/2 trial of PEC-
Encap - due to the challenges with fibrosis and variable patient responses, the company has de-prioritized
this effort to some extent and is instead focused on PEC-Direct, a direct vascularization product that does
not protect ViaCyte's stem cell-derived islet progenitor cells from the immune system (requiring patients to
take immunosuppressants. We're so very glad that very smart people like Dr. Stabler are hard at work at
creating next-generation encapsulation devices that can hopefully avoid some of the pitfalls of the first-
generation efforts.

Special Lectures and Addresses: National Scientific & Health Care
Achievement Awards Presentation and Outstanding Scientific Achievement
Award Lecture

Outstanding Scientific Achievement Award Lecture-Energy Sensing and
Metabolism-Implications for Treating Diabetes

Gregory Steinberg, PhD (McMaster University, Hamilton, Ontario, Canada)

In a fascinating summary of his award-winning basic science research, Dr. Gregory Steinberg shared how
his work on energy sensing and metabolic regulation could create exciting, novel therapies for diabetes
treatment. Steinberg centered his talk around AMPK, a ubiquitous protein that is activated by metformin
and exercise, and explained that this protein kinase is like a fuel gauge that tells the cell when to fill up with
energy. He continued by explaining that increased AMPK levels may increase insulin sensitivity and glucose
tolerance and reduce liver lipids. Simultaneously metformin also increases levels of GDF15, a protein that
suppresses appetite.' Steinberg explained that his most recent work has been in finding pharmacological
agents that could activate these fuel gauges. He further suggested that AMPK is required for norepinephrine
induced transformation of white adipose tissue into brown adipose tissue (BAT), based on evidence in mice
lacking AMPK demonstrating that they are not able to regulate their own body temperature and develop
insulin resistance despite eating the same diet as wild type mice. While there is no established method for
restoring BAT activity in obesity and diabetes, Steinberg explained that that peripheral serotonin becomes
elevated with high fat western diets and acts as brake to inhibit norepinephrine-induced activation of BAT.
He noted that reduction of peripheral serotonin increases BAT activity and protects against obesity and
insulin resistance in mice. Dr. Steinberg concluded his talk by circling back to his research's relevancy to
patients with type 2 diabetes, arguing that further examination of how to manipulate these cellular fuel
gauges could lead to important, groundbreaking therapies in the treatment of type 2 diabetes.

Type 1 Diabetes Cures, Adjunct Therapies, and
Pathophysiology

Symposium: Type 1 Diabetes Immune Intervention Trials

Type 1 Diabetes TrialNet Oral Insulin Trial - Introduction and Background

Jay Skyler, MD (University of Miami, FL)

Miami's Dr. Jay Skyler explained how the TrialNet study came out of the DPT-1 oral insulin trial, which
began in 1994. In DPT-1, oral insulin didn't delay the development of type 1 diabetes. However, in this study,
the inclusion criteria was initially confined to autoantibodies five standard deviations above the mean, but
due to lagging enrollment, the team reduced the criteria to three standard deviations above the mean. In a
post-hoc sub-analysis of only the patients who started with autoantibody concentration of at least five
standard deviations above the mean, an extrapolation suggests that oral insulin delayed development by
~five years! Since this finding was purely hypothesis-generating, the TrialNet developed the current oral
insulin study.
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Type 1 Diabetes TrialNet Oral Insulin Trial - Results and Conclusions

Desmond Schatz, MD (University of Florida, Gainesville, FL)

Dr. Desmond Schatz presented mixed results from the TrialNet Oral Insulin study investigating the efficacy
of oral insulin in delaying or preventing the onset of diabetes in relatives (mean age 8.6 years old) at risk
for type 1 diabetes: The primary outcome, time from intervention to diagnosis in the primary stratum
(participants with mIAA and ICA antibodies or both GAD65 and ICA512 antibodies and first phase insulin
response [FPIR] above threshold), was negative - patients who received 7.5 mg oral insulin daily (n=198)
progressed to diabetes at the same rate as those in the placebo group (n=184). The survival curves (below)
are almost identical (HR=0.87, 95% CI: O.61-1.24, p=0.42), and on an annualized basis, rate of diabetes
was 8.8% in the oral insulin group (58 individuals over six years) and 10.2% in the placebo group (62
individuals). However, it wasn't all bad news for the hopeful audience. The TrialNet team pre-specified
three secondary strata in which to explore the preventive effects of oral insulin. Two of them- (i)
participants with mIAA and either GAD65 or ICA512 antibodies, FPIR above threshold (n=114) and (ii)
participants with mIAA and either GAD65 or ICA512 antibodies, FPIR below threshold (n=2) - exhibited no
difference in time to progression, just as the primary stratum did. But researchers saw an interesting signal
in one of the secondary strata, participants with mIAA and ICA or both GAD65 and ICA512 antibodies, FPIR
below threshold (same as primary stratum apart from FPIR level): Time to type 1 diagnosis was delayed in
the oral insulin group (n=27) by an average of 31 months (2.5 years!) vs. the placebo group (n=27).
Annualized rate of diabetes, per the survival curve below, was nearly cut in half, from 34.1% (19
progressions to diabetes in six years) to 18.1% (13 progressions) by the treatment (HR=0.45, 95% CI:
022-0.91, p=0.01). All of the four stratum and outcomes are shown in an excellent summary figure made by
Stanford's Dr. David Maahs. When all of the strata are collapsed and analyzed together, there was no
difference in progression (annualized rate of 8.7% in oral insulin group, 10.4% in placebo; p=0.08). From a
safety perspective, the therapy was well-tolerated - in 560 patients, there were no severe adverse events,
and zero participants had a grade five adverse event (there was one instance of a grade four). This was
truly a mammoth study, and our hats go off to the remarkable clinicians and staff at 87 locations who
screened nearly 140,000 relatives to enroll 560 participants and gave this trial their utmost attention for 10
years.

▪ Dr. Schatz concluded his presentation of the results with one emphatic, make-no-
mistake-about-it slide that simply read: "Monotherapy unlikely to prevent or delay
type 1 diabetes." Indeed, it's seeming more and more clear that a cocktail of medications will be
necessary to address the multiple sources of immune attack, ER stress, and other pathologies that
trigger the onset of type 1 diabetes. See our notes from Dr. Jay Skyler's ENDO 2017 talk for a list of
type 1 prevention and intervention trials, many of which are combinatory in nature. Our type 1
diabetes cure and prevention competitive landscape also contains an overview of several ongoing
efforts.

▪ We were hoping to hear a mechanistic speculation on what might be the driving the
heterogeneity of results among patients with the same antibody background and
differing only in FPIR, but it sounds like there is a lot to parse out - TrialNet PI Dr. Carla
Greenbaum said in a press conference the day prior that she and her team were "flabbergasted"
upon seeing an effect in the one secondary stratum. There was a working group meeting this
morning to analyze future options. Dr. Greenbaum called attention to the fact that the participants
in the second stratum who do progress to diabetes do so much faster, regardless of treatment group,
than those in the other three groups. She suggested that there may be a "flare up" of the disease, as
seen in MS and Crohn's, during which immune intervention can prove beneficial. There's obviously
a lot of work to be done, but we're definitely intrigued by this specific cohort.
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Type 1 Diabetes TrialNet Oral Insulin Trial - An Oral Insulin Mechanistic Study

Peter Gottlieb, MD (University of Colorado, Aurora, CO)

In addition to the TrialNet study, Dr. Peter Gottlieb is conducting a trial with higher doses of oral insulin at
the Barbara Davis Center. Participants are randomized to either 67.5 mg of oral insulin daily (n=45) or 500
mg bi-weekly (n=47) for six months, followed by six months of monitoring. The rationale is that the TrialNet
study tested 7.5 mg (30/mg/m ), while the most effective dose in NOD mice was 300 mg/m . The Pre-22

POINT study suggested an immune signal at 67.5 mg daily (the human equivalent of the effective dose). The
rationale for bi-weekly dosing was that the most effective regimen in mice was to give them the human
equivalent of 600 mg/m twice a week, not daily. Dr. Gottlieb speculates that activation of Treg cells may be2

more likely occur with intermittent dosing. Thus far, preliminary analyses on the first subjects in the trial
suggest an increase in mIAA and reduction in GAA in those in the 67.5 mg/day group. Further analyses are
underway. Dosing is one of the many banes of trials, especially in prevention - how is one to know how
much and when to give an agent that could have a very small therapeutic efficacy window?

Type 1 Diabetes TrialNet Oral Insulin Trial - Independent Commentary

David Maahs, MD (Stanford University, Palo Alto, CA)

Dr. David Maahs' independent commentary was largely positive - he pointed out that while the study was
not the homerun that we had all hoped for, a pre-specified secondary hypothesis was met, and a 31-month
delay to diagnosis could be viewed as a victory. He urged the audience to re-educate ourselves to accept
incremental advances and to consider the perspectives of people living with diabetes - 31 months is two-
and-a-half years without the burden of living with diabetes. For a young child, that could mean over 6,000
fingersticks not performed, and 930 nights during which a parent can sleep through the night without
having severe hypoglycemia on the mind. Given that there was an observable effect in a portion of the
participants, Dr. Maahs wondered if the cost of oral insulin is low enough to warrant further studies - the
results demonstrate a step in the right direction, but is result significant enough to pour many more millions
of dollars into the question? If yes, there is clearly a need for further hypothesis-driven mechanistic studies
enriched for the responder stratum to better understand the pathophysiology. Another expensive, but we
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would argue worthwhile, effort would be to follow the participants who didn't develop type 1 diabetes
during the trial - how long does the protective effect last? And for those in the oral insulin group who did
develop type 1 diabetes - will they have better outcomes vs. those in the placebo group? Dr. Maahs also
explicated the need for better and cheaper assay techniques to make it more feasible to screen for antibodies
and risk on a population-level, and also to lower the barriers of time and cost for these long-term
prevention trials.

Questions and Answers

Q: I wonder if the delay observed in the stratum may have to do with timing - once you're
actually damaging the beta cells, you may be able to activate the immune system more?

Dr. Schatz: This gives us an opportunity to really study the mechanism. We've lumped all stages of type 1
diabetes together in the past - it was surprising to see the effect in the secondary stratum. They already lost
FPIR. Is the immune response different at different stages of the disease? I think there's evidence for that, but
we have not conclusively shown there's a difference. The hypothesis is you need some beta cell destruction,
enhanced immune response, and you get a slight delay.

Dr. Yogish Kudva (Mayo Clinic, Rochester, MN): The SS1 cohort in the intervention group
seems to be conflatable to clinical practice - what are the barriers? In an a priori designed
study, this looks like a good effect?

Dr. Schatz: The primary stratum showed no effect in the population as a whole…Dr. Maahs talks about
screening, and should oral insulin be used in a certain population. I think, if it's safe and cheap and does no
harm, there will be some people, who we need to figure out their responses. I personally think if it's safe, we'll
use combo therapy in the future, but this study showed it couldn't be used in primary stratum. That study was
negative. We need to understand more about the secondary stratum. And those in the primary stratum who
had no benefit, who are now in the secondary stratum - would they benefit?

Q: Have to come back and say, is this question of heterogeneity? How are those patients in the
second stratum different? It might be something other than timing, and we don't want to miss
that.

Dr. Schatz: These are obviously post-hoc analyses. What we got to do as a group is to define responders and
do personalized medicine in the future, but these are hypothesis-generating. We need to take a look at how we
do studies.

Imatinib (Gleevec) in New-Onset Type 1 Diabetes-Background and Results

Stephen Gitelman, MD (UCSF, San Francisco, CA)

Opening with the question "What can we do to make beta cells great again?" UCSF's Dr. Stephen Gitelman
presented results from a JDRF-backed phase 2 study of Gleevec (Imatinib) in adults recently diagnosed with
type 1 diabetes (n=67). Gleevec is a tyrosine kinase inhibitor commonly used to treat leukemia and other
cancers - several case reports and other studies have suggested a possible type 1 diabetes benefit in patients
being treated for cancer, which has been substantiated in NOD mouse models. Participants received either
400 mg of Gleevec (n=45) or placebo (n=21) for six months, followed by six months of follow-up - over the
year, the primary outcome, C-peptide AUC during a mixed meal tolerance test, declined steadily in the
placebo group, while the group that received Gleevec followed the same trajectory for the first few months,
before diverging and ending up with a statistically significant increase by month 12 (~0.6 nmol/l vs. ~0.5
nmol/l; p=0.05). Insulin use increased steadily over time in both groups, but to a greater degree in the
placebo group (+~0.15 units/kg/day vs. +~0.02 units/kg/day; p=0.049). Interestingly, dose initially dipped
in the treatment group, but then climbed more or less in parallel with the placebo group, indicating there
might be a short window where Gleevec turns the clock back on insulin dependence. There was no difference
in A1c over the course of the trial (everyone was treated to a target of <7%), and likewise no difference in the
distribution of adverse events between Gleevec and placebo (though Gleevec did contribute to a marked
increase in GI symptoms). In Q&A, Dr. Hans de Vries questioned why the statistical testing was all one-
tailed, rather than two-tailed, as is commonly seen in a placebo-controlled study. Dr. Gitelman responded
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that his team wanted to get a sense of whether Gleevec would be beneficial in adults, before moving to kids
(the ideal target, but FDA required evidence of prospective benefit in adults first), and had a limited budget.
Significance is lost if the test is two-tailed, but we believe there is still enough of a signal here to warrant
future research in pediatrics: The drug is relatively safe, and children would likely have a greater mass of
beta cells that can be salvaged. Next up, Dr. Gitelman hopes to complete a per- protocol analysis, identify
responders, and partition the effects of age in the 18-45 year-old study population (a greater effect in
younger patients would suggest that Gleevec would be even more beneficial in children). He also wishes to
conduct mechanistic studies and follow the subjects out to 24 months.

▪ We are highly intrigued by the fact that the beneficial effects of Gleevec appear to
maintain, even augment, over the six months following the cessation of treatment.
While we, nor Dr. Gitelman, don't really know what is going on here, the lasting effect is certainly a
clue as to how Gleevec is exerting its effect - epigenetic mechanisms? Immune re-training? Future
mechanistic studies will be interesting to follow. Based on previous literature, we know that Gleevec
could be working through mechanisms involving anti-inflammation, ER stress, and insulin
sensitivity. In a brief interview, Dr. Gitelman proposed that it may have to do with dampening the
unfolded protein response, which results in beta cell apoptosis. If this is the case, the way it
translates to long-term protection (after dosing has stopped) is still a mystery, and we wonder about
potential off-target effects.

DIAPREV-IT Trial with GAD-Vaccine-Results and Conclusions

Helena Larsson, MD, PhD (Lund University, Sweden)

Lund University's Dr. Helena Elding Larsson shared the disappointing results of the DiAPREV-IT trial of
Alum-GAD in children ages 4-18 with multiple IAAs but no diabetes (n=50): While the primary objective of
safety was met, there was no significant effect on progression to diabetes in any of the groups included in
the study. Children were randomized to receive two 20 ug doses of subcutaneous Alum-GAD (n=25) or
placebo (n=25) 30 days apart. The survival curve shows that the intervention had no tangible impact on
progression (HR=0.77; p=0.574). Overall, at inclusion, 26/50 had impaired glucose tolerance, and in the
follow-up, 36% had been diagnosed with type 1 diabetes - fewer than expected. Further analyses showed
that, regardless of stratum (two antibodies, three to six antibodies) or baseline glucose tolerance, the
absence of delayed progression held. These are disappointing findings, but Dr. Larsson pointed out that the
study was small and therefore not powered for subgroup analyses - future mechanistic studies will examine
pathologic effects in cellular and humoral samples. On safety, there were no study related adverse events,
increased risk of celiac or thyroid autoimmunity, signs of accelerated progression to type 1 diabetes, and
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while GADA titres increased in children treated with Alum-GAD, there was no effect on other IAAs. Despite
a negative result, the successful safety outcomes shown here could prove useful in future studies
investigating alternative dosages or combinational approaches.

▪ Despite its storied and promising history, GAD-induced immune tolerance has not
delivered at this point. Boston Children's Hospital's Dr. Joseph Wolfsdorf asked whether we
should continue to investigate it as a therapeutic option. While he doesn't know the answer, it clearly
keeps him up at night. "Imagine in the 1930s," he began, "when penicillin was discovered. It kills
bacteria in a petri dish, so they started a trial with penicillin to kill streptococcal pharyngitis in the
throat, 5 mg/day. What if the dose had been in the completely wrong universe? Are we struggling to
make headway here because we don't know how to dose the therapy?" It's anyone's guess at this
point…

Symposium: Results of the JDRF Reducing with Metformin Vascular
Adverse Lesions in Type 1 Diabetes (REMOVAL) International Multicenter
Trial

Introduction, Study Rationale, and Design

Helen Colhoun, MD (University of Edinburg, UK)

The REMOVAL trial was published online in Lancet Diabetes & Endocrinology just as this symposium
began, and Dr. Helen Colhoun opened by outlining motivations for the trial and reviewing study design. She
highlighted a lingering and concerning problem in type 1 diabetes care - patients face a 2.5-4x risk for CV
disease compared to a background population, without adequate adjunct therapies to address it. Metformin
is prescribed for some type 1 patients and is recommended in ADA and other treatment guidelines. However
there have only ever been nine small studies, the largest of which studied was in 100 participants followed
for one year (a total randomized follow-up in all studies of 192.8 patient years). The evidence summarized
in a meta-analysis published in 201o by Dr Colhoun and Dr Petrie demonstrated insulin-sparing effects,
weight loss benefits, and possible A1c-lowering efficacy. There was a slight impact on LDL in one previous
study in which few patients were treated with statins. DCCT/EDIC, is the only study that has showed a
long-term benefit on macrovascular complications in type 1, stemming from intensive glucose-lowering, but
risk factors other than glycemia are correlated with CV outcomes, so metformin might lower frequency of
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CV events by impacting other risk factors or by other pleiotropic effects as in type 2 diabetes. Ambiguity
surrounding metformin's mechanism of action means that much remains unknown about the molecule's
specific effects on different physiological systems. All of this possibility led the REMOVAL research team to
select this well-known generic drug for a CV study. The group decided to look at an intermediate marker of
CV risk, carotid intima media thickness (cIMT), as a proxy for potential long-term cardioprotection. Adults
≥40 years-old with type 1 diabetes (n=428) were randomized to twice-daily metformin at a 1,000 mg dose
(n=219) or to placebo (n=209), both on top of standard of care (which included insulin titration/
adjustments). Treatment and data collection continued for three years, following an initial three-month
run-in period of insulin optimization. The primary outcome was rate of progression of mean far wall cIMT
at baseline, 12 months, 24 months, and 36 months. Secondary outcomes included A1c, LDL cholesterol,
albuminuria, weight loss, insulin dose, and endothelial function. Rate of progression to maximal cIMT was
a pre-specified tertiary endpoint.

Study Population

Alicia Jenkins, MD (University of Sydney, Australia)

REMOVAL studied 428 middle-aged adults with long-standing type 1 diabetes at high risk of cardiovascular
disease, as defined by three or more risk factors (including BMI >27 kg/m3, A1c >8%, known
cardiovascular or peripheral vascular disease, current smoker, high blood pressure, high cholesterol or
triglycerides, strong family history of cardiovascular disease, or diabetes duration >20 years). Baseline
characteristics were well-balanced between the metformin and placebo-treated arms in terms of age (55
and 56 years), diabetes duration (33 and 34 years), BMI (28 kg/m3), A1c (8.1% and 8.0%), total daily
insulin dose (0.63 and 0.68 units/day), frequency of prior cardiovascular disease (14% and 11%), blood
pressure (systolic: 130 and 129 mmHg; diastolic: 73 and 72 mmHg), and cholesterol (LDL=85 mg/dl and
HDL=62 mg/dl for both groups). Notably the study population had high rates of retinopathy: only 12% of
participants in the metformin arm and 8% of participants in the placebo arm had no form baseline
retinopathy, with the rest of the population showing high incidence of non-proliferative diabetic retinopathy
(64% and 63%), inactive proliferative diabetic retinopathy (16% and 19%), and proliferative diabetic
retinopathy (7% and 9%). On the renal front, the majority of participants in the metformin and placebo
arms alike had normal eGFR (58% and 62%), though there was some incidence of stage 1 CKD (11% in both
groups), stage 2 CKD (27% vs. 23%), and stage 3a CKD (3% and 4%). Furthermore, the study population
had high usage of statins (82%), antihypertensives (73%), and anti-platelet drugs (39%).

Glycemia

Irene Hramiak, MD (St. Joseph's Healthcare, Ontario, Canada)

Dr. Irene Hramiak took the stage to discuss the impact of metformin on A1c and insulin dose in the three-
year REMOVAL trial. From a baseline of 8%, patients on metformin experienced a mean A1c decline 0.24%
greater than patients on placebo after three months (p<0.0001). After 36 months, this treatment difference
was 0.13% in favor of metformin (p=0.006), though A1c had risen above baseline for both groups. Dr.
Hramiak characterized this effect as "small, but highly statistically significant," calling attention to the steep
slope of glucose-lowering in the first three months, even though the benefit appeared to dissipate with
follow-up.

▪ Average daily insulin dose grew for participants in the placebo arm but decreased for
participants in the metformin arm over three years, culminating in a "modest"
treatment difference of 1.9 units/day (p=0.0018). Of note, a majority of patients enrolled in
REMOVAL (58%) were on a background of basal bolus therapy, while 33% were on an insulin pump,
3% were on twice-daily basal insulin, and 5% were on some other insulin regimen.

▪ The hazard ratios for minor and severe hypoglycemia were 1.12 and 1.23 in favor of
placebo at the 36-month mark, but neither of these reached statistical significance
(p=0.259 and 0.442, respectively), leading Dr. Hramiak to conclude that metformin
did not increase risk for hypoglycemia. While this is important data to report from a safety
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perspective, one of the reasons we're pushing for better adjunct therapies in type 1 diabetes is that
we want to lower a patient's insulin dose and thereby reduce hypoglycemia - a point estimate in the
"wrong direction" is somewhat disappointing in this context. We might've hoped for a significant
hypoglycemia benefit in REMOVAL, but we recognize that insulin dose wasn't drastically decreased
with the addition of metformin by any means (Dr. Julio Rosenstock argued during Q&A, a change of
~two units per day is "absolutely nothing"). All in all, these glycemia results were disappointingly
neutral. We're hesitant to give up on metformin's role in type 1 diabetes care and treatment
algorithms (see the Q&A section below for a deeper dive on this topic), but as acknowledged by the
REMOVAL investigators, and contrary to current guidelines, metformin did not offer a clinically-
meaningful benefit to A1c on top of insulin therapy.

Primary Endpoint

Nishi Chaturvedi, MD (University College London, UK)

REMOVAL's primary endpoint was mean carotid intima media thickness (cIMT), a commonly-used
surrogate marker for cardiovascular risk. cIMT essentially reflects the thickness of the inner two layers of
the carotid arteries (atherosclerosis) and can be measured by careful and quality assured noninvasive
ultrasound techniques. Over the course of the three-year study, mean cIMT increased at a rate of 0.006
mm/year in the metformin-treated group vs. a faster 0.010 mm/year rate of increase in the placebo group,
though this trend did not reach statistical significance (p=0.1664). However, the related tertiary outcome of
maximal cIMT increased at a significantly slower pace in the metformin-treated group (0.012 mm/year)
than the placebo group (0.25 mm/year; p=0.0093). In biological terms, mean cIMT reflects overall
thickening of the wall of the artery, while maximal cIMT, favored by the DCCT-EDIC investigators, includes
areas of plaque and focal thickening.

Clinical and Metabolic Outcomes

John Petrie, MD (University of Glasgow, Scotland)

Dr. John Petrie, primary author of the study, presented secondary endpoint data. From a baseline 84 kg
(185 lbs), body weight decreased for patients on metformin and increased for patients on placebo, leading to
a treatment difference of 1.2 kg (2.6 lbs) sustained over three years (p<0.0001). Metformin also
demonstrated positive effects on LDL, which fell 5 mg/dl in the treatment group but remained flat in the
placebo group at year three (p=0.0117) and on eGFR - this measure of renal function rose sharply for people
on metformin in the first three months, and after 36 months showed a treatment difference of 4 ml/min/
1.73m in favor of metformin (p<0.0001). In less positive news, metformin was not associated with a2

statistically significant benefit to retinopathy or to endothelial function.

▪ The signals for weight loss and lipid-lowering efficacy support metformin's current
niche in type 1 diabetes care, in that many HCPs prescribe the generic drug to their
type 1 patients to mitigate insulin-induced weight gain in those with overweight or
obesity. During Q&A, Dr. Partha Karr shared that these findings provide some reassurance on how
he runs his practice and when he turns to metformin for type 1, which is most often for a patient who
also wants to lose weight or improve cholesterol. Looking at REMOVAL through this lens, the
results still spotlight metformin's value and utility in type 1 diabetes management, although they
don't bring to light any new benefits to CV biomarkers or glycemia.

Safety

Martijn Brouwers, MD (Maastricht University Medical Center, Maastricht, Netherlands)

Dr. Martijn Brouwers stepped up next to discuss additional safety outcomes of interest. Treatment
discontinuation was significantly higher among participants treated with metformin (41 cases, amounting
to 27%) than placebo (19 cases, amounting to 12%; p=0.0002), and accordingly total adverse events
occurred significantly more frequently in the metformin-treated group (27% vs. 12%; p<0.001). As expected
with metformin, gastrointestinal issues were the most commonly reported adverse events, occurring in 16%
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of metformin-treated patients versus 3% of those in the placebo group (p<0.001). Additionally, vitamin B12
deficiency occurred significantly more frequently in the metformin-treated group (12%) than the placebo
group (5%), translating to a significant elevation in vitamin B12 deficiency risk (HR=2.76; p=0.0094). Dr.
Brouwers noted that vitamin B12 deficiency is a known side effect of metformin; the long-term effects of this
kind of vitamin B12 deficiency are unclear but if undetected may include aggravation of sensory
neuropathy. The REMOVAL data add to a body of evidence that Vitamin B12 should be monitored during
long term metformin therapy: this is rarely done in routine clinical practice. Finally, there was no increase
in hypoglycemia between either treatment arm, and serious adverse events were equivalent between the
metformin group (16%) and placebo group (15%).

Conclusions

Peter Rossing, MD (Steno Diabetes Center, Copenhagen, Denmark)

Dr. Peter Rossing provided a helpful summary of the conclusions from each presentation that came before
his. He emphasized that REMOVAL is the largest and longest trial of metformin in type 1 diabetes, and that
it's the first RCT to look at an intermediate variable for CV outcomes (this has to do with feasibility, since a
traditional CVOT for metformin in type 1 is currently considered too large an investment for diabetes
funding agencies). Despite an underwhelming result on the primary endpoint, Dr. Rossing positioned the
statistically significant benefit to tertiary endpoint (maximal cIMT) as an exciting piece of data, perhaps
one to explore further. He reiterated the significant benefits to metformin in terms of weight loss and
(modestly) reduced insulin dose. REMOVAL results do not support the assertion in current treatment
guidelines that metformin causes a clinically-meaningful improvement in glycemic control, Dr. Rossing
explained, but they do suggest that metformin could have a broader role in CV risk management due to the
weight loss, LDL-lowering, and slower progression to maximal cIMT. This latter point is a bold claim for
clinical trial purists, since metformin did not show statistical significance on the primary endpoint of rate of
progression to mean cIMT. That said, there have been no cardiovascular outcome trials to date in type 1
diabetes, so we agree with the Commentary in the Lancet Diabetes and Endocrinology that hope is still alive
for metformin in better management of type 1 diabetes/CV complications. For one, the generic drug is not
going anywhere anytime soon, and it's a widely-accessible therapy known to be effective in type 2 diabetes.
In addition, we'd love to learn more about how elements of trial design could have skewed or muted efficacy
findings. For example, a majority of participants were already well-treated with statins and blood
pressure-lowering medications at baseline (which will be hard to avoid in selecting a real-world patient
population), and this may have made it more difficult to demonstrate statistically significant benefit on a
CV biomarker. Dr. Bill Tamborlane, who chaired the symposium, hinted during Q&A that cIMT may not be
the ideal surrogate for CV outcomes, since it didn't appear after six years of DCCT follow-up and thus may
not be sufficiently "timely." Another point raised during Q&A was that cIMT was already quite "favorable"
at baseline, which may have made it more challenging to show an simprovement. These ideas are purely
speculative right now, and we'll leave it to the statisticians and other thought leaders to weigh in on
REMOVAL at future meetings. Dr. Petrie announced that there will definitely be another symposium
dedicated to this type 1 trial at EASD 2017 in Lisbon, Portugal.

Perspective

Naveed Sattar, MD (University of Glasgow, Scotland, UK)

As commentator, Dr. Naveed Sattar set out to contextualize the REMOVAL results. He set the stage with a
discussion of cardiovascular disease in type 1 diabetes. Recent data from a Swedish registry study
demonstrates that individuals with type 1 diabetes and no CV risk factors have an 82% greater risk of a CV
event than their counterparts in the general population - and yet there are no CV disease primary outcome
studies in type 1 diabetes. Against the backdrop of this severe unmet need, the implications of the REMOVAL
trial are frustratingly unclear. In Dr. Sattar's view, a CV benefit is "suggestive but not conclusive" in
REMOVAL, making it very unclear whether metformin should be recommended to people with type 1
diabetes to slow the progression of CV disease. On whether further trials are warranted to assess metformin
for CV disease in type 1 diabetes, Dr. Sattar was torn. Though metformin is inexpensive and generally safe,
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making for relatively easy logistics, it seems as though other adjunct therapies (such as SGLT-2 inhibitors
and GLP-1 agonists, which have demonstrated cardioprotective effects in type 2 diabetes) are better
positioned for this large-scale investment of time and resources (though we're less optimistic about the
future of GLP-1 agonists in type 1 diabetes, given the safety signals in the ADJUNCT trials for liraglutide -
though we believe some of this may have been due to trial design and dosing decisions). During Q&A,
SGLT-2 inhibitors in particular were highlighted for their potential in type 1 diabetes and the chance that
they may confer superior glycemic and CV benefits over metformin. We're intrigued by this possibility, and
we're closely following Lilly/BI's and AZ's and Lexicon's phase 3 programs for an SGLT-2 in type 1 and/or
an SGLT-1/2. Despite REMOVAL's somewhat underwhelming results, Dr. Sattar closed by reminding the
audience of the significance of this undertaking as the single largest and longest randomized trial ever to
examine a CV parameter of any sort in type 1 diabetes. We certainly hope it isn't the last and to the point
raised in Q&A, big funds are needed to invest in this (but that are a pittance compared to funds spent each
year on avoidable complications).

Panel Discussion

Dr. Bill Tamborlane (Yale University, New Haven, CT): You talked a lot about LDL changing.
I'd like to think about what wasn't said. What happened to HDL?

Dr. Petrie: We saw very similar changes.

Q: One of the things that determines ability to see changes in cIMT is baseline cIMT. Your
patients, I have to say, were extremely well-treated at baseline. To what extent do you think
that messed up your power calculation? It's hard to show improvement in endothelial
function, as well, if at baseline you already have good endothelial function.

Dr. Hramiak: That's a good point, that baseline cIMT was favorable. These patients were actually surprisingly
well-treated on statins and blood pressure-lowering medications. Certainly, baseline values were lower than
expected, and then rate of progression for mean cIMT was lower than anticipated from data from younger
DCCT-EDIC patients and from other conditions.

Comment: Of course, because that's where the lesion is. I recall another study that had low
cIMT at baseline and the group made an incorrect negative conclusion about ezetimibe. You're
hurt by this in REMOVAL, I think.

Q: Are these participants a selected group of survivors? They have 32-33 years of T1D…what
fraction of people would have already died of CVD before this time point?

Dr. Colhoun: By definition all cohorts are survivor cohorts, unless you begin the study from birth. If you're
asking if this was a population that was depleted of events - I don't think so. A more interesting question is
why in a population where event rates are fairly substantial do we not see substantially abnormal cIMT.

Q: cIMT is like tree rings, so the effect should persist. Will there be a data registry for these
participants to see if the changes in cIMT we see at three years will become meaningful later?

Dr. Petrie: We have approval to follow these patients up in longer term. It will take a long time, but we
certainly got that approval. As you say, they're no longer on randomized treatment so we would be looking for
a "metabolic memory" effect.

Dr. Julio Rosenstock (UT Southwest, Dallas, TX): I want to commend all the investigators. It
takes a lot of work to do these kinds of studies, especially with a retinopathy component.
There's a real need for adjunct therapy in type 1 diabetes. But looking at the results of this
trial, I basically see a negative study from all perspectives, not just the primary endpoint.
You're being generous on a potential reduction in CV events based entirely on a tertiary
outcome. You're using the word "modest" too much - two units is absolutely nothing in terms
of reduced insulin dose. Yes, metformin is out there and it costs $2 at Walmart. But we need to
raise the bar. This study would have been promising 10 years ago, when we didn't have any
other options, but now the SGLT-2 class has potential in type 1 diabetes. I take your word that
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a CVOT will one day be necessary for type 1. I hope this stimulates potential for a large
outcomes trial of SGLT-2 inhibitors in type 1 diabetes, but metformin was totally negative in
this trial.

Dr. Colhoun: Raise the bar? What we actually need to do is raise the money. There has never been a CVD
outcomes study in the type 1 diabetes population for this reason.

Dr. Rosenstock: I agree with that, but metformin is not the drug. An SGLT-2 inhibitor or GLP-1 agonist would
be the drug - certainly not metformin.

Dr. Colhoun: In our paper in Lancet we are certainly not claiming that this is a positive trial. We need a
sustained and substantial effort to really drive forward a much higher standard and larger trials with CVD
endpoints in type 1 diabetes. We spent a lot of time trying to raise the money to do a CVD outcomes trial with
metformin, and it was extremely challenging. Let's hope it happens someday. What we have done in this trial
is create a very good network to show that trials with a cardiovascular focus can be done in T1D, which is
something people have been skeptical of.

Dr. Tamborlane: In the DCCT after six years of follow-up, cIMT differences were basically zero. This speaks to
an issue about choice of surrogate outcome. Carotid thickening may not be timely enough to be able to show
an effect.

Dr. Petrie: Ultimately, this is the study we designed after a lot of workshop with JDRF, and this is the outcome
we chose. Treatment guidelines in the US and UK say you should use metformin for people who have type 1
diabetes and obesity to try and improve their glycemic control. One message from REMOVAL is that you
should not - there's not much of an effect on glucose control. It's transient, though it's statistically significant.
So, REMOVAL changes our perspective on metformin for type 1 diabetes, pointing us to maybe investigate
more cardiovascular effects.

Q: Did you look at sex differences within the groups? I ask because in the T1D Exchange study,
the boys had an improvement but the girls did not (and the boys were more abnormal at
baseline so maybe had more room to change).

Dr. Petrie: We haven't looked into that, but we could do it easily. We need to prioritize a few key post hoc
questions so as not to over-interpret the subgroups - this could be a good one.

Q: From a clinician's perspective, why was metformin chosen and not an alpha-glucosidase
inhibitor?

Dr. Petrie: As you know there is a large CVOT involving alpha-glucosidase inhibitors going on in China right
now led by the Oxford group, with results expected reasonably soon. The study includes people with
prediabetes. In my view, there's not enough data on alpha-glucosidase inhibitors in type 1 diabetes to justify
this kind of trial. All these hypotheses are interesting and we'd love to see many trials for cardiovascular
outcomes associated with different agents in type 1 diabetes - in fact we'd like to see any trial assessing this in
type 1 diabetes - but if one trial is to be done it will likely be with an SGLT-2 inhibitor, if phase 3 data in type 1
diabetes is promising and shows adequate safety. (Editor's note - we'd love to see a CVOT with multiple
therapies.)

Dr. Partha Kar (Portsmouth Hospitals, UK): Based on these results, as clinicians, would you
prescribe metformin to your patients with type 1 diabetes at high CV risk?

Dr. Hramiak: Probably not. I'm more convinced that in adolescents who are more insulin-resistant and who
have weight issues, we should prescribe metformin because they'll see more benefit in terms of minimizing
insulin dose. Hypoglycemia is a huge limiting factor of insulin, which is why we're looking for adjunct
therapies in the first place. Weight loss is also ideal. But to Dr. Rosenstock's point: adjunct therapies in type 1
to-date have had trouble proving glycemic benefits beyond 0.2-0.3% A1c reductions, so we're looking for
something other than glycemic benefits. We have to combine outcomes as we did in this trial - it's not just
about glycemia, and it's not just about CV disease.

Dr. Sattar: What would you do?
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Dr. Kar: I already use metformin in the way you describe, so I don't think REMOVAL will
change my practice. Right now, I use metformin in type 1 patients who are overweight, so this
just gives me more reassurance. I wasn't expecting a huge CV benefit per se, and I think cIMT
is an ambitious endpoint for a three-year study. But I won't say this is a completely negative
trial, because it confirms my use of metformin in the patients I've got.

Dr. Tamborlane: Metformin seems to have some effect, but its borderline. GLP-1 agonists are also being
studied in type 1 diabetes. You really get substantial weight loss with these agents which may have an
advantage that goes beyond just glycemic control. Another great hope is SGLT-2 inhibitors. It's been a
challenge to find drugs with cardioprotective effects for people with type 1 diabetes, but we're still hoping that
the holy grail is out there somewhere.

Dr. Chaturvedi: Is cIMT a poor outcome since it's a surrogate? At the moment it is one of the best surrogates
we have for cardiovascular endpoints that both predicts endpoints and can be employed easily in large clinical
settings. We were not expecting an effect on cardiovascular risk through glycemia lowering alone, we were
anticipating pleiotropic effects. Lastly, the effects we saw in the cIMT measures in this trial were actually
greater than those shown in the DCCT trial. The DCCT trial saw modest effects on cIMT but quite striking
reductions in cardiovascular outcomes ultimately. This is to say that it's a bit unfair to criticize the endpoint
we used. The effects on cIMT we saw here aren't completely negligible.

Dr. Tamborlane: A lot of these patients were on statins, and a lot were on anti-hypertensive medications. We
saw very little use of these agents in the DCCT. It's hard to parse what the confounding effects of these other
drugs may be. I would also suggest that another mistake is calling this study "REMOVAL," because you didn't
remove anything. Maybe you should have called it the SLOW IT DOWN study.

Q: Did you compare the results between people who were obese vs. non-obese at baseline?

Dr. Petrie: These data are quite fresh, so we haven't looked into that yet. This could be one to prioritize for
post hoc analysis - we will present theses at EASD.

Dr. Calhoun: I take your point that DCCT-EDICT trial did in the end teach us about cardiovascular endpoints,
but we can't realistically wait 30 years to see if diabetes drugs have an impact on cardiovascular disease. The
take-home message is that we're trying to cut short answers to these big questions by doing small studies in
type 1 diabetes with surrogate outcomes like cIMT. This will probably not resolve our clinical equipoise
sufficiently, but it does tell us something. Perhaps Dr. Rosenstock is actually going to raise the money to do a
large CVOT.

Q: The 1,000 mg dose of metformin isn't particularly big, and it's a lot less than what was used
in DCCT and UKPDS. Is there any plan to do a protocol analysis on dose?

Dr. Petrie: I think we can do an analysis like that. We have an estimate of the dose of metformin taken by each
participant over their time in the study based on tablets distributed and returned. An important clinical
message: when you give people 2,000 mg of metformin, you're actually giving them less, because some
patients will experience gastrointestinal adverse effects. We could look at subgroups of patients who tolerate
metformin better. If you're not experiencing side-effects (especially GI), and metformin might improve your
CV risk profile and it might control your weight, why not take it?

Dr. Tamborlane: This has been a great discussion with terrific questions - one of the more
enjoyable sessions I've been at.
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Oral Presentations: GLP-1s and SGLT2s-To Do or Not to Do in Type 1
Diabetes Mellitus?

Twenty-Four-Week Efficacy and Safety of Sotagliflozin, a Dual SGLT1 and SGLT2
Inhibitor, as Adjunct Therapy to Insulin in Type 1 Diabetes (inTandem1)

John Buse, MD (UNC, Chapel Hill, NC)

UNC's Dr. John Buse presented full data from the phase 3 inTandem1 trial, elucidating the benefit-risk
profile of SGLT-1/2 dual inhibitor sotagliflozin in type 1 diabetes. inTandem1 was a double-blinded trial that
randomized 793 patients to either placebo, sotagliflozin 200 mg, or sotagliflozin 400 mg. The trial included
a six-week insulin optimization period prior to randomization. As was reported in the topline results, even
in the context of optimized insulin, the trial impressively met its primary endpoint by producing a mean
placebo-adjusted A1c reduction of 0.35% in the 200 mg arm (baseline A1c post-optimization=7.6%;
p<0.001) and 0.41% in the 400 mg arm (baseline A1c post-optimization=7.6%; p<0.001) at 24 weeks.
inTandem1 employed a hierarchical statistical testing structure, in which secondary endpoints were
assessed in the following order: (i) "net benefit" (defined as target A1c<7% with no severe hypoglycemia or
DKA); (ii) weight; (iii) bolus insulin dose; (iv) fasting plasma glucose (FPG); and two measures of patient-
reported outcomes - (v) the Diabetes Treatment Satisfaction Questionnaire status (DTSQ) score; and (vi) the
two-item Diabetes Distress Screening Scale (DDS2) questionnaire score. We previously learned from a
second release of topline data from inTandem1 that the 400 mg dose demonstrated superiority to placebo
for all of these secondary endpoints, while the 200 mg dose only demonstrated superiority for A1c, net
benefit, and weight. Dr. Buse very excitingly provided new detail on these secondary outcomes. More than
twice as many patients achieved net benefit on sotagliflozin 400 mg compared to placebo: 44% of
participants in the 400 mg arm achieved "net benefit" at week 24, compared to just 22% of those in the
placebo arm (p<0.001). Those in the 200 mg arm also substantially more likely to achieve net benefit - 34%
(p=0.002 vs. placebo). As was shared in the topline results, patients taking sotagliflozin experienced a 1.6 kg
(3.5 lbs) and a 2.7 kg (6 lbs) weight reduction at 24 weeks with the 200 mg and 400 mg doses, respectively -
this compares to a mean weight gain of 0.8 kg (1.8 lbs) in the placebo group (p<0.001). The results shared
today revealed that the superiority of sotagliflozin 400 mg for the other secondary endpoints was similarly
highly statistically significant (p<0.001). On the other hand, Dr. Buse noted that there was some
heterogeneity between the impact of the two doses on bolus insulin dose - while sotagliflozin 400 mg was
associated with a statistically significant decrease in bolus insulin (p<0.001; exact dosages not shared),
there was no statistically significant difference in bolus insulin dose among those treated with sotagliflozin
200 mg and those in the placebo arm. On the other hand, the p-value for the difference between the 200 mg
arm vs. placebo was below 0.05 for FPG (p=0.036), DTSQ score (p<0.001), and DDS2 score (p=0.002).
That said, because of the hierarchical nature of the statistical testing, Dr. Buse emphasized that these
findings may only be characterized as "descriptive" rather than significant. While some more conservative
clinical trial purists may make a big deal about this, we're very, very pleased to see consistency between the
400 mg and the 200 mg dose for these very critical endpoints. We're especially excited about the
quantification of the quality of life and patient satisfaction benefits of this drug - anecdotally, we've heard
rave review from patients with type 1 diabetes taking selective SGLT-2 inhibitors and we're glad to see this
backed up with hard data. Safety data was as reported in the topline results, with fairly balanced adverse
event rates across all three arms, somewhat higher rates of DKA with sotagliflozin, and somewhat lower
rates of severe hypoglycemia. While there is some concern in some quarters about type 1 patients taking this
class, we don't think there is a way to stop it - it may be valuable to look at gaps in therapy for type 1s in
order to better understand patients taking SGLT-2s off label. We applaud Lexicon for collecting so many
outcomes and hope that these will be standardized soon.

inTandem1 Primary and Secondary Efficacy Endpoint Results

Endpoints Sotagliflozin 200 mg
(p-value vs. placebo)

Sotagliflozin 400 mg
(p-value vs. placebo)

Placebo
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A1c -0.43% (p<0.001) -0.49% (p<0.001) -0.08%

Net Benefit (proportion

of patients with A1c<7%

and no severe

hypoglycemia or DKA)

34% (p=0.002) 44% (p<0.001) 22%

Weight 1.6 kg (3.5 lbs, p<0.001) 2.7 kg (6 lbs, p<0.001) 0.8 kg (1.8 lbs)

Bolus insulin Undisclosed (p=0.10) Undisclosed Undisclosed

Fasting plasma glucose

(FPG)

Undisclosed (p=0.036) Undisclosed (p<0.001) Undisclosed

Patient-reported

Diabetes Treatment

Satisfaction

Questionnaire status

(DTSQ) score

Undisclosed (p<0.001) Undisclosed (p<0.001) Undisclosed

Patient-reported

Diabetes Distress

Screening Scale (DDS2)

score

Undisclosed (p=0.002) Undisclosed (p<0.001) Undisclosed

inTandem1 Safety Results

Sotagliflozin 200 mg Sotagliflozin 400
mg

Placebo

Proportion of patients

with ≥1 treatment-

emergent adverse

events

67% 71% 68%

% patients with

diarrhea

7% 10% 7%

% patients with genital

mycotic infection

6% 10% 3%

Number of patients

with DKA

3 (1.1%) 8 (3.1%) 0

Number with severe

hypoglycemia

11 (4.2%) 12 (4.6%)
1. 6.7%)
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A 12-Week Dose-Ranging Study of Sotagliflozin, a Dual SGLT-1 and SGLT-2
Inhibitor, as Adjunct Therapy to Insulin in Type 1 Diabetes (inTandem4)

Paul Strumph, MD (Lexicon Pharmaceuticals, The Woodlands, TX)

Lexicon VP of Clinical Development Dr. Paul Strumph also took to the stage to discuss full results from the
phase 2 dose-ranging inTandem4 study of sotagliflozin. The double-blinded, 12-week trial randomized 141
patients with type 1 diabetes to three doses of sotagliflozin (75 mg, 200 mg, or 400 mg), plus placebo. Unlike
the phase 3 inTandem1 trial, inTandem4 only included a two-week placebo run-in period, rather than a six-
week insulin optimization period. The vast majority of the numeric data was already shared in the topline
results, though Lexicon shared p-values for the first time, demonstrating that these results were highly
statistically significant. The primary endpoint A1c results as well as the secondary urinary glucose
excretion, postprandial glucose, body weight, fasting plasma glucose (non-inferior), and blood pressure
results are summarized in the table below. Very notably, however, Lexicon shared data on beta-
hydroxybutyrate (BHB) levels at baseline and at week 12 - as a measure of ketogenesis, BHB measurements
are very helpful as we consider the potential DKA risk of sotagliflozin. Notably, the mean increase in blood
BHB at week 12 was only 0.1 mmol/l, which is the lowest value detectable by a point of care BHB meter. Dr.
Strumph also noted that this level of BHB increase is lower than what is typically seen with selective-
SGLT-2 inhibitors. Overall incidence of DKA was very low this trial, with the only case of DKA in the entire
trial occurred in the 400 mg arm - though, very notably, the patient who experienced DKA chose to continue
the study after the event, demonstrating that the perceived benefits outweighed the DKA risk for this
patient. Although just one case, this is unsurprising to us. The level of DKA observed in both inTandem4 and
inTandem1 is somewhat lower in all arms than might be expected in a general type 1 diabetes population.
Dr. Buse noted during Q&A following the inTandem1 presentation that all participants in the trial were very
carefully and intensively educated on DKA risk management. Our sense is that this level of intensive
education rarely happens in the "real-world," and we hope that Lexicon will continue its leadership in
pairing sotagliflozin with appropriate educational efforts when the product launches. Write Richard Wood
of dQ&A for more on overall level of understanding by patients of DKA and DKA risk.

inTandem4 Primary and Secondary Efficacy Endpoint Results

Endpoints (placebo-
adjusted for all
efficacy endpoints)

Sotagliflozin 75 mg
(p-value vs. placebo)

Sotagliflozin 200 mg
(p-value vs. placebo)

Sotagliflozin 400
mg (p-value vs.
placebo)

A1c -0.25% (p=0.07) -0.48% (p<0.001) 0.38% (p=0.006)

Urinary glucose

excretion (g/day)

42 (p=0.006) 58 (p<0.001) 70 (p<0.001)

Change in 2-hour

postprandial glucose

reduction (mg/dl)

-20 (p=0.27) -27 (p=0.15) -49 (p=0.006)

Body weight -1.3 kg (2.9 lbs; p=0.38) -2.4 kg (5.3 lbs;

p<0.001)

-2.8 kg (6.2 lbs;

p<0.001)

Change in fasting

plasma glucose (mg/dl)

-9 (p=0.51) -9 (p=0.48) -21 (p=0.10)

Change in systolic

blood pressure (mmHg)

in subgroup of patients

-8.4 (p=0.26) -6.8 (p=0.28) -14.3 (p=0.013)
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with baseline ≥130

mmHg

inTandem4 Safety Results

Sotagliflozin 75
mg

Sotagliflozin
200 mg

Sotagliflozin
400 mg

Placebo

Proportion of

patients with ≥1

treatment-

emergent adverse

events

48.6% 28.6% 34.3% 50%

Number of

patients with

diarrhea

0 1 1 0

Number with

genital mycotic

infection

1 1 1 0

Number with

DKA

0 0 1 (2.9%) 0

Number with

severe

hypoglycemia

1 (2.9%) 1 (2.9%) 1 (2.9%) 0

Efficacy and Safety of Liraglutide in Insulin-Pump-Treated People with Type 1
Diabetes: The Lira Pump Trial

Thomas Dejgaard, MD, PhD, Kirsten Nørgaard, MD, and Christian Frandsen, MD, PhD
(Copenhagen University Hospital, Hvidovre, Denmark)

A team of researchers from Copenhagen University Hospital (Hvidovre, Denmark) presented the results of
the highly-anticipated Lira Pump Trial demonstrating the clinical potential of the GLP-1 agonist liraglutide
as an addition to insulin pump treatment in people with type 1 diabetes. People with type 1 diabetes using
CSII and with overweight (n=44) were randomized to receive liraglutide 1.8 mg or placebo in addition to
regular insulin pump therapy for 26 weeks. Dr. Thomas Dejgaard outlined the positive primary outcomes:
compared to placebo, liraglutide as an add-on to insulin pump treatment produced significant
improvements in A1c (-0.6% vs. +0.2%; p<0.001) and weight loss (-7.3 kg [16.1 lbs] vs. -0.6 kg [1.3 lbs];
p<0.001) without increasing the time spent in hypoglycemia (3.2 vs. 3.5 events; p=0.77). While the A1c
reduction could be characterized as modest for a GLP-1 agonist, we're especially impressed by the reduction
from a presumably low baseline A1c combined with the substantial weight loss. As expected for a GLP-1
agonist, nausea was the most commonly reported adverse event for participants randomized to the
liraglutide treatment arm; 64% of participants experienced this, though it was transient and disappeared
over the first few weeks of the study (we'd love to better understand the experience and intensity of nausea
since this percentage isn't that helpful overall). Currently approved for type 2 diabetes (under the trade
name Victoza) and obesity (under the trade name Saxenda), these results underscore the potential of
liraglutide for type 1 diabetes as well.
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▪ Dr. Kirsten Nørgaard followed with a deeper dive into the impact of add-on liraglutide
to insulin dosing and time-in-range. Excitingly, liraglutide as an add-on to insulin pump
therapy gave participants significantly more time spent in the normoglycemic range (57% vs. 45%) -
a crucial outcome for patient quality of life and perceived therapeutic and personal success. That
said, there was no statistically significant difference in time spent in hypoglycemia (defined as <3.9
mmol/l [70 mg/dl]). Very surprisingly (shockingly), liraglutide also produced no change in total
daily dose of insulin; it is less surprising that the distribution between basal and bolus insulin also
wasn't changed.

▪ Dr. Christian Frandsen closed with a closer look at the effect of liraglutide on weight
loss. In addition to producing significant reductions in the primary outcome of body weight,
liraglutide also produced reductions in a number of more specific measures of body composition,
including total fat, android fat, gynoid fat, and total lean mass. The mechanism of this effect is
unclear but likely is not related to food preferences. As revealed by food preference surveys given
throughout the study, liraglutide did not appreciably impact food preferences.

Questions and Answers

Q: Your group has already presented nice studies in obese and non-obese people with type 1
diabetes on MDI. What is different about this CSII population that the outcomes are so much
better?

A: The A1c reduction in liraglutide treated patients were exactly the same (0.6%) between these trials. The
major difference is that here we didn't see an appreciable A1c change in the patients in the placebo arm,
whereas we saw a -0.4% A1c reduction in the placebo arm in the other studies, leaving no significant
difference between the treatment and control groups.

Q: Why the choice of a 1.8 mg dose of liraglutide? You showed very impressive weight loss - is
this because people with type 1 are more sensitive to the drug? Did any participants need a
reduction in dose?

A: I don't think it's true that people with type 1 diabetes are more sensitive to liraglutide. A few patients had to
reduce to a 1.2 mg dose to minimize nausea side effects.

Q: Do you think these improvements you're seeing are due to weight loss?

A: A large part of it could be the weight loss, that's possible.

Oral Presentations: ADA Presidents Oral Session

REMD-477, a Human Glucagon Receptor (GCGR) Antibody, Reduces Daily Insulin
Requirements and Improves Glycemic Control in People with Type 1 Diabetes
(T1D)

Jeremy Pettus, MD (UCSD, San Diego, CA)

Dr. Jeremy Pettus presented exciting phase 1 data demonstrating that a single dose of the human glucagon
receptor (GCGR) antibody REMD-477 can produce substantial and long-lasting (weeks!) reductions in
insulin requirements and improvements in glycemia and time-in-range in people with type 1 diabetes,
without increasing hypoglycemia. In a double-blind study, people with type 1 diabetes (n=21) were
randomized to receive a single subcutaneous injection of either 70 mg REMD-477 or placebo. One day
following the injection, participants who received REMD-477 experienced a significant 21% reduction (9
units) in daily insulin dose compared to those who received placebo (p=0.02); this intensified to a 26%
reduction (12 units) by the second day after the injection (p=0.02). Furthermore, REMD-477 produced
substantial reductions in average daily blood glucose concentration not days but weeks after the injection.
For people in the treatment arm, average glucose fell 27 mg/dl in the first week post-injection (p<0.0010),
-31 mg/dl in the second week (p=0.05), and -20 mg/dl in the third week (p=0.05). REMD-477 further
produced substantial increases in time-in-range. In the week following the injection, participants on
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REMD-477 spent 71% of their time in normoglycemia (70-180 mg/dl), versus 56% for those on placebo
(p=0.0001), and the effect persisted into the second week post-injection (70% time-in-range with
REMD-477, versus 57%; p<0.05). This increased time spent in normoglycemia with REMD-477 was driven
by reductions in hyperglycemia; importantly, hypoglycemia did not increase with REMD-477. Although the
mechanism of action of this candidate is not yet understood, Dr. Pettus presented evidence that a single dose
of REMD-477 produces long lasting elevations in plasma glucagon and GLP-1 that don't return to baseline
until 57 post-injection. Adverse events were infrequent and minor (headache, oropharyngeal pain, etc.) and
did not substantially differ between the REMT-477 and placebo groups (11 vs. 10 events), indicating a good
safety profile for this candidate. We are very moved by the sheer timescale of REMD-477's powerful actions
and eager to learn more about the upcoming phase 2 study, which according to Dr. Pettus will examine the
effect of multiple weekly doses of the peptide drug. For good reason Dr. Pettus' presentation was certainly
one of the most highly-anticipated highlights of the President's Oral Sessions - the very final event of ADA,
highlighting particularly notable late-breaking abstracts - and we will be watching the progress of this
work very closely. Although this work is clearly in its earliest stages, REMD-477 is a perfect exemplification
of a patient-friendly diabetes therapy that optimizes important outcomes beyond A1c - namely time-in-
range and a vastly reduced injection burden.

Oral Presentations: New Insights into Prevention and Treatment of
Hypoglycemia

Nasal Glucagon for the Treatment of Moderate-to-Severe Hypoglycemic Episodes
in Real-World Settings in Adults with Type 1 Diabetes

Elizabeth Seaquist, MD (University of Minnesota, Minneapolis, MN)

Dr. Elizabeth Seaquist presented positive real-world data on Lilly's phase 3 nasal glucagon, showing that
96% of patients experiencing hypoglycemia recovered within 30 minutes following treatment and that most
of the caregivers were highly satisfied with the device. The study enrolled 129 adults with type 1 diabetes,
and 69 of these participants experienced a total of 157 symptomatic moderate or severe hypoglycemia
events (a blood glucose of approximately <60 mg/dl or requiring assistance) during the course of the study.
For 151 of these episodes (96%), a 3 mg dose of nasally-delivered glucagon met its primary endpoint of
"awakening or returning to normal status" within 30 minutes, as determined by a caregiver. For five of the
remaining six events, caregivers noted recovery within 45 minutes, and in four of these instances, the
patient's blood glucose was ≥70 mg/dl 30 minutes after administering nasal glucagon. These are impressive
results in a real-world setting, confirming what Locemia showed in phase 3 RCTs (Lilly acquired this
pipeline product from Locemia in October 2015). A majority of caregivers, 70%, were able to deliver nasal
glucagon to a patient experiencing hypoglycemia within 30 seconds, while 98% were able to do so in <2
minutes - what an exciting and much-needed improvement to the lengthy reconstitution process of existing
glucagon options. Overall, 94% of caregivers were satisfied with nasal glucagon, including 56% giving it the
highest "very satisfied" score. Dr. Seaquist emphasized that no calls to emergency services were made for
any of the 157 hypoglycemia episodes, not even for 12 cases of severe hypoglycemia when patients were
unconscious or experiencing convulsions or mental disorientation. Impressively, nasal glucagon met the
study's primary endpoint of recovery within 30 minutes in all 12 of these cases as well (experienced by seven
participants), which supports the agent's ability to rapidly raise dangerously low blood glucose in real-
world settings. Though an FDA submission has taken longer than we expected since Lilly acquired the phase
3 product from Locemia (due to additional development work and establishing a manufacturing
infrastructure), management shared in a separate interview with us that a filing is expected in 1H18, and
the product will be submitted in other geographies shortly thereafter. The health and healtheconomic
burden of hypoglycemia remains far too high, and we're hopeful that advances like Lilly's nasal glucagon
will bring us leaps and bounds ahead in our ability to treat the complication. To that end, it's extremely
valuable to see real-world efficacy and feasibility data, since the immediate goal is to help patients/
caregivers address hypoglycemia swiftly in everyday settings, avoiding an expensive hospital visit,
emergency call, or need for a healthcare professional.
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▪ During a separate call with Dr. Seaquist and Lilly's nasal glucagon team, we heard
anecdotal evidence on caregiver responses to this innovative product: "it just makes
so much sense to them." Certainly, this intuitive ease of use is crucial for a product like glucagon,
used often in high-stress emergency situations. Once nasal glucagon is available, we'll be fascinated
to see how the ease-of-use and satisfaction compares to upcoming auto-injectors in development
(Xeris and Zealand, among others).

▪ According to Lilly management, the shelf life of this innovative product is anticipated
to be comparable to current recombinant glucagon. We were happy to hear this, as it will be
another pull for patients, providers, and payers. Cost is of course a big question with glucagon, and
we so hope that this nasal glucagon is priced responsibly to maximize access to a superior, patient-
friendly, cost-saving therapy.

▪ Locemia presented equally positive simulated usability data at EASD 2015, which also
highlighted the simplicity of nasal delivery.

Effect of Ethanol Intoxication on the Antihypoglycemic Action of Glucagon

Laya Ekhlaspour, MD (Massachussets General Hospital, Boston, MA)

Dr. Laya Ekhlaspour, who at last year's ADA discussed the merits of a bihormonal bionicpPancreas, now
delves deeper into the practicality of micro-dosing with glucagon, presenting findings strongly suggesting
that ethanol intoxication does not affect glucagon activity. In a random order crossover trial (n=15) using
simultaneous hyperinsulinemic-normoglycemic and ethanol clamps, volunteers with type 1 diabetes were
given two identical 50g injections of glucagon while sober and while intoxicated with a blood alcohol
content of 0.1%, achieved by delivering the equivalent of 4 drinks in 20 minutes (we bet there are some
pretty good stories!). Blood glucose rose following glucagon injection and then stabilized at 90 mg/dl for the
duration of the study. Trends were similar in both arms of the study, indicating that ethanol intoxication
does not alter glucagon activity and that micro-dosing with glucagon to reverse hypoglycemia is still a safe
and effective option when a individual is intoxicated. However, Dr. Ekhlaspour did concede that liver
glycogen levels were not recorded during the study, which, as one audience member pointed out, most likely
contributed to the observed effect. In the case of people with alcoholism (who are likely to be poorly
nourished), reduced glycogen stores may limit the efficacy of glucagon to lower blood sugar. It should also
be noted that with glucagon comes a huge additional cost and burden. Still, we take these results to be an
encouraging step in the right direction regarding the pragmatism of a bihormonal bionic pancreas for
everyday use.

Posters

Dasiglucagon, a Novel Soluble Glucagon Analog, Successfully Restores Blood
Glucose Levels after Hypoglycemia in People with Type 1 Diabetes Mellitus
(T1DM) (389-P)

T Heise, B Bysted, U Mouritzen, U Hovelmann, D Lamers, and D Moller

Zealand presented a poster detailing phase 2 results from a PK/PD study of its liquid-stable glucagon
analog dasiglucagon. The trial compared four doses of dasiglucagon (0.1 mg, 0.3 mg, 0.6 mg, and 1.0 mg)
to native glucagon (Novo Nordisk's GlucaGen; 0.5 mg and 1.0 mg) in participants with type 1 diabetes
(n=58), demonstrating that dasiglucagon, like native glucagon, was able to rapidly and effectively increase
blood glucose concentration following a controlled, insulin-induced hypoglycemia event in which blood
glucose fell to 55 mg/dl. On the pharmacodynamic front, the three highest dasiglucagon doses (0.3 mg, 0.6
mg, and 1.0 mg) each took a median of six minutes to raise plasma glucose levels to above 70 mg/dl, versus
6 and 7 minutes for the 0.5 mg and 1.0 mg doses of native glucagon, respectively (and 10 minutes for the 0.1
mg dasiglucagon dose). Dasiglucagon furthermore showed comparable performance to native glucagon in
terms of the average time required to increase plasma glucose levels by 20 mg/dl; the four dasiglucagon
doses (0.1 mg, 0.3 mg, 0.6 mg, and 1.0 mg) respectively took a median of 14, 10, 9, and 9 minutes to achieve
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this level of plasma glucose reduction, versus 10 minutes for both the 0.5 mg and 1.0 mg native glucagon
doses. Notably, the increase in plasma glucose was longer-lasting and more pronounced with dasiglucagon:
total plasma glucose excursions (as measured by area under the effect curve [AUE]) were significantly
higher with 0.3 mg dasiglucagon versus 0.5 mg native glucagon (p<0.0001) and for both 0.6 mg
(p=0.0043) and 1 mg (p<0.0001) dasiglucagon versus 1.0 mg native glucagon. This larger glucose
excursion profile promisingly suggests that dasiglucagon may be superior to native glucagon at preventing
recurrent hypoglycemia. On the pharmacokinetic front, dasiglucagon reached maximum exposure
significantly later than native glucagon (~35 minutes; p<0.01), but demonstrated a significantly higher
total exposure for all dose comparisons (p<0.001). In a separate conversation with Zealand, the company
indicated that this could be suggestive of higher viability for dasiglucagon over native glucagon, meaning
that dasiglucagon could achieve the same the same glucose increasing efficacy at lower doses - but of course
this would need to be verified in future studies. Importantly, dasiglucagon was well-tolerated with a similar
safety profile as native glucagon. For both dasiglucagon and native glucagon, the most commonly reported
adverse events were nausea and vomiting (40 events with dasiglucagon, 35 events with native glucagon)
and mild injection site reactions which disappeared within 30 minutes post-dosing (7 events with
dasiglucagon, 5 events with native glucagon).

▪ Following the release of these topline results in 3Q16, Zealand commented in its 4Q16
earnings update that the FDA is expected to provide guidance of dasiglucagon's
development in 1Q17. The candidate is currently in phase 2 development both as a single-dose
rescue pen (phase 3 to begin as soon as 3Q17) and as a multi-dose component of a dual hormone
artificial pancreas system. We are very pleased to see this progress toward a more patient-friendly
and feasible alternative to the current very complex, error-prone native glucagon kits - a
longstanding area for improvement in diabetes care. For more on the soluble glucagon arena more
broadly, check out our soluble glucagon competitive landscape.

Mini-Dose Glucagon as a Novel Approach to Prevent Exercise-Induced
Hypoglycemia in Type 1 Diabetes (67-LB)

M Rickels, S Dubose, H Wolpert, E Toschi, R Beck, M Cummins, BJ Newswanger, and MC
Riddell

This phase 2 study compared Xeris' G-Pen Mini glucagon vs. basal insulin reduction vs. glucose tabs as a
way to avoid exercise-induced hypoglycemia, a persistent problem since the natural glucagon response is
impaired in people with type 1 diabetes. Each trial participant (n=15) went through four conditions in a
randomized crossover design: (i) control, (ii) 50% basal rate reduction five minutes prior to the start of
exercise, (iii) oral glucose tabs (20 grams five minutes before start, and another 20 grams 30 minutes after
start), and (iv) Xeris' mini-dose glucagon injected subcutaneously into the abdomen five minutes prior to
the start of exercise. The G-pen injection maintained plasma glucose levels between 125-175 mg/dl
throughout the duration of exercise (45 minutes) and for 45 minutes after, while glucose tabs elevated blood
sugar >225 mg/dl 45 minutes-post exercise. Basal insulin reduction was significantly less effective in
avoiding hypoglycemia (p<0.001 vs. G-Pen), as mean plasma glucose dropped to ~75 mg/dl by the end of
exercise and stayed low for 45 minutes after, which parallels almost exactly what happened on average in
the control condition. In total, six people experienced hypoglycemia (defined by blood sugar <70 mg/dl) in
the control condition, five in the basal rate reduction condition, and none in the mini-dose glucagon or oral
tabs conditions. On the opposite end, five individuals experienced hyperglycemia (defined by blood sugar
>250 mg/dl) in the oral tabs condition vs. only one in the mini-dose glucagon condition and none in the
control or basal rate reduction conditions. These results show promising early efficacy for Xeris' G-Pen Mini
as a solution for exercise-induced hypoglycemia in type 1 diabetes - compared to control, basal insulin
reduction, and oral glucose tabs, this mini-dose of glucagon minimized both hypoglycemia and
hyperglycemia during and immediately after exercise. This study is particularly important since it also
shows how much more effective a small dose of glucagon is if given just before exercise, rather than waiting
until hypoglycemia develops during exercise, the latter of which is repeatedly observed in duel hormone
studies using glucagon in artificial pancreas studies. The poster concludes that this phase 2 data supports a
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larger, longer-term study of Xeris' G-Pen Mini, which we'd love to see. Xeris currently has one of the most
advanced clinical programs for glucagon, and we'll be watching eagerly for updates. See our glucagon
competitive landscape for more information.

Efficacy and Safety of Mini-Dose Glucagon for Treatment of Nonsevere
Hypoglycemia in Adults with Type 1 Diabetes (1068-P)

MW Haymond, S Dubose, MR Rickels, H Wolpert, VN Shah, JL Sherr, RS Weinstock, S
Agarwal, AS Verdejo, MJ Cummins, B Newswanger, and RW Beck

Xeris' G-Pen Mini was investigated in 17 adults with type 1 diabetes as a treatment for nonsevere
hypoglycemia. In a randomized crossover design, participants spent three weeks with mini-dose glucagon
and three weeks with oral glucose tabs to treat any cases of mild hypoglycemia. The primary endpoint of
"success" was defined as blood glucose ≥50 mg/dl 15 minutes following treatment and blood glucose ≥70
mg/dl 30 minutes following treatment - 94% of patients in the mini-dose glucagon arm achieved success vs.
95% of patients in the glucose tabs arm. BGM and CGM data showed a similar profile for the G-Pen Mini vs.
oral glucose tabs. In the first hour post-hypoglycemic event, people in the glucagon group spent 62% of
time-in-range vs. 67% for people in the glucose tabs group (p=0.86). In the first two hours post-
hypoglycemic event, participants in both groups spent a mean 79% of time-in-range (p=0.49). Time <70
mg/dl was a mean 35% for the glucagon group one hour post-hypoglycemia vs. 33% for the glucose tabs
group (p=0.95). Two hours post-hypoglycemia, these values were 20% and 19%, respectively (p=0.63). The
non-significant p-values indicate the G-Pen Mini's non-inferiority vs. oral glucose tabs as a treatment for
mild hypoglycemia, but the poster points out other distinct advantages to mini-dose glucagon: Namely,
carbohydrates as a solution to nonsevere hypoglycemia lead to excess caloric intake and excess
hyperglycemia, all of which could be avoided with Xeris' G-Pen Mini. After six weeks of the study,
participants were asked to choose between the two treatment options for an additional three weeks - ~50%
opted to continue mini-dose glucagon. Injection discomfort and nausea were the primary reported adverse
events associated with the G-Pen Mini, affecting 15 and three participants, respectively. Overall, these
results support continued investigation of Xeris' product for mild-to-moderate hypoglycemia, and we look
forward to future data readouts. Xeris is an industry leader right now in the glucagon competitive
landscape, and we're very happy to see forward progress on the company's various glucagon candidates.

Symposium: Preserving the Beta Cell Function

How Do We Protect the Beta Cell in Type 1 Diabetes?

Aaron Michels, MD (University of Colorado, Aurora, CO)

Dr. Aaron Michels from the University of Colorado Denver School of Medicine characterized type 1 diabetes
as an immune-mediated disorder with beta cells actively contributing to disease pathogenesis. He discussed
the stages of disease development, explaining that as of 2017, we are able to predict type 1 diabetes but we
can't effectively prevent it. Knowing what to target and monitor with immune therapies is critical. The
study of human islet infiltrating immune cells provides disease-specific targets for immune therapies and
suggests potential biomarkers for disease activity. Elucidating the immune-beta cell interface will help
researchers devise strategies to protect beta cells. Dr. Michels highlighted that lobular beta cell destruction
in the human pancreas, beta cells overexpressing HLA Class I, and blocked immune checkpoint inhibitors
are all possible contenders leading to type 1 diabetes. The natural history of type 1 diabetes involves genetic
risk, environmental triggers, beta cell injury, prediabetes, and diabetes. Attempts at beta cell preservation
in people with type 1 diabetes have been minimally effective so far, but we are excited to continue following
this important field.

Assessing Beta-Cell Function
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Jerry Palmer, MD (VA Puget Sound Healthcare System, Seattle, WA)

Dr. Jerry Palmer reviewed multiple methods of assessing beta cell function in people with diabetes, or in
those with prediabetes or presymptomatic type 1 diabetes. In this presentation, Dr. Palmer drew on data
from both patients with type 1 and type 2 diabetes. He reviewed several different methods of assessing beta
cell function, including measuring insulin secretion (particularly the amount and timing) and assessing
proinsulin processing. He also acknowledged the statistical issues associated with measuring beta cell
function. He closed by highlighting the Restoring Insulin Secretion (RISE) trial. While noting that it is still
too early to draw conclusions from the trial, Dr. Palmer shared that the protocol of measuring beta cell
function in the trial (via hyperglycemic clamps and oral glucose tolerance tests) is functioning well, based
on the first few years of recruitment and early follow-up.

▪ The delayed release of the C-peptide in response to oral insulin is an early indicator of
risk for diabetes. The progression to diabetes is generally characterized by rising glucose levels
accompanied by normal C-peptide levels at fasting glucose until about six months before the
diagnosis. However, Dr. Palmer pointed to a study led by Jay Sosenko in the DPT-1 trial showed that
when abnormalities in C-peptide response to oral glucose are measured, there is a delay in the
response of those progressing toward a diagnosis compared to those who are not going at least as far
back as 2 years (p<.01).

▪ Mixed meal tests (MMT) were found to be more reproducible and better tolerated
than glucagon stimulation tests in two trials. When addressing the issues of statistical
sensitivity, specific and reproducibility in assessing patients' beta cell function, Dr. Palmer noted
that both the TrialNet Study (n-148) and a European C-Peptide Trial (N=118) had conducted both
these tests on the same recently-diagnosed patients and repeated them with in 3-10 days. There
results showed that the MMT was more reproducible, better tolerated by patients with fewer adverse
effects, and preferred. He stated the MMT was a stronger test and more sensitive to residual insulin
secretion.

Questions and Answers

Q: If you had to choose which of the tests you demonstrated was the most highly sensitive for
people, which would you use?

A: Firstly, it's pretty well established that prior to diagnosis of type 1 we do glucose tolerance and then after do
a mixed meal tolerance. I think what we need to do is model those two tests, maybe add some additional data
points, such that we can get a measure of insulin sensitivity, so that whenever we talk about insulin secretion
we do it in the context of how insulin sensitive patients are rather than absolute numbers.

Symposium: Technical Innovations in Islet Transplantation-Novel
Approaches

Engineering Novel Encapsulation Platforms for Islets

Cherie Stabler, PhD (University of Florida, Gainesville, FL)

Dr. Cherie Stabler highlighted several novel beta cell encapsulation approaches that she views as
particularly promising, including microencapsulation, nanoscale coatings, and new coatings created by
covalent layer-by-layer encapsulation. She emphasized how these efforts can address several key
considerations in the effort to fabricate nano-scale barriers to encapsulate pancreatic islets, such as
ensuring a controllable thickness (through nanoscale control of capsule) and long-term mechanical stability
(through covalently linking layers). According to Dr. Stabler, a "home run" in encapsulation would involve
resolving the immunological problem, the cell source problem, and the transplant problem. Islet
encapsulation must solve issues of permeability, biocompatibility, and stability as well. The material must
be permeable enough to allow nutrients such as glucose and oxygen to come into the islet and for insulin to
leave the islet, while also being non-permeable to antibodies. Many materials degrade when put into the
body, so the material must be stable enough to survive. In conventional microencapsulation, islets suffer
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from poor delivery of oxygen and nutrients, sluggish glucose response and insulin secretion, exacerbated by
transplant site. ViaCyte has experienced some of these challenges firsthand in its phase 1/2 trial of PEC-
Encap - due to the challenges with fibrosis and variable patient responses, the company has de-prioritized
this effort to some extent and is instead focused on PEC-Direct, a direct vasculaization product that does not
protect ViaCyte's stem cell-derived islet progenitor cells from the immune system (requiring patients to take
immunosuppressants. We're so very glad that very smart people like Dr. Stabler are hard at work at
creating next-generation encapsulation devices that can hopefully avoid some of the pitfalls of the first-
generation efforts.

Bioengineering the Transplant Site―Application to Clinical Therapy

James Shapiro, MD, PhD (University of Alberta, Edmonton, Canada)

Dr. James Shapiro provided an overview of the current research to improve islet cell transplantation,
concluding that bioengineering transplants is effective and that latest therapeutic cells are promising. He
noted up front that while cadaveric islet cell transplantation via the Edmonton protocol (through the portal
vein in the liver) are safe, simple, result in a predictable function of the C-peptide, and are therefore
currently unmatched for efficacy. That said, he acknowledged that traditional transplantation through this
method is not scalable, as it is not easy to procure donor cells, many cells are lost during the transplant
(requiring multiple transfers), there is a risk of bleeding and clot, and retrieval is difficult. He highlighted
several novel, alternative strategies, including: (i) bioengineering of the intra-abdominal endocrine
pancreas; (ii) gastric submuscal transplantation of islets; (iii) device-less transplants; (iv) transplanted
devices; (v) new cell products; (vi) cell product manipulation; and (vii) cell product co-transplantation. Dr.
Shapiro concluded by cautioning that that vascularity and oxygen generation will need to improve in
transplant sites outside of the portal vein before they become true alternatives, and that the "we may have
to take a step back" from current portal efficacy as we improve these sites. ViaCyte in particular has
experienced challenged with fibrosis and unpredictable, varied efficacy in its phase 1/2 trial of beta cell
encapsulation product PEC-Encap. It's clear that quite a few questions must be addressed before beta cell
replacement and encapsulation become a viable type 1 diabetes cure therapy for the broader population.

▪ Dr. Shaprio highlighted his research with ViaCyte's stem cell-derived islet cell
replacement therapies PEC-Encap and PEC-Direct , characterizing these efforts as
some of the more promising cell therapies. PEC-Encap delivers beta cell progenitors through
ViaCyte's Encaptra device and showed some promise, though it the device was challenged by the
body's foreign body response. He is hopeful PEC-Direct, the new product from ViaCyte which allows
for direct vascularization of implanted cells, will have better vascularization results and cell survival,
though it will have to be taken with an immunosuppressant. PEC-Direct was recently approved for
clinical trials by the FDA and Canada.

▪ Dr. Shapiro also spoke briefly to new promising research in cell manipulation,
specifically caspase inhibitors and apoptosis inhibitors. He expanded on the research he is
doing with Conatus Pharmaceuticals into whether emricasan (IDN-6556) helps protect against allo-
and autoimmunity of islet cell transplant recipients. Emricasan is also currently being developed by
Conatus for NASH, in partnership with Novartis. Dr. Shapiro observed that in vitro manipulation of
cells to confer protection can have a profound impact, and he is hopeful about where the research
may go.

▪ He also highlighted recent research in bioengineering the transplant site, citing the
recent example of researchers utilizing the intraabdominal endocrine pancreas for a patient. In this
case the single patient had 602,395 islet equivalents were combined with autologous plasma
laproscopically layered onto the omentum. The patient came off insulin 17 days after her transplant,
and continues to have stable glycemic control, though this was a recent procedure so long-term
efficacy is not yet known.

Questions and Answers
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Q: Very nice work and talk. In terms of bioengineering sites, you presented initial data but in
terms of where this going when you move the data forward, any comment in terms of the end
point you envision?

A: We move forward very slowly with this. Portal may be new for some but for us it's established. We don't
want to expose patients to new approaches until we know there's some promise, it doesn't make sense to do
this on 20 patients until we've seen it's effective in a few. It is a tough balance between having a large base and
not a large failure.

Symposium: Joint ADA/ISPAD Symposium-Current Status of
Complications in Youth with Type 1 Diabetes

Update on Macrovascular Disease and Risk Factors-Time to be More Aggressive
with Treatment?

David Maahs, MD (Stanford Children's Health, Palo Alto, CA)

Cardiovascular disease (CVD) and the associated risk in patients with diabetes is an increasingly important
topic and Dr. David Maahs made it clear that vigilance and aggressive steps are needed to rectify this
association even in younger patients with diabetes. Dr. Maahs noted that although aggressive A1c control
does not eliminate CV risk he would still like to see current progress on lowering A1c levels "move more
quickly" as only 30% of pediatric patients are meeting A1c goals. Citing data from the T1D Exchange that
69% of patients ages 6-13 and 62% of patients age 12-30 are not meeting LDL goals, Dr. Maahs reiterated
that "we can do better" on cardiovascular outcomes in pediatric patients. He contextualized this problem by
stating that only 1% of pediatric patients is on lipid-lowering medication, giving us a sobering look at how
urgent this problem could be in pediatric patients. Dr. Maahs did offer hope that artificial pancreas
innovation would allow for better control of A1c levels and cited the SEARCH study that found that for every
1% change in A1c, there was a 4 mg/dl change in LDL levels. Dr. Maahs concluded with a look toward
clinical trial data from a study with subjects taking atorvastatin for 6 months showing overall lower lipid
levels and a "less atherogenic" cardiovascular profile. The AdDIT Study similarly showed that statins
correct lipid abnormalities and show no adverse events. Dr. Maahs summarized by calling for improved
screening, better treatment of risk factors to address CVD risk in adulthood, and more longitudinal studies
of cardiovascular risk in pediatric patients.

Update on Retinopathy-Should We Screen or Not?

Kim Donoghue, MD (University of Sydney, Australia)

As part of a broader discussion on adolescent and youth complications in type 1 diabetes, Dr. Kim Donoghue
provided a summary of the current, varied screening recommendations for diabetic retinopathy,
underscoring the need for quick diagnosis and subsequent intense treatment and metabolic control. Dr.
Donoghue reviewed data from a number of studies that showed low to no prevalence of diabetic retinopathy
in adolescents and contrasted this with a number of studies that did find higher rates. In a study conducted
in the UK, Dr. Donoghue pointed out that 20% of individuals diagnosed with type 1 diabetes before age 2
had developped retinopathy by ages 12-13. This same study found that 9% of children with diabetes
diagnosed at under 4 years of age had developed sight-threatening diabetic retinopathy by age 17-18. This
was in contrast to studies done by the T1D Exchange, the University of Pennsylvania, and Yale University,
which all found zero or very few pediatric patients with diabetic retinopathy. Dr. Donoghue attempted to
explain this disconnect, pointing out that the investigations which found no prevalence of retinopathy
featured larger proportions of younger adolescents, tracked subjects for shorter periods of time, and used
tools that were not powerful to adequately detect retinopathy. Furthermore, recent data demonstrates
higher hazard ratios for diabetic retinopathy patients with a longer duration of diabetes (1.6, 1.9, and 1.0
for diagnosis under age 4, between age 5-14, and age 15 or over, respectively). Taken together, these
findings suggest that adolescents are at greater risk for diabetic retinopathy than we realize - especially if
they have a long diabetes duration. Dr. Donoghue concluded by questioning whether our current
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recommendations for diabetic retinopathy screening are rigorous enough, asking what prevalence rate of
diabetic retinopathy are we willing to accept and calling for increased research into the frequency of
diabetic retinoapthy in children, using study cohorts that match the general population.

Symposium: Therapies to Preserve Beta Cells in Type 1 Diabetes
(Supported by a grant from The Leona M. and Harry B. Helmsley
Charitable Trust)

Therapy for Type 1 Diabetes - Short Treatment for Durable Benefit

Gerald Nepom, MD, PhD (Benaroya Research Institute, Seattle, WA)

Dr. Gerald Nepon discussed the potential role of short treatments with durable benefits in type 1 diabetes
intervention. Overall, he noted that immunotherapies often have short-term efficacy, but lack durable and
lasting outcomes. Previous therapies have been able to improve C-peptide outcomes temporarily for up to 18
months. However, cells will shortly resume decay after this time period at the original rate, resulting in a
recurrence of disease. This transient effect of therapies on preserving beta-cell function is one of the largest
challenges in creating therapy for type 1 diabetes. As a result, it may be beneficial to use a combination of
therapeutic strategies that target T-cell memory. As an example of this, Dr. Nepom reviewed the findings
from the phase 2 T1DAL study of anti-CD2 therapy alefacept, a drug that depletes effector memory
lymphocytes. One-year and two-year results (presented at ADA 2013 and ADA 2015, respectively) observed
that individuals taking alefacept experienced lower rates of hypoglycemiaduring and after the study,
suggesting that the drug leads to durable effects and outcomes. That said, the study failed its primary
endpoint of change in C-peptide AUC. Dr. Nepom concluded by emphasizing the importance of using
multiple mechanism-informed strategies when creating therapeutic interventions. He further suggested that
combination immunotherapy targeting T-cell memory is especially promising, due to T-cells' ability to
induce and stabilize remission and create transcriptional markers that stabilize phenotypes.

Questions and Answers

Q: Why did the incidence of hypoglycemic incidence decline?

A: The incidence of hypoglycemic incidence declined because the therapy cleared islet inflammation and
allowed counter-inflammation to happen regularly.

Disease-Specific Therapy (Antigen-Specific Immunotherapy)

Carolin Daniel, PhD (Helmholtz Zentrum München, Munich, Germany)

Dr. Carolin Daniel began her talk by emphasizing the importance of immune tolerance restoration in type 1
diabetes. She presented an overview of an experiment that used humanized mice to see if regulatory FoxP3
T-cells (Tregs) could be generated in vivo. From the Tregs generated in humanized mice, methylation
analyses of Foxp3 Treg-specific demethylated regions showed that the induced human Tregs from
humanized mice were stable, functional, and prevented the development of type 1 diabetes. The implications
of this finding are especially important for childhood type 1 diabetes, as higher frequencies of insulin Tregs
may be linked to slower progression of the condition. Furthermore, there may be evidence suggesting that
for children with islet autoimmunity, insulin-specific Treg cells may play an important role in the
progression of type 1 diabetes. Dr. Daniel concluded by emphasizing the importance of future studies that
increase our mechanistic understanding identified impairments in Treg induction and that better model
islet autoimmunity in humanized mice.

▪ Dr. Daniel described the process of in vivo human Treg induction in humanized mice.
Tregs are induced in the mice through Greg conversion and subimmunogenic antigen stimulation.
Greg conversion activated T-cells through agonist ligands, and human Tregs are induced through
subimmunogenic stimulation. CD34+ cells are also developed, which are used to identify the
incidence-specific T-cells. Induced Tregs are then observed and functionally characterized to test the
mRNA abundance of Greg signature genes and T-cell effector genes. Analysis of the induced human
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Tregs indicated that higher frequencies of Tregs may be associated with slower onset of type 1
diabetes.

Symposium: Bariatric Surgery in Special Populations

Bariatric Surgery in Type 1 Diabetes

Sangeeta Kashyap, MD (Cleveland Clinic, Cleveland, OH)

Dr. Sangeeta Kashyap presented data on the use of bariatric surgery in type 1 diabetes, concluding that
surgery can lead to substantial weight loss and improved glycemic control in severely obese people with
type 1 diabetes. Dr. Kashyap first presented a case series (n=10) of type 1 diabetes patients (mean baseline
BMI of 42 kg/m ; mean diabetes duration of 22 years), with results showing that at a mean follow up of 362

months, "excess weight loss >60%" was achieved in all patients except in one case of adjustable gastric
banding. In addition, mean A1c levels dropped by 1.1% (baseline of 10%, p=0.039) and insulin requirements
dropped by 0.34 U/kg/day (baseline of 0.74 U/kg/day, p=0.004). Next, Dr. Kashyap presented results of a
meta-analysis of 16 studies (n=106) published between 2013 and 2015, which similarly demonstrated
significant BMI reductions (41.9 to 31 kg/m ), reduced insulin requirements, as well as reduced use of anti-2

hypertensive and lipid lowering agents. Notably, she stated that this patient population tended to
experience profound glycemic changes (DKA, severe hypoglycemia) and GI dysmotility symptoms
(prolonged ileus, acute gastric remnant dilation) in addition to the common postoperative complications of
bariatric surgery. However, in conclusion, Dr. Kashyap noted that the favorable metabolic effects of
bariatric surgery may facilitate medical management of type 1 diabetes in the setting of severe obesity.

Questions and Answers

Q: Our experience with surgery in type 1 diabetes has not been positive. We've seen huge
swings in glycemic control.

A: For the long term, these are difficult patients to manage. But even prior to surgery, it's also difficult to
control. I have patients on U500 drips and they're really poorly controlled. There are going to be a few
patients that will require something like this.

Q: I had a patient who had type 1 diabetes and RYGB and she suffered from severe
hypoglycemia. What's your experience with hypo?

A: We've had similar experiences. We've had to work very closely with nutritionists to tell them to eat more
frequently, to use rapidly acting insulin, and to use insulin pumps. These are all things we need to
individualize. The data for patients who had sleeve is far more encouraging. We don't see those huge
fluctuations with sleeve patients. Also our banded patients have been far easier to manage in terms of glucose
excursions.

Symposium: Beta Cells Under Attack-Lessons from Transplantation for
New-Onset Type 1 Diabetes

Addressing Cellular Immunity―Transplant Therapies Applied to New-Onset Type
1 Diabetes

Antoinette Moran, MD (University of Minnesota, Minneapolis, MN)

Dr. Antoinette Moran discussed lessons learned from transplant therapy immunosuppression that can be
applied to treating new-onset type 1 diabetes. She underscored that manipulation of cellular immunity is
key to preventing transplanted organ rejection. What's more, alloimmune and autoimmune activation
follow similar pathways and can be similarly blocked. Drugs that act at multiple points in the cellular
activation pathway can also be used in type 1 diabetes, and combining multiple drugs is always required to
prevent transplant allograft rejection - there is similar growing consensus in the diabetes that combination
immune therapy will very likely be required for type 1 daibetes. In addition, two phases of immune therapy
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are generally required in transplant- an intensive induction phase followed by a less suppressive
maintenance phase which is life-long. No therapy is one size fit all, as there is clinical heterogeneity in both
disease manifestations and the response to immunotherapy. As a result, she emphasized that individual
approaches likely need to be developed. In addition, she noted that children have a different disease course
and response to immunotherapy compared to adults, including differences in pharmacokinetics of
immunosuppressive drugs, length of exposure to immunosuppression, and possible interference with
vaccinations. Children are also uniquely susceptible to toxicities related to growth, development, and
cognitive function - thus it's imperative that they are studied and considered separately from adults. We are
excited that progress in immunosuppression therapy over the last 30 years has allowed long term success in
organ transplantation and we're pleased that some of the lessions from this experiment can be applied to
the treatment of autoimmune conditions like type 1 diabetes.

Protecting the Beta Cell from Innate Immunity

Lorenzo Piemonti, MD (San Raffaele Scientific Institute, Milan, Italy)

Instead of the traditional beta cell transplantation strategy of increasing the potency of generalized
immunosuppression regimes, Dr. Lorenzo Piemonti hopes to develop novel clinical protocols based on the
use of drugs that more specifically target the immune response against transplanted beta cells. According to
Dr. Piemonti, immediately after islet infusion, as much as 50% of the transplanted beta cells are lost in less
than 24 hours thanks to the detrimental impact of the non-specific immune response and pre-existing and
transplant-induced specific cellular immune responses against the beta cells. Dr. Piemonti's work therefore
focuses on identifying "master regulators" of the immune response and using techniques such as CXCR1/2
blockade and CCL2 blockade to quell inflammation. We certainly look forward to hearing how this work
progresses; circumventing the immune response has remained the foremost challenge in beta cell
transplantation work.

Beta-Cell Biomarkers―Assessing Islet Loss in Transplant and Type 1 Diabetes

Kevan Herold, MD (Yale University, New Haven, CT)

Dr. Kevan Herold gave a fascinating talk on the development of an assay to assess beta cell death and to
better understand the natural history of beta cell loss. Beta cell death is a silent event and the timing and
precipitants of it are largely unknown. Measuring beta cell function is one approach, but it can be affected
by other environmental factors and thus inaccurate. To solve this problem the Herold lab developed an
assay that can measure beta cell death through the release of insulin DNA with unmethylated CpG sites into
the bloodstream by using droplet digital PCR. The first design of the assay used a nested PCR reaction to
detect primers that amplified the CpG sites and then ran rtPCR detecting the difference between methylated
and unmethylated sites. In a more sensitive and specific method of ddPCR, the lab can run tens of thousands
of reactions in droplets to determine the methylation ratio. With the assay, the Herold lab found that there is
high beta cell death and elevated unmethylated insulin DNA after total pancreatectomy with islet
autotransplantion in young patients with congenital pancreatitis issues. It also found that much of the
material is dead already in allogeneic islet transplantation. Other research groups have started using this
technique, and have found a large increase in unmethylated DNA right after a transplant as well as higher
levels in type 1 diabetes patients compared to those without diabetes. Another group put human islets into a
mouse and looked at human islet cell death after transplant, seeing a huge increase in unmethylated rather
than methylated DNA. In a study examining TrialNet Natural History subjects who were "at risk," "high
risk," or had new onset type 1 diabetes, the "high risk" group had high unmethylated DNA levels, and they
were significantly different in progressors, nonprogressors, and normal subgroups. This led to a new model
of beta cell loss in type 1 diabetes where beta cell death takes place suddenly, rather than in a slow decline.
The researchers also saw biomarker decline when patients were treated with anti-CD3 monoclonal
antibody and not when treated with placebo (mirroring C-peptide). However, pitfalls to the assay remain in
finding appropriate CpG sites to increase the specificity and sensitivity of the test and better understanding
how beta cell stress may prevent methylation because of inflammation, epigenetic changes, and changes in
function. Nevertheless, the assay is a valuable method of measuring beta cell killing in vivo, acting as a
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thermometer for beta cell health, and quantifying the loss of islets after transplantation or through
autoimmune processes.

Questions and Answers

Q: There are a lot of different types of beta cell death, and macrophages may have different
levels of efficacy in disposing of them. Does the type of death matter? Is there a difference in
disposal?

A: That's an extremely good question and we don't know. We would need to model it in vitro to see the
different types of death. It could be that apoptosis is completely silent in our assay.

Q: In the subpopulation of beta cells that are resistant to immune attack, I understand there is
an upregulation of PDL1. Are all the beta cells expressing it?

A: They do increase expression of PDL1 and decrease beta cell antigens and seem to be resistant to killing.
We've thought about this in checkpoint induced diabetes and we know of three tissues that do that in response
to stress (your brain, your heart, and beta cells).

Lessons from Islet Physiology-Plasticity of Islet-Cell Function

Patrick MacDonald, PhD (University of Alberta, Edmonton, Canada)

Islet cell plasticity and heterogeneity has received increased interest in recent years, and while research has
delved into cell identity phenotypes, there is still a knowledge gap in functional phenotypes of beta cells. At
the Alberta Diabetes Institute IsletCore, Dr. Patrick MacDonald described the program to process organs
for islet isolation, banking, and distribution and reviewed islet cell plasticity through the malleability of beta
cell function in infants, the exocytotic capacity in beta cell compensation and failure, and function
consequences of alpha cell to beta cell transdifferentiation. His presentation first focused on the malleability
of beta cell function in infants, where islet isolations from infants expressing PDx1 and other islet markers
start to lose these in culture over time and lose their phenotype. The islets did not function well and lost
some functional proteins and had metabolic defects. This is not seen in adult islets because infant cells unlike
adult cells cannot mount an exocytotic response to stress. When the lab ran infant cells through a ViaCyte
like expansion and maturation protocol, they were able to reexpress proteins, demonstrating how the
exocytotic response is plastic in infancy and occurs even in cells that retain insulin expression. The
exocytotic capacity in beta cell compensation and failure is a functional measure of secretory granule
available for release upon stimulation of an islet cell. Glucose exposure upregulates beta cell exocytotic
capacity but these responses fail in type 2 diabetes. The loss of this pathway leads to impaired adaptation to
a high fat diet in mice and contributes to a functional change to hyperinsulinemia and is dysfunctional in
older people. Finally, Dr. MacDonald reviewed the functional consequences of alpha cell to beta cell
transdifferentiation and the role of alpha cell dysfunction in diabetes. Functional changes in human type 2
diabetes alpha cells start to mimic exocytosis of beta cells, which can be recapitulated in high fat diet fed
mice, including the hypersecretion of glucagon. In mouse models, deleting certain genes in alpha cells make
them resemble beta cells in some phenotypes of glucose regulation of exocytosis, which is a fascinating and
poorly misunderstood plasticity in "flipped" islet cells.

Symposium: The Future Face of Diabetes Care - Beta-Cell Replacement vs.
Technology (Supported by a grant from The Leona M. and Harry B.
Helmsley Charitable Trust

The Future of Diabetes Management Is Cell Replacement Therapy

Jeffrey Millman, PhD (Washington University in St. Louis, St. Louis, MO)

Dr. Jeffrey Millman, an alumnus of Harvard's Dr. Doug Melton's lab (and now of Washington University in
St. Louis), offered a compelling overview of the current state of the stem cell-derived beta cell field, outlining
the remaining challenges toward a viable beta cell replacement therapy. Dr. Millman highlighted two main
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ongoing challenges: (i) cell potency; and (ii) cell delivery. Of the two, he characterized cell potency as a
largely solvable problem. He noted that, while current stem cell-derived beta cells are very similar to native,
primary beta cells, there are still substantial differences in the expression levels of several important genes -
this suggests that the stem cell-produced cells are not completely identical to human beta cells, which may
have important functional implications. Notably, for instance, stem cell-derived beta cells have poorer
insulin secretion than endogenous human beta cells. Dr. Millman showed data demonstrating the per-cell
level of insulin secretion of the very best of stem cell-derived beta cells is comparable to the very worst of
isolated human islets. That said, Dr. Millman emphasized that much progress has been made on this front
and that the latest cells produced from his lab's new, revised protocol appears to match the insulin secretion
levels of human islets more consistently. On the other hand, Dr. Millman views cell delivery as the much
larger limitation currently facing beta cell replacement therapy. As he put it, transplanted cells must be able
to survive, which requires that they receive a steady stream of oxygen and nutrients while being protected
from autoimmune attack. At the same time, the protection system must still allow for rapid diffusion of
glucose to and away from the cells, or else there would be an unacceptable lag in the system, which could
produce an unacceptable risk of hypoglycemia. Finally, concerns about the tumorigenic potential of these
stem cell-derived products persist as well. Overall, given the novel nature of these cells, Dr. Millman
emphasized the importance of being able to retrieve the cells for safety reasons - which rules out the gold
standard Edmonton protocol that is currently used to transplant human islets. He highlighted a few of the
ongoing efforts in beta cell encapsulation, including his work in collaboration with Dr. Dan Anderson's lab
at MIT to encapsulate cells in an immune-protective alginate device. We heard similar commentary on the
limitations of beta cell replacement therapy from Dr. Doug Melton at Levine-Riggs 2017. While these
challenges are to be reckoned with for sure, we're encouraged that these greats don't view them as
insurmountable and we're eager to see where this field goes in the next couple of years.

Professional Interest Group Session: Staging Presymptomatic Type 1
Diabetes - Is There Enough Evidence? (Supported by the Helmsley
Charitable Trust)

Richard Insel, MD (Insel Consulting, New York, NY) and Dorothy Becker, MB (Children's
Hospital of Pittsburgh, PA)

In a "debate" that offered much more agreement than controversy, Drs. Richard Insel and Dorothy Becker
provided a perspective on the rationale behind and remaining questions with regards to staging of
presymptomatic type 1 diabetes. Dr. Insel emphasized the benefits of staging type 1 diabetes (and screening
to identify patients at presymptomatic stages), including the opportunity to identify type 1 diabetes at an
earlier time point (reducing the likelihood of diagnosis in DKA), potential to intervene earlier in type 1
diabetes with clinical trials for specific stages, and the chance to generate insights to refine the stages and
optimize design of clinical trials for type 1 diabetes. Dr. Becker began her "counterargument" by stating that
she's actually in favor of the concept of staging presymptomatic type 1 diabetes. That said, she
acknowledged several ongoing "hang-ups" in the field regarding this. She suggested one of the major issues
is semantics - the term of presymptomatic type 1 diabetes has gone through several iterations, from
"chemical diabetes" in 1972 to "prediabetes" in the 1980s to "presymptomatic T1D staging" in 2015. She
highlighted the most recent term that has gained traction: Autoimmune Beta Cell Disorder (ABCD). She
prefers this term to some degree, as it makes clear that type 1 diabetes is a disorder and not a disease (the
latter term implies some sort of infection) and she emphasized that the development of autoantibodies is a
marker of a potentially severe process, but not should be used to imply pathogenesis. We like the rationale
behind this term, though it may be confused with the newly proposed "ABCD" term of obesity. Other
potential issues with staging highlighted by Dr. Becker included heterogeneity in the rates of type 1 diabetes
progression and the fact that there's no treatment yet (though she pointed out that, ideally, treatments to
delay or prevent type 1 diabetes could be developed for these presymptomatic stages). Overall, Dr. Becker
emphasized the importance of refining the current stages of type 1 diabetes and cautioned against
"throwing the baby out with the bathwater" by abandoning stages altogether. Hear hear!
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Symposium: Biomarkers of Type 1 Diabetes

Biomarkers of Disease Progression and Efficacy/Treatment in Type 1 Diabetes

Massimo Pietropaolo, MD (Baylor College of Medicine, Houston, TX)

Dr. Massimo Pietropaolo highlighted the role of biomarkers in assessing type 1 diabetes progression, as well
as the efficacy of potential therapies for type 1 diabetes. In particular, he discussed the TrialNet Pathway to
Prevention program, which screens first-degree relatives of patients with type 1 diabetes for antibodies.
Based on the number of antibodies at screening, TrialNet is able to predict risk of developing type 1 diabetes.
Despite the advances made by TrialNet, Dr. Pietropaolo emphasized that, currently, the main biomarker of
disease progression is the presence of antibodies - while this tells us that something is wrong, it won't tell us
what is wrong. Thus, Dr. Pietropaolo argued for the need for mechanistic biomarkers that correlate well
with disease pathogenesis, as well as with the effects of potential therapies. To that end, he suggested
looking for biomarkers in events that lead to autoinflammation, immunoregulation, beta cell function and
beta cell stress/death, and islet-infiltrating T-cells.

Closing the Loop, Pumps, and Insulin Delivery

Oral Presentations: Pumps and Loops

Inpatient Safety and Feasibility of the Tandem Predictive Low Glucose Suspend
(PLGS) Insulin Pump System

Gregory P. Forlenza, MD (Barbara David Center for Diabetes, Aurora, CO)

BDC's Dr. Greg Forlenza presented very positive, first-ever data on Tandem's Predictive Low Glucose
Suspend (PLGS) device, showing strong results in a small (n=10) overnight inpatient feasibility study: 100%
suspension and resumption of insulin delivery as intended (per algorithm); a median reference blood
glucose of 88 mg/dl at suspension and 83 mg/dl at resumption; and a median CGM nadir at 71 mg/dl and a
peak at 91 mg/dl after suspension. Notably, there were no reference glucose values <60 mg/dl, a clear sign
that the system is really preventing hypoglycemia in the overnight setting. The PLGS algorithm suspended
insulin a median of three times per patient per night, with a total median suspension time per night of 117
minutes (patients typically had one long suspend session every night). The study used a modified
commercial version of the t:slim G4 pump, and Tandem has very wisely chosen a well-studied PLGS
algorithm used in several academic studies (Buckingham, Maahs, et al.) - said Dr. Forlenza, "It's basically
just tenth grade math!" (more details below on the mechanics). Consistent with what Tandem has said, the
PLGS pivotal will start this summer (IDE approved in May) and update hardware to the Dexcom G5 and
t:slim X2. Dr. Forlenza revealed the first study details we've heard: n=90; crossover design comparing
PLGS to sensor-augmented pump therapy, with three weeks in each arm; patients 6+ years old; and a
primary outcome of reduced time <70 mg/dl (thank you, FDA!). Tandem is clearly benefitting from being
second-to-market and using a well-studied algorithm, as this regulatory program is far less onerous than
what Medtronic went through with the 530G threshold suspend studies (ASPIRE) - of course, PLGS is also
safer and more effective than threshold suspend. Assuming the pivotal runs on time and the submission gets
in quickly later this year, Tandem's estimate for an early 2018 launch seems very realistic to us.

▪ The Tandem PLGS algorithm has been well studied in academia and is easy to
understand: it uses a linear regression of the last four glucose values to project a glucose value 30
minutes into the future. If that projected glucose value is expected to be less than 80 mg/dl, or if the
current CGM value is less than 70 mg/dl, insulin delivery is suspended. Delivery resumes when
CGM values begin to rise, preventing rebound highs.

◦ The PLGS algorithm is similar to that used in several large in-home studies.
One is often quoted by Dr. Aaron Kowalski (showing the tremendous burden/danger of
overnight hypoglycemia in youth with diabetes): "Predictive Low-Glucose Insulin
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Suspension Reduces Duration of Nocturnal Hypoglycemia in Children Without Increasing
Ketosis" (Buckingham et al., Diabetes Care 2015 and Maahs et al., Diabetes Care 2014).
The Tandem pivotal trial will be a three-week crossover study. The previous studies were
42 nights, but the system was randomized to be active or inactive each night. In the
Tandem pivotal study, it will be active for three weeks or inactive for three weeks, and the
participants will know if it is active.

◦ Importantly, there are no active alarms for when Tandem's PLGS turns off or
turns on the basal insulin delivery, unless the patient chooses to activate the
alarms. This is a tremendous win for the user experience and correct a major hassle in the
MiniMed 530G threshold suspend device.

◦ Said Dr. Forlenza, "The bottom line from the research is that PLGS is safe and
it works. In adults, PLGS typically reduces hypoglycemia by 50-80%. In children, it's a
>50% hypoglycemia reduction."

▪ The Dexcom G4 CGM was placed 1-5 days prior to admission, though we're glad to see
the investigators allowed day 1 CGM use (when all CGMs are less accurate). Patients
were admitted to the CRC at 7 pm after eating small dinner, at about 6 pm. The study pump was
placed and patients were given a correction bolus with a target of 100 mg/dl. As is typical for PLGS
studies, basal insulin was manually increased until a system generated suspension occurred.

▪ "The study will collect data that will be used for planning a pivotal study, and the study
data are intended to be used to support a Premarket Approval (PMA) application." -
ClinicalTrials.gov page

Closed-Loop Systems Compared with Insulin Pump Therapy for Outpatient
Glucose Control in Type 1 Diabetes: A Meta-analysis

Alanna Weisman (University of Toronto, Toronto, Ontario, Canada)

An in-depth, just-published meta-analysis of 27 closed-loop studies (585 subjects) presented by University of
Toronto's Dr. Alanna Weisman determined that closed loop therapy confers a mean increase in time in
range of 12.6 percentage-points vs. conventional pump therapy (over the course of a day, that translates to
more than two additional hours!). The paper goes on to break down efficacy measures by time (daytime vs.
overnight), algorithm, single vs. dual, etc. Overnight, the time in range improvement over pump therapy is
3 percentage points greater than the improvement seen in the daytime. The publication describes time in
range improvements from MPC and Fuzzy Logic algorithms in the mid-teens, while PID algorithms only
boosted time in range by 7%. Dual hormone systems increased time in range by 19.5 percentage points,
while single hormone systems had a slightly lower benefit at 11 percentage points. In Q&A, Cambridge
luminary Dr. Roman Hovorka was hesitant to accept conclusions that MPC is better than PID or that dual
hormone is better than single hormone - the nature of a meta-analysis allows it to pull out trends for further
investigation in proper head to head studies, but differences in study design and population make it
impossible to definitively claim superiority by lumping all studies together. In secondary outcomes, time
<70 mg/dl and <50 mg/dl were 2.5 and 0.5 percentage points less, respectively, with closed loop systems
than with standard pump therapy, though significance evaporates when studies without remote monitoring
are included - Dr. Weisman hypothesized that trial administrators were reaching out to intervene and
prevent episodes of prolonged or severe hypoglycemia. This work confirms what is already known - closed
loop algorithms increase time-in-range and reduce hypoglycemia - though obviously head-to-head
effectiveness and cost of different systems are impossible to answer now.

Artificial Pancreas in an Acute General Hospital: A Randomised Controlled Study

Hood Thabit, MD (University of Cambridge, UK)

For the second straight ADA (see 2016), Cambridge's Dr. Hood Thabit presented very positive closed-loop
data in type 2 diabetes patients in an acute general hospital setting. The study randomized insulin-using
patients to conventional care (n=22) or fully automated subcutaneous closed-loop therapy (n=21) with the
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Florence system for up to 15 days (Navigator II CGM, Dana R pump, tablet running Cambridge's MPC
algorithm). As expected, glycemic outcomes were strongly in favor of closed-loop, including far more time
in 100-180 mg/dl (59% vs. 37%; p<0.001), a lower mean glucose (168 mg/dl vs. 187 mg/dl; p=0.22); far less
time >180 mg/dl (31% vs. 49%; p=0.01); and a lower between-day CV of glucose (15% vs. 26%; p=0.02).
Other endpoints trended in the right direction, but were not statistically significant (presumably from the
small sample size). Similar to ambulatory studies, closed-loop drove far superior overnight glucose profiles
and statistics, including 66% vs. 40% time-in-range (p<0.001) and a mean glucose of 147 mg/dl vs. 171 mg/
dl (p=0.07). Daytime in 70-180 mg/dl almost doubled on closed loop: 52% vs. 33% (p=0.006). There was no
severe hypoglycemia or DKA during the study. Notably, this study population was also quite
representative: ~69 years, BMI of ~32 kg/m , A1c of ~8.3%, ~19 years with diabetes, and ~12 years on2

insulin therapy. Dr. Thabit concluded that subcutaneous closed loop without meal announcement is feasible
and safe in a heterogeneous population of insulin-treated patients in the medical/surgical wards. Dr. Thabit
estimated that nurses spend ~2 hrs/day on inpatient glucose control, meaning closed loop can make an
enormous difference on HCP burden, in addition to improving glycemia (and hopefully other outcomes).
Longer studies will be needed to look at infection rates and length of stay, but we have little doubt that
closed loop has enormous potential in the hospital setting.

▪ Dr. Thabit praised the FreeStyle Navigator II sensor, which is resistant to interference
issues in the hospital (e.g., paracetamol, low oxygen). We see this as a natural place for
Abbott to take CGM, though the company has never commented publicly on bringing CGM into the
hospital. As a reminder, Dexcom had a longstanding relationship with Edwards to bring CGM into
the hospital, but the partnership was dissolved years ago. Dexcom has more recently commented
that the G6 sensor could be suited for the inpatient setting, though it's unclear how near-term this is
on Dexcom's radar (presumably in the ~5-year time-frame). Medtronic also did a little work on in-
hospital CGM with the Sentrino sensor, but there has been no update on this project since the CE
Mark in 2012.

Diabeloop Closed-Loop Achieves Better Blood Glucose Control than Sensor-
Augmented Pump over Three Days Involving Intensive Physical Exercises,
Gastronomic Dinners, or Rest in T1D Patients

Sylvia Franc, MD (CERITD, Evry, France)

Dr. Sylvia Franc presented pooled data on Diabeloop's closed loop from three inpatient, overnight,
crossover studies lasting three days each: gastronomic meals (n=10), exercise (n=14), and steady-state use
(n=14; initial results shared at ATTD in February). Combined, use of the Diabeloop MPC algorithm, Dexcom
CGM, and a Cellnovo pump vs. open loop in 38 people with type 1 diabetes drove very strong improvements
in overnight time-in-range (70-180 mg/dl) -67% in open loop vs. 87% in closed loop (p<0.0001). Meanwhile,
overnight time >180 mg/dl declined from 28% to just 11% (p=0.0003), and time <70 mg/dl was more than
halved from 5% to 2% (p=0.067). The improvement was particularly striking following the gastronomic
dinners (Japanese, French, and Italian), where even "expert patients" were unable to avoid nighttime
hyperglycemia from high fat/protein meals - time in 70-180 mg/dl increased from 54% to 81%, with a
substantial shrinkage in variability. The algorithm's performance also improved over the course of the
study - time-in-range on day three (82%) eclipsed performance on day one (75%; p=0.01). Patients also had
greater treatment satisfaction on closed loop (DTSQ). The next step for Diabeloop is a crossover home study
in 12 centers in France, comparing three months on Diabeloop's system to three months on open-loop
therapy (pump + CGM). The study is still listed as "not yet recruiting" on ClinicalTrials.gov, though
according to Cellnovo's April update, results are expected by the end of 2017 ahead of an expected 2018
filing/launch in Europe.
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Do Patients under Pump Therapy Benefit from Using the Predictive Low Glucose
Management System for Prevention of Hypoglycemia and Improved Glycemic
Control in Type 1 Diabetes Mellitus?

Petros Thomakos, MD (Athens University Medical School, Athens, Greece)

Dr. Petros Thomakos presented data from a head-to-head study demonstrating that predictive low glucose
suspend (MiniMed 640G; n=30) is more effective at preventing hypoglycemia, without a concomitant
increase in hyperglycemia, than low glucose suspend (MiniMed Veo; n=30). Patients using PLGS had ~half
as many episodes of hypoglycemia, defined as ≥20 minutes at ≤54 mg/dl, per week (1.9 vs. 3.6 episodes;
p=0.0004) - further analysis revealed that the effect remained even after adjusting for hypoglycemia
unawareness. The area under the curve ≤54 mg/dl also reached statistical significance in favor of the PLGS
group. Notably, the decrease in hypoglycemia can be attributed to increased time in target, because area
under the curve ≥180 mg/dl trended toward statistical significance in favor of the PLGS system. There was
only one episode of severe hypoglycemia in the three-month trial, in the Veo group, and no DKA. In both
groups, the events commonly preceding hypoglycemia were, in order of frequency: overcorrection of
hyperglycemia, basal rate increase, miscalculation of carbohydrates, and bolus wizard override. The only
difference was that PLGS, as one would expect, was more protective against hypoglycemia, and without
rebound hyperglycemia. At Monday's JDRF/NIH closed loop meeting, Jaeb's Mr. John Lum showed a slide
with a picture of Dr. Aaron Kowalski and a speech bubble reading: "Why the &*%^@ doesn't every pump do
this?" During his presentation of Tandem's successful PLGS feasibility study (highlight #1), Barbara Davis
Center's Dr. Gregory Forlenza added that the Tandem algorithm is really simple, calling it "basically 10th
grade math!" We agree with Dr. Kowalski - every single pump should have this feature, since it is so much
safer than standard therapy.

LGS PLGS P-value

Hypoglycemia

episodes/week

3.6 1.9 0.0004

AUC ≤54 mg/dl 0.214 0.088 0.02

AUC ≥180 mg/dl 27.59 17.22 0.056

Single and Dual-Hormone Closed-Loop Glucose Control with Automated Exercise
Detection to Prevent Hypoglycemia in Type 1 Diabetes

Peter Jacobs, PhD (Oregon Health and Science University, Portland, Oregon)

OHSU's Dr. Peter Jacobs presented initial results from a four-day, four-way randomized crossover trial
(n=21; 12-17 completed, depending on experiment) comparing single hormone (SH) artificial pancreas
(Tandem pump, Dexcom sensor), dual hormone (DH) artificial pancreas (two Tandem pumps, Dexcom
sensor), predictive low glucose suspend (PLGS), and current care (CC). Both of the closed loop systems also
included wearable Zephyr heart rate and accelerometer sensors to automatically detect exercise - the
algorithm shuts off insulin delivery for 30 minutes at the start of exercise, then limits infusion rate to 50%
maximum for the next hour, while delivering glucagon as needed for dual hormone. The below table
summarizes glycemia across all four groups across all four days. At a high level, both closed-loop systems
were better than PLGS and standard care on mean glucose and time-in-range. Surprisingly, dual-hormone
in this trial was not better than single hormone on mean glucose, time-in-range, or time in hyperglycemia -
its advantage came on hypoglycemia, which was cut by 55% with the addition of glucagon (1.3% vs. 2.9%).
The tradeoff, of course, was experiencing more hyperglycemia with this particular dual hormone approach
(27% vs. 22%). In a sub-analysis of the exercise period, the addition of glucagon significantly decreased
hypoglycemia (threshold not specified) during and after exercise from 7.3% and 6.3% in PLGS and single
hormone, respectively, to just 1% (p<0.05). There was no significant difference in time in euglycemia during
these post-exercise periods, implying that the decrease in hypoglycemia with glucagon translated to a small
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increase in hyperglycemia. Based on an AGP-like trace of glucose values, Dr. Jacobs noticed that the
addition of glucagon helped prevent early hypoglycemia ~25 minutes into exercise. Conversely, blood
glucose trended low from 25 minutes until the end of the trace (~250 minutes) with the insulin-only system,
and was lower than 70 mg/dl from 25-60 minutes. This is consistent with previous work showing that
glucagon has a pretty quick action profile. In the dual-hormone arm, there was an expected trend toward
more glucagon delivery on high activity days (>500 ug/day), compared to days of low activity (>300 ug/
day) (p=0.08). Meanwhile, insulin delivery did not differ between high and low activity days, hovering
around 43 units/day regardless of activity level. We love these sorts of head-to-head-to-head-to-head
studies, since they are so rich with learning on the relative incremental benefits of different approaches.
From this data, it seems like OHSU's dual-hormone system does not add much to its insulin-only approach,
with the exception of hypoglycemia during exercise.

Q: A frequent question is when should patients reduce or stop their basal insulin with
reference to when they start exercise - do you have any data on that? If you decide you're going
to exercise at 12 noon and running at one unit per hour, when would the effect of insulin stop
so you would have no hypoglycemia during intense exercise?

A: We responded to data in real time, so it's not informative. Recommendations from the PEAK project and
Dr. Michael Riddell are good - I'm not a physician, so don't take my prescription, but generally people reduce
basal rate one hour or two hours before, and have a carbohydrate before the start of exercise.

Dr. Bruce Perkins (University of Toronto, Ontario): There's still going to be doubt about the
value-add of glucagon, and my question is whether there can be blinding in a study. Is the
insulin-only system similar enough so you can mask the use of glucagon - have a placebo?

A: They are identical. It would be interesting to look at a blinded case, but talking to subjects, they love the
system, particularly the single hormone - feedback like "these were the best four days of my life" - but subjects
like dual hormone as well, especially that feeling of safety. Blinding that would be interesting.

Dr. Joseph El Youssef (OHSU, Portland, Oregon): We have done blinding, and subjects picked
up pretty quickly that they had glucagon.

Dr. Nicholas Argento (Maryland Endocrine and Diabetes Center, Laurel, MD): Are you
considering announcing exercise and using glucagon that way?

A: Yeah, certainly the more information a system can get from a patient, the more accurate it can be -
especially for the single hormone case.
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Oral Presentations: New Insights into Prevention and Treatment of
Hypoglycemia

Restoration of Hypoglycemia Awareness with Closed-Loop Therapy

Stacey Anderson, MD (UVA, Charlottesville, VA)

UVA's Dr. Stacey Anderson presented data from an important test of closed-loop control in patients with
hypoglycemia unawareness or a high risk of hypoglycemia (n=44) - a critical group typically excluded from
studies. Compared to sensor-augmented pump therapy (Dexcom Share CGM + Roche Combo), use of the
DiAs closed loop system over four weeks significantly improved glycemia, including time <70 mg/dl (a
remarkable 72% decline with closed loop vs. a 15% decline on open loop; p=0.005), time in 70-180 mg/dl (an
11% improvement with closed loop vs. an 8% decline on open loop; p=0.009), and LBGI (a 66%
improvement on closed loop vs. an 11% improvement on open loop; p=0.003). Unfortunately, counter-
regulatory response (epinephrine) did not improve over four weeks with use of closed loop, though the
Clarke questionnaire trended towards improvement (not statistically significant) - perhaps with a longer
study awareness and counter-regulatory response could be restored. Dr. Anderson noted in Q&A that 70%
of these patients were on CGM at baseline (mean A1c: 7.4%), possibly leaving less room for improving
awareness relative to those naïve to CGM. On the other hand, it's still striking that patients were spending
nearly two hours per day at baseline <70 mg/dl - and they were mostly on CGM! Obviously, this is a group
that stands to benefit substantially from automated insulin delivery, particularly in the dangerous
overnight period.

Closed Loop
Baseline-> Week 4

SAP
Baseline -> Week 4

P-Value

% <70 mg/dl 7.6% -> 2.1% 5.3% -> 4.5% 0.005

% 70-180 mg/dl 65%->72% 66% -> 61% 0.009

LBGI 1.95 -> 0.66 1.33 -> 1.19 0.003

Effect of Ethanol Intoxication on the Antihypoglycemic Action of Glucagon

Laya Ekhlaspour, MD (Massachussets General Hospital, Boston, MA)

Dr. Laya Ekhlaspour, who at last year's ADA discussed the merits of a bihormonal bionic pancreas, delved
deeper into the practicality of micro-dosing with glucagon, presenting findings suggesting that ethanol
intoxication does not affect glucagon activity. In a random order crossover trial (n=15) using simultaneous
hyperinsulinemic-normoglycemic and ethanol clamps, volunteers with type 1 diabetes were given two

identical 50 g injections of glucagon while sober and while intoxicated with a blood alcohol content of 0.1%,
achieved by delivering the equivalent of 4 drinks in 20 minutes (not your average closed-loop study!). Blood
glucose rose following glucagon injection and then stabilized at 90 mg/dl for the duration of the study.
Trends were similar in both arms of the study, indicating that ethanol intoxication does not seem to alter
glucagon activity and that micro-dosing with glucagon to reverse hypoglycemia is still a safe and effective
option when an individual is intoxicated. However, Dr. Ekhlaspour did concede that liver glycogen levels
were not recorded during the study, which, as one audience member pointed out, most likely contributed to
the observed effect. In the case of people with alcoholism (who might be poorly nourished), reduced
glycogen stores could interfere with the efficacy of glucagon to raise blood sugar. These results are
encouraging on the risk mitigation front for a bihormonal bionic pancreas in everyday use.
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Oral Presentations: Translating Therapeutics to the Real World

A Prospective, Pragmatic Clinical Trial to Compare the Real-World Use of V-Go in
Type 2 Diabetes Patients

Mark Cziraky (HealthCore, Inc, Wilmington, DE)

Valeritas' Mr. Mark Cziraky shared results from a nicely-done real-world study comparing V-Go to
standard care that demonstrated improved A1c with decreased insulin usage in type 2 patients initiating the
device in a community setting. The trial employed cluster randomization (where study sites rather than
individual patients were randomized to V-Go [n=169] vs. standard therapy [n=246] for up to four months)
and - in a very smart appeal to insurers - was designed such that all treatments, medications and supplies
in both groups were obtained only via patient insurance and co-pays. Consistent with previous V-Go data,
primary outcomes showed significant A1c reductions from baseline with V-Go (-0.95%, p<0.001) vs.
standard therapy (-0.46%, p<0.001). V-Go was statistically superior to standard therapy (p<0.002),
though the group did have a significantly higher mean baseline A1c (9.9% vs. 9.3%; p<0.001). Mr. Cziraky
proposed that this discrepancy may have indicated a selection bias of more advanced diabetes patients at
sites initiating V-Go (since sites were randomized a priori). Mean total daily insulin dose was significantly
reduced from a similar baseline only in the V-Go group (-17.6 vs. -0.4 units, p=0.001) while patients on V-
Go also received fewer concomitant diabetes medications compared to control patients. Impressively, these
differences summed to a nice cost-effectiveness benefit in favor of V-Go - per 1% A1c drop, mean per patient
per day cost of diabetes treatment was $24.48 with V-Go vs. $39.95 (control). We are particularly keen to
hear how payers perceive this kind of financial analysis. It's great to see a prospective, randomized study of
V-Go, which adds to its long-documented retrospective outcomes.

▪ Study Design: The trial used a cluster randomization, where study sites rather than individual
patients were randomized to V-Go (n=169) or control therapy (n=246) for four months. Patients
initializing V-Go stopped other insulin therapy, while diabetes treatments were continued in control
group patients. All treatments, medications and supplies were obtained using patient insurance and
co-pays. As a consequence, Mr. Cziraky noted that the largest reason for V-Go discontinuation
(n=12) was associated with access, insurance coverage, and cost. In this way, even though the study
was prospective and randomized in nature, it still had a very real-world feel, taking into account
issues pertaining to access in addition to clinical utility.

▪ Consistent with previous data, V-Go appears to have been particularly effective in the
toughest of patients (baseline A1c >9%). The below table summarizes the proportion of
patients that were in each A1c bracket at the beginning and end of the study.

A1c Range Control (Baseline) Control
(End of
Study)

V-Go (Baseline) V-Go (End of
Study)

<7.5% 0% 13.0% 0% 15%

7.5-8% 0.4% 17.4% 0% 13.2%

8-9% 49.8% 28.3% 31% 24.7%

>9% 49.8% 41.3% 69% 46.6%

▪ Mr. Cziraky also shared positive data from the user experience assessment of V-Go: (i)
85% of patients confirmed their willingness to keep using V-Go after the end of the study; and (ii)
94% of patients reported using V-Go as directed for the duration of the study. There was no
background on how this question was asked, though we assume patients were given binary choices
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(e.g., Yes/No). The data do point to why V-Go uptake could be strong with more funding, especially
in those that have avoided current pumps due to comfort/wearability.

Posters

Maintaining Glucose Control at One+ Year of MiniMed 670G System Home Use:
Single Center Experience (126-LB)

S Garg, R Slover, D Giordano, G Forlenza, S Lee, J Shin, and F Kaufman

A Medtronic poster detailed very positive glycemic data from the 19 Barbara Davis patients who have
partaken in the MiniMed 670G Continued Access Program for over a year. We saw most of this data at
ATTD, and had three main takeaways: (i) The study phase improvements in A1c, time-in-range, hypo/
hyperglycemia, and glycemic variability have been mostly maintained out to one year in BDC patients (with
an exception for A1c in adolescents); (ii) Time in hybrid closed loop (auto mode) and sensor utilization have
dropped off slightly in both BDC groups, particularly in adolescents (~2 less hours per day spent in Auto
Mode at one year vs. the pivotal study phase); and (iii) BDC adults did better on the system than adolescents
at one year. See the key metrics below. There has still been no severe hypoglycemia, nor DKA, in any of the
patients on the system, though there have been nine instances of severe hyperglycemia (blood glucose > 300
mg/dl with ketones >0.6 mmol/l or symptoms of nausea, vomiting, or abdominal pain) in the one year the
patients have been on the system - on an annualized basis, this is still far less than the one event seen in the
two-week baseline run-in period (~26 per year expected). Over the one year of use, total daily insulin dose
did not change significantly in adults or adolescents, but basal percentage decreased in adults (56% at
baseline to 46% at one year). [At ENDO 2017, Dr. Rich Bergenstal suggested that the ideal basal percentage
may be more in the neighborhood of 25% - cover meals better than you used to, and the basal will just shut
off if it needs to. Patients will of course vary; on hybrid closed loop using a DIY system, Adam's basal is 75%
of his total daily dose.] These results are from just one center, but they suggest largely sustained
improvements following the single-arm, three-month pivotal trial presented at ADA 2016 - good news for
Medtronic! One area to watch going forward is time in auto mode, though even adolescents are spending
nearly 15 hours a day in closed loop.
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▪ Thanks to a slide in Medtronic's ADA Analyst Briefing, we've also seen clinical results
from the real-world customer training phase (n=730): 670G users spent 74% time-in-range
in Auto Mode (vs. 72% in the pivotal), only 2% of the time <70 mg/dl (vs. 3% in the pivotal), 23% of
the time >180 mg/dl (vs. 25% in the pivotal), and had a mean glucose of 151 mg/dl (vs. 150 mg/dl in
the pivotal) - nice alignment with the above results! In these two-to-three months of Customer
Training Phase observation, the 730 patients have been in auto mode for over 22 hours every day -
we wonder how this will change over time, or perhaps Medtronic has made improvements to keep
patients in Auto Mode for a longer period.

www.closeconcerns.com 200

https://www.closeconcerns.com/knowledgebase/r/4c4e27ae#MiniMed_670G_Glycemic_Outcomes_From_Customer_Training_Phase_n730_Strongly_Resemble_Pivotal_Trial_Including_74_Time-in-Range_and_2_in_Hypoglycemia


Automatic Estimation of Basals, ISF, and Carb Ratio for Sensor-Augmented Pump
and Hybrid Closed-Loop Therapy (127-LB)

D Lewis and S Leibrand

In this fascinating poster, #OpenAPS patient innovators Dana Lewis and Scott Leibrand share observations
from a cool new DIY tool: Autotune. The algorithm uses CGM and insulin dose data (from pumps, open- or
closed-loop) to automatically tune underlying basal rates, ISF, and carb ratios. The tool was created in
January, and this poster shared self-reported feedback from 16 users. Overall, 75% of surveyed users made
changes to their insulin pump settings after running Autotune. Notably, 100% of people felt the basal
suggestions were accurate (83% actually changed their basal rates), and 88% of people felt the ISF
suggestions were accurate (67% actually changed their ISF). Users were less sure of carb ratio estimations:
only 69% felt the estimates were accurate (58% actually changed their carb ratios). On average in the
surveyed population, Autotune estimated a needed 10% change in hourly basal rates, a 29% increase in carb
ratios, and a 19% increase needed in ISF. We'd point out that this is a very engaged group that is pretty
dialed in already, so the "normal" population of users would probably need much bigger changes. Indeed,
"Patients felt strongly that using data to assess changes to pump settings should be the norm rather than
relying on the current methods of guessing or weight-based estimations." Hear, hear! The poster concludes
that patients and HCPs could benefit from using this type of tool to help make ongoing changes to settings -
we wholeheartedly agree and expect to see many commercial dose titration products launch in the coming
years (see our competitive landscape). Interestingly, most Autotune users planned to (or did) discuss results
with their HCP, and providers "were interested and supportive in people using this tool." The poster notes
that "(n=1)*300+ people worldwide" are self-building various types of DIY hybrid closed loop artificial
pancreas systems - a number we assume is much higher, given all those that are presumably not tracked.

▪ How Autotune works: Insulin dosing and carb data, glucose data from CGM, and pump profile
settings are used to calculate expected blood glucose impact (BGI) for each glucose value. Each
glucose value is then categorized as being most attributable to basal, ISF, or carb sensitivity factor
(CSF = ISF / carb ratio), and used to calculate adjustments to basals, ISF, and CSF. For each hour,
total BGI deviations, and necessary adjustment in basal to bring deviations to 0, are calculated; 20%
is applied to the previous 3 hours' basals. Median deviation for an entire day's ISF-attributed data
and necessary adjustment in ISF to bring the median deviation to 0 is also calculated; 10% is
applied. Last, total BGI deviations during observed carb absorption are calculated and compared to
total carb intake to calculate new CSF; 10% is applied to the carb ratio.

▪ Autotune currently works with a single ISF and carb ratio. There is interest from the
community to adapt the tool to support use for multiple ISF and carb ratios. There is also interest in
using data from Autotune to confirm whether multiple ISF and carb ratios are needed, or if they are
proxies for mistimed insulin dosing at other times of day.

Safety and Feasibility of Omnipod Hybrid Closed-Loop in Children Aged 6-12
Years with Type 1 Diabetes Using a Personalized Model Predictive Control
Algorithm (132-LB)

B Buckingham, G Forlenza, J Schneider, T Peyser, E Dassau, J Bok Lee, J O'Connor, J Layne,
and T Ly

This single-arm, multi-center, inpatient, 36-hour feasibility study tested the Omnipod Horizon Automated
Glucose Control algorithm in a very young pediatric population (6-12 years). The investigational hybrid
closed loop system used a modified Omnipod and PDM (Bluetooth->RF relay), a Dexcom G4, and a portable
tablet running the control algorithm. The study included 12 patients (mean age: 10 years) who wore the
system for one overnight period and five meals (30-90 grams of carbs). Overall mean glucose was 157 mg/
dl, with 70% time in range (70-180 mg/dl), 2% time <70 mg/dl, and 28% time >180 mg/dl. As expected,
glycemic outcomes were better overnight, improving to a mean of 149 mg/dl, 87% time in 70-180 mg/dl,
and just 0.1% <70 mg/dl - wow is this going to make a difference for parents! Overall time in the tighter
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target of 70-140 mg/dl was lower at 39%, though this is not a population to be aggressive and the system
does not issue automatic correction boluses. Two example patients (see below) showed that the algorithm
worked as expected, automating basal insulin between meals to curb highs and lows - for some five-minute
intervals, it delivered more than five times the pre-programmed basal rate, while at other times, no insulin
was delivered at all. We love seeing this transparency, since it really illustrates how the algorithm works.
The combined glucose profile plots showed much tighter variability at all times of day, with the exception of
breakfast (where postprandial highs looked slightly more common on hybrid closed loop). In a subtle nod at
Medtronic, the poster concludes, "…it is imperative to include the pediatric population in clinical trials for
commercial launch" (the 670G was only initially approved for 14+ years). This study affirms that Insulet is
indeed very committed to a pediatric launch (key for its patient base) and now moving quickly to get a
competitive product in 2019 (pre-pivotals this year and pivotals in 2018) - both were not the case at ADA
2016!

Omnipod Hybrid Closed Loop Performance Over 36 Hours for Two Representative Pediatric
Patients:
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Impact of Center for Medicare Services (CMS) Insulin Pump Policies on Patients
with T1D (1036-P)

NB Argento and AL Peters

New data from a T1D Exchange myGlu.org survey (n=124) indicates that the Center for Medicare Services'
(CMS) mandated quarterly visits for pump users may be quite detrimental to patient safety. In 43% of
surveyed respondents, this policy led to potentially adverse pump practices: nearly one in three respondents
said they have extended pump site duration past three days, 11% had to obtain emergency supplies, 7% said
they had reused supplies, and 4% said they had switched to injections. The authors note that there is no
supporting evidence for this quarterly visit policy. Ugh! The result, as participant comments indicate, is that
once a patient goes on Medicare, pump companies (Medtronic was specifically mentioned) will no longer
send supplies without prompting and instead rely on doctor visits as a marker for when to replenish
materials. In the case of patients with remote access, the requirement poses a significant inconvenience,
since HCP visits might require traveling hundreds of miles. Likewise, amongst those who are well-
controlled, these visits may not even be medically necessary, unduly increasing cost and administrative
burden on the system. Data from the T1D Exchange cohort examining mean A1c levels vs. frequency of visits
in patients 65 and older did not even yield a significant correlation, further adding to the lack of evidence
for this policy. Given these findings, it may be time for CMS to reconsider the quarterly visit policy for pump
users. With the lack of government response to the crisis caused by competitive bidding - a poster presented
at ADA estimates that the program has left 90,000+ insulin-dependent patients with partial or no SMBG -
we don't expect a rapid response without patient uproar. We're glad to see Drs. Argento and Peters bringing
yet another antiquated CMS policy to the forefront.

The Efficacy of Single-Hormone Artificial Pancreas at Controlling Glucose Levels
in Insulin-Treated Patients with Type 2 Diabetes: A Randomized Crossover TriaL
(1050-P)

N Taleb, A Carpentier, J Rene, V Messier, J Morais, A Haidar, and R Rabasa-Lhoret

This poster from the Montreal artificial pancreas group suggested that single hormone closed loop in type 2
patients (n=10; 90% male; ≥3 insulin injections per day; mean A1c=8.1%) has the potential to reduce total
daily insulin dose and hyperglycemia without a concomitant increase in hypoglycemia in the in-patient
setting. Patients spent just over 24 hours in a clinic either on closed loop or MDI, and were then crossed over
- the visit included standardized meals and 15 minute walks. The most striking finding was the dramatic
~33% reduction in daily insulin dose between the AP and MDI conditions (0.66 units/kg vs. 0.98 units/kg;
p=0.009). Throughout the experiment, there was no significant difference in percentage of time <72 mg/dl
(both ~0%). There was, however, a slight trend toward lower percentage of time >145 mg/dl (23% vs 36%;
p=0.18), and toward a notably lower mean glucose (117 mg/dl vs. 130 mg/dl; p=0.16) in the AP condition.
Overnight, percentage of time >145 mg/dl was completely eliminated in the AP group vs. 17% in the MDI
group (p=0.05), and mean glucose was borderline significantly lower in the AP group (101 mg/dl vs. 122
mg/dl; p=0.06). Overnight plasma glucose levels, collected every 20 minutes, were more frequently in
target in the AP group (72-180 mg/dl post-meal; 72-144 otherwise) (p=0.02). There are very few studies on
closed loop performance in type 2 diabetes, but the benefits seem just as applicable to this group as in type 1.
We hope a thriving commercial environment ultimately develops in this area, either leveraging lower cost
pump/CGM technology or applying closed-loop algorithms to better inform open loop on MDI.

PAQ Insulin Delivery Device Significantly Improves Glycemic Control Without
Increase in Hypoglycemia (1051-P)

JK Mader, L Lilly, F Aberer, C Lanz, T Poettler, S Becvar, M Trautmann, J Warner, and T
Pieber

Medical University of Graz's Dr. Julia Mader et al. presented further evidence that the CeQur PAQ basal-
bolus patch delivery device can help overcome hurdles associated with MDI. 24 adults were placed on PAQ
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for three months, five of which also wore CGM. Compared to a one-week baseline period, at three months,
A1c had fallen an impressive 1.5% (baseline: 8.6%; p<0.0001) and time in range (70-180 mg/dl) for those on
CGM had increased from 51% to 70% (p<0.001) - that translates to four more hours per day in range! These
improvements, along with decreased glycemic variability and much-improved 7-point SMBG profiles, came
without a concomitant increase in hypoglycemia. Patient satisfaction, as measured by DTSQ score, was
significantly boosted, and patients reported PAQ to be more flexible and convenient than their daily
injections. To this end, PAQ seems to facilitate adherence, as meal time dosing increased by 0.9 times/day,
significantly improving both pre- and post-prandial blood glucose levels. Though small and observational,
this study confirms that the three-day PAQ insulin delivery device could be effective in overcoming the
hurdles to insulin therapy - we hope it moves along to commercialization and manufacturing scale. We
reported last April that PAQ was slated for a 2017 US launch, though Senior VP Mr. Jay Warner confirmed
in late September that the company had not yet filed with the FDA (it was CE marked in 2012). AS we
understand it, the company is working on the manufacturing piece. There was no concrete update on the
device at ADA, though we are hopeful - boy has it been in development for a while. CeQur raised an
impressive $100 million in Series C financing in September 2015 and announced a significant facility
expansion last April.

Role of Appropriate Premeal Insulin Bolus on the Hybrid Closed-Loop System
670G (1053-P)

A Roy, B Grosman, R Bergenstal, B Bode, B Buckingham, S Garg, S Lee, and F Kaufman

This poster attempted to parse out factors that differentiate patients who saw a rise, drop, or no change in
A1c over the three-month MiniMed 670G pivotal trial (presented at ADA 2016). To minimize the effect of
baseline A1c, 51 (of 124) subjects with initial A1c between 6.5% and 7.5% were divided into rise, drop, and no
change groups. Amongst the groups, there was no difference in total daily insulin dose throughout the trial,
nor meal announcing/carb entering patterns. However, the percentage of daily insulin from boluses was
significantly higher in the A1c-drop group: 50% vs. 46% for no-A1c-change and 42% for A1c-rise (
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p=0.0082). This difference can be largely attributed to a lower (more aggressive) carb:insulin ratio
(p=0.08) in the group that experienced a reduced A1c. As a control consideration, the authors looked at
overnight mean glucose, finding no difference between the three groups, indicating that the system works
the same across all three groups in the absence of mealtime behavioral interventions - no surprise there. In
line with Dr. Rich Bergenstal's recent presentations, these results indicate that a more aggressive
carb:insulin ratio could be beneficial for 670G users, at least from an A1c perspective - the automated basal
rate will simply drop or turn off if a bolus was too large. In other words, this user-adjustable setting is a
way to overcome the 670G's conservatism during the day, especially because it cannot issue automatic
correction boluses. We would be interested in seeing granular time in range data - does a more aggressive
meal bolus strategy have any impact on time <70 mg/dl, 70-180 mg/dl, or >180 mg/dl? These results,
assuming the observed A1c drop isn't accompanied by a tendency toward more hypoglycemia, have
implications for training patients and for providers setting up/maintaining the MiniMed 670G.

▪ The sub-analysis also showed that individuals who entered the study with a higher
baseline A1c experienced the largest A1c drops (R=-0.75) - a very encouraging finding.
This inverse correlation is a common pattern in device and drug intervention studies - those with the
highest A1cs have the most runway to come down! However, it is clearly not a given with automated
insulin delivery, since those with higher A1c's are (arguably) spending less time focused on their
diabetes and engaged with devices. We see this as a highly positive finding for the field: those who
need the most help may be the most likely to benefit from automation.

Safety and Feasibility of Omnipod Hybrid Closed-Loop in Adolescents with Type 1
Diabetes Using a Personalized Model Predictive Control Algorithm (1055-P)

B Buckingham, G Forlenza, J Schneider, T Peyser, E Dassau, J Bok Lee, J O'Connor, J Layne,
and T Ly

This single-arm, multi-center, inpatient, 36-hour feasibility study tested the Omnipod Horizon Automated
Glucose Control algorithm in 12 adolescents (mean age: 15 years). The investigational hybrid closed loop
system used a modified Omnipod and PDM (Bluetooth->RF relay), a Dexcom G4, and a portable tablet
running the control algorithm. Adolescents wore the system for one overnight period and five meals (30-90
grams of carbs), with limited physical activity. Overall mean glucose was 153 mg/dl, with 73% time in
range (70-180 mg/dl), 2% time <70 mg/dl, and 25% time >180 mg/dl - almost identical to the similar
pediatric study described above. Glycemic outcomes were better overnight, improving to a mean of 149 mg/
dl, 85% time in 70-180 mg/dl, and just 0.2% <70 mg/dl. Relative to the 48-hour run-in period, time <70 mg/
dl improved 60% during hybrid closed loop (2.0% vs. 5.2%; p=0.014). Similar to the pediatric data, the
system curbed highs and lows at most times of day, though median glucose did approach ~190 mg/dl in
some in the late post-breakfast and post-lunch phases (see profile below). The poster notes that another
recently-completed study tested the algorithm in adults consuming high-fat meals and moderate intensity
exercise - we're glad to see Insulet putting this device in a variety of settings and populations before
embarking on larger ambulatory studies.
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Omnipod Hybrid Closed Loop Performance Over 36 Hours for Two Representative Adolescent
Patients:
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Effect of a Lower Glucose Target on Glycemic Outcomes with an Insulin-Only
Bionic Pancreas (1062-P)

CA Balliro, L Ekhlaspour, A Esmaeili, FH El-Khatib, D Mondesir, R Selagamsetty, MA Hillard,
M Maheno, RZ Jafri, ER Damiano, and SJ Russell

This important poster from the MGH/BU group looking into the impact of different algorithm targets for
the insulin-only bionic pancreas. The investigators noted that, with the glucose target set to more
conservative 130 and 145 mg/dl values, mean glucose was 161 mg/dl and 174 mg/dl, respectively, with
minimal time below 60 mg/dl. But what is the impact of more aggressive targets of 110 mg/dl and 120 mg/
dl? Over the course of three days, the lower 110 mg/dl and 120 mg/dl targets yielded comparable mean
CGM glucose values - 153 mg/dl and 156 mg/dl - with comparable time spent <60 mg/dl (1.3% and 1.1%)
and between 70-180 mg/dl (70.4% and 69.5%). In addition to lowering mean glucose levels, the lower
targets resulted in higher time in range relative to the higher targets (as we would expect). Further, the
lower targets cut glucose variation of usual care in half (SD=15-17 mg/dl vs 32 mg/dl), pointing to the
added benefits of a closed-loop system. (We'd note that an SD of 15-17 mg/dl approaches SD in people
without diabetes.) These findings suggest that it is safe to adjust the glucose target of the single-hormone
bionic pancreas, at least down to 110 mg/dl. As the threshold drops lower, we assume hypoglycemia would
be the clear tradeoff. This poster is yet another reminder that patients and HCPs should be able to set their
own closed-loop glucose target, which is not possible in the first-gen MiniMed 670G (it targets 120 mg/dl). A
pivotal trial of the insulin-only bionic pancreas was most recently expected to start at the end of 2017/early
2018, with a potential PMA submission by mid-2018 and subsequent late 2018 launch. We're not sure if the
target glucose value will be adjustable in this trial or in the initial commercial product.

Comparing the Patient Experience of an Insulin-Only and Bihormonal Bionic
Pancreas (876-P)

CA Balliro, MA Hillard, D Mondesir, SJ Russel, and ME Larkin

A trial comparing eight different configurations of the bionic pancreas, including six different glucose
targets in either the bihormonal or insulin-only model, found that patient satisfaction (n=24) was
significantly greater for the bihormonal version regardless of the glucose target (p<0.001). In fact, 71% of
participants indicated a preference for the bihormonal bionic pancreas, while the remaining respondents
expressed no preference - that is to say, that none preferred the insulin-only version. A 23-item survey was
administered, prompting participants to rate the extent to which they agreed with various statements such
as "I spent much less time thinking about my diabetes" and "I found it hard to trust that the bionic pancreas
could control my blood sugars" on a scale of one to five. Responses were collected following each of the eight
arms of the study (see below) and averaged separately to create a total satisfaction score for the individual
configurations. Overall, the bihormonal model set to a glucose target of 110 mg/dl achieved the highest
average satisfaction of 4.35, and the insulin-only model at a target of 145 mg/dl fielded the lowest score of
3.37. While the bihormonal model beat out insulin-only for every glucose target, the least popular target for
the bihormonal configuration in overall satisfaction was 115 mg/dl. The investigators provided analysis of
one question in greater detail ("It helped to prevent low blood sugars from happening") and again saw
significantly higher rates of agreement for the bihormonal configuration as compared to the insulin-only
(4.20 vs 2.84; p<0.001). Interestingly, while the bihormonal model set to a target of 110 mg/dl still took first
place for this question, the target of 115 mg/dl was a close second - we might've expected that the
bihormonal bionic pancreas set to a higher 130 mg/dl target would have won here. We wonder how
responses might change if the patients were using the devices over longer periods of time, considering the
cost of the system, changing two hormone cartridges. It will be great to better understand (hopefully) in the
pivotal trial. Although glucagon adds system complexity and a higher regulatory burden, these gains in
patient satisfaction make an encouraging case for a dual-hormone system. As of last week's Zealand
glucagon results, Beta Bionics' dual hormone iLet Bionic Pancreas device was expected to begin an NIH-
funded bihormonal pivotal trial in "2H18" (pending phase 2b results). Assuming it runs into 2019 and the
FDA submission takes about a year (for the new glucagon), this is likely a 2020-2021 launch at the earliest.
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Glucose Target Setting Bihormonal or Insulin Only

100 mg/dl Bihormonal

110 mg/dl Bihormonal

110 mg/dl Insulin only

115 mg/dl Bihormonal

120 mg/dl Insulin only

130 mg/dl Bihormonal

130 mg/dl Insulin only

145 mg/dl Insulin only

Joint ADA/JDRF Symposium - Progress towards an Artificial Pancreas

Hybrid Closed-Loop Insulin Delivery Systems-U.S. Perspective

Eda Cengiz, MD (Yale University, New Haven, CT)

In her review of hybrid closed loop systems, Yale's Dr. Eda Cengiz shared glycemic outcomes from the
MiniMed 670G Customer Training Phase, spanning March-May 2017 in 730 people (N=24,000+ patient
days). She emphasized strong real-world alignment with the pivotal data, and we've enclosed the outcomes
below using Medtronic's own slide from yesterday's ADA 2017 Analyst Briefing slide deck. (Dr. Cengiz's
numbers today were slightly different from what Medtronic shared yesterday, presumably due to rounding,
mean vs. median, or different endpoints.) In the Customer Training Phase, 670G users spent 74% time-in-
range in Auto Mode (vs. 72% in the pivotal), only 2% of the time <70 mg/dl (vs. 3% in the pivotal), 23% of
the time >180 mg/dl (vs. 25% in the pivotal), and had a mean glucose of 151 mg/dl (vs. 150 mg/dl in the
pivotal) - nice to see such alignment. Relative to manual mode, time-in-range on Auto Mode improved quite
a bit more in the Customer Training Phase than in the pivotal - an 11-percentage point gain in real-world
use (63%->74%) vs. a five-percentage-point gain in the pivotal (67%->72%). Mean glucose also improved by
a nice 9 mg/dl in the Customer Training Phase (160->151 mg/dl) vs. no change in the pivotal. Customer
Training Phase users spent a median 92% of the time in Auto Mode, also a rise from 87% in the pivotal.
Guardian Sensor 3 wear remained strong at 95%, a positive sign for real-world use of Medtronic's new
sensor so far. Though these results are still in a very early adopter and enthusiastic population, they do
inspire confidence as the device starts rolling out to 20,000+ priority access program participants (see
coverage here, which only provided some of the data below).

▪ Beyond the MiniMed 670G, Dr. Cengiz shared that she is working on a "personalized
medicine" project testing a closed-loop module specifically for females with type 1
diabetes. We look forward to a future where a slew of algorithms are available to meet the needs of
many different patients! On the horizon, Dr. Cengiz said the field still needs to improve on system
training, more advanced technology with less burden, faster insulins, and more personalized
management to reach a broad group of people with diabetes.
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Developing the Next Set of Clinical Decision Support Tools for the Artificial
Pancreas

Richard Bergenstal, MD (International Diabetes Center, St. Louis Park, MN)

In a most valuable talk on clinical decision support tools, IDC's Dr. Rich Bergenstal shared positive views on
CGM standardization and the MiniMed 670G, highlighted the balance between population health and
personal care (fascinating!), and commented on the amount of CGM data needed to make a clinical decision
(two weeks is sufficient). We really enjoyed his views on the various needs clinical decision support tools
must address - the balance between population health (A1c) vs. personal care (CGM); CGM "metrics" vs.
CGM "profiles"; risk - "something needs to be done" vs. action - "here is what needs to be done"; and
research & regulatory needs (publications, PIs, indications) vs. clinical management (therapy adjustments).
Diving into CGM reporting, Dr. Bergenstal reminded attendees of Friday's well-received consensus session,
which honed in on the key CGM thresholds for reporting: <54, <70, 70-180, >180, and >250 mg/dl. Dr.
Bergenstal noted that while the numbers are hopefully nailed down, the "terminology" is still open for
debate - e.g., "Level 2 hypoglycemia" vs. "serious" vs. "clinically significant" vs. "take immediate action." He
noted that this will be discussed further at The diaTribe Foundation-organized meeting, "Glycemic
Outcomes Beyond A1c: Standardization & Implementation," in Bethesda, MD on July 21. Dr. Bergenstal also
plugged an upcoming Diabetes Care publication from Dr. Roy Beck and colleagues, "The Fallacy of
Average: How Using A1c Alone to Assess Glycemic Control Can Be Misleading" (see our take on this from
last summer at diaTribe.org/BeyondA1c). Turning to AID, he said that ~70%-75% time-in-range (70-180
mg/dl) is a good goal for hybrid closed loop devices, given all the studies done to date. Dr. Bergenstal also
showed new CareLink reports for the MiniMed 670G, which do a "nice job" of showing glucose profiles in
Manual Mode vs. Auto Mode (similar to the pivotal trial plots, the profile shrinks in Auto Mode).
Additionally, he covered the excellent one-page AGP report and noted the increasing commercial
momentum, including in Abbott's FreeStyle Libre, Dexcom's Clarity (launched this week), Diasend/Glooko,
and Roche. On Dr. Bergenstal's recommended reading list? The Undoing Project by Michael Lewis,
Reclaiming Conversation by Sherry Turkle, and the just-published Bright Spots & Landmines by our own
Adam Brown.
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▪ "Two weeks of CGM data, most of the time, is representative of a longer period of
time." Dr. Bergenstal previewed poster 115-LB, which uses Senseonics 90-day pivotal trial data to
answer an important question - how much CGM data is needed for a clinician? In comparing two
weeks, one-month, and three months of CGM data, glucose patterns were very similar in all three
cases. In our view, this is an especially good sign for clinicians using professional CGM.

▪ The MiniMed 670G, Dr. Bergenstal joked, should be called "The Sleeping and Crying
Machine. These parents are finally sleeping, and by and large, the fathers of these 13-17 year-
olds come in - and while we're talking about the numbers - they're crying. 'I finally have hope for my
child.'"

▪ Dr. Bergenstal characterized Dr. Bob's Vigerksy's Glucose Pentagon, combining five
glycemic metrics into one graphic, "an amazing tool." Poster 1049-P uses this glucose
pentagon to summarize MiniMed 670G pivotal data - the pentagon area shrinks in comparing
baseline to Auto Mode, indicating overall glycemic improvement. Dr. Bergenstal likes that the
pentagon can compare pre-post treatment and also allows for comparison to people without
diabetes. We like the cool factor of it, though it obviously doesn't drive clinical decision making (how
to change therapy) as much as the AGP.

▪ www.agpreport.org is a nice website, showing all the AGP reports, including a new
one for automated insulin delivery!

Beyond Hybrid Closed-Loop Insulin Delivery Systems

Stuart Weinzimer, MD (Yale University, New Haven, CT)

Yale's Dr. Stu Weinzimer reviewed some of the latest literature in closed loop systems beyond current hybrid
models (from Harvard IP delivery, BU bihormonal, and OpenAPS) and introduced Barbara Davis' Ms.
Laurel Messer's CARE plan for the application of automated insulin delivery to clinical care.

▪ Like most physicians, Dr. Weinzimer sees the "Wild West of [DIY] automated insulin
delivery" as a double-edged sword - on the one hand, it worries him that people are
using unregulated technology to dose a potentially lethal drug, but on the other hand,
the "positive disruption" is not lost on him. While there is without a doubt a risk to these
systems, they have generated positive outcomes, largely anecdotally, and more recently in peer-
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reviewed literature: OpenAPS' Ms. Dana Lewis et al. recently published a piece in JDST (a poster at
ADA 2016) showing glycemic metrics for >100 OpenAPS users, comprising >250,000 total closed
loop hours. For those of you keeping track, that's at least 125,000 more hours than the Cambridge
system has seen in patients. And the real-world data is encouraging: Relative to baseline, users of
the system included in the study have seen a self-reported median 0.9% A1c drop (from a low
baseline of 7.1%), and time in range (70-180 mg/dl) leapt from 58% to 81%. DIY systems do have
risks, but so does dosing insulin every single day. Patients can iterate quickly and develop products
that fit their needs outside of the traditional clinical trial and regulatory cycles.

▪ BDC's Ms. Laurel Messer has a publication in press (Pediatric Diabetes) explaining
her "CARE" framework for the application of automated insulin delivery to clinical
care. CARE is an acronym for Calculate (how does the system calculate insulin delivery?), Adjust
(what are the adjustable components?), Revert (when should control be returned to the user?), and
Educate (where does the user go for help?). Ms. Messer has over three years of experience with the
Medtronic 670G hybrid closed loop system (read about some of her fantastic insights here). We're
eager to read more about the CARE model, but at a high level, we like that it emphasizes the human-
machine interaction and the importance of graceful handoffs between closed loop and open loop. Dr.
Weinzimer commented that it's on industry to reach out to providers to facilitate smooth uptake for
patients.

▪ Early in his talk, Dr. Weinzimer called attention to Dr. Eyal Dassau et al.'s recent
Diabetes, Obesity, and Metabolism publication showing much improved glycemic
control with IP vs. subcutaneous insulin delivery in the context of fully-automated
artificial pancreas. Time in the tight 80-140 mg/dl range was 40% in the IP group vs. 26% in the
subcutaneous group (p=0.03). Other outcomes, including mean glucose, time in a broader 70-180
mg/dl range, and time in hyperglycemia were all superior in the IP group - numbers aside, we were
most struck by the blunting of postprandial spikes in the accompanying glucose profile graphs.
Opinion leaders argue that IP delivery is more physiologic than subcutaneous delivery (most
recently at a JDRF/HCT workshop), but what will it take to design a product that is affordable and
desired by patients, particularly as improved subcutaneous options become more cost-effective, less
invasive, and improve in patient/prescribing burden?

▪ For insulin+glucagon bihormonal closed loop, Dr. Weinzimer displayed data from the
latest BU/MGH publication showing home use of a bihormonal bionic pancreas
decreases average blood glucose and time in hypoglycemia over the team's 11-day
multicenter study. Participants were randomly assigned to bionic pancreas (n=20) or usual care
(n=19, conventional or sensor-augmented pump). Over the duration of the trial, the mean blood
glucose was ~140 mg/dl in the bionic pancreas group, and ~162 mg/dl in the comparator arm. Time
in hypoglycemia was also significantly lower in the bionic pancreas arm (0.6% vs. 1.9% time <60
mg/dl). The bionic pancreas has conferred very strong glycemic outcomes in studies (mean glucose
+ hypoglycemia), and the qualitative meal announcement (no carb counting) and easy initialization
(based solely on patient weight) make it an appealing option for the user. Skeptics point out that the
incremental value of glucagon vs. its cost is an unknown - though this is often the case with new
innovations. As a reminder, an NIDDK-funded pivotal trial of the bihormonal bionic pancreas is
slated for mid-2018, while the insulin-only version is expected to enter its pivotal trial in late 2017/
early 2o18.

Hybrid Closed-Loop Insulin Delivery Systems - European Perspective

Roman Hovorka, PhD (University of Cambridge, UK)

The highlight of Dr. Hovorka's presentation was an update on several closed loop studies set to begin in the
near future. Included in their ranks are several notable studies: KidsAP testing Cambridge's closed loop
over 12 months in patients 1-7 years old; CLOuD, a 24-month study in newly diagnosed 10-17 years olds (C-
peptide is an outcome), and two Australian studies of the MiniMed 670G. Dr. Hovorka also shared that his
Cambridge group's trials, which have overwhelmingly shown increased time in range and decreased
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hypoglycemia, have cumulatively enrolled 190 patients and studied 125,949 hours of closed loop operation.
Whoa! By our calculation, the NIH-funded, 12-month DAN05 trial of Cambridge's system (6-18 year olds)
should multiply that number of closed loop hours studied by 10 - n=130 over 12 months equates to over one
million hours! Thanks to NIH, JDRF, and other funding bodies, our understanding of these systems is going
to grow exponentially in the next three years! Otherwise, Dr. Hovorka mostly reviewed the team's
previously impressive data in a variety of settings (adults, children, pregnancy) and again highlighted the
variability in overnight insulin delivery typical with closed loop (no two nights are the same, and closed
loop can cope with that variability).

Upcoming Planned Large Closed-Loop Efficacy Studies

Study Size/
Length

Design Endpoint Funders

APCam11 n=84 (42

youth, 42

adults); 3

months

Randomized 1:1

to Cambridge

artificial pancreas

or SAP

Time in range,

A1c,

hypoglycemia,

hyperglycemia…

JDRF

KidsAP n=94, ages 1-7

years old; 12

months

Randomized 1:1

to Cambridge

artificial pancreas

or PLGS system

Time in target;

hypoglycemia,

hyperglycemia,

glycemic

variability…

European

Commission

CLouD n=96, ages

10-17 years old

(closed loop

within 6 weeks

of diagnosis); 2

years

Randomized 1:1

to Cambridge AP

or MDI

Residual c-peptide

secretion, A1c,

time in range,…

NHS and Helmsley

Charitable Trust

Australian
JDRF/NHMRC
outpatient trial
in youth
Five sites;

Initiated early

2017, projected

completion 3Q18

n=160, ages

12-25 years old

RCT parallel

design,

Medtronic 670G

vs. "standard

care" (MDI and

pump)

Multiple glycemic

and secondary

measures

JDRF Australia and

NHMRC

Australian
Adult HCL
Study
Seven sites;

Recruitment

commenced May

2017

n=120 adults;

6 months

Randomized 1:1

usual diabetes

therapy (CSII or

MDI) vs.

Medtronic 670G

Glycemic, clinical,

psychological,

cognitive and

sleep, ECG profile,

biochemical

vascular risk

markers

JDRF Australia and

Australian

Government (via

T1DCRN)
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Symposium: Digital Data - Clinical Liability and Patient Safety

Guidance From The Food and Drug Administration

Courtney Lias, PhD (FDA, Silver Spring, MD)

In an encore of previous presentations (NIH Workshop, AADE), the FDA's Dr. Courtney Lias shared her
long-term hopes for an ecosystem of compatible and interchangeable diabetes devices (pumps, CGMs, apps)
that patients can swap in and out. She reiterated her goal of device communication standardization, where
automated insulin delivery components can exchange data seamlessly without separate approvals for every
conceivable system combination (i.e. sensor A + algorithm A vs. sensor A + algorithm B). We continue to
love this vision and look forward to tangible steps that make it a reality. While much of this vision we have
heard from Dr. Lias before, we are glad to see her continuing to share it publicly - it reinforces the agency's
commitment to making it happen. We also noticed that Dr. Lias included in her message today that type 2s
can benefit from this ecosystem too, suggesting that FDA is aware of the importance of enabling this
population (i.e., not just technology for type 1s). Indeed, there is tons that type 2s - especially those on
insulin - would gain from the CGM, pump, and algorithm developments in type 1, and we hope with greater
innovation and population expansion costs will come down. We were thrilled to hear Dr. Lias' broader
message of prioritizing patient choice. Below, we include a few of the standout quotes that highlighted her
patient- and innovation-friendly presentation:

▪ "What we need to work toward is communication that is SO CLEARLY worked out that
FDA won't even have to worry about [next-gen devices] being interoperable with existing platforms.
They just will be. We need more standardization."

▪ "Diabetes devices do not meet the expectations of consumer devices. For example, I
just bought a Sleep Number bed, which is yet another example of a connected device. It lets me
optimize my sleep and - unsurprisingly - it comes with an app. And guess what? If I wanted to, I
could even set up an Apple Watch with a linked app. And for ALL of this, I would NOT have to look
at a manual. I'm just able to use it. That's where we need to get in diabetes."

▪ "You may say that the downside of these connected, consumer devices being used
incorrectly is not as high as the risk of an insulin pump being used incorrectly. That's
true. So security is important. But, I do my banking online. So as a consumer, I have the expectation
that these things are possible."

▪ "For patients with diabetes, the numbers can make all the difference. But if you can't get
to data in a format you need or when you need it, then it's no use at all … Ultimately, our current
solutions don't help patients as much as they could."

Symposium: Cognitive Functioning and Decision-Making in Diabetes

The Right Devices at the Right Time

Katharine Barnard, PhD (Bournemouth University, UK)

In Dr. Katharine Barnard's view, technology has massive potential to change the diabetes management
landscape, but psychosocial considerations can't be ignored: With great technology, there needs to come
effective on-boarding, support, and expectation management. Like her comments at the JDRF-Helmsley
Charitable Trust Closed Loop Intra-Peritoneal Infusion Workshop, she emphasized keeping patients'
individual needs and lifestyles in mind when choosing which devices can best be utilized. She stressed that
health is a state of complete physical, social, and mental wellbeing, not just the absence of disease - such a
great point, and shades of former Surgeon General Dr. Vivek Murthy. While tech can contribute enormously
to this end, simply giving someone a device is not sufficient.

▪ Healthcare providers express significant anxiety regarding implementation of closed
loop systems. Dr. Barnard reported that, while 91% of providers believe closed loop systems will
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optimize diabetes control for patients with type 1 diabetes and 66% said any insulin-dependent
patients could benefit from the approach, 63% of providers believe closed loop devices will require
more professional time than previous approaches, and 95% believe more educators will be
necessary. These figures demonstrate an underlying need to support clinicians just as much as
supporting patients - technology moves fast, clinical practice changes slow, and devices have
historically added burden to providers (e.g., EHRs, reimbursement and prior auths, cable
downloading, etc.). We expect the prescribing burden of closed-loop systems will follow a similar
adoption curve to other innovation - early adopters, early majority, etc.

▪ Dr. Barnard: "I have not met someone who does not genuinely believe they are trying
hard to manage their diabetes." And yet, outcomes are still not where we need to be. As Dr.
Howard Wolpert noted in a panel discussion the next day, every patient wants to have good glycemic
control - "they don't need a sermon about that." Dr. Barnard stressed that knowing when to and
when not to prescribe a device is critical. She called for the development and use of device-specific
measures to assess psychosocial impact for people with diabetes and partners. In addition, she
expressed a need for ensuring robust, replicable, and consistent psychosocial assessment in clinical
trials to better understand patient experience, despite the common criticism that this is a difficult
metric to record. Lastly, health care providers must be supported in their use of appropriate
psychosocial measures and be given tools to aid in decision making.

▪ Dr. Barnard reminded attendees that people with diabetes think about their condition
A LOT (~600 times a day, according to one estimate). Therefore, devices have to hit a
high bar: free up some of this headspace and improve quality of life! For some patients,
this may mean not implementing a pump if cost or discretion is critical to the individual; for others,
the number of alarms associated with CGM may be a significant turnoff. The answer, Dr. Barnard
argued, lies with the healthcare provider, who is responsible for facilitating communication around
patient needs and barriers.

Symposium: Technology and Automation for Inpatient Insulin
Management

Advances in Glucose Monitoring in the ICU

Stanley Nasraway, MD (Tufts Medical Center, Boston, MA)

Dr. Stanley Nasraway characterized the future of the inpatient glucose management field as "chilling," in
part due to ambiguous FDA metric targets and the NICE sugar trial results, which put a major damper on
the field and greatly reduced investment. According to Dr. Nasraway, there are just three companies
pursuing inpatient glucose management devices - OptiScan, Glysure, and Admetsys - and the OptiScanner
is the only continuous glucose monitoring system to have completed a pivotal study in the US. The
OptiScanner 5000 is currently under FDA review and has been shown to be incredibly accurate in critically
ill patients: A multi-center, accuracy trial (n=200) demonstrated a MARD of 7.6% with over 95% of the data
collected located in Zone A of the Clarke Error Grid. Furthermore, population coefficient of variation (PCV)
was reported to be an impressive 9.8% (PCV commonly falls in the 20%-30% range for similar systems).
The device connects to a venous line, extracts just 0.1 ml of blood, centrifuges the sample, and performs
midinfrared spectroscopy to directly measure plasma blood glucose. Spectroscopy requires zero calibration,
and the system provides automated readings, generally set to record every 15 minutes. We especially like
the automatic and accurate readings, which translate to huge reductions in burdens for nurses, as well as
improved information on trends and time in range, particularly at night. We do expect the subcutaneous
CGM companies to move into this area, though it will obviously take them time as they continue to focus on
the outpatient markets. Cost-effective and accurate inpatient glucose monitoring is critical, as patients are
often unable to self-administer their intensive insulin therapy and may have extraneous physiological
factors altering their glycemia. We hope this field sees a resurgence as the technology improves and studies
show the clear ROI of saving nursing time and (hopefully) improving patient outcomes.
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▪ In an already incredibly limited market, the statuses of the remaining two companies,
GlySure and Admetsys, are currently unknown. The GlySure system operates via a fiber
optic sensor, which sits in the blood stream, requiring an initial three calibrations followed by once-
daily calibrations for the remainder of use. A somewhat promising MARD of 9.9% was reported;
however, Dr. Nasraway claims GlySure is now targeting the outpatient market, so progress for the
inpatient population is unknown. Admetsys is a closed-loop system that mixes dextrose and insulin
through a central venous catheter with another line for a glucose oxidase sensor. The system aims to
prevent hypoglycemia and keep glucose levels within a defined range. Whether this will be
implemented in the ICU is unclear and the company has no plans to test in the inpatient setting
until at least 2018.

▪ Just days before ADA began, Admetsys received an investment (of undisclosed size) from
T1D Exchange. The funding was part of T1D Exchange's "multi-million dollar initiative" to support
the development of automated insulin delivery technologies. As a reminder, Bigfoot Biomedical won
the first investment from this initiative back in February.

Mini-Symposium: The Future Face of Diabetes Care-Beta-Cell Replacement
vs. Technology (Supported by a grant from The Leona M. and Harry B.
Helmsley Charitable Trust)

The Near-Term Future of Diabetes Management Is Closed-Loop Pump Technology

Aaron J. Kowalski, PhD (JDRF, New York, NY)

Upon taking to the podium, JDRF Chief Mission Officer Dr. Aaron Kowalski immediately reframed the cell
replacement therapy vs. closed loop debate by changing the title of his talk to "The NEAR TERM future of
diabetes management is closed-loop pump technology." We agree that an ultimate win might be cell and
immune therapies, but with the state of diabetes care today and the time horizon for advanced biological
therapies, we need better near-term solutions for patients. "Mechanical solutions are much easier than
biological solutions," he explained, "It's hard to replicate evolution - hummingbirds flap their wings very
fast. Try to have a man fly - it's a really, really hard problem to solve. With technology, we can do not
exactly the same thing (i.e., a helicopter), but amazing things. The goal to create a machine that functions
like an islet is a lofty goal. To fly like a hummingbird is hard, but we're taking incremental steps - low
threshold suspend, and now the first hybrid closed loop." He expressed great enthusiasm for the closed loop
landscape, first overviewing the "really exciting" Medtronic MiniMed 670G pivotal data (shared at ADA last
year), and then alluding to other companies looking to commercialize similar products: Animas, Bigfoot,
Tandem, Insulet, Roche, and Beta Bionics (and also DIYers). Still, he acknowledged that there are many
challenges relating to hardware that keep it from behaving like an islet: (i) Insulin kinetics - subcutaneous
insulin is not physiologic. To Dr. Kowalski, IP insulin delivery is a slam dunk and a "better way to do it," but
the challenge lies in creating a device that people will want to adopt en masse (this topic was debated
extensively at the recent JDRF/Helmsley Charitable Trust IP AP Workshop); (ii) Burden of having to wear a
device - " nobody in the history of man that I'm aware of wears an insulin pump just for kicks"; (iii) Biologic
variability on a patient-to-patient basis; and (iv) Exercise. While a cell therapy would presumably address
all of these issues, JDRF is still investing resources in next-generation closed-loop technologies (smaller
form factor, implantable, longer wear, more automation, additional inputs, adjunct therapies) - see this
slide for a list of new JDRF projects in 2016 and projects in the pipeline for 2017.

Diabetes Mine D-Data Exchange

Highlights: Insulet Shows Cool Horizon Screens; FDA's Strong Call for
Interoperability Between Companies; Dexcom API This Year

At DiabetesMine's D-Data Exchange, we enjoyed seeing the DIY community and industry in what we felt
was the most productive discussion yet. Highlights included Insulet's Dr. Trang Ly on the OmniPod Horizon
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system (first screenshots from near-final design - major investment here), FDA's Dr. Stayce Beck on why
device interoperability really matters for automated insulin delivery progress (FDA may even have a
workshop), Dr. Nate Heintzman gave an update on Dexcom's APIs for retrospective data at
developer.dexcom.com (launching later this year), and an artificial pancreas progress panel included views
from Medtronic's Dr. Fran Kaufman, Bigfoot's Bryan Mazlish, Insulet's Dr. Ly, Tandem's John Sheridan,
and our own Adam Brown. MIT innovation professor Dr. Eric Von Hippel gave an outstanding keynote,
emphasizing that the lead-user (DIY) community is a critical driver of innovation in all fields - diabetes is no
exception. The HOW of this for industry is still an interesting question - how should/can/will industry
create open sandboxes to enable innovation for the DIY community and build it into commercial products?
We felt the conversation dynamic shifted this year and was more patient-friendly, "how-to," and pro-DIY
than ever before.

▪ Insulet's Dr. Trang Ly (VP & Medical Director) gave a first glimpse of the Horizon
hybrid closed loop user interface on the Dash PDM - wow is Insulet investing heavily
in user experience! The screenshots below are "close to the finish line" of the design process, with
a prominent display of the CGM value and trend, IOB, and bold use of colors. Other information has
been kept to a minimum, a good move in our view. In addition to the clinical trials testing the
algorithm, Insulet has already performed six usability studies (31 unique participants to date,
including some 670G users) to get feedback on the Horizon's user interface and data display. Dr. Ly
also highlighted Insulet's cool use of Lightning Labs - condensed user experience design processes
that occur in a short period of time with cross functional teams. The group designs and iterates
quickly based on user feedback. Insulet even invited six members of the OpenAPS community and
spent hours hearing about their experiences - yes! She noted that user interface's use of colors is
"controversial" (some like it, some don't), and the company is also debating how to display the
system's insulin dosing graphically (microboluses vs. basal rate can be confusing). Dr. Ly shared
sincere commitment to getting lots of patients' feedback (including from MDIs), and Insulet is
clearly investing deeply in this area. She reiterated the expectation for a pivotal trial of the Horizon
product next year. As previously described, the algorithm will be embedded on the pod and talk
directly to the Dexcom G6 CGM, meaning users will remain in closed loop even when the PDM is out
of range.

◦ To date, Insulet has completed studies of the algorithm in 82 patients,
collecting ~3,500 hours of closed-loop data: "The algorithm is doing what it should
be doing - reducing mean glucose and increasing time-in-range without causing more
hypoglycemia. We're well on our way to creating a commercial artificial pancreas product."
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▪ FDA's Dr. Stayce Beck hoped for an interoperable future where AID systems have
multiple interchangeable components made by different manufacturers ("plug-and-
play"). The Agency "hopes" to have a workshop on this topic and seems highly
committed to continuing this discussion. Nice! Noted Dr. Beck, "The anticipated pace of AID
innovation challenges the current regulatory framework for medical devices. Every time one of the
components is modified, a company has to come in to FDA with a new submission. Users can't mix
and match systems that meet their needs. We're at a point where technical solutions can be
implemented." We've heard this in theory before from FDA's Dr. Courtney Lias, but it sounded like
things have progressed internally at FDA, and Dr. Beck said the solution is "under construction" -
the entire community now must come together to help the FDA figure out how to do this. For
instance, the field must nail down the interoperability, connectivity, and data approaches (the
HOW), enabling devices from different companies to seamlessly and safely talk to one another. We
see enormous innovation potential and patient choice enabled by plug-and-play systems - using one
company's pump, another company's sensor, a third company's algorithm, and being able to swap
components in and out as desired. We hope a workshop does indeed happen and it drives progress
and standardization in the field. Dr. Beck also commented on dosing insulin from a smartphone,
sharing that the agency is open to it and very platform/device agnostic - companies must simply
demonstrate the device works as intended and is robust to different failure scenarios (e.g., the
mobile medical app will be prioritized when battery is low, a game is being played, etc.). We loved
her opening comment, "We don't see mHealth as a 'challenge,' but as an 'opportunity.'"
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▪ Dexcom's Director of Data Partnerships Dr. Nate Heintzman shared that the
company's open API for retrospective data will launch "later this year" at
developer.dexcom.com. As a reminder, this will allow third parties to access Dexcom's APIs
(retrospective data, three-hour-delay), create and manage pre-commercial (prototype) apps, play
with simulated (sandbox) data, learn how to become a Dexcom data partner, and even submit an
app for commercial approval. This important effort was first announced at the D-Data Exchange last
fall, but clearly there are a lot to details to work out - the "early 2017" planned launch has slipped a
bit, but things sounded very close to launch at this point. Dr. Heintzman shared a "top 10 things to
know list," noting that 500+ people have already signed up for email updates on
developer.dexcom.com. He reminded attendees that developers will have access to quite a bit of
information to develop novel retrospective data apps, including glucose data, statistics, device info,
and calibrations. Like Dexcom Clarity, this platform is a class I medical device (retrospective CGM
data), and Dexcom will support data partners and share best practices through the developer portal.
This is clearly a huge internal investment from Dexcom and we hope it drives an ecosystem of
innovation and novel ways to use retrospective CGM data.

▪ A lively panel discussion featuring closed loop industry members (Insulet's Dr. Trang
Ly, Medtronic's Dr. Fran Kaufman, Bigfoot's Mr. Bryan Mazlish, and Tandem's Mr.
John Sheridan) and moderated by our own Mr. Adam Brown showed encouraging
industry openness to engaging with the DIY and broader patient communities. From
the audience, Dr. Eric von Hippel called for data to be readily available to patients, providing what
Adam called "a sandbox" for innovators to play in and access devices. "It's crazy when 90% of the
effort of the user community has to go to hacking into devices, just to get access to the data. Life is
slightly unsafe. If you ensure safety, you also ensure slow progress. There must be a way - in every
other field, users can take risk on themselves. If I want to build a rocket-powered car, I can do it,
even though it's unsafe. There must be a way to sign rights that I want access to this damn thing and
it's no longer your [industry's] problem." Another audience member emphasized that remote
monitoring on a pump is absolutely not an optional feature - kids with diabetes are sent to school,
where there are no or few trained professionals, and parents have the right and need to see how their
child is doing. Still others asked for companies to re-think and improve infusion sets, the traditional
four-year pump warranty cycle, and algorithm transparency. To our delight, none of the panelists
once responded "No, we can't do that." Of course there is work to be done on the best vehicle for the
DIY community to interact with industry productively, but panelists were very open to hearing the
audience - Dr. Kaufman even asked attendees to "go on a date" with Medtronic so they can get as
much input as possible. We find this level of progress quite remarkable, since this dialogue didn't
exist even two years ago - we owe a hearty thanks to these industry leaders and the patient
innovators who have pushed the field ahead.

▪ MIT Sloan School of Management's very smart Dr. Eric von Hippel, speaking to a
room full of DIYers and lead users, encouraged some collaboration with industry…but
not too much! In collaborating with companies too closely, non-industry innovators may end up
with "indicia of commerciality," which could result in a product that FDA can regulate (under the
Commerce Clause, FDA cannot regulate non-commercial medical innovations). According to Dr. von
Hippel, there's more to lose than, for example, the OpenAPS community's right to use their DIY
closed-loop systems. He explained that truly patient-led, grassroots innovation systems interact
quite robustly with the producer innovation paradigm to the profit of both parties: During a
producer's R&D phase, it will offer innovation support to free innovators, who in turn churn out
innovation designs upon which manufacturers can base products. It's a difficult line to toe, however,
as too close an interaction - a blended system - could lead to FDA involvement, and the scaffold
could crumble.

◦ According a study from Dr. von Hippels' group, the number of medical patient
innovators outnumber producers by over 100:1. Holy moly! Innovation has
traditionally been seen as something that just producers do, and this is perpetuated by the
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fact that innovation is only accounted for in government statistics until a product is
formally introduced onto the market - the user innovator is typically invisible. In the US
alone, there are an estimated ~384,000 individuals working on medical consumer
innovations.

▪ According to Companion Medical CEO Sean Saint, Apple added insulin doses into
Health Kit as of the Worldwide Developer Conference earlier during ADA. It will be
available starting in iOS 11 this fall, and the beta is out now - see the iOS 11 developer page here. This
has been long awaited and could be a nice data ecosystem enabler - especially as connected pens and
connected pumps come out.

Tandem Media Day

Highlights

Tandem held a compelling, confidence-inspiring media day at its headquarters today, sharing updates on
the pipeline and a tour of its manufacturing. From a patient perspective, we left the day feeling very positive
about Tandem's innovation path and priorities ahead. Highlights included:

▪ Tandem's new t:lock infusion set connector is still expected to launch in 3Q17. We
learned that some of Tandem's distributors actually buy Luer Lock sets in bulk from
Animas (!) at a lower price, resulting in "tens of millions of dollars" in lost revenue
over the past four years. With the new t:lock connector, distributors will now have to buy
infusion sets directly from Tandem, allowing it re-capture a meaningful amount of lost revenue.
Unomedical will still manufacture the sets and all current models will still be available - just with a
different cartridge-set connector. Tandem's customers also win too, as moving away from the Luer
Lock connector (invented in 1896 (!) and not designed for insulin delivery) and to the t:lock will save
wasted insulin and reduce priming time by 30 seconds, correcting major desired customer
improvements. (Both have been on customers' top 5 wish lists for the past two years straight.) We
saw the connector in person and the difference is hardly noticeable:
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▪ We were blown away by the Tandem Device Updater demo, which took just a few
minutes to update a t:slim X2 to add Dexcom G5 CGM integration. Wow! This is a very
compelling feature and one we imagine all pumps will move to. Once the t:slim X5 G5 is
approved (under FDA review and still expected this summer), customers will be able to update their
t:slim X2 to add G5 integration before the new pumps even start shipping - talk about rolling out
new innovation quickly via software! The update process has clearly had a ton of human factors
work put into it, with a series of checklists and a simple step-by-step process spelled out via an email
and a user-specific update code. (Cool subject line: "Dexcom G5 Update Now Available for your
t:slim X2.") The software works on Windows and Mac and longer-term, over-the-air updates
delivered to the pump via a phone and Bluetooth might be possible. We remain enormously excited
about this update feature for pumpers, as it removes the hardware and cost hassles of upgrading. It
will only become more compelling as Tandem moves to automation.

▪ We saw the first screenshots of Tandem's first-gen secondary display mobile app. For
the first time, management shared it hopes to launch by the end of the year. The app
will talk to the t:slim X2 via Bluetooth, wirelessly upload pump data to t:connect, and mirror key
metrics from the pump display. Bluetooth BGM integration is also a goal (retrospective data only),
and phone users will also receive notifications of pump alerts. Future generations (no timing given)
hope to add more ambitious features, like remote bolusing, decision support, training and
education, share notifications, and automated pump setup.

▪ Tandem is "preparing" for pivotal study enrollment for its predictive low glucose
suspend device with Dexcom's G5. A launch is still planned for early 2018. This is right
in line with the 1Q17 update, which expected the pivotal to wrap up in 3Q17.
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▪ The second-gen TypeZero hybrid closed loop is still expected to launch by the end of
2018. We confirmed that the main study phase of the pivotal trial (IDCL) still hasn't
started yet. Management implied the hardware changes to go from the research platform on a
smartphone to an integrated t:slim X2 with Dexcom's G6 may be part of the reason for the delay.
This isn't surprising, given the magnitude of this trial and learning from the initial site training
phase. Dexcom's G6 sensor wasn't finished with its pivotal study as of a month ago, so perhaps it
isn't ready quite yet.

▪ Tandem's t:sport patch pump is still in development (no timing shared), and we got a
first hands-on look at the small on-body component (roughly the size of Insulet's OmniPod).
Similar to Cellnovo, the plan is to have a 4-inch tubing that connects the pump to the infusion site.
It's still unclear whether smartphone app control will be possible, or whether a handheld will be the
only way of interacting with the system. Tandem has obviously de-prioritized this project relative to
the nearer-term automation pipeline.

▪ "Tandem is doing everything with international in mind." No further details were
presented, but obviously this represents another potential growth opportunity beyond the US -
although one with potentially high costs. No timing has ever been given on this front.
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▪ Management was honest that Tandem's stock price is quite low right now (~$0.80; a
"financing overhang" from a recent fundraise), and the company will need to raise
additional capital. We believe the financial community continues to undervalue Tandem's
pipeline and overvalue the competitive impact of the MiniMed 670G. Management again
characterized it as a pausing of the market and looked forward to the G5 integration launching. The
power of Bluetooth connectivity and Tandem's Device Updater should enable a steady stream of
innovation, and Tandem's marketing and attention to patient needs remains outstanding. Certainly,
sales will need to improve as the year goes on, but this should happen assuming G5 integration
launches as expected.

JDRF/NIH Closed-Loop Research Meeting Research Meeting

The Next Five Years

Frank Doyle, MD (Harvard University, Cambridge, MA)

Harvard's Dr. Frank Doyle peered into his crystal ball and predicted that fully closed loop (no meal
announcement), embedded algorithms, adaptive control, faster insulin, and multiple sensors will all be a
reality in the next five years. None of the prophecies were earth-shattering by any stretch - we too believe
they are within reach - but Dr. Doyle offered some interesting commentary on the near-term future of
closed loop. He sees "glimmers of hope" in the algorithms arena, chiefly from the room for improvement in
processing power embedded on a pump ("the [computer power] footprint on a pump pales in comparison to
that on a cellphone"). Even so, he pointed out, existing capabilities can be extended by energy-aware
algorithms or smart glucose monitoring. The algorithm will also have to take into account the PK/PD of
faster insulins, if and when they do come to market (FIasp is already available outside the US and was
resubmitted to FDA recently, with a decision expected in 3Q17). This shouldn't be a problem - Dr. Doyle's
colleague Dr. Eyal Dassau has previously said that faster onset insulins would only make algorithms more
effective. Lastly, he called for the integration of additional "sensors" into closed loop systems. The systems
he is referring to, however, are not advanced biometric analyzers, but simple, everyday applications and
consumer devices such as calendar events, health apps, fitness trackers, and GPS - these all produce rich
and valuable information that should not be neglected for algorithm performance. Dr. Doyle reminded the
audience that technology predictions are always a fraught area, and "the best way to predict the future is to
create it."

▪ Our own Adam Brown brought up a critical question in Q&A: What features(s) will
significantly drive closed-loop adoption to a broad population, and how should
research dollars be allocated accordingly? For closed-loop technology to reach its full
potential - improving lives at a massive public health scale - what features are needed? What must
improve or change from current devices? Adam argued that cost will be the number one driver of
this field's expansion, given what we hear from patients (even in the US), studies of device barriers
(e.g., Hood et al., Diabetes Care 2016), and the success of products like FreeStyle Libre. While
burden and system performance are certainly critical, cost is the big driver of diabetes technology
adoption in our view - the best closed-loop system is meaningless if patients/payers cannot afford it
or see value in it. The closed-loop research community continues to focus a bit more narrowly on
algorithm optimization, which is important for increasing the value of system, but is unlikely (in
Adam's view) to be the major driver of this field. We believe significantly less expensive closed loop
systems would be a very high ROI area of research - and something fit for the community (NIH,
JDRF, academia) to further address, as JDRF is doing in its T1D Outcomes Program, as we
understand it. From our view, of course, showing the value is undoubtedly critical, since that lead to
better reimbursement. We also like the point of getting all the technology right first. If cost is, by
anyone's definition, a critical metric for this field's commercial viability, how do research priorities
change? Costs might also influence study design: "what trials will most influence payers to cover
closed loop" vs. "what trials would answer scientific/algorithm questions?" In a world where R&D/
payer spending per patient has been shrinking, but where we'd like to see it increase, we see value in
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this area to improve public health on a broader scale. We think it would be valuable to look to the
technology community, where over time, costs have dropped precipitously for various products -
products, of course, that do not have costs like regulatory, admittedly. How could the field get to
80% of the benefits of closed loop systems with 20% of the costs? Would it ever be possible that the
field make current pump+CGM therapy 10x less expensive - or, could value be much better
demonstrated so that payers will be poised to deliver technology to a broader population?

Overview

John Lum (Jaeb Center for Health Research, Tampa, FL)

Jaeb's very smart and humble Mr. John Lum kicked off the annual meeting by briefly identifying the year's
three major themes in closed loop since ADA 2016: eagerly-awaited approvals; academic-industry
translation and partnerships; and much larger, longer-duration closed loop studies. For this community,
the MiniMed 670G tops the list of eagerly-awaited approvals and launches. This was indeed a tremendous
milestone for the field - a first commercial hybrid closed loop product - but Mr. Lum also included Abbott's
FreeStyle Libre Pro and a replacement claim/Medicare reimbursement for Dexcom's G5 CGM on his list.
Next up, academic-industry translation: Mr. Lum applauded Insulet for licensing the UCSB/Harvard/Mode
AGC algorithm (which was developed with funding from JDRF and NIDDK), and Tandem for licensing the
Cameron/Bequette/Buckingham/Chase PLGS algorithm. We agree that it's fantastic to see the fruits of
academic researchers' labors included in future commercial products. Bigfoot Biomedical, Mr. Lum added
tongue-in-cheek, didn't quite make the academia to industry jump, but Jeffrey Brewer, Lane Desborough,
and Bryan Mazlish are all making the leap from "parent" to industry look easy. Last, Mr. Lum excitedly
discussed the four large NIH-funded pivotal AP trials starting in 2017-2018: iDCL trial, Cambridge
pediatric study (DAN05 - first subject enrolled June 2017), FLAIR study (670G vs. 690G with Drs. Rich
Bergenstal and Moshe Phillip), and the BU-MGH bihormonal study. Following this field every day, it's easy
to forget to take a step back and consider the tremendous progress that has been made toward an artificial
pancreas, not only in this past year, but in the past decade - closed loop seemed like a research project not
very long ago:

▪ Mr. Lum reminded attendees that the first JDRF closed loop meeting at ADA took
place almost exactly a decade ago - and it looked a lot different. The meeting was driven,
of course, by Dr. Aaron Kowalski, and there were only 12 invitees. At that time, discussion was
algorithm-centric, CGMs were not nearly good enough, and there were no products on the horizon.
Needless to say, we've come a heck of a long way, and the launch of the MiniMed 670G has ignited
waves of nostalgia - at last July's NIH AP Workshop, Dr. Kowalski recalled how the artificial
pancreas was just a concept in 2005, with incredibly scarce data. Dr. Bruce Buckingham followed by
expressing amazement that in just 11 years, talk has shifted from conceptual feasibility to quality of
life in real-world use. Nice!

"Right Now!" What's Being Done with Closed-Loop Systems Today?

Richard Bergenstal, MD (International Diabetes Center, Minneapolis, MN)

Running with the theme of "how far we've come," Dr. Rich Bergenstal reviewed the steps the closed-loop
field has taken in the past decade to get to where we are today, to the point where "this is going to become
the standard of care." "It all began with a roadmap," he began, as he pointed to Dr. Aaron Kowalski's
publication several years ago. "We have Dr. Kowalski to thank for that, though he'd probably give the credit
to JDRF, and JDRF would probably give the credit to the larger community." This roadmap has been
followed to the T, and guided various researchers and clinicians through in silico modeling, inpatient trials,
short-term supervised trials (hotel studies; or in Dr. Bruce Buckingham's case, B&B studies), longer at-home
studies, review articles and editorials, and finally hybrid closed loop meta-analyses and more editorials.
The most intriguing part of his talk was a 17-year-old's CareLink report, shown in the (admittedly blurry)
image below. The pink trace and time-in-range bars on the right represent 670G manual mode; the blue
trace and time-in-range bars on the left represent 670G auto mode. The difference, not only overnight, but
all day, is striking -a lower mean glucose at all times, far less variability, and time in range nearly tripled
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with just a two-percentage-point increase in hypoglycemia. In manual mode, this user was spending ~nine
hours per day between 250 and 400 mg/dl! Very compelling and a testament to this technology nice
applicability in those running at very high glucoses. How do we get more patients on these devices?
According to Dr. Bergenstal, "it's up to us" to address issues of cost, access, and equity. Hear, hear!

Mini-Symposium: Exercise for Type 1 Diabetes (Supported by a Grant from
The Leona M. and Harry B. Helmsley Charitable Trust)

Mechanisms Regulating Glucose Metabolism During and After Exercise in Type 1
Diabetes

Iñigo San Millán, PhD (University of Colorado School of Medicine, Denver, CO)

Dr. Iñigo San Millán described the glucose-altering physiological events that occur as a result of exercise
and their implications for exercise type, cool-down, and closed loop. The muscle has two pathways through
which it uptakes glucose, one insulin-dependent and one insulin-independent. The insulin-dependent
pathway operates like that of any other tissue - insulin receptors activate the transport of GLUT4 receptors
to the cell surface, enabling glucose uptake. The insulin-independent pathway, also mediated through
GLUT4 transport, is triggered as a result of muscle contraction and is largely regulated by calcium release,
which increases during physical activity. During exercise, both pathways are recruited, ultimately leading
to a drastic increase in the number of GLUT4 transporters at the cell surface, facilitating uptake of glucose
by myocytes and subsequent muscular contraction. The combined efforts of these two mechanisms serves to
explain the occurrence of post-exercise hypoglycemia experienced by those with diabetes, as more glucose is
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taken up by the muscle during activity than at rest when only the insulin-dependent pathway is at work.
However, hyperglycemia can also occur, especially immediately after high-intensity exercise, possibly due
to high catecholamine activity (especially adrenaline), less insulin-independent glucose uptake due to
sudden cessation of activity, and/or high blood lactate levels leading to increased rates of gluconeogenesis
in the liver. Cool down exercises have been shown to mitigate hyperglycemic events following intense
physical activity, potentially by stimulating enough insulin-independent glucose uptake to counteract
heightened gluconeogenesis and the body's response to catecholamines. Dr. Millán advised that these
physiological pathways, as well as the individual metabolic changes that accompany improved fitness, be
considered when designing the artificial pancreas for exercise.

Exercise and the Development of the Artificial Pancreas

Michael Riddell, PhD (York University, Toronto, Canada)

While the advent of an artificial pancreas ushers in some truly incredible and exciting benefits, Dr. Michael
Riddell cautioned that the power, practicality, and patient burden of this new technology must be carefully
considered. In particular, Dr. Riddell detailed six hurdles he anticipates regarding the implementation of
automated insulin delivery during exercise, including: (i) variability in exercise type and intensity; (ii)
methods by which an exercise event may be registered by the system; (iii) potential deterioration of CGM
sensor accuracy; and (iv) hormone responsiveness. For now, hybrid closed loop systems improve time in
range and reduce hypoglycemia (particularly overnight) very effectively, but other scenarios such as
postprandial control, exercise, and general day-to-day variability (e.g. in sickness or pregnancy) will
require innovations in insulin kinetics, insulin delivery, sensor lag, additional hormones/adjunct therapies,
and/or additional inputs.

▪ Regulation of glucose homeostasis is complex and varies with exercise type and
intensity, posing unique issues for the use of closed loop during physical activity. While
steady state aerobic activity like long-distance running tends to result in a decline in blood glucose
levels, intense anaerobic activity such as powerlifting can induce an adrenaline response that raises
glucose levels, increasing insulin requirements. Dr. Riddell noted that mixed activity often has a
moderating effect on glucose and is thus the safest form of activity for initial experiments. To
complicate matters further, individual responses to these exercise types also vary (and response can
be different on different days), raising important questions as to whether the algorithms can be
tailored to an individual's specific reactions. Dr. Riddell proposed that physiological input measures
such as heart rate and body temperature be considered to adjust for exercise intensity. An ADA oral
out of OHSU showed that automatic exercise detection via heart rate and accelerometer sensors,
combined with glucagon, markedly decreased exercise-induced hypoglycemia.

▪ While there are several fitness trackers on the market and some closed-loop feasibility
studies have added them, we haven't seen any compelling data suggesting these
additional signals meaningfully improve systems. A study conducted at Yale found that
under normal settings, the artificial pancreas is not sufficient to protect against hypoglycemia during
exercise, thus supporting the need for anticipation of an exercise event (in the absence of an
announcement ~1 hour or more prior). Dr. Riddell provided several suggestions for possible
triggering metrics, including heart rate, body temperature, and lactate levels. Fitness trackers are a
potential solution, but engineering efforts will be required to advance data access and facilitate the
interface - this area is still quite early in the algorithm world. Of course, by the time an activity
tracker detects exercise, halting insulin delivery will still take about an hour to impact glucose,
meaning faster on-off insulins may really be what drives this field.

▪ Adding glucagon improves systems' ability to mitigate exercise-related hypoglycemia
relative to insulin-only systems. In fact, a recent trial from the Montreal closed loop group
found that participants engaged in physical activity spent on average 24% of the time in
hypoglycemia (<60 mg/dl with symptoms or <54 mg/dl with or without symptoms) when using a
single hormone system as opposed to 12% of the time when using a dual hormone system. The real
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test will be in comparing these systems in daily use, the user experience pros/cons of each (glucagon
allows for more spontaneity, but is also more supplies to manage), and the cost-benefit.

Corporate Symposium: Continuous Glucose Monitoring as Standard of
Care: Clinical Outcomes, Improved Access and Therapeutic Use (Sponsored
by Dexcom)

Continuous Glucose Monitoring in Patients Treated With MDI

Richard Bergenstal, MD (International Diabetes Center, St. Louis Park, MN)

Dr. Richard Bergenstal provided a thorough overview of the utility of CGM in patients on MDI (both type 1
and type 2), focusing on the proven benefit of CGM independent of pumps. He pulled from a host of recent
literature - including the JAMA-published DiaMonD and GOLD studies - to make a number of important
points: (i) CGM indisputably improves glucose control when used consistently; (ii) CGM improves time-in-
range without increasing hypoglycemia; (iii) CGM is beneficial regardless of education, age, numeracy, and
a number of other demographic factors; and (iv) CGM reduces diabetes distress. He emphasized, too, that
access to CGM readings has been shown to improve glucose control WITHOUT changing daily insulin
dosage, suggesting that there is a significant effect on lifestyle (that, in his view, is often underappreciated).
Dr. Bergenstal closed by applauding the FDA's non-adjunctive label approval for Dexcom's G5 ("a HUGE
step forward") and sharing big hopes for the benefit of CGM in the Medicare population (once the details of
administering coverage are figured out).

Clinical Review Of Patients

Steve Edelman, MD (University of California San Diego, CA)

In a discussion of the clinical benefits of CGM, the outspoken Dr. Steve Edelman left no doubt about his
views on the value of the technology, stating "CGM is the single most important advance for type 1 diabetes
since the discovery of insulin," and going on to note even more emphatically that, "not using CGM in type 1s
is bordering on malpractice." He highlighted the value of trend arrows ("if you don't look at those, you're
missing one of the most important parts of your CGM"), the challenge of adjusting insulin around glucose
variability ("every day is different for a person with type 1 … despite following the same rules"), the
importance of education around alerts and alarms, and the even brighter future for CGM (more accurate,
less interference, etc.). Of course - as he has done before - he also did not pass on the opportunity to share
with providers his "strong" view against blinded CGM: "If you can engage a patient, then that's the key.
Engagement is the KEY with CGM. You want patients to see in real time, 'Gee, look what happens when I
forget my medication!' Do we blind home glucose monitoring? No, of course not!" (We'd note that for those
not willing to wear real-time CGM or unable to afford it, blinded CGM is better than very limited/no glucose
data at all.)

iDCL Update

Boris Kovatchev, PhD (UVA, Charlottesville, VA)

Dr. Boris Kovatchev's broad overview of his team's contribution to automated insulin delivery research was
highlighted by new preliminary data from the now "complete" training phase (n=20) of the NIH-Funded
International Diabetes Closed-Loop (iDCL) Trial that continues to show promising time-in-range and
hypoglycemia numbers in a small group of patients. Dr. Kovatchev shared data from 11 individuals in
which the training protocol achieved strong glucose control consistent with past results shared at ATTD:
overall mean glucose of 145 mg/dl (150 mg/dl in the "first half of the night"; 125 mg/dl in the "second half of
the night"), just 1% of the time <70 mg/dl, and 77% of the time in 70-180 mg/dl (75% in the "first half of the
night"; 91% in the "second half of the night"). We have not seen this cut of the overnight iDCL data before,
though the improvement as patients get further into sleep is consistent with this algorithm and awesome for
the user experience and waking up around 120 mg/dl to start every day. Notably, Dr. Kovatchev also
highlighted the very notable win that patients saw no readings <60 mg/dl or >300 mg/dl, evidence that the
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system is mitigating the most dangerous of highs and lows, particularly with automatic correction boluses
to stem highs. We hope this data will also be borne out by the main phase of the trial (CT.gov posting here),
which Dr. Kovatchev confirmed will begin "soon" (no specific timing update, though Tandem said the same
yesterday). As a reminder, the main study will serve as Tandem/TypeZero's hybrid closed loop pivotal (still
not yet open for recruitment, according to ClinicalTrials.gov) and will randomize 240 patients in a 2:1 ratio
of closed-loop control vs. sensor-augmented pump therapy over six months.

▪ Dr. Kovatchev included a critique of the Bionic Pancreas in his discussion, noting that
some of the results with insulin-only systems have actually seen less hypoglycemia
than those of the dual hormonal system - "Interesting to note considering that
glucagon is supposed to reduce this." Of course, we'd emphasize that it's impossible to
compare across trials given the entirely different study designs (sedentary vs. exercise/meals), study
populations (pediatrics vs. adults), meal bolus strategies (announcement or not), study lengths, and
study settings (super challenging diabetes camp settings vs. less challenging daily ambulatory life
settings vs. less challenging inpatient studies). In our view, this debate will only be settled when
head-to-head data AND user preference information is available. The benefits vs. costs of different
systems will obviously vary greatly between users and even within users over time.

Product Theaters

What's Next for the Omnipod System? Innovation at Work (Presented by Insulet)

Trang Ly, MD, PhD (Insulet Corporation, Bedford, MA)

In a packed product theater, Insulet provided an on-stage demo of the upcoming Bluetooth-enabled
Omnipod Dash PDM (FDA submission in 2H17) and a first-ever deeper look at the user experience for the
Horizon Automated Glucose Control PDM (pivotal trial next year, five-day, three-center hotel study starting
next month). We snapped many never-before-seen pictures, posted here (notable shots below). Insulet CEO
Patrick Sullivan actually opened the product theater, emphasizing the main topic: "meaningful innovation."
We first saw the new Bluetooth-enabled Dash PDM in the exhibit hall on Saturday, and this live on-stage
demo left us equally impressed with the Android device and much-upgrade user experience. The Horizon
demo was also strong, and it was actually done on an iPhone (perhaps for demo purposes only, or a sign
that direct pod-to-smartphone transmission is a possibility at launch). It surprised us to see how far along
the Horizon user interface is for the product - it looked quite polished, and even the Dexcom transmitter-
pairing process was integrated (pictures here). The company is still wrestling with what to call the different
device modes (e.g., manual vs. auto, closed loop vs. open loop, etc.), but the feedback-gathering process has
been impressive: the talk paused twice and asked attendees to take a few minutes and fill out an on-seat
survey to share thoughts on Dash and Horizon. (The last question on each related to willingness to prescribe
the product in MDIs - Insulet's clear target market.) Said Program Director of Advanced Technologies
Jason O'Connor, "It's so critical to not rush a product to market, just because it has functionality. It has to
have the right user experience to deliver a product that is going to integrate into people's lives. We may not
be the first to market, but it does mean we'll deliver an exceptional product." [He then showed a picture of a
lame, earlier-to-market smartwatch from Suunto vs. the far improved Apple Watch] Based on what we've
seen, the company's 110,000+ patients worldwide (65,000 in the US) will see very meaningful upgrades
with both products.

▪ Insulet has now tested its algorithm in 82 patients (3,384 hours of closed loop, 70
nights). VP & Medical Director Dr. Trang Ly summarized the cumulative data in a
useful table, including results from two new posters at ADA in 6-12 year olds (132-LB)
and adolescents (1055-P). She noted that mean glucose is coming down and time-in-range is
increasing as the studies go on, the latter now up to 85%. Dr. Ly said the algorithm is doing a
"fantastic job" of doing what a good closed loop controller should do: improve time-in-range and
lower mean glucose without causing more hypoglycemia. She did note that following the licensing of
UCSB's algorithm, Insulet made "some substantial changes" to ensure safety.
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▪ Insulet is about to launch into a longer duration, five-day hotel study next month at
three centers. Boy is the company lucky to have Dr. Trang Ly, who has done this rodeo many
times with other closed loop studies in the academic setting. Since really committing to this product
last year, the company has rapidly completed a number of studies!

▪ Horizon will offer some user control and customizability with the algorithm,
including the ability to change the target glucose. The correction factor and basal rates are
also inputs to the algorithm, unlike the MiniMed 670G - which automated insulin delivery unrelated
to the preprogrammed basal rates. (The only two things users can adjust in the 670G to affect basal
automation are the insulin:carb ratio and the insulin action time.) Interestingly, 35% of Insulet's
Glooko-using patients use extended wave boluses and temp basals, features Insulet will now plan to
incorporate into its closed loop controller - this shows the power of user data to drive important
product design choices!

▪ Said Dr. Ly: "The pediatric population is very important to us. We're not going to
market without having done pediatric studies...What people talk about is the incredible
improvement in quality of life. That's why people use Loop and OpenAPS - it makes them feel a lot
of safer at night."

▪ The brilliant Dash platform allows Insulet to update the PDM's software and add
automation and concentrated insulin, but keep the same pod. We see this as compelling
and quite differentiated, an approach Tandem has also taken with its t:slim X2 platform.

▪ Dr. Ly mentioned Insulet's "Incredible collaboration with Glooko, which now reaches
44,000 patients in the US - they have a mean age of ~30 years, an average glucose of
185 mg/dl (eA1c: 8.1%), take 4.3 fingersticks per day, and bolus about 4.9 times per day.
Presumably Insulet can start to stratify this data and learn what different centers or patients do
differently - what behaviors separate those doing really well from those struggling?
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MiniMed 670G System with SmartGuard HCL Technology: Driving Patient
Outcomes through Automation (Presented by Medtronic)

Richard M. Bergenstal, MD (International Diabetes Center, St. Louis Park, MN)

Medtronic's MiniMed 670G product theater was standing-room-only (five-deep!), offering clinicians best
practices for setting expectations, tweaking parameters, glimpses of CareLink reports, comments on
Guardian Sensor 3, and two impressive before-after case studies. IDC's Dr. Rich Bergenstal ran through the
rationale for the hybrid closed loop device, emphasizing that "Current therapies cannot adjust for intra-
patient variability. How can we expect one basal rate? There is no such thing as A basal rate. It's changing
every five minutes!" He joked that while he often thinks he is "clever" with complicated basal schemes, the
reality is basal needs change every night and throughout the night - sometimes, the 670G is delivering much
less than pre-programmed, and sometimes it delivers much more. This will be a change for HCPs!

▪ A slide headlined, "It is vital to set realistic expectations with patients," shared the
following advice for HCPs: Glucose levels will not be perfect - they will improve over the first
few weeks as the system learns the patient and the patient learns to use the device. Trust the system
and let it work as designed. The goal is to maximize time in Auto Mode. Focus on time-in-range
(70-180 mg/dl) using CareLink reports and sensor glucose review screen on the pump for
immediate feedback on progress. A higher degree of engagement is needed at first (i.e., respond to
alerts and take action as guided) and there is a learning curve for patients and HCPs. CareLink data
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review is essential. Encourage patients to simply read pump screen and follow instructions." (This
last one may be paternalistic for type-A patients, though for the vast majority it will almost certainly
improve outcomes.)

▪ Dr. Bergenstal reminded attendees that the preset Manual Mode basal rates have
nothing to do with Auto Mode. Only two settings that relate to Auto Mode can actually
be fine-tuned by an HCP or patient: the insulin-carb ratio and the insulin action time. As he
did at ATTD, Dr. Bergenstal said that tightening the insulin:carb ratio can help with postprandial
highs on the 670G. He mentioned in Q&A that the insulin action time doesn't "play a huge role," but
it can increase the size of the manual bolus correction doses. At his clinic, the team usually uses a
three-hour insulin action time, though sometimes they have moved down to 2.5 hours.

▪ Drs. Bergenstal and Sherr covered two fascinating MiniMed 670G case studies in
young patients with high A1c's, showing quite dramatic improvements in time-in-
range. In a 14-year-old teenager previously on Dexcom CGM, the 670G drove estimated A1c from
8.5% (Manual Mode) to 7.2% (Auto Mode), with time-in-range (70-180 mg/dl) improving from 44%
to 73%. "The only time you get a teenager at 93% wearing a device is if they believe the investment is
worth it," said Dr. Sherr. The second case, a 23 year-old with a baseline A1c of 8.8%, spent just 27%
time-in-range in manual mode. After switching to Auto Mode, time-in-range improved markedly to
75%. While these were obviously cherrypicked case studies, it will be interesting to see the spectrum
of improvement on this product - who will benefit the most? Who will not?

▪ Dr. Sherr praised the much-improved Guardian Sensor 3, though Medtronic is
definitely emphasizing "3-4 calibrations per day." As a reminder, two calibrations per day
are required at minimum, though the MARD improves to 9.6% on 3-4 per day - this also allows
Guardian to cross the "10%" MARD threshold. The paired Ascensia Contour Next Link 2.4's strong
accuracy was also a big selling point. Interestingly, Dr. Sherr said that the transmitter's on-board
chip that monitors sensor health "puts the onus back on technology" and seems to relieve her
patients of self-blame when the sensor isn't working: "Oh, I didn't do something wrong." This
feature also reduces outliers, which are one of the most frustrating parts of wearing CGM.

◦ Dr. Sherr mentioned that Medtronic's new "oval tape is like gold" and helps the
sensor stay on for seven days. This is the first we can recall hearing of this tape change.
Medtronic has of course retained the underwhelming clamshell transmitter, though we
expect this to be phased out eventually, per the FreeStyle Libre-like transmitter pictures
from the 2016 Analyst Day.

▪ Dr. Bergenstal showed several CareLink reports (see below), which highlight before-
after glucose-profiles in Manual (red) vs. Auto Mode (blue). Those he showed confirmed
data from the pivotal trial - less variability, especially overnight. We like that these reports place a
big focus on time-in-range, depicted with large colored bars on the bottom left side. The before-after
plots should also convince skeptical HCPs that the device is making a difference.

▪ Medtronic is positioning overnight use of the 670G in Auto Mode as "auto pilot," while
daytime use is "co-pilot." We like this analogy and find it much more intuitive than "Hybrid
Closed Loop."
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Glucose Monitoring

Symposium: Reaching an International Consensus on Standardizing
Continuous Glucose Monitoring (CGM) Outcomes―Aligning Clinicians,
Researchers, Patients, and Regulators

Bruce A. Buckingham, MD (Stanford University, Palo Alto, CA), Kelly L. Close (The diaTribe
Foundation, San Francisco, CA), Richard M. Bergenstal, MD (Park Nicollet Methodist
Hospital, Minneapolis, MN), Thomas Danne, MD (Hannover Medical School, Hannover,
Germany), Aaron J. Kowalski, PhD (JDRF, New York, NY), Simon R. Heller, MD (University of
Sheffield, UK)

Our very own Ms. Kelly Close and Dr. Bruce Buckingham chaired a star-studded (and packed!) session on
CGM outcomes standardization with Drs. Rich Bergenstal, Thomas Danne, George Grunberger, Anne
Peters, Simon Heller, and Aaron Kowalski. We've never felt that a consensus on CGM outcomes has been so
within reach! Dr. Rich Bergenstal led off with a number of statistics: There have been nine CGM outcomes
consensus statements (six published, three pending) since 2013, comprised of 100 total CGM experts - he
concluded that "we probably don't need more consensus meetings, it's time to align on a consensus." And
after representatives from a number of those committees presented their group's work (Dr. Danne on the
ATTD International Consensus Statement, Dr. Grunberger on the AACE/ACE Consensus Conference on
CGM, Dr. Peters on the EASD and ADA Technology Working Group, Prof. Heller on the International
Hypoglycaemia Study Group, and Dr. Kowalski on the T1D Outcomes Program), Dr. Buckingham
concluded that "we're pretty close to consensus, if we're not there." His final slide stole a line from the smash
musical Hamilton, claiming "You were all in the room where it happened." The excitement in the room was
palpable, even though it was the last session of day one. We as an organization are over the moon. There
has been so much discussion and so many stakeholders involved - it is amazing that we've come to a near-
consensus on the time-in-range and variability thresholds to use for clinical trial reporting and beyond (see
below).
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▪ The table below fleshes out the near-agreed upon core CGM metrics, based on the
slide shown: (i) Level two hyperglycemia is >250 mg/dl; (ii) Level one hyperglycemia is >180 mg/
dl; (iii) Time in target range is 70-180 mg/dl; (iv) level one (alert) hypoglycemia is <70 mg/dl; (v)
level two hypoglycemia is <54 mg/dl; (vi) glycemic variability should be measured in coefficient of
variation and possibly standard deviation; (vii) Mean glucose and eA1c should be presented; (viii)
AGP is the CGM visualization medium of choice; (ix) An episode of hypoglycemia or hyperglycemia
is comprised of 15 minutes; (x) Sleep/wake time blocks are from 12pm-6pm and 6pm-12pm; (xi)
data should be collected for a minimum of two weeks with 70-80% CGM wear to ensure sufficiency.
Not all working groups settled on exactly these numbers or even addressed every question, but those
who did tackle a problem settled on numbers and metrics that look very similar.

Standardizing 14 Core CGM Metrics

Time in Range 70-180 mg/dl

Level 1 <70 mg/dl

Level 2 <54 mg/dl

Hypoglycemia

Severe Clinical diagnosis: Event requiring assistance

Level 1 >180 mg/dl

Level 2 >250 mg/dl

Hyperglycemia

DKA Clinical diagnosis: ketones, acidosis

(hyperglycemia)

Glycemic Variability Coefficient of Variation

Standard Deviation (?)

Mean glucose -

Estimated A1c -

CGM Visualization AGP

Episode of Hyperglycemia/Hypoglycemia 15 minutes

Sleep-Wake Time Blocks 12am-6am, 6am-12am

Data Sufficiency Recommended Two weeks of collection

70-80% of CGM readings (minimum)

▪ The next step, of course, is to bring regulators and payers on board with the
recommendations of 100 experts; the diaTribe Foundation, along with partners in the diabetes
community, took a big step by organizing an FDA Workshop on Outcomes Beyond A1c last August,
and will hold another Consensus Conference entitled "Glycemic Outcomes Beyond A1c:
Standardization & Implementation" in Bethesda, MD in the presence of CDER Director Dr. Janet
Woodcock on July 21. For other imminent events on CGM metrics consensus, see this slide (credit to
Prof. Heller). This means so much to the whole diabetes community - standardization of data
visualization and agreement on which outcomes matter, how to measure them, and what threshold
should be used (in =
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▪ Dr. Aaron Kowalski pointed out that the device side of FDA (CDRH) has largely
adopted Outcomes Beyond A1c, but the drug side (CDER) hasn't to the same degree.
This is not a surprise to anyone who follows diabetes regulatory science; Drs. Courtney Lias and
Stayce Beck have done an incredible job engaging patients and compromising to enable them to get
beneficial technology quickly and with endpoints of relevance like time-in-range and hypoglycemia.
This comes partly from the presence of a very active and vocal type 1 patient community in
technology, which hasn't been the case on the drug side. We are strong proponents for outcomes
beyond A1c to be considered on the drug side as well, and we have every confidence this division will
understand the value. We see no reason why CGM shouldn't be included in every trial possible!

▪ Dr. Peters' EASD/ADA Technology Working Group discussed five main themes in a
manuscript, which is pending approval: (i) More systematic and structured pre-marketing
evaluation of the performance of CGM systems; (ii) Greater investment in trials to provide evidence
of CGM value and reliability for all patient groups; (iii) Standardization of CGM-measured glucose
data reporting from clinical trials (see above); (iv) Improved consistency and accessibility of safety
reports to regulatory authorities after market approval; and (v) Improved consistency and
accessibility of safety reports to regulatory authorities after market approval. We'll be keeping an eye
out for this paper for sure!

Questions and Answers

Q: Everyone agrees that 70-180 mg/dl is the target range - should I tell my patients that as
well?

A: Dr. Grunberger: The key is that every patient is an individual. For an individual, these are your targets, but
it's different for someone who's pregnant or say nine years old. That range is quote-on-quote "normal" that
you'll see in healthy individuals. Advice for individual patients can differ.

Dr. Bergenstal: With hybrid closed loop, control is getting tighter and tighter overnight, and some people are
considering going for 70-140 mg/dl overnight. This is a starting point.

Ms. Close: A lot of patients will have exactly this question. 140 mg/dl is also being measured, so we can
individualize what patients see. Many people also have this concern, so thanks for bringing it up.

Q: Can you give specific guidance for individual products that have inherently different
properties?

Dr. Danne: You're really putting your finger in the wound. Obviously we try to be independent of
manufacturing, industry, etc. And this is very much changing. A device calibrated twice per day today might
be factory calibrated tomorrow, so it's difficult to make recommendations on specific technology, but we try to
give a grand scheme so that we can use CGM safely.

Current Issues

Should Continuous Glucose Monitoring Be Prescribed for People with Type 2
Diabetes? A Pro/Con Discussion

Jeremy Pettus, MD (UCSD, San Diego, CA) and William H. Polonsky, PhD (UCSD, San Diego,
CA)

In what was a both instructive and entertaining session of ADA 2017, Drs. Bill Polonsky (BDI) and Jeremy
Pettus (UCSD) debated use of CGM in type 2 - MDI, basal-only, and non-insulin - concluding it "will
eventually become the standard of care for type 2 diabetes, especially as the technology becomes easier to
use and less costly." The final slides shared six major points of agreement following a vociferous debate: (i)
with proper support, CGM could become a powerful motivational tool; (ii) innovative training materials
are needed; (iii) new methods for providing CGM feedback are needed; (iv) episodic use of CGM may be best
for many; (v) much more evidence on CGM in type 2 is needed; and (vi) we need to determine which patient
types will benefit (e.g., the disengaged, hypoglycemia prone, chronically poor glycemic control, selecting the
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best medication, etc.). Still, don't let these concluding remarks fool you - this session included hearty and
hilarious debate on both sides, with Dr. Pettus taking the "pro" CGM side for type 2s on MDI and basal-only,
and then switching to the "con" side for type 2s not on insulin. (For the switchover, the two actually
exchanged sides of the stage, and in a dramatic gesture, humorously swapped sportcoats.) We include their
key arguments for and against CGM in the different type 2 groups below. Both remain "very convinced that
CGM is awesome" and holds a lot of promise in type 2, and their arguments provided a nice lens as to how it
might help and where it definitely needs to improve.

Patients with type 2 diabetes on intensive insulin therapy:

▪ Dr. Pettus was staunchly in favor of CGM use in type 2 patients on intensive insulin
therapy, while Dr. Polonsky argued that it may not always be a home run. Dr. Pettus
structured his case around four tenets, largely informed by data from the DIaMonD type 2 cohort:
(i) CGM is not more costly than other therapies. SGLT-2 inhibitor empagliflozin costs $400/month,
GLP-1 agonist liraglutide costs $720/month, and CGM costs just $445/month - "people often
overestimate the cost of CGM," said Dr. Pettus, "but it is coming down." In addition, there are no
side effects to CGM use, unlike with adjunctive therapies, and patients usually want to be able to
stop taking drugs, not the other way around. Plus, Dexcom's G5 is now covered by Medicare for type
1s and type 2s (though the details of administering coverage are still pending), and many hope other
payers will follow suit. (ii) Type 2s will wear CGM. In the DIaMonD type 2 cohort, 93% of patients
were still using CGM ≥6 days per week in month six - presumably, they continued to wear it because
they saw a benefit (though a clinical trial effect should not be totally discounted, especially because
the study screening required consistent CGM use in the run-in). (iii) Some argue that type 2s aren't
tech savvy enough for CGM, but DIaMonD showed equivalent A1c drops regardless of education
(bachelor's degree or not), age, and numeracy. (iv) Dispelling rumors that CGM requires intensive
education and time from providers, participants in the CGM group in DIaMonD had four visits in six
months, and were only handed a trifold handout for education materials. "I don't think the people
are getting a benefit because they came into the office, but because they see data in real time and live
a healthier lifestyle."

▪ Dr. Polonsky also channeled DIaMonD to suggest that the benefit of CGM in
hypoglycemia in type 2s on intensive insulin therapy is nil, and wondered if CGM is
doable in all cases of MDI-using type 2s. In DIaMonD, he said, there was no impact of CGM
on severe hypoglycemia because there were zero episodes over six months in either group - to be
fair, patients with recurrent severe hypoglycemia were excluded from the study, but Dr. Polonsky's
point is that the point of glycemic benefit should be proven by studying the appropriate population.
We agree that more extensive hypoglycemia would be good to have, though the A1c drop and higher
time in range seen in DIaMonD are encouraging. In terms of feasibility, Dr. Polonsky cast doubt on
Dr. Pettus' claims that CGM is doable in the real world: He argued that (i) in the real world, contact
with a provider is much less frequent than seen in DIaMonD, and patients may require more
support; and (ii) numeracy may be a greater concern than one might think (A&W's third-pounder
sold less than McDonald's quarter-pounder "because four is bigger than three.") In addition, he
suggested that CGM use may be useful for some, but perhaps not all patients, but providing close
support and education may be of great benefit.

Patients with type 2 diabetes on basal-only

▪ The second question of the debate - whether CGM should be prescribed for people
with type 2 diabetes on basal insulin - swung unsurprisingly toward the "pro" side. Dr.
Pettus spent his allotted time debunking what he felt were the biggest myths about CGM in this
population: (i) that basal insulin is perfectly well titrated with SMBG; (ii) that patients won't do
anything with the results; and (iii) that hypoglycemia is uncommon. Indeed, he was quite masterful
in weaving his way through a host of literature, poking holes in each myth one by one: (i)
highlighting the prevalence of overnight hypoglycemia in this population and the inability of SMBG
to capture this window; (ii) citing the actionable decision-making that has been documented in type
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2s on basal insulin and the lifestyle changes that can persist for years (Yoo et al. 2008; Vigersky et
al. 2012); and (iii) pointing out the massively underreported prevalence of hypoglycemia and severe
hypoglycemia in this population. Altogether, Dr. Pettus kept his conclusion very simple, "I honestly
think CGM should be standard of care in this population." On the other hand, Dr. Polonsky took a
more measured approach in suggesting that we do not yet have the evidence to indisputably call
CGM the tool of choice in this population. Instead, he pointed out that studies of CGM in type 2
patients on basal insulin have been confounded by the vast (bordering on unrealistic) support
provided to patients in clinical trials. Until we have data specifically looking at the effect of CGM
independent of the extra support patients in clinical trials receive, Dr. Polonsky suggested that he'd
put his final judgment on hold - we're not sure how this would be parsed out, since any clinical trial
will include extra support.

Patients with type 2 diabetes not on insulin:

▪ Dr. Polonsky, switching to the pro side, argued that some of the poor outcomes in type
2 diabetes might relate to "perceived treatment efficacy" - patients feeling that a therapy is
actually working helps build momentum and a sense of progress. In diabetes, he said, we want to
"help people to see that their actions are having a positive, tangible difference. Then, they get
enthused. This is our opportunity with CGM! Humans respond to short-term, powerful, positive
reinforcers." Dr. Polonsky memorably noted that "feedback is the most underused motivational tool
we have in diabetes," and CGM provides an unparalleled level of feedback in real time. He reviewed
the oft-cited Vigersky et. al paper (2012) testing CGM in non-insulin users, noting that episodic
CGM use may be the way to go for those not on insulin (e.g., quarterly or at critical times like
diagnosis, during diabetes education, when medication changes are needed, etc.).

▪ Dr. Pettus, though a strong CGM supporter, took the con side quite persuasively,
highlighting the grim realities of current medication adherence: nearly 1/3 of diabetes
prescriptions are never filled, and of those that are filled, adherence rates at one year are <50%
(Fischer et al., J Gen Intern Med 2010). He added that since 2005, 40 different treatment options
have been approved for type 2 diabetes, with "approximately no change in A1c." "Is CGM the 41st

new therapy to move the needle," he asked, particularly when it is more complicated to use than a
once-daily pill? Dr. Pettus added that CGM's training complexity might be a tall order for PCPs, who
take care of ~94% of patients with type 2 diabetes on orals and don't have time to fill out prior
authorizations and train patients. He also underscored the realities of clinical inertia - after reaching
an A1c of 8%, average time to add a medication was over one year (Brown et al., Diabetes Care
2004). "That's one year to do one click (in the EMR) to prescribe a drug. A complex and time
consuming therapy like CGM (harder to prescribe) will not help overcome patient and physician
inertia." Reimbursement also doesn't exist for CGM in this group, meaning in a best-case scenario a
prescription would be denied.

Oral Presentations: Where is Glucose Monitoring Taking Us?

Sugar.IQ Insights: An Innovative Personalized Machine-Learning Model For
Diabetes Management

Huzefa Neemuchwala, PhD, MBA (Head of Innovation, Medtronic Diabetes, Northridge, CA)

Medtronic's very smart Head of Innovation Dr. Huzefa Neemuchwala shared the first data from the
"limited learning launch" phase of the Sugar.IQ app with Watson - now tag-lined, "Intelligent Diabetes
Assistant App." Results came from de-identified CareLink data in 81 users of the Sugar.IQ app using
MiniMed 530G/Enlite + MiniMed Connect to send CGM data to the app. Relative to baseline metrics (one
month prior), this small group of Sugar.IQ users has experienced a solid 37-minute/day improvement in
time-in-range (p=0.04; baseline not shared), an 11% reduction in sustained hypoglycemia (>120 minutes;
p<0.001), and an 8% drop in sustained hyperglycemia (>120 minutes; p<0.001). Within three days of the
app delivering a pattern "insight," 65% of users have experienced fewer lows and 55% experienced fewer
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highs. In total, Sugar.IQ has now been used by 97 people for an average of two weeks each, and
engagement has been encouraging in this limited launch: an average of 1.5 unique app sessions per day,
78% of users logging food, and 4.8 logged food items per day - persistence over time, particularly with food
and opening the app up, will be THE key question ahead. The very cool Glycemic Assist feature, allowing
users to "follow" a particular food item over time (we love this!), has been popular: 1,886 views in these 97
users so far. Users have "followed" their glycemic response to Dunkin Donuts, Panera Bread, corn flakes, ice
cream, buttermilk biscuits, etc. - pretty squarely in the junk food ("Diabetes Landmines") category, but
hopefully the app will gradually nudge people away from eating them! We include examples below of the
insights Sugar.IQ delivers - so far, this group of users has received 1,119 different contextual, personalized
insights ranging from glycemic control and behavior to hyper- and hypoglycemia to rapid rate-of-change
to boluses. Users have "liked" a notable 89% of the insights, indicating they are finding useful patterns. Dr.
Neemuchwala also shared two Sugar.IQ case studies from patients with longstanding diabetes - the app
identified trends (over-correcting highs, eating a high-carb lunch) and nudged them to change their
behavior (the latter is a phrase Dr. Neemuchwala emphasized). More details and screenshots below!

▪ It's unclear when Sugar.IQ will launch fully, but we assume the biggest gating factor is
approval of the standalone Guardian Connect mobile CGM (under FDA review and
currently in human factors testing). Guardian Connect will stream CGM data to Sugar.IQ
directly via Bluetooth, and should help Medtronic differentiate its standalone mobile CGM offering
from rising competition (Abbott, Dexcom). Per Medtronic's JPM presentation (the last update), a
full launch of Sugar.IQ and Guardian Connect were expected in May-October, though today's
Medtronic Diabetes Analyst Day update said that human factors work is ongoing. Medtronic also
told us it is working with IBM to finalize algorithm for the Sugar.IQ commercial launch.

◦ As a reminder, this app has been fairly delayed. The plan as of last year was to
launch Sugar.IQ by the end of 2016, timing that was updated at JPM. Sugar.IQ was
demoed and "beta launched" in September at Health 2.0 - presumably "the beta launch"
was a previous group, and this data is from the wider release that was alluded to at ATTD.

▪ Sugar.IQ insight examples: In a word, wow! "Planning your day? I see you tend to go low on
Saturday between 12 PM and 3 PM." "I notice that you tend to go low after meals with >20g of
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protein." "Great! I noticed that you had only 1 nighttime low(s) in the last month. Whatever you're
doing, seems to be working very well." "I see that between 6AM and 9AM, your glucose often goes
high (300+ mg/dl) after taking an insulin injection." "After your glucose is high for more than 120
minutes, you then tend to go low."

▪ Looking ahead, Medtronic has also expanded the research on the hypoglycemia
prediction feature, which now has >90% accuracy at predicting hypoglycemia within a
2-4 hour window (80%+sensitivity, 67% positive alert rate). This feature is now using 100+
behavioral models based on unsupervised clustering techniques. Last we heard, this will be included
in a future version of the app, but not the one at launch.

▪ Dr. Neemuchwala provided two case studies of Sugar.IQ noticing a specific glycemic/
insulin/food pattern, giving the user an objective insight, and a resulting human
behavior change. "Simple judgment-free nudges can lead to sustained behavior improvement."
Both were in people with long-standing diabetes (one with type 2 for 20 years on insulin, another
with . One case concerned over-correcting highs, while another concerned eating a high-carb vs.
slightly lower-carb lunch. See the slides below!
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▪ Sugar.IQ uses machine learning to find patterns in diabetes data, and ultimately,
hopes to combine many data sources: CGM and insulin, biometrics, meals/logbook, CRM,
medical and claims, mood, sleep, location. The focus is on putting all this data in one place, then
driving insights and predictions.
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Effect of Continuous Glucose Monitoring on Glycemic Control in Adults Using
Multiple Daily Insulin Injections

David Price, MD (Dexcom, San Diego, CA)

Dexcom's Dr. David Price shared combined type 1 + type 2 data from the DIaMonD study testing CGM
(n=179) vs. SMBG (n=128) in MDIs, the first pooled analysis following type 1 results at ADA 2016 (later
published in JAMA) and type 2 data at ATTD 2017. The combined outcomes were very consistent with the
by-group data: from a pooled baseline A1c of 8.6%, CGM drove a 0.9% reduction in A1c at 24 weeks vs.
0.4% in the SMBG group (adjusted mean difference: 0.5%; p<0.001). Consistent with the by-group results,
age, numeracy, and education had no impact on the A1c benefit of CGM - a very important finding for
expanding CGM to broader populations, especially seniors. Time-in-range metrics strongly favored CGM -
at 12/24 weeks (pooled), CGM users were spending 72 more minutes per day in range (70-180 mg/dl) vs. 9
fewer minutes in the SMBG group (p<0.001). This improvement came almost entirely from less time spent
over 180 mg/dl: -50 minutes per day in the CGM group vs. -13 minutes per day in the SMBG group
(p=0.003). Time in hypoglycemia (<70 mg/dl) also favored the CGM group, but just barely missed
statistical significance: -8 minutes per day vs. +3 minutes per day (p=0.05) from baseline. Notably, 93% of
study participants were using CGM >6 days per week at six months, a sign of (i) strong patient acceptance
of the technology; and (ii) excellent screening by investigators to ensure those in the study would actually
wear CGM. Dr. Price said the type 2 results are pending publication, and we wonder if they could drive
more reimbursement of CGM in the insulin-using type 2 population. Taken with the results of Abbott's
IMPACT and REPLACE, DIaMonD definitely shows the value of CGM in the type 1 AND type 2 populations,
though there is definitely benefit to be gained once decision support is paired with glucose data.

▪ As expected, the impact of CGM rose with baseline A1c - those starting DIaMonD at a
baseline of >7.5% saw a 0.9% improvement in A1c, while those starting at >9.0% saw a 1.4%
improvement. Again, this is a good sign that those not in good control stand to have greater A1c
reduction benefits from CGM.
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▪ Interestingly, only 16% of the CGM group achieved an A1c <7.0% at 24 weeks, lower than
we would have guessed but still much higher than 9% in usual care (p=0.05). Patients were
obviously starting at quite a high baseline A1c in this study, so perhaps a greater percentage was
unrealistic with CGM alone. We expect further behavioral feedback and insulin dosing decision
support will help close the gap further.

▪ Patients in DIaMonD were not a young, tech savvy, "early adopter" population: those in
the CGM group had a mean A1c of 8.6%, a mean age of 52 years, a median diabetes duration of 17
years, a mean SMBG frequency of just 3.6/day, a mean BMI of 31 kg/m , 5% had >1 severe2

hypoglycemia episode in the last year, and 52% had less than bachelor's degree.

A Randomised Controlled Trial of Self-Monitoring of Blood Glucose in
Noninsulin-Treated Type 2 Diabetes: The SMBG Study

David Owens, MD (Swansea, United Kingdom)

Swansea's Dr. David Owens presented rather positive data from the SMBG study, an RCT of SMBG in non-
insulin treated type 2 diabetes. Random assignment to a group that performed structured SMBG resulted in
an early and sustained A1c drop vs. assignment to a group that did not test. Following screening and basic
diabetes education, ~450 patients were assigned to either (i) No SMBG; (ii) SMBG alone; or (iii) SMBG +
telecare. Both SMBG groups received structured SMBG education in an additional visit. Every three months,
A1c, cholesterol, weight, patient-reported outcomes, and (when applicable) 7-point SMBG profiles were
collected - A1c at 12 months was the primary outcome. At one year, the no SMBG group experienced a 0.3%
decline in A1c (baseline 8.6%), while the SMBG and SMBG+telecare groups had whopping declines of 1.1%
(baseline 8.5%) and 1.3% (baseline 8.6%), respectively. We suspect (but have no way to know) that time in
ranges would have been better for the SMBG and SMBG+telecare groups. Impressively, these curves began
to diverge as early as three months into the study, when the no SMBG group had only declined 0.1% and the
SMBG groups had both dropped ~0.6%-0.7%. At the end of the 12-month period, there were nearly three
times as many patients at goal (A1c=7.0%) in both of the SMBG groups vs. the no SMBG group (p<0.001).
Notably, there was no difference in A1c reduction between the SMBG alone and SMBG+telecare groups,
suggesting that remote provider contact in this study was non-inferior to clinic visits. These findings bode
positively for the debate over SMBG in non-insulin users, and fit well into the context of existing literature -
the STeP study, the oft-cited Diabetes Care study from the T1D Exchange (Miller et al. 2013), etc. Even
though the patients in this study didn't take insulin, checking BG clearly caused A1c to drop meaningfully,
presumably from behavioral modifications resulting from the structured testing approach. We wonder
what would happen if this huge trial was run with CGM - SMBG without CGM, blinded CGM, real-time
CGM?

Diabetes Devices and Profiles of the Clinicians Who Prescribe Them

Molly Tanenbaum, MD (Stanford University, Palo Alto, CA)

Stanford's Dr. Molly Tanenbaum presented T1D Exchange/dQ&A data showing that surveyed type 1
diabetes clinicians (n=209) can be divided into three distinct profiles with respect to supporting patients
with CGM: 20% are "Ready," 41% are "Cautious," and 39% fall in the "Not Yet" category. The profile
determinations were based on self-reported attitudes toward technology, time in clinic to review data,
ability to keep up with technology, perceived patient barriers to using CGM, as well as provider and
practice characteristics. Clinicians who fall in the "Not Yet" bin have the hardest time keeping up with new
technology, the lowest proportion of patients with type 1 diabetes, and generally have inadequate clinic time
to review CGM data. "Ready" clinicians - which make up a greater proportion of surveyed clinicians than
CGM penetration metrics might predict - have the easiest time keeping up with new technology, the highest
proportion of patients with type 1 diabetes, and have more time to review CGM data in clinic. Finally, the
"Cautious" group generally had positive attitudes toward CGM, but falls in the middle with regards to
ability to keep up with new technology, number of type 1 patients, etc. Interestingly, this group was the most
likely to endorse barriers to patient uptake - cost, data overload, on-body burden - they consider CGM to be
net beneficial, but they are hesitant to change current therapy. Segmenting providers in this way is
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necessary, Dr. Tanenbaum said, if we wish to support and make them feel comfortable maintaining or
shifting to positive attitudes toward CGM. Dr. Tanenbaum suggested that "Ready" clinicians should be
encouraged to think about what's working well, and what will change if uptake increases; the "Cautious"
group should assess whether patient and provider barriers align and feel comfortable with education and
coaching techniques; and for "Not Yet" clinicians, Dr. Tanenbaum suggested systemic change - if possible,
healthcare system barriers should be addressed to enable increased acceptance. She reminded the audience
that "physicians aren't the reason for low uptake of CGM, but they can be part of the solution" - the fact is
that the current model of prescribing and paying for CGM still demands additional effort from clinicians
(see below image). We absolutely love this work - it's easy to fall into the trap of assuming that the market
will respond as soon as a product becomes available or the tech improves, but changing clinical practice
takes a long time, and providers must see a clear cost-benefit win to making the prescribing leap.

▪ Dr. Tanenbaum bookended her presentation with a theoretical case study to illustrate
how crucial it is to get patients and providers on the same page. At first, "Megan" likes the
accuracy of CGM A, but her doctor wants her to wear CGM B. Because the two aren't aligned, Megan
doesn't wear a CGM. At the end of the presentation, the doctor has agreed to learn how to access and
review data for Megan's preferred CGM, and Megan is wearing her CGM regularly, is less concerned
about hypoglycemia, and has seen a reduction in A1c. This is obviously a simplified case, but it
shows how provider attitude and initiative can have a direct impact on the patient's wellbeing.

▪ In November, Dr. Tanenbaum and colleagues published an important paper in
Diabetes Care, an online survey of T1D Exchange adults (n=1,503) investigating
barriers to pump/CGM uptake and profiling device users versus nonusers. The Stanford
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team is taking a multi-pronged attack to address adoption of diabetes devices, focusing on reducing
barriers for patients and providers alike.

Oral Presentations: Potential Implications of the Affordable Care Act on
Diabetes Care

Connected Glucose Meter Plus Coaching Improves Diabetes Clinical Outcomes
and Decreases Costs

Jennifer Bollyky, MD (VP Clinical Research & Analytics, Livongo, Mountain View, CA)

Livongo VP of Clinical Research and Analytics Dr. Jennifer Bollyky presented retrospective data showing
that Livongo users achieved improved glycemic control and cost savings compared to non-Livongo users.
The study compared medical claims and clinical lab outcomes for Livongo users (n=646) with non-Livongo
users (n=3,014) 12 months before and 12 months after the launch of the Livongo program. At the end of the
period of study, there was a 1.2 percentage point decrease in A1c (p=0.12; we did not catch the baseline), a
significant 37% reduction (64 point total decrease) in total cholesterol (p=0.04), and an 8.3% reduction (10
point decrease) in triglycerides (p=0.80) seen in Livongo users compared with non-users. Dr. Bollyky also
presented cost data showing that Livongo users experienced significantly slowed increase in the cost of
medical claims relative to non-users (5% vs. 13% growth, respectively), resulting in a savings of $136 per
Livongo member per month. We'd note that these savings dwarf the per-month DTC price of the Livongo
service ($49.99 promotional price until August 10, $65 per month thereafter). We assume Livongo still
charges employers and health systems roughly ~$70 per person per month, meaning the ROI is quite good
based on these retrospective results. Of course, a prospective study would tease out the real benefits, but
given the company's growth and continued funding, we assume the cost data is quite promising in real-
world implementation too.

▪ Dr. Bollyky opened with the rationale of Livongo, emphasizing that today's acute care
management approach to diabetes is ineffective. With this, she introduced Livongo's focus
on: a cellular-enabled, two-way messaging BGM device that measures blood glucose; free unlimited
blood glucose test strips; and access to CDEs for real-time support and goal-setting.

Questions and Answers

Q: You're working with specific employers now. What's the cost of service and plans for
expansion to other populations?

A: We just launched a DTC campaign, which is $50 a month (promotional price). It includes the cost of test
strips so you can test as much as you want.

Q: What does the retention of people look like?

A: We have a turnover rate of about 1%, meaning that someone may not be eligible due to employer change.
This usually happens because the person is no longer eligible for the benefits for some reason. We also have
something called "last users," who are not checking their blood glucose. But, employers introduce different
incentives to check. We try to make it as fun as possible and give external reasons to check.

Posters

The Disruption Continues: Negative Impact of Medicare Competitive Bidding
Program

G Puckrein, IB Hirsch, C Parkin, L Xu, DG Marrero

This late-breaking poster shared new data documenting continued striking disruptions of Medicare
beneficiary access to prescribed SMBG supplies following CMS's expansion of its competitive bidding
program (CBP) in 2013. The results follow up on the study's original results (published in Diabetes Care)
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that showed an increase in mortality associated with the CBP in nine test markets in 2011. Scarily, it
appears that the negative impact of the program has only worsened since 2013, when - as a reminder - CMS
expanded the program nationally to both mail order and retail channels with lower reimbursement. This
iteration of the study investigated changes in the acquisition of SMBG supplies by beneficiaries in those nine
test markets (n=43,939) and all non-test markets (n=485,688) in the six months following the national CBP
rollout and identified two major trends: (i) a significant increase in the percentage of beneficiaries who
migrated from full SMBG to partial/no SMBG access in both test and non-test markets; and (ii) a significant
increase in the percentage of insulin-treated beneficiaries with no record for SMBG (from 54.1% in January
2013 to 62.5% by December 2013, p<0.0001). Indeed, the authors estimate that as of January 2014, 37.5%
(n=90,923) of insulin-treated beneficiaries were calculating their insulin dosage with partial/no SMBG.
These results differ greatly from CMS' April 2012 report on adverse outcomes associated with competitive
bidding, which suggested that there was no disruption of access to supplies and no negative healthcare
consequences associated with the program. However, the continued criticism and evidence to the contrary
raises red flags for what is already a heavily scrutinized program. Our biggest question now that the
evidence seems overwhelming … When will CMS actually listen? What will it take to reverse this policy?

Performance of Two Tissue Glucose Monitoring Systems Intended for
Nonadjunctive Use (917-P)

U Kamecke M Link, S Pleus, A Westhoff, C Haug, and G Freckmann

A poster from Dr. Guido Freckmann and colleagues examined the accuracy of the Dexcom G5 CGM and
real-time FreeStyle Libre in a head-to-head comparison of the two EU sensors approved for non-adjunctive
use. The small study assigned 20 patients to wear two of each sensor in parallel for 14 days (G5 sensors
were replaced after seven days). Patients returned to the center three times (48 hours per visit), during
which up to 115 comparison measurements with a BGM were performed. Results indicated that combined
MAD/MARD was 9.6 for the G5 and 11.0 for Libre, while individual sensor MAD/MARD values ranged from
4.8 to 21.6 for the G5 and from 6.9 to 37.2 for Libre. The distribution of individual sensor results is shown
below - showing good clustering around the mean, but definitely some outliers. Dexcom had more sensors
with MAD/MARD under 10, while Abbott's concentrated around 8-12. While the study is small and the
accuracy comparator was BGM, it's highly notable to see head-to-head results, especially because they are
in line with what the companies themselves have reported. Significant outlier values (MAD/MARD values in
>20) occurred with both sensors, though not too often. We hope more studies like this are done to illustrate
real world and comparative performance of different systems. Ultimately, we think both systems are safe
for insulin dosing on aggregate, though obviously some sensors still see outlier values. The key point,
however, is to remember the paucity of data most non-CGM (SMBG) users are using every day to titrate
insulin - just a few sporadic measurements.
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Satisfaction with Continuous Glucose Monitoring: How Do the Experiences of
Insulin-Using Adults with Type 1 Diabetes vs. Type 2 Diabetes Differ? (924-P)

W Polonsky, D Hessler, K Ruedy, and R Beck

A satisfaction analysis from the DIaMonD study reached a very important conclusion: contrary to common
clinical belief, patients with type 2 on MDI are likely to find CGM at least as engaging and valuable as
patients with type 1 diabetes. The study gathered results from the 44-item CGM Satisfaction Scale that was
administered at the completion of DIaMonD (24 weeks) in 102 adults with type 1 and 76 adults with type 2.
Notably, CGM satisfaction was high in both groups, with no significant differences between the type 2 (4.31)
and type 1 groups (4.26) - we emphasize continued design improvement over time as contributing to this
result. Deeper analysis of the satisfaction subscales demonstrated that mean perceived benefits were
significantly higher (p <0.05) among participants with type 2 vs. type 1 (4.39 vs. 4.24), though no
significant differences in mean perceived hassles were observed (1.76 vs. 1.71). In the individual
questionnaire, type 2 patients reported greater satisfaction on those items focused on acquiring new
knowledge or skills (e.g., "CGM taught me new things about diabetes that I didn't know before"). Ultimately,
we love this focus on the type 2 patient experience of wearing CGM, especially because it runs so counter to
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common beliefs: "Type 2s just won't wear CGM ... type 2s are unengaged, type 2s don't need real-time CGM,
etc." Three cheers for providing everyone with diabetes the opportunity to wear real-time sensors and learn
things about their own physiology, food choices, and behavior! Here's hoping these results spawn more
studies that counter the conventional views.

Use of the Accu-Chek Connect System is Associated with Increased Treatment
Satisfaction and Improved Glycemic Control in Individuals with Insulin-Treated
Diabetes (105-LB)

P Mora, A Buskirk, M Lyden, C Parkin, L Borsa, and B Petersen

In a six-month, prospective, multi-center study (n=84), Mora et al. found use of the Accu-Chek Connect
system significantly reduced A1c levels, boosted patient satisfaction, and reduced diabetes-related distress
in insulin users. The Accu-Chek Connect system includes a Bluetooth-enabled BGM (Aviva Connect),
smartphone app (including a bolus advisor), and online web portal, allowing for automatic transmission of
patient data to clinician and patient platforms. At three months, use of the integrated system resulted in a
mean A1c drop of 1.1% (baseline: 8.8%; p<0.001), which was sustained out to six months (-0.9% vs.
baseline; p<0.0001). Satisfaction and distress were measured using the DTSQ and DDS (diabetes distress
scale) respectively: The DTSQ showed high baseline treatment satisfaction (~30 out of a possible 36), and
satisfaction significantly improved nevertheless (see below). Importantly, mean diabetes distress scores
dropped significantly by 0.3 points (p<0.0001), with a notable reduction in regimen-related distress from
"moderate distress" to "not distressed." Daily SMBG frequency increased non-significantly from 2.4 times/
day at baseline to 2.6 times/day at six months. These results strongly point towards the psychosocial and
clinical benefits of connected meters, a major win.( There was no control group, however, so some of the
benefit may be due to a study effect.) We be fascinated to know how much of the benefits could be attributed
to the connected meter and use of the data vs. the bolus calculator function in the Accu-Chek Connect app.
We'd also be interested to see future studies in patients with lower baseline patient satisfaction who may be
less likely to engage with the system regularly. Overall, it's terrific to see a prospective, longer-term study
showing the benefit of a connected meter, which is obviously not a given!
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Sharing the Outcomes and User Experience from India in the First 750 Type 2
Diabetes Patients with the New Libre Pro 14-Day Glucose Sensor (108-LB)

J Kesavadev, L Ramachandran, A Shankar, A David, G Krishnan, S Srinivas, A Ajai, G Sanal,
and S Jothydev

A poster from Jothydev's Diabetes & Research Centers detailed a retrospective analysis of type 2 patients
(n=425; ~60% on insulin) who had used FreeStyle Libre Pro in India. Use of Libre Pro resulted in a 0.37%
drop in A1c at six months (p<0.0001), while a matched control group dropped 0.11% (p=0.07). Fasting
blood glucose fell a notable ~14 mg/dl in the Libre Pro group (p<0.0001), while it only fell 3 mg/dl in the
control group (p=0.17). It was unclear from the poster if patients wore only one 14-day sensor, or if they
wore multiple sensors split over time. The big question for scaling this to a broad population is not whether
sensor data adds value over SMBG data, but how to deploy it for maximum benefit. When should patients
get Libre Pro vs. real-time Libre, who should get it, and how well can clinicians/patients use the sensor data
to change therapies or behavior? The relative 0.26% A1c drop was not very clinically significant, though
perhaps it will improve as experience with Pro mounts and decision support improves. We would've loved to
see a third arm comprised of a matched population that used the unblinded consumer version - the benefits
from in-the-moment feedback would presumably have a larger impact on A1c and other glucose-centric
measures. The poster also delves into patient-reported outcomes from 750 users: ~100% of the patients had
positive experiences in many of the categories measured, including "discreet and convenient use," "complete
glycemic profile over several days and easier integration of report," "painless sensor insertion," and "more
product clinician-patient interaction facilitating better disease management." 90% would be willing to
repeat the procedure, and 80% found the procedure cost-effective (this is huge - a majority of patients in
India pay for medical goods and services out of pocket). We wonder if the providers who guided these
patients through the process would also recount the experience positively, as so many here in the US have at
conferences.

▪ In a separate retrospective FreeStyle Libre Pro analysis from India presented at ADA,
patients in the control group saw an average A1c reduction of 0.7% over the time
period (baseline 9.3%), while the FreeStyle Libre Pro group declined 1.0% (from
9.3%). In both of these studies, we might have expected larger A1c declines with Pro relative to
matched controls, though the trial effect could play a role and perhaps more decision support is
needed.

▪ Interestingly, the most common cause of sensor damage was "accidental wiping off
while taking bath and oil massage." This is a downside to the otherwise awesome back-of-the-
arm wear location. We'll be interested to see if Abbott changes the adhesive to make it stickier, or
gets other wear locations approved. (Of course, patients will wear it wherever, but clinicians are
more likely to follow the back-of-the-arm labeling.)

The Economic Impact of Adopting Professional Continuous Glucose Monitoring
with the FreeStyle Libre Pro System (109-LB)

S Yu

Based on interviews at eight US endocrinology offices, Abbott's Dr. Shensheng Yu estimated that the first-
year equipment cost per office of existing professional CGM technologies (Medtronic iPro2; Dexcom G4),
excluding the sensor, is ~$1,170, while this cost is just ~$75 with the FreeStyle Libre Pro system. The Libre
Pro's inexpensive setup - $65 for the reusable reader, $10 for cable and adapter, and $60 per 14-day sensor
- allows for ~18 individuals to experience professional CGM for the same cost that it takes to simply set up
clinics on one of the other systems. Wow! The hands-off design of the Libre Pro system also cuts down on
time, and therefore cost: Dr. Yu estimates that Libre Pro workflow (outside of analysis/interpretation) takes
10 minutes - five minutes for consultation and application, and five minutes for download. Other reusable,
more hands-on systems (requiring calibration, training, disinfection, etc.) require closer to 45 minutes - 20
minutes for CGM training, 10 minutes for cleaning and disinfecting, and 15 minutes for calibration data
entry. Assuming a nurse's salary of $40/hour, the workflow cost per procedure is under $7 for the Libre Pro
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system, but $30 for existing technology. Per procedure, Dr. Yu also calculated the clinical economic benefit
of using Libre Pro: a ~0.4% reduction in A1c yields an estimated ~$100 in savings, while a 43% reduction in
severe hypoglycemia event rate yields nearly $25 in savings per procedure. Taken together, and subtracting
the $60 cost per procedure (assuming high volume), this comes out to ~$65 saved per patient year on Libre.
The lower equipment and staff costs from Libre Pro, along with the potential clinical benefit, make it a
compelling and quite scalable at a population level. Two real-world retrospective studies of FreeStyle Libre
Pro use in India each demonstrated a ~0.3% reduction in A1c - hypoglycemia was not reported, but we
would love to see an economic analysis from these real-world cohorts. Did Dr. Yu's projections translate
into real world use?

FreeStyle Libre Use for Self-Management of Diabetes in Children and Adolescents
(110-LB)

F Campbell, O Kordonouri, N Murphy, and C Stewart

Results from the SELFY study in UK, Irish, and German children with type 1 diabetes aged 4-17 years-old
indicate that using Abbott's FreeStyle Libre results in several glycemic and extra-glycemic benefits,
including increased time in range, decreased glucose variability, reduced A1c (-0.4%), improved patient and
parent satisfaction, and nearly eliminated fingerstick. After a 14-day run-in with SMBG and a blinded
sensor, participants (n=76) were unmasked and used the FreeStyle Libre (real-time) system for self-
management of diabetes for the next eight weeks. At the end of the eight-week period, relative to baseline,
mean time in range (70-180 mg/dl; the primary outcome!) improved by one hour per day (p=0.0056), time
>180 mg/dl diminished by 1.2 hours per day (p=0.0038), and A1c fell by 0.4% from a baseline of 7.9%. Time
spent <70 mg/dl did not change significantly vs. baseline, even though a decrease in hypoglycemia was the
primary achievement in the IMPACT study of FreeStyle Libre in type 1 adults - then again, in IMPACT,
adults were spending around three hours per day <70 mg/dl at baseline, while these kids and adolescents
were just over 60 minutes per day at baseline. Both teens and parents expressed increased satisfaction
using the DTSQ - likely a byproduct of improved glycemia and all-but-eliminated fingersticks. Indeed,
SMBG readings dropped from a median of 8.0 times per day at baseline to just one time per day at week
eight! FreeStyle Libre scan frequency was consistent at 12.9 times per day over the course of the eight
weeks. (Nearly as high as the 15.1 scans per day seen in adults in IMPACT - again, quite impressive
considering this study was in a pretty young population.) There was no formal control group in this study,
but pediatric users clearly derived glycemic benefit from using FreeStyle Libre, gathered far more glucose
data than at baseline, AND stopped taking fingersticks. In line with the age inclusion threshold for this
study, Abbott announced in May national reimbursement in France for all people with diabetes on intensive
insulin therapy ages four and up - we're not sure where the age cutoffs are for other countries where Libre
is covered.

Clinical Comparison of iWel and Another Continuous Glucose Monitoring (CGM)
Product (121-LB)

D Zeng, JA Pagan, Y Li, X Chen, and A Yu

This head-to-head, company-sponsored study compared Glutalor's off-the-radar iWel CGM (see picture
below) to a Medtronic's Enlite CGM (MiniMed 530G) device. This trial was conducted in China and assessed
iWel performance in 24 people with diabetes ages 16-68 years-old. Both devices were used simultaneously,
and glucose values from SMBG were paired with CGM values to determine accuracy. The iWel CGM
reported an MARD of 11.1% vs. SMBG, while Medtronic's Enlite came in at 15.9%. iWel had 87% of values
fall in zone A of the Clarke Error Grid; 72% of points from Medtronic's CGM fell in this zone by comparison.
iWel has an appealing set of features - no inserter necessary due to a small/short needle-based sensor
(we're not quite sure how this works), real-time readings available directly on smartphones, and only one
calibration needed per day. The wearable is pretty massive, as seen in the picture below. According to the
abstract and website, the iWel device has been used by "more than 36,000 patients/sensors" in several
countries around the world and will be launched in Europe in 2017 (currently filed). It's hard to read too
much into this data right now, since this was a small, company-sponsored study (310 paired points
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analyzed for iWel and 241 for Medtronic's Enlite CGM) and devices can always be cherry-picked from the
manufacturing line in such evaluations. (With CGM, manufacturing scale and reliability is a huge part of
the challenge!) We wonder if this sensor will actually launch in Europe and how accurate it will prove to be
in real-world use. The company's website does not inspire confidence.

▪ A few other trial design notes: iWel was placed on the arm in this trial, while the Medtronic
CGM was put on the abdomen. Is that a fair comparison? The study also used reference SMBG and
not YSI. Still, the 15.9% MARD for Enlite is about right, based on the labeling.
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Device-Supported vs. Routine Titration of Insulin Glargine 300 U/mL (Gla-300)
in T2DM: Efficacy and Safety (131-LB)

S Edelman, S Bain, C Hasslacher, G Charpentier, G Vespasiani, F Flacke, H Goyeau, M
Woloschak, and M Davies

Sanofi presented encouraging results from the AUTOMATIX study comparing its myStar DoseCoach BGM
(integrated insulin glargine dose titration algorithm and BGM) to investigator-recommended Toujeo
titration regimens. In a randomized, multicenter treat-to-target trial, patients with type 2 diabetes (n=151)
were randomized 1:1 to device-supported or routine titrations. After 16 weeks, a higher proportion of
patients achieved the mean fasting glucose target of 90-130 mg/dl without severe hypoglycemia with the
DoseCoach BGM: 46% vs. 37% (not significant). We'd emphasize that in these sorts of studies - comparing
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best-case scenario HCP titration vs. patient-driven automatic systems - showing non-inferiority is a huge
achievement and positive sign. Between study arms, comparable numbers of patients experienced
hypoglycemia and adverse events. In addition, 34% of patients using DoseCoach reached mean fast glucose
of 90-130 mg/dl without confirmed blood glucose reading ≤70 mg/dl, while this percentage was just 15% in
the investigator-recommended titration group (superiority not determined). Similarly, fasting glucose
dropped five additional mg/dl and A1c fell an additional 0.15% in the DoseCoach group, with slightly fewer
events of hypoglycemia (both during the day and at night). In line with many other studies at this ADA, we
see this one as another vote of confidence in automatic basal insulin titration - it works as well as best-case
scenario HCP-driven titration (and often better!), but is much more efficient for the healthcare system and
for patients. We'd love to see how myStar DoseCoach compares to other insulin titration products that are
starting to emerge on the market (see our insulin dose titration competitive landscape) - is an integrated
BGM with titration preferred to an app? How will Sanofi choose to commercialize the DoseCoach BGM vs.
DoseCoach app in the US - will both be offered?

Glucose Monitoring in Noninsulin-Treated Type 2 Diabetes: A Pragmatic,
Randomized Clinical Trial (891-P)

L Young, CM Mitchell, T Gregory, J Buse, M Vu, M Weaver, J Rees, K Grimm, and K Donahue

In this poster, Dr. John Buse's UNC group shows that SMBG in type 2 patients doesn't improve glycemia,
nor health-related quality of life (HRQOL). 450 patients (baseline A1c: ~7.5%) were randomized to one of
three groups: no SMBG, once-daily SMBG, or once-daily SMBG with "enhanced patient feedback including
automatic tailored messages delivered via the meter." After 52 weeks of these interventions, the group with
no SMBG had experienced a 0.04% increase in A1c (baseline 7.52%), the once-daily SMBG group had
experienced a -0.05% A1c drop, and the one-daily SMBG + messaging group had experienced a 0.10% drop
in A1c. None of these changes were statistically, nor clinically, significant, relative to the others (p=0.74).
HRQOL, as measured by the "physical" and "mental" arms of the SF-36 survey, was also unchanged over
the span of a year. Secondary outcomes - the Problem Areas in Diabetes and Diabetes Empowerment Scale
surveys - were not changed significantly in any of the groups, while the Diabetes Symptoms Checklist, a
measure of symptom distress, indicated a decrease in symptomatic burden for the SMBG group (no
messaging) vs. the other groups that approached significance (p=0.06). The authors conclude that "routine
SMBG should not be recommended for patients with type 2 diabetes not treated with insulin." We
understand this study's conclusion - one fingerstick per day did not benefit a fairly well-controlled group of
non-insulin users (baseline A1c: ~7.5%) - though we wonder if the real problem was that it is too little data
to drive any meaningful change. More thoughts on this below.

▪ These findings contrast those seen in the SMBG Study, which was presented on Day 2
of ADA. In that trial, random assignment to a group that performed structured SMBG resulted in
an early and sustained ~1% A1c drop vs. assignment to a group that did not test. Notably, the
baseline A1cs were slightly higher in the SMBG Study (~8.5%), but we're not sure what the
"structured SMBG" looked like in terms of how many times per day and when the enrolled patients
were encouraged to test. These conflicting studies add to this controversial area, and we'll be
fascinated to see what is possible once low-cost real-time CGM is applied to this group.

▪ On a related note to this controversial topic, Drs. Bill Polonsky and Larry Fisher wrote
an interesting Diabetes Care article a few years ago: "Right answer, but wrong question:
self-monitoring of blood glucose can be clinically valuable for noninsulin users." From many
patients' perspectives, the biggest value of SMBG in diabetes (aside from titrating therapy) is to see
the impact of different choices on glucose. This is only possible, however, with paired/more frequent
and structured checking - e.g., before and after meals, before and after exercise, etc. In other words,
in a paradigm of glucose data -> patient learning -> behavior change, a once daily glucose value
might not be expected to achieve miracles, simply because it is not enough data to drive a feedback
loop! Perhaps low-cost CGM will drive more improvement with glucose monitoring in this
population, since it gives more data and immediate real-time feedback. "Oh, eating X does Y to my
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glucose? Oh, walking actually lowers my glucose?" Of course, this theory is nice, but only studies can
confirm if this makes a difference in real-world practice.

User Acceptability of a Long-Term, Fully-Implanted CGM System-Interim Clinical
Results (929-P)

J Lucisano, T Bailey, K Bertsch, P Gupta, L Kurbanyan, S Martha, L Morrow, and J Wilensky

Glysens presented interim user acceptability results from the six-month Figs-GC and one-year FIGS-2 trials
(combined n=26) of the company's fully implantable CGM (no on-body device). A Composite Device
Tolerance Questionnaire shows that Acceptance Index (+2 = unaware of the sensor; 0 = indifferent; -2 =
strong negative) starts around zero, and increases to settle around +1, indicating that the patients are
between unaware of and indifferent to the fully implanted sensor. Acceptance appears notably higher with
the second-gen sensor than the first, and patients at FIGS-2 Site 2 (AMCR Institute) have higher rates of
acceptance thanks to an unspecified "evolved technique" than do those at Site 1 (Prosciento, Inc.). In a
Device Tolerance Questionnaire administered to all FIGS-2 participants, responses suggest that the patients
largely found the implant procedure to be simple, that the implant is in a good location, and that the site is
mostly comfortable (not itchy, not painful, not uncomfortable). The least favorable responses, though still
mostly positive, pertained to having awareness of the device and favoring the implant site, fashion choices,
and thoughts of the implant - still, well over 60% of the patients at least "somewhat agree" that they
sometimes forget they have an implant. The FIGS-2 trial is in progress and we look forward to seeing
accuracy/reliability data for the implantable sensor, along with the form factor of viewing data (receiver
vs. phone vs. watch). A possible indicator for the acceptance of Glysens' sensor will be uptake of Senseonics'
Eversense CGM (smaller implant than Glysens but still requires an on-body transmitter) - this device has
rolled out in a very limited fashion in Europe and was most recently slated for an FDA approval in 4Q17.
GlySens hasn't disclosed a timeline for pivotal trials, FDA submission, or commercialization in the US - of
course, the challenge with such an ambitious wear time (6-12 months) is that the studies take a long time to
do.

Impact of Continuous Glucose Monitoring (CGM) on Hypoglycemia in T1D Adults
on Multiple Daily Insulin Injections (MDI) (932-P)

A Olafsdottir, I Hirsch, J Bolinder, T Heise, W Polonsky, S Dahlqvist, A Frid, E Ahlen, J
Hellman, H Wedel, and M Lind

In an analysis from the recently JAMA-published Swedish GOLD study (n=161), CGM in type 1 patients on
MDI not only significantly reduced A1c by a statistically significant 0.4% vs. SMBG, but also significantly
reduced time <70 mg/dl and <54 mg/dl. Adults with type 1 diabetes (baseline A1c =8.6%) were randomized
to Dexcom G4 or SMBG for 26 weeks, followed by a 17-week washout, and then 26 weeks in the other
treatment arm. The JAMA publication contained high-level data showing A1c and hypoglycemia reduction
on CGM, but this poster further breaks down the improvements in hypoglycemia: overall time <70 mg/dl
was cut from 4.8% on SMBG to 2.8% on CGM, while time <54 mg/dl was reduced from 1.9% on SMBG to
0.8% on CGM. CGM reduced daytime <70 mg/dl by 40% (4.5% to 2.7%) and <54 mg/dl by 54% (from 1.7%
to 0.8%). CGM also drove strong reductions in nighttime hypoglycemia: time <70 mg/dl was reduced by
49% (5.5% to 2.8%), and time <54 mg/dl was cut by a striking 65% (2.5% to 0.9%). These marked
improvements can be seen clearly in the graphs below. The poster also shared that the coefficient of
variation (CV) was reduced slightly from 40% on SMBG to 37% on CGM. As in Dexcom's DIaMonD trial,
CGM significantly reduced time spent in hypoglycemia for those on MDI - to our knowledge, granular day/
night DIaMonD data hasn't been published, but we'd expect to see the same patterns. We hope that the
growing data supporting the superiority of CGM over SMBG, even for MDI, begets positive decisions from
payers, regulators, and even prescribers, so that more people can have access to this life-changing
technology.
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Lifestyle Coaching Plus Connected Glucose Meter with CDE Support Improves
Blood Glucose and Weight Loss for People with Type 2 Diabetes (957-P)

J Bollyky, D Bravata, J Yang, and J Schneider

In this poster, Livongo teamed up with Restore Health to investigate the incremental effect of supplementing
its service with intensive lifestyle coaching in overweight patients with type 2 diabetes and elevated A1C
levels. Study participants who been on the Livongo program for at least 80 days but had still not achieved
their target glucose were randomized to receive one of four possible interventions over the course of 12
weeks: Livongo only, meaning a cellular BGM and CDE coaching (n=75); Livongo + a connected weight
scale (n=115); Livongo, the connected scale, and "lightweight" coaching (n=73); and Livongo, the connected
scale, and "intensive" coaching (n=67). Coaching consisted of an on-boarding call and daily text messages
and activities aimed at improving factors associated with insulin resistance. Lightweight and intensive
coaching differed in the length of the on-boarding call and the degree of lesson, meal rating, text, and
activity personalization. The investigators found that the Livongo program, alone, significantly boosted
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blood glucose control (mean estimated A1c decreased from 8.5% to 7.5%; p=0.01). Adding coaching into the
equation, mean weight loss and mean blood glucose improved more among those in the intensive and
lightweight groups as compared to the scale only groups (-6.4, -4.1, -1.1 pounds, respectively; and -19.4,
-11.3, -2.9 mg/dl respectively). While the intensive coaching resulted in greater improvements as compared
to lightweight coaching, the differences were not found to be significant. Interestingly, even when
participants did not reach their target A1c, many still achieved weight loss and improved blood glucose
control. Intensive coaching also boasted greater engagement, as those in the intensive group had on
average 36 more coaching conversations than those in the lightweight group (44 vs. just 8). Although the
clinical data suggests Livongo + intensive coaching as an effective option for those experiencing a plateau in
reaching their diabetes management goals, it should be noted that the 12-week program costs were a
whopping 5.5 times higher for those receiving intensive versus lightweight coaching. This begs for a deeper
analysis from a health economics perspective - how much does the intensive coaching save in healthcare
costs vs. lightweight coaching? We'd also be interested in sub-analyses sorting out whether some patients
are more likely to be responders in one group or another. Plus, we weren't clear on how intensive coaching
alone compares to Livongo alone. To mitigate overall costs, future work should also focus on investigating
which aspects of the intensive coaching are integral to the major improvements indicated in this study.

Cost Calculation and Adherence to Guidelines for a Flash Continuous Glucose
Monitoring System for Adults with Type 1 Diabetes Mellitus Using Intensive
Insulin: a UK NHS Perspective (1325-P)

R Hellmund

Using statistics from the IMPACT study of Abbott's FreeStyle Libre in type 1 patients and real-world data
presented at ATTD, Mr. Richard Hellmund made a compelling cost-effectiveness argument for the use of
FreeStyle Libre over SMBG. A FreeStyle Libre sensor costs £48.29 (~$60 USD), and Mr. Hellmund's
analysis assumes that patients use 26 per year (one every two weeks), equating to £1,255.54/patient-year.
In the IMPACT trial, patients also performed 0.5 SMBGs per day, which Mr. Hellmund's calculated adds an
additional £60.23/patient-year for supplies, resulting in a FreeStyle Libre-wearing total of £1,315/patient-
year. He then compared this cost to three different SMBG scenarios: (i) 2015 UK NICE guidelines calling for
10 SMBGs per day; (ii) 5.6 SMBGs per day seen in the run-in period of the IMPACT trial; and (iii) 16 SMBGs
per day - the number of times people check their blood glucose with FreeStyle Libre in the real-world. Based
on reasonable assumptions for cost per lancet (£0.04) and strip (£0.29), Mr. Hellmund estimated the
following cost differentials by scenario: (i) UK NICE guidelines: FreeStyle Libre costs £111.27 more per
patient-year than SMBG; (ii) RCT testing frequency: FreeStyle Libre costs £641.25 more per patient-year
than SMBG; and (iii) Real-world testing frequency: FreeStyle Libre costs £611.43 less than SMBG per
patient-year (see table below). The first two scenarios are certainly more realistic than the third, and SMBG
will likely be cheaper than flash glucose monitoring for the foreseeable future, but Mr. Hellmund pointed out
that flash monitoring has the potential to reduce costly complications. For example, in IMPACT, Libre was
associated with a 48.5% reduction in low glucose events (<45 mg/dl) - one prevented episode of severe
hypoglycemia, with a single hospital admission estimated to cost approximately £1134 ($1433) at 2016
prices, would completely flip the script and rationalize the value of Libre. Additionally, implementation of
flash monitoring systems may decrease occurrence of cardiovascular complications through decreased
hypoglycemia and hyperglycemia, while also decreasing overall utilization of healthcare resources (as
demonstrated in IMPACT). Patients test nearly three times as much with Libre vs. SMBG, potentially aiding
in reduced complications long term, which are a much bigger economic drain on the system than the sensor
itself. At least 13 countries, including France, Belgium, and Germany, have come to this realization and offer
full or partial reimbursement for the device.

Assumed: # of
fingersticks per day

Annual Cost of
SMBG per patient
(£)

Annual Cost
of FreeStyle
Libre + 0.5
SMBGs/day

Annual
cost of
FreeStyle
Libre
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per patient
(£)

relative to
SMBG per
patient (£)

NICE
Guideline
Testing
Frequency

10 1204.50 1315.77 +111.27

RCT Testing
Frequency
(based on

IMPACT trial)

5.6 674.52 1315.77 +641.25

Real-world
testing
frequency
(based on real-

world data from

55,000+

patients using

Libre)

16 1927.20 1315.77 -611.43

Joint ADA/AACC Symposium: The Role and Utility of Glycated Proteins -
Beyond A1c

Technical Challenges

David Sacks, MD (NIH, Bethesda, MD)

Dr. David Sacks discussed the ways in which alternative measures of glycemic control can complement and
account for insufficiencies in A1c. His thoughts spanned from the reasons that A1c deviates from reality
(e.g., anemia) to the strengths and limitations of fructosamine, glycated albumin (GA), and 1,5
anhydroglucitol (1,5 AG). In his view, GA has a number of advantages considering that there is no impact
from renal disease, pregnancy, or cirrhosis and that there is no impact from serum albumin levels. It also
better correlates to postprandial hyperglycemia than A1c, and with efforts to standardize this metric
underway, he shared confidence that the use of GA will begin gaining some traction "in the next few years."
Ultimately, he stressed that a multi-modal approach using a combination of biomarkers may ultimately
better predict long-term complications. Instead of using a new biomarker to assess glycemia, we'd prefer to
see wider use of CGM sensors in all forms (real time and professional) to actually measure glucose - this is
the metric that matters, and according to Dr. Rich Bergenstal, two weeks of CGM data is quite predictive of
90 days of data.

Symposium: Technology and Automation for Inpatient Insulin
Management

Advances in Glucose Monitoring in the ICU

Stanley Nasraway, MD (Tufts Medical Center, Boston, MA)

Dr. Stanley Nasraway characterized the future of the inpatient glucose management field as "chilling," in
part due to ambiguous FDA metric targets and the NICE sugar trial results, which put a major damper on
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the field and greatly reduced investment. According to Dr. Nasraway, there are just three companies
pursuing inpatient glucose management devices - OptiScan, Glysure, and Admetsys - and the OptiScanner
is the only continuous glucose monitoring system to have completed a pivotal study in the US. The
OptiScanner 5000 is currently under FDA review and has been shown to be incredibly accurate in critically
ill patients: A multi-center, accuracy trial (n=200) demonstrated a MARD of 7.6% with over 95% of the data
collected located in Zone A of the Clarke Error Grid. Furthermore, population coefficient of variation (PCV)
was reported to be an impressive 9.8% (PCV commonly falls in the 20%-30% range for similar systems).
The device connects to a venous line, extracts just 0.1 ml of blood, centrifuges the sample, and performs
midinfrared spectroscopy to directly measure plasma blood glucose. Spectroscopy requires zero calibration,
and the system provides automated readings, generally set to record every 15 minutes. We especially like
the automatic and accurate readings, which translate to huge reductions in burdens for nurses, as well as
improved information on trends and time in range, particularly at night. We do expect the subcutaneous
CGM companies to move into this area, though it will obviously take them time as they continue to focus on
the outpatient markets. Cost-effective and accurate inpatient glucose monitoring is critical, as patients are
often unable to self-administer their intensive insulin therapy and may have extraneous physiological
factors altering their glycemia. We hope this field sees a resurgence as the technology improves and studies
show the clear ROI of saving nursing time and (hopefully) improving patient outcomes.

▪ In an already incredibly limited market, the statuses of the remaining two companies,
GlySure and Admetsys, are currently unknown. The GlySure system operates via a fiber
optic sensor, which sits in the blood stream, requiring an initial three calibrations followed by once-
daily calibrations for the remainder of use. A somewhat promising MARD of 9.9% was reported;
however, Dr. Nasraway claims GlySure is now targeting the outpatient market, so progress for the
inpatient population is unknown. Admetsys is a closed-loop system that mixes dextrose and insulin
through a central venous catheter with another line for a glucose oxidase sensor. The system aims to
prevent hypoglycemia and keep glucose levels within a defined range. Whether this will be
implemented in the ICU is unclear and the company has no plans to test in the inpatient setting
until at least 2018.

▪ Just days before ADA began, Admetsys received an investment (of undisclosed size)
from T1D Exchange. The funding was part of T1D Exchange's "multi-million dollar initiative" to
support the development of automated insulin delivery technologies. As a reminder, Bigfoot
Biomedical won the first investment from this initiative back in February.

Corporate Symposium: Clinical Benefits of Flash Glucose Monitoring
(Sponsored by Abbott)

Flash Glucose Self Monitoring in Children and Adolescents with Type 1 Diabetes:
the Selfy Study

Olga Kordonouri, MD (Children's Hospital, Hanover, Germany)

Dr. Olga Kordonouri (Children's Hospital, Hannover, Germany) presented data from the single-arm SELFY
Study of FreeStyle Libre in pediatrics (ages 4-17), showing strong 1+ hr improvements in time-in-range per
day vs. baseline. At the end of the study period (two weeks blinded compared to eight weeks unblinded),
participants (n=76; 58% pump users) saw time in range improve by a whopping 1 hour/day (p=0.0056),
A1c drop by 0.4% (p<0.0001; baseline 7.9%), and time >180 mg/dl fall by 1.2 hours/day (p=0.0038). To our
surprise, time spent <70 mg/dl did not change significantly vs. baseline, even though decrease in
hypoglycemia was the primary achievement in the IMPACT study of FreeStyle Libre in type 1 adults -
perhaps this pediatric group had parents much more mindful of hypoglycemia. Pediatric patients scanned
12.7 times per day, on average, nearly as frequently as the 15.1 times per day seen in their adult
counterparts in IMPACT, whereas SMBG frequency fell from a median of 8.0 to 1.0 per day during the eight
week portion - talk about confidence in the system! Median sensor duration was 13.4 days (a good sign for
adhesive in an active population), there were only three reported mild device-related events, and both
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parents and teens indicated increased treatment satisfaction. There was no formal control group in this
study, but it is evident that pediatric patients have improved glycemic outcomes on FreeStyle Libre and will
use the sensor, and the increased discretion and reduced need to perform fingersticks are equally
compelling, particularly for this age group. This data will also be presented Sunday in the poster hall
(110-LB).

Flash Glucose Monitoring: Patterns and Impact on Glycemia in Real Life Settings

Ramzi Ajjan, MD (University of Leeds, UK)

Dr. Ramzi Ajjan supplemented real-world FreeStyle Libre data presented at ATTD with new cuts showing
increased time in range and decreased time in hyperglycemia from increased scanning, and even a country-
by-country breakdown! The ATTD data showed that when individuals from the >55,000-user-strong cohort
scanned at higher frequencies, they presented with lower A1cs and spent less time in hypoglycemia. The
additional results today also suggested that scanning with a higher frequency increased time in range and
reduced time in hyperglycemia - we didn't get clear pictures to parse out the magnitude of the effect, but
we'll be back in short order as soon as we do. On a more encouraging note, we were able to snag the very
cool photo below - it depicts the regional differences in baseline hyperglycemia (hours per day above 180
mg/dl) and hypoglycemia (hours per day below 70 mg/dl), as well as the effects of sustained use (clockwise
from top left: Germany, Spain, France, UK, Italy, and other). It is fascinating to see how the healthcare (and
diabetes care) systems, diets, and other customs contribute to slightly different population-wide glycemic
patterns. That said, more FreeStyle Libre scans, no matter which country, consistently resulted in lower
hyperglycemia and hypoglycemia - very confidence inspiring. With two major outcomes trials (IMPACT,
REPLACE), 300,000+ patients using the device (many non-adjunctively) overseas, and real world in this
>55,000-user group, it will be interesting to see how the FDA approaches this product review (especially for
non-adjunctive use).
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Clinical Benefits of Professional Flash Glucose Monitoring: the Indian Experience

V. Mohan, MD, PhD (Diabetes Specialty Center, Chennai, India)

Acclaimed diabetologist Dr. V. Mohan presented retrospective, real-world data demonstrating significant
A1c reductions from the use of FreeStyle Libre Pro across seven diabetes clinics in India. Dr. Mohan et al.
mined the EMRs of these diabetes clinics for data from patients from March 2015 to October 2016 - one
group had used FreeStyle Libre Pro (n=2,536), while the other consisted of matched controls (n=2,536).
Overall, patients in the control group saw an average A1c reduction of 0.7% over the time period (baseline
9.3%), while the FreeStyle Libre Pro group declined 1.0% (from 9.3%). The type 1 cohort who used Pro saw a
0.7% reduction (baseline 9.6%) vs. a 0.2% reduction in the matched controls (baseline 9.6%), while the type
2 Libre Pro cohort experienced a 0.9% decline (baseline 9.2%) vs. a 0.7% reduction in the matched controls.
There were no significant differences between male and females in the study, and impressively, Libre Pro
use yielded A1c reductions across the board, irrespective of age. We did find it odd that the control group
improved so much, since this wasn't a clinical trial. The incremental gain with Libre Pro was a 0.5% A1c
advantage in type 1 and a 0.2% advantage in type 2, both from very high baselines. We might have expected
larger declines, but this wasn't a formal study. A1c reductions were seen at all seven sites, though there was
a very wide range of observed declines from site to site - the smallest A1c drop was 0.4%, while the largest
was 2.1%! Why are some clinics doing so much better than others, despite starting from similar baselines? Is
it an inherent property of the demographic a clinic serves, or is it a modifiable procedural component of
care, or a mixture of both? Dr. Mohan and co. did perform multiple regressions to determine the factors that
made patients more likely to be Libre Pro non-responders (aka to not see a marked A1c drop after 14 days of
wear): They found that longer duration of diabetes, time to follow-up A1c test (the beneficial A1c effect
disappears), and insulin user were all associated with a lack of A1c reduction.

▪ Dr. Mohan offered some grim commentary on diabetes care in India: He reminded us
that patients pay for everything out of pocket - for this reason, there are a miniscule number of
patients on pumps, and "you're lucky if you can get them on MDI." He later added in Q&A that a
sensor in India costs 2,000 rupees (~$30), but physicians tack on ~1,000 rupees for application,
data download, data review, etc., putting the total closer to ~$45. A Libre Pro sensor in the US costs
$60, but is covered by most insurance plans for up to four bouts per year. FreeStyle Libre is
definitely a technology that can scale to meet a market like India, so we hope with volume the cost of
Pro can come down even further - or perhaps other relationships could be forged with government
to cover some of the costs.

Corporate Symposium: Continuous Glucose Monitoring as Standard of
Care: Clinical Outcomes, Improved Access and Therapeutic Use (Sponsored
by Dexcom)

Continuous Glucose Monitoring in Patients Treated With MDI

Richard Bergenstal, MD (International Diabetes Center, St. Louis Park, MN)

Dr. Richard Bergenstal provided a thorough overview of the utility of CGM in patients on MDI (both type 1
and type 2), focusing on the proven benefit of CGM independent of pumps. He pulled from a host of recent
literature - including the JAMA-published DiaMonD and GOLD studies - to make a number of important
points: (i) CGM indisputably improves glucose control when used consistently; (ii) CGM improves time-in-
range without increasing hypoglycemia; (iii) CGM is beneficial regardless of education, age, numeracy, and
a number of other demographic factors; and (iv) CGM reduces diabetes distress. He emphasized, too, that
access to CGM readings has been shown to improve glucose control WITHOUT changing daily insulin
dosage, suggesting that there is a significant effect on lifestyle (that, in his view, is often underappreciated).
Dr. Bergenstal closed by applauding the FDA's non-adjunctive label approval for Dexcom's G5 ("a HUGE
step forward") and sharing big hopes for the benefit of CGM in the Medicare population (once the details of
administering coverage are figured out).
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Clinical Review Of Patients

Steve Edelman, MD (University of California San Diego, CA)

In a discussion of the clinical benefits of CGM, the outspoken Dr. Steve Edelman left no doubt about his
views on the value of the technology, stating "CGM is the single most important advance for type 1 diabetes
since the discovery of insulin," and going on to note even more emphatically that, "not using CGM in type 1s
is bordering on malpractice." He highlighted the value of trend arrows ("if you don't look at those, you're
missing one of the most important parts of your CGM"), the challenge of adjusting insulin around glucose
variability ("every day is different for a person with type 1 … despite following the same rules"), the
importance of education around alerts and alarms, and the even brighter future for CGM (more accurate,
less interference, etc.). Of course - as he has done before - he also did not pass on the opportunity to share
with providers his "strong" view against blinded CGM: "If you can engage a patient, then that's the key.
Engagement is the KEY with CGM. You want patients to see in real time, 'Gee, look what happens when I
forget my medication!' Do we blind home glucose monitoring? No, of course not!" (We'd note that for those
not willing to wear real-time CGM or unable to afford it, blinded CGM is better than very limited/no glucose
data at all.)

iDCL Update

Boris Kovatchev, PhD (UVA, Charlottesville, VA)

Dr. Boris Kovatchev's broad overview of his team's contribution to automated insulin delivery research was
highlighted by new preliminary data from the now "complete" training phase (n=20) of the NIH-Funded
International Diabetes Closed-Loop (iDCL) Trial that continues to show promising time-in-range and
hypoglycemia numbers in a small group of patients. Dr. Kovatchev shared data from 11 individuals in
which the training protocol achieved strong glucose control consistent with past results shared at ATTD:
overall mean glucose of 145 mg/dl (150 mg/dl in the "first half of the night"; 125 mg/dl in the "second half of
the night"), just 1% of the time <70 mg/dl, and 77% of the time in 70-180 mg/dl (75% in the "first half of the
night"; 91% in the "second half of the night"). We have not seen this cut of the overnight iDCL data before,
though the improvement as patients get further into sleep is consistent with this algorithm and awesome for
the user experience and waking up around 120 mg/dl to start every day. Notably, Dr. Kovatchev also
highlighted the very notable win that patients saw no readings <60 mg/dl or >300 mg/dl, evidence that the
system is mitigating the most dangerous of highs and lows, particularly with automatic correction boluses
to stem highs. We hope this data will also be borne out by the main phase of the trial (CT.gov posting here),
which Dr. Kovatchev confirmed will begin "soon" (no specific timing update, though Tandem said the same
yesterday). As a reminder, the main study will serve as Tandem/TypeZero's hybrid closed loop pivotal (still
not yet open for recruitment, according to ClinicalTrials.gov) and will randomize 240 patients in a 2:1 ratio
of closed-loop control vs. sensor-augmented pump therapy over six months.

▪ Dr. Kovatchev included a critique of the Bionic Pancreas, noting that some of the
results with insulin-only systems have actually seen less hypoglycemia than those with
the dual hormonal system - "Interesting to note considering that glucagon is supposed
to reduce this." Of course, we'd emphasize that it's impossible to compare across trials given the
entirely different study designs (sedentary vs. exercise/meals), study populations (pediatrics vs.
adults), meal bolus strategies (announcement or not), study lengths, and study settings (super
challenging diabetes camp settings vs. less challenging daily ambulatory life settings vs. less
challenging inpatient studies). In our view, this debate will only be settled when head-to-head data
AND user preference information is available. The benefits vs. costs of different systems will
obviously vary greatly between users and even within users over time.
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Product Theater: It's Time to Rethink Professional Continuous Glucose
Monitoring - The New FreeStyle Libre Pro System (Sponsored by Abbott)

It's Time to Rethink Professional CGM: The New FreeStyle Libre Pro System

Daniel Einhorn, MD (UC San Diego, CA)

Speaking to an overflow audience ("overflow" is actually an understatement, as every seat was filled and
about 70 folks were left either sitting on the floor or standing), Dr. Daniel Einhorn espoused the tremendous
benefits he has seen in his own practice with Abbott's FreeStyle Libre Pro: "This technology is so good and
has had such enormous impact on my practice and my patients, I couldn't resist [speaking here today]." Dr.
Einhorn stressed a number of the classic arguments we hear in favor of Libre Pro (highly accurate after
Day 1, no calibrations, no effort on the part of patients, no disinfecting, easy start and download with a
single HCP-owned reader) and his enthusiasm was evident throughout his lecture: "Anybody worthy of
getting an A1c is worthy of getting this kind of monitoring because it provides that granularity that is
needed for therapy decisions"; "Patients with SMBG may be way off and may not know it because they don't
understand the nuances of BG testing … So if I care enough to have you come in and talk with me, then I'm
going to use Libre and look at that data." He also addressed attendees' angst about the real-time version of
Libre, noting that that is a "different animal" but stressing that retrospective data - in and of itself - can be
extremely valuable for patients and providers alike. Notably, a poll of the audience showed that only about
10-15% of the room was currently using Libre Pro in their practices (though we're not sure what percentage
of the audience were clinicians based where Pro is available). We see tremendous runway for this
technology to revolutionize the glycemic picture for those unwilling/unable to wear real-time CGM.

Special Event: U.S. Diabetes Exchange & Experience event (dX2)
(Sponsored by Abbott)

Visualizing the Future of Diabetes Management

Jo Boaler, PhD (Stanford University, Palo Alto, CA), George Grunberger, MD (AACE,
Bloomfield Hills, MI), Joel Goldsmith (Abbott, San Francisco, CA)

Abbott's Mr. Joel Goldsmith boiled down the digital transformation of diabetes care to three main trends:
The shifts from strips to sensors, from proprietary handheld devices to connected consumer electronics as
the preferred user interface, and from desktop application analytics to cloud-based services. CGM is
becoming the standard of care, making the capture of dense glucose data almost effortless and much more
cost effective - this dense data makes it easier to visualize trends and patterns. [He took the opportunity to
remind attendees that FreeStyle Libre consumer is currently available in 35 countries and used by
300,000+ patients, though is still under review by FDA.] Similarly, smartphones are becoming intertwined
with standards of medical care - they are pervasive, and are more and more an integral part of
traditionally highly-regulated medical devices. Not only do they offer a familiar user interface and a
constant source of connectivity, but they reduce the burden associated with carrying additional devices on
one's person. Finally, moving to the cloud is enabling instantaneous, widespread sharing and new forms of
advanced data analytics, "helping to deliver on the promise of precision medicine." Taken together, these
three shifts are lowering the barrier to both insight generation and access, and are beginning to deliver
outcomes. Mr. Goldsmith concluded by explaining why diabetes may be the "perfect candidate" for machine
learning and AI: It is data-intensive, largely self-managed (increasingly through connected consumer
electronics), and a growing global epidemic. We are seeing signs of life in this turf - automated retinopathy
screening, Medtronic/IBM Watson's Sugar.IQ (more on this in an oral session tomorrow), and One Drop
just laid the foundation for future AI intervention this morning with its Amazon Alexa integration.
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Digital Health

Oral Presentations: Where Is Glucose Monitoring Taking Us?

Sugar.IQ Insights: An Innovative Personalized Machine-Learning Model For
Diabetes Management

Huzefa Neemuchwala, PhD, MBA (Head of Innovation, Medtronic Diabetes, Northridge, CA)

Medtronic's very smart Head of Innovation Dr. Huzefa Neemuchwala shared the first data from the
"limited learning launch" phase of the Sugar.IQ app with Watson - now tag-lined, "Intelligent Diabetes
Assistant App." Results came from de-identified CareLink data in 81 users of the Sugar.IQ app using
MiniMed 530G/Enlite + MiniMed Connect to send CGM data to the app. Relative to baseline metrics (one
month prior), this small group of Sugar.IQ users has experienced a solid 37-minute/day improvement in
time-in-range (p=0.04; baseline not shared), an 11% reduction in sustained hypoglycemia (>120 minutes;
p<0.001), and an 8% drop in sustained hyperglycemia (>120 minutes; p<0.001). Within three days of the
app delivering a pattern "insight," 65% of users have experienced fewer lows and 55% experienced fewer
highs. In total, Sugar.IQ has now been used by 97 people for an average of two weeks each, and
engagement has been encouraging in this limited launch: an average of 1.5 unique app sessions per day,
78% of users logging food, and 4.8 logged food items per day - persistence over time, particularly with food
and opening the app up, will be THE key question ahead. The very cool Glycemic Assist feature, allowing
users to "follow" a particular food item over time (we love this!), has been popular: 1,886 views in these 97
users so far. Users have "followed" their glycemic response to Dunkin Donuts, Panera Bread, corn flakes, ice
cream, buttermilk biscuits, etc. - pretty squarely in the junk food ("Diabetes Landmines") category, but
hopefully the app will gradually nudge people away from eating them! We include examples below of the
insights Sugar.IQ delivers - so far, this group of users has received 1,119 different contextual, personalized
insights ranging from glycemic control and behavior to hyper- and hypoglycemia to rapid rate-of-change
to boluses. Users have "liked" a notable 89% of the insights, indicating they are finding useful patterns. Dr.
Neemuchwala also shared two Sugar.IQ case studies from patients with longstanding diabetes - the app
identified trends (over-correcting highs, eating a high-carb lunch) and nudged them to change their
behavior (the latter is a phrase Dr. Neemuchwala emphasized). More details and screenshots below!
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▪ It's unclear when Sugar.IQ will launch fully, but we assume the biggest gating factor is
approval of the standalone Guardian Connect mobile CGM (under FDA review and
currently in human factors testing). Guardian Connect will stream CGM data to Sugar.IQ
directly via Bluetooth, and should help Medtronic differentiate its standalone mobile CGM offering
from rising competition (Abbott, Dexcom). Per Medtronic's JPM presentation (the last update), a
full launch of Sugar.IQ and Guardian Connect were expected in May-October, though today's
Medtronic Diabetes Analyst Day update said that human factors work is ongoing. Medtronic also
told us it is working with IBM to finalize algorithm for the Sugar.IQ commercial launch.

◦ As a reminder, this app has been fairly delayed. The plan as of last year was to
launch Sugar.IQ by the end of 2016, timing that was updated at JPM. Sugar.IQ was
demoed and "beta launched" in September at Health 2.0 - presumably "the beta launch"
was a previous group, and this data is from the wider release that was alluded to at ATTD.

▪ Sugar.IQ insight examples: In a word, wow! "Planning your day? I see you tend to go low on
Saturday between 12 PM and 3 PM." "I notice that you tend to go low after meals with >20g of
protein." "Great! I noticed that you had only 1 nighttime low(s) in the last month. Whatever you're
doing, seems to be working very well." "I see that between 6AM and 9AM, your glucose often goes
high (300+ mg/dl) after taking an insulin injection." "After your glucose is high for more than 120
minutes, you then tend to go low."

▪ Looking ahead, Medtronic has also expanded the research on the hypoglycemia
prediction feature, which now has >90% accuracy at predicting hypoglycemia within a
2-4 hour window (80%+sensitivity, 67% positive alert rate). This feature is now using 100+
behavioral models based on unsupervised clustering techniques. Last we heard, this will be included
in a future version of the app, but not the one at launch.

▪ Dr. Neemuchwala provided two case studies of Sugar.IQ noticing a specific glycemic/
insulin/food pattern, giving the user an objective insight, and a resulting human
behavior change. "Simple judgment-free nudges can lead to sustained behavior improvement."
Both were in people with long-standing diabetes (one with type 2 for 20 years on insulin, another
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with . One case concerned over-correcting highs, while another concerned eating a high-carb vs.
slightly lower-carb lunch. See the slides below!
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▪ Sugar.IQ uses machine learning to find patterns in diabetes data, and ultimately,
hopes to combine many data sources: CGM and insulin, biometrics, meals/logbook, CRM,
medical and claims, mood, sleep, location. The focus is on putting all this data in one place, then
driving insights and predictions.
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Oral Presentations: From Prediction to Transition - Type 1 Diabetes
Mellitus Across Stages

Glucose Control as Measured by A1c in Diabeter Clinic Patients Compared with
T1D Exchange Patients

Henk Veeze, PhD (Diabeter Clinic, Rotterdam, The Netherlands)

Dr. Henk Veeze presented data showing that Diabeter Clinic type 1 patients achieved lower A1c outcomes
compared to the representative T1D Exchange population. The study compared A1c values of patients seen
at four Diabeter clinics (n=1,162) in the Netherlands for over one year to published data from T1D Exchange
patients (n=13,899), from 2015-2016. According to the findings, Diabeter patients (mean age of 16 years;
47% MDI, 44% pumps, and only 9% sensor-augmented pumps) reached A1c levels 0.85% lower (p<0.0001)
vs. T1D Exchange patients (mean age of 14 years; 40% MDI, 43% pumps, and 15% sensor-augmented
pumps). In addition, more than twice as many Diabeter patients reached A1c <7.5% compared to the T1D
Exchange group: 42% vs. 21%. As background, the now Medtronic-owned Diabeter Clinics deliver
standardized, value-based, comprehensive care to pediatric type 1 diabetes patients with the VCare system,
which uses meter, pump, and CGM uploads to automatically generate personalized treatment assessments.
Therapy advice is then sent via email to patients between clinic visits. Dr. Veeze closed by emphasizing that
use of the Diabeter care model with frequent communication may facilitate improved pediatric glucose
control. For more on Diabeter and its acquisition by Medtronic, please see our 2015 interview on the
acquisition as well as Medtronic's latest quarterly update. Medtronic has talked generally about expanding
this work across the globe, though no material updates have been shared on the number of clinics and pace
of expansion.

Questions and Answers

Q: Do you have a plan to make this IT process available for other centers to utilize?
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A: A number of countries have questions about this. We have set ourselves up and we need co-investment,
which is why Medtronic acquired our clinic. With Medtronic, we'll go further and we'll see where we can
expand. There are a number of opportunities in different countries and we're getting ready to get involved.

Q: Do you have any further analysis of outcomes in relation to use of your system? For
example, is there an association between the number of uploads or messages with clinical
outcomes?

A: The more the patient engagement - uploads, messages, and data - the more tremendously the clinical
results improve.

Oral Presentations: Potential Implications of the Affordable Care Act on
Diabetes Care

Connected Glucose Meter Plus Coaching Improves Diabetes Clinical Outcomes
and Decreases Costs

Jennifer Bollyky, MD (VP Clinical Research & Analytics, Livongo, Mountain View, CA)

Livongo VP of Clinical Research and Analytics Dr. Jennifer Bollyky presented retrospective data showing
that Livongo users achieved improved glycemic control and cost savings compared to non-Livongo users.
The study compared medical claims and clinical lab outcomes for Livongo users (n=646) with non-Livongo
users (n=3,014) 12 months before and 12 months after the launch of the Livongo program. At the end of the
period of study, there was a 1.2 percentage point decrease in A1c (p=0.12; we did not catch the baseline), a
significant 37% reduction (64 point total decrease) in total cholesterol (p=0.04), and an 8.3% reduction (10
point decrease) in triglycerides (p=0.80) seen in Livongo users compared with non-users. Dr. Bollyky also
presented cost data showing that Livongo users experienced significantly slowed increase in the cost of
medical claims relative to non-users (5% vs. 13% growth, respectively), resulting in a savings of $136 per
Livongo member per month. We'd note that these savings dwarf the per-month DTC price of the Livongo
service ($49.99 promotional price until August 10, $65 per month thereafter). We assume Livongo still
charges employers and health systems roughly ~$70 per person per month, meaning the ROI is quite good
based on these retrospective results. Of course, a prospective study would tease out the real benefits, but
given the company's growth and continued funding, we assume the cost data is quite promising in real-
world implementation too.

▪ Dr. Bollyky opened with the rationale of Livongo, emphasizing that today's acute care
management approach to diabetes is ineffective. With this, she introduced Livongo's focus
on: a cellular-enabled, two-way messaging BGM device that measures blood glucose; free unlimited
blood glucose test strips; and access to CDEs for real-time support and goal-setting.

Questions and Answers

Q: You're working with specific employers now. What's the cost of service and plans for
expansion to other populations?

A: We just launched a DTC campaign, which is $50 a month (promotional price). It includes the cost of test
strips so you can test as much as you want.

Q: What does the retention of people look like?

A: We have a turnover rate of about 1%, meaning that someone may not be eligible due to employer change.
This usually happens because the person is no longer eligible for the benefits for some reason. We also have
something called "last users," who are not checking their blood glucose. But, employers introduce different
incentives to check. We try to make it as fun as possible and give external reasons to check.
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Oral Presentations: Thinking and Working Outside the Box - Prevention
and Intervention Approaches

Effects of a Gamified Mobile Application to Support a Lifestyle Change Program in
Adults: A Controlled Pilot

Sam Oddsson, MD (Sahlgrenska University Hospital, Sweden)

Dr. Sam Oddsson presented findings from his study demonstrating the capacity of a mobile health
engagement platform to significantly enhance an in-person lifestyle modification program aimed at
achieving weight loss. In a transatlantic collaboration, overweight participants (n=153; mean BMI = 36
kg/m ) were randomly assigned to receive either in-person coaching only or coaching along with a mobile2

health app providing encouragement and motivation in the form of social networks, commitment contracts,
and awarded "health points." The intervention group lost significantly more weight over 16 weeks than the
control group and were three times more likely to achieve a pre-specified 5% weight loss goal. It wasn't
clear what the absolute weight reduction was in either group, though 3x greater efficacy over in-person
alone does show the value-add of apps. The app drove adherence to the weight loss regimen by: targeting
user emotion and reasoning, with attendance increasing in the intervention group and decreasing in the
control group over the course of the study. We wonder what happened in months following the trial - many
interventions are effective at helping people lose weight, but very few have lasting effects that help to keep
the pounds off or maintain healthy habits. Dr. Oddsson's results echo what many have said at this ADA:
Advances in technology have the potential to be extremely beneficial, but it is their positioning and interface
with the real world - effectively established through extensive human factors research and ongoing
engagement- that grant them true potency.

Questions and Answers

Q. How often did participants have interactions? Any insights for if this is in-person time is
necessary?

A. Participants attended weekly meetings over 16 weeks. We believe the mobile app is an extension and
augments the work of the lifestyle coaches. We received great feedback on the in- person visits from the
participants and believe these sessions to be motivating.

Q. What exactly did the mobile app do?

A. The app motivates the individual, trying to target the emotional systems in the brain via different methods.
On the surface, it looks like a game (emphasizing nutrition, physical activity, stress reduction) harnesses
social networks (involving goal setting, support), and includes commitment contracts. We are conscious of the
effects of health literacy, so we aimed to keep it text-light, colorful, and visual. There is no form of coaching
through the application. We did internal analysis prior to the study to determine what can be harnessed.

The Effect of the Patient-Centered, Smartphone-Based, Diabetes Care System in
Patients with Uncontrolled Type 2 Diabetes: A Randomized Controlled Trial for
24 Weeks

Eun Ky Kim, MD (Seoul National University, South Korea)

Dr. Eun Ky Kim presented her findings from a 24-week randomized controlled trial (n=172; CT.gov)
demonstrating the positive clinical impact of the patient-centered, smartphone-based Diabetes Care System
(PSDCS) on those with inadequately-controlled type 2 diabetes. Developed in 2013, PSDCS features
individualized diabetes management algorithm, automatic integration of daily glucose levels (via Bluetooth
meter) and physical activity tracking (step counter device), guidance for basal insulin dosage, and various
interactive components, including a social network system. Results were promising, with PSDCS utilization
facilitating significant reductions in A1c compared to the use of a paper logbook (-0.4% vs. -0.1%), as well
nearly twice as many patients reaching A1c goal <7.0% (41% vs. 21%). In addition, the proportion of PSDCS
patients that achieved A1c <7.0% without any hypoglycemic events was nearly twice that of the control
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group: 31% vs. 17%. The PSDCS group also demonstrated higher frequencies of blood glucose testing (makes
sense, given passive upload from the meter instead of paper logging) and significantly greater weight loss.
Diabetes self-care activities such as medication, exercise, and foot care were found to be comparable
between the two groups; however, the PSDCS group did express greater improvements in quality of life at
the study's end. There were no differences in incidences of hyperglycemia or hypoglycemia - presumably
with CGM this would have emerged, but we're not sure.. These results build upon the 12-week pilot data
presented at ADA 2015. PSDCS has shown to be rather efficacious, and we wonder how it might scale up
and be sold commercially.

Posters

Remote Care Promotes Low Carbohydrate Diet Adherence and Glycemic Control
Allowing Medication Reduction in Type 2 Diabetes (76-LB)

S Hallberg, A McKenzie, N Bhanpuri, B Volk, T Hazbun, J McCarter, S Phinney, and J Volek

This poster shared highly anticipated one-year results on Virta Health's type 2 diabetes program,
combining a low-carb/high-fat diet (to induce nutritional ketosis) and tech-enabled remote care. In this
interim analysis of 111 patients with data at one year (mean age: 54 years; mean BMI: 40 kg/m ), A1c2

dropped a significant 1.3% from a baseline of 7.4% (p<0.0001), and 58% of patients achieved an A1c <6.5%
while taking no diabetes medications or metformin only. Insulin was reduced or halted in 97% of users, and
weight was reduced an impressive 14% from baseline, equating to a mean 35 lbs of weight loss (from 255 to
212 lbs; p<0.0001). Overall, 84% of patients lost a clinically significant >5% of body weight at one year.
Cardiovascular risk markers also improved as expected, including triglycerides (176 to 132 mg/dl; p=.002),
HDL-C (from 46 to 53 mg/dl; p<0.001), and hsCRP (7.5 to 5 mg/dl; p<.0001). LDL-P - a CVD-relevant
measure of the number of LDL particles - did not change significantly (1269 to 1218 mmol/l; p=0.16),
countering concerns that a high-fat diet is dangerous for CVD risk. There were also no significant adverse
events attributed to the intervention. Impressively, these results are an acceleration from the 10-week data
published in JMIR Diabetes in tandem with the company's March debut - in 262 patients at the time, A1c
had declined by 1%, weight loss was 7%, 56% were in remission (A1c <6.5%), and 87% using insulin had
eliminated use or decreased their dose. Overall, these sustained results are a definite confidence boost for
Virta, as some criticized the initial results as "too short-term" or "unsustainable." We look forward to seeing
full two-year results and watching the company's progress towards its bold goal of treating 100 million
people with type 2 diabetes by 2025.

▪ The poster notes an "82%" study retention rate at one year ("130 of 158 subjects"
remain actively enrolled), though the non-randomized study originally enrolled 262
patients, per the 10-week publication - we're not sure what explains the discrepancy between 158
vs. 262 (e.g., Was this dropout, but not categorized as such?). Whatever the denominator, the
retention is better than most would expect for an ultra-low-carb approach (typically <30 grams per
day), countering a key criticism of Virta's approach. Certainly, frequent remote contact with a care
team also helps significantly.

▪ For a much deeper dive on Virta's program and debut, see our coverage from March.

Bluetooth Pen Cap Identifies Gaps in Adherence to Insulin Dosing and Timing: A
Critical Step in Safe Diabetes Management (1043-P)

M Munshi, C Slyne, T Macneil, and E Toschi

In a first-of-its-kind observational study (to our knowledge), Joslin investigators evaluated use of Common
Sensing's Bluetooth-enabled Gocap paired with Dexcom's G4 CGM data in 31 patients - 16 older individuals
(mean age: 74 years) and 15 younger individuals (mean age: 28 years). Patients used the Bluetooth-enabled
Gocap + paired app for four weeks with Lantus and Apidra insulins (Sanofi funded the study), allowing
investigators to view combined injection and 14-day CGM data. Gocap identified that 12% of insulin
injections were missed/under-bolused over one month, while 20% of injections were extra/over-bolused
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(relative to what was prescribed). In addition, nearly one in three (29%) basal doses were taken outside the
± 1-hour scheduled time window for taking Lantus. (The range was a remarkable 4%-89%, meaning some
users almost always missed the window.) Over the 14-day CGM period, patients spent only 41% of each day
in range (70-180 mg/dl), with a striking 107 minutes per day <70 mg/dl (7%) and more than 12 hours per
day >180 mg/dl (52%). The three example CGM profile plots, combined with insulin injection data from
Gocap, were also FASCINATING (see below) - in our view, combining these technologies is going to change
the game for safer and more effective insulin prescribing/titration. This was also a pretty broad diabetes
population, as the groups had high A1cs (8.3% in the younger cohort, 9.1% in the older cohort), 58% of the
older group had mild cognitive dysfunction, 18%-25% of the cohorts were hypoglycemia unaware, and
23%-36% had elevated diabetes distress. Though this was not an outcomes study, we can already see the
enormous potential here of making invisible data on injections finally visible to HCPs. We certainly expect
the field of injection dose capture + CGM to explode in the coming years.

▪ Per our last coverage of Common Sensing in October, the company was actively
pursuing partnering, distribution, and study opportunities before launch (no timing),
with the goal of patients not having to pay anything. Gocap and the mobile app were registered with
the FDA as 510(k)-exempt (it does not have a bolus calculator).

Reduced Health Care Costs with Automated Basal Insulin Titration in Patients
with Type 2 Diabetes (1322-P)

J Sieber, H Bajaj, T Kottman, K Venn, R Aronson, and F Flacke

According to this 12-week Sanofi-sponsored study, type 2 patients using a web-based basal insulin glargine
titration tool (LTHome; n=72) had significantly reduced HCP utilization and cost vs. a group on provider-
initiated "enhanced usual therapy" (EUT; n=67). Outside of three scheduled clinic visits at weeks 4, 8, and
12, the usual care group had more contacts with their providers than did the group using the LTHome tool
to titrate their basal insulin (1.22 vs. 0.18), and were significantly more likely to reach out to their providers
within seven days before the week 4 and week 8 visits. Remarkably, total number of visits for all patients
was 7x greater (!) with usual care vs. LTHome (78 vs. 11; p<0.001). This lower utilization with LTHome led
to major cost savings (calculated using the Ontario Schedule of Benefits fee codes) using the web-based
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titration tool: for endocrinologists, mean total cost with LTHome was ~$159 vs. $199 with usual care
(p<0.001), and for general practitioners, mean cost with LTHome was ~$141 vs. ~$176 with EUT
(p<0.001). Meanwhile, average baseline A1c of 8.8% dropped ~1% in both groups (p=0.66), meaning
automatic, software-driven titration was not inferior to HCP-driven titration. Incidence of documented
hypoglycemia was also not statistically different (37% in LTHome group vs. 31% in EUT group; p=0.40).
We see this as yet another major vote of confidence in software-driven automatic basal (and hopefully
basal-bolus!) titration algorithms - automatic titration drives similar glycemic improvements vs. enhanced
usual therapy. Moreover, the cost savings on a population level with automatic software-driven titration
could be immense. Many insulin titration products are starting to make their way through development and
clearance (see our competitive landscape), and we continue to see strong potential for better use of insulin,
lower costs, and less HCP hassle.

Device-Supported vs. Routine Titration of Insulin Glargine 300 U/mL (Gla-300)
in T2DM: Efficacy and Safety (131-LB)

S Edelman, S Bain, C Hasslacher, G Charpentier, G Vespasiani, F Flacke, H Goyeau, M
Woloschak, and M Davies

Sanofi presented encouraging results from the AUTOMATIX study comparing its myStar DoseCoach BGM
(integrated insulin glargine dose titration algorithm and BGM) to investigator-recommended Toujeo
titration regimens. In a randomized, multicenter treat-to-target trial, patients with type 2 diabetes (n=151)
were randomized 1:1 to device-supported or routine titrations. After 16 weeks, a higher proportion of
patients achieved the mean fasting glucose target of 90-130 mg/dl without severe hypoglycemia with the
DoseCoach BGM: 46% vs. 37% (not significant). We'd emphasize that in these sorts of studies - comparing
best-case scenario HCP titration vs. patient-driven automatic systems - showing non-inferiority is a huge
achievement and positive sign. Between study arms, comparable numbers of patients experienced
hypoglycemia and adverse events. In addition, 34% of patients using DoseCoach reached mean fast glucose
of 90-130 mg/dl without confirmed blood glucose reading ≤70 mg/dl, while this percentage was just 15% in
the investigator-recommended titration group (superiority not determined). Similarly, fasting glucose
dropped five additional mg/dl and A1c fell an additional 0.15% in the DoseCoach group, with slightly fewer
events of hypoglycemia (both during the day and at night). In line with many other studies at this ADA, we
see this one as another vote of confidence in automatic basal insulin titration - it works as well as best-case
scenario HCP-driven titration (and often better!), but is much more efficient for the healthcare system and
for patients. We'd love to see how myStar DoseCoach compares to other insulin titration products that are
starting to emerge on the market (see our insulin dose titration competitive landscape) - is an integrated
BGM with titration preferred to an app? How will Sanofi choose to commercialize the DoseCoach BGM vs.
DoseCoach app in the US - will both be offered?

Automated Frequent Insulin Dosage Titrations: Essential for Successful Insulin
Management in Type 2 Diabetes (1016-P)

I Hodish, M Johnson, E Bashan, D Kruger, A Bhargava, and R Bergenstal

This well-conducted six-month, randomized controlled study enrolled 181 patients with type 2 diabetes,
comparing use of Hygieia's d-Nav Insulin Guidance Service (BGM with built-in insulin titration + remote
care) to enhanced standard care from a diabetes specialist team. A1c declined a notable 1% in the d-Nav
group at six months (baseline: 8.7%) vs. 0.3% in the usual care group (baseline: 8.5%) (p<0.0001). In
addition, A1c improved by at least 0.3% in 81% of d-Nav users vs. 45% of the control group. We'd add that
this finding is even more impressive considering that the control group was probably managed as well as
possible by Dr. Rich Bergenstal's team at IDC, Ms. Davida Kruger's team at Henry Ford, and Dr. Anuj
Bhargava's team at Iowa Diabetes and Endocrinology Center. Indeed, both groups were contacted seven
times throughout the six-month study and at the same frequency, meaning the device's titration was what
really drove the difference. In the d-Nav group, automatic titrations were made every seven days (control
group comparison not provided) and the frequency of hypoglycemia <60mg/dl was just 0.6 per month.
Nice! Total daily insulin increased by a pretty significant 73% (though in 11% of users it decreased), no
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surprise considering the high baseline A1c. On the safety front, severe hypoglycemia occurred in two
patients in the d-Nav group and none in the control group, a non-significant difference. The results
complement Hygieia's positive outcomes in the UK (2%+ A1c reductions from a higher 9.4% baseline,
sustained for three years), and we look forward to seeing what comes of the ongoing demonstration project
in Michigan with BCBS. We see extremely high potential here and have heard very good things about
Hygieia, particularly because there is a support team in addition to the device alone.

Impact of a Diabetes Mobile App with In-App Coaching on Glycemic Control
(63-LB)

S Kumar, H Moseson, J Uppal, C Osburn, M Heyman, and J Juusola

Evidation Health presented results of a third-party evaluation of the One Drop mobile app and Experts in-
app education and coaching service. A total of 146 people with type 2 diabetes were recruited (A1c >7.5%),
of which 127 completed the study. Among study completers, A1c declined by 0.9% (collected with an at-
home, mail-in kit) over three months from a high mean baseline of 9.9%. Further analysis showed slightly
larger reductions among "active users," those who used the app for at least one additional day and
messaged a coach at least once after starting the program: 1.0% improvement in 93 patients from a high
baseline of 9.7%. On a final subgroup note, A1c improved 1.3% in "active" patients with a starting A1c ≥9.0%
(n=53; baseline: 10.9%). While there was not a control group here, the results are encouraging and add to
One Drop's prior data showing A1c and glycemic improvements in patients at a high baseline (see our
previous report). The small startup is lacking a large RCT, but the steady stream of real-world data in
tough patients is good to see. We wonder how the A1cs turned out for those 46 participants who were not
active, and what factors make them less likely to engage. As a reminder, One Drop Experts also launched
worldwide last month as a standalone direct-to-consumer, in-app coaching service for $11-$13/month.

▪ The One Drop Mobile app assists with tracking self-care activities (a mix of manual and
automatic entry), goal setting, and delivers data-driven insights, tips, and advice. There's also a
community support feature, where users can comment on others' data.

▪ One Drop's Experts On Track is a CDE-led nine-week course with on-call messaging support.
One Drop shared in a press release in April that it received "ADA Recognition" for diabetes self-
management education and support.

Digital Behavioral Counseling for Diabetes Risk Reduction in a Workforce
(85-LB)

CM Castro Sweet, MG Wilson, MD Edge, EN Madero, M McGuire, M Pilsmaker, D Carpenter,
and S Kirschner

This poster compared 634 employees enrolled in Omada Health's diabetes prevention program (those with
annual biometric data) vs. a propensity-matched comparison group (n=1,268) of non-participating
employees at Iron Mountain. In longitudinal analyses, the workforce on average was gaining 3.5 lbs
annually before program inception (see 2013-2014 in chart below). Nearly one in three Omada participants
(31%) lost >5% of their initial body weight over one year (2014-2015), with 22% dropping a full BMI
category. At the same time, the control group experienced a slight increase in weight gain. However, the
absolute weight reduction in the Omada group was actually very small - 2 lbs (~1% body weight loss) vs.
~1.3 lbs of weight gain in the control group. Given that 31% of Omada users lost >5% of their weight, we
assume there was a pretty wide dispersion of responders vs. non-responders. Engagement was pretty
encouraging, as 83% of participants completed 9 or more Program lessons, meeting CDC standards. We're
glad to see the longer-term data - especially relative to the natural weight-gain course these employees were
on - though the weight loss outcomes are lower than those Omada has previously published.

▪ Employees at Iron Mountain, Inc., a global storage and information company, were
invited to receive the program if they met eligibility requirements, including having a BMI of at
least 24 kg/m and being deemed at risk for diabetes.2
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Use of the Accu-Chek Connect System is Associated with Increased Treatment
Satisfaction and Improved Glycemic Control in Individuals with Insulin-Treated
Diabetes (105-LB)

P Mora, A Buskirk, M Lyden, C Parkin, L Borsa, and B Petersen

In a six-month, prospective, multi-center study (n=84), Mora et al. found use of the Accu-Chek Connect
system significantly reduced A1c levels, boosted patient satisfaction, and reduced diabetes-related distress
in insulin users. The Accu-Chek Connect system includes a Bluetooth-enabled BGM (Aviva Connect),
smartphone app (including a bolus advisor), and online web portal, allowing for automatic transmission of
patient data to clinician and patient platforms. At three months, use of the integrated system resulted in a
mean A1c drop of 1.1% (baseline: 8.8%; p<0.001), which was sustained out to six months (-0.9% vs.
baseline; p<0.0001). Satisfaction and distress were measured using the DTSQ and DDS (diabetes distress
scale) respectively: The DTSQ showed high baseline treatment satisfaction (~30 out of a possible 36), and
satisfaction significantly improved nevertheless (see below). Importantly, mean diabetes distress scores
dropped significantly by 0.3 points (p<0.0001), with a notable reduction in regimen-related distress from
"moderate distress" to "not distressed." Daily SMBG frequency increased non-significantly from 2.4 times/
day at baseline to 2.6 times/day at six months. These results strongly point towards the psychosocial and
clinical benefits of connected meters, a major win.( There was no control group, however, so some of the
benefit may be due to a study effect.) We be fascinated to know how much of the benefits could be attributed
to the connected meter and use of the data vs. the bolus calculator function in the Accu-Chek Connect app.
We'd also be interested to see future studies in patients with lower baseline patient satisfaction who may be
less likely to engage with the system regularly. Overall, it's terrific to see a prospective, longer-term study
showing the benefit of a connected meter, which is obviously not a given!
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The One Drop Mobile App with In-App Coaching Improves Blood Glucose and
Self-Care (885-P)

CY Osborn, M Heyman, B Huddleston, J Van Ginkel, D Rodbard, and J Dachis

A second One Drop retrospective outcomes posters at this ADA suggested that the One Drop Mobile app
with in-app coaching (One Drop Experts) had favorable effects on app-collected glycemic and self-care
metrics in people with type 2 diabetes (n=146; baseline A1c =9.9%) - this was an internal One Drop analysis
of the late breaker from Evidation Health discussed above. The three-month outcomes looked at two
separate study periods - one in January 2017 (n=148) and another in May 2017 (n=146). The app showed a
consistent benefit in these users: in-app-entered average blood glucose dropped from ~195 mg/dl in the first
week to ~166 mg/dl in the twelfth week (p<0.001), glycemic variability (measured by SD) dropped from ~41
to ~34 mg/dl (week 1 vs. 12; p<0.001), and percentage of in-range blood glucose improved from ~48% to
~64% (week 1 vs. 12; p<0.001). Participants also picked up healthier habits by the end of the 12 weeks,
exercising more (adding ~25 minutes per day, an ~25% improvement; p<0.001) and reducing carbohydrate
load ~13-18 grams/meal fewer (p<0.001). A surprise from the study was that individuals who tracked less
actually had a greater improvement in average blood glucose than those who tracked more. This strikes us
as counterintuitive for digital health, though it's possible that those inclined to track more had lower mean
glucose levels at baseline, and so had a shorter runway for improvement. It's also possible that those who
tracked less benefited more from other aspects of the app or coaching program. Similarly, the study
population's starting A1c was quite high (9.9%), which may explain some of the more impressive glycemic
improvements.

▪ As of May, One Drop Mobile has over 200,000 users worldwide, a ~25% increase since
the value reported in March. We'll be interested to see how One Drop's recent rollout of new
programs at lower prices impacts uptake, given their appeal to less-frequent testers at a better price.
One Drop Experts On Track delivers evidence-based content and behavioral tools with the help of an
on-demand Certified Diabetes Educator (currently offered at $11-$13/month) - this means that
anyone with a smartphone can have access to a CDE for just $130 year, which is potentially
disruptive assuming it can scale. Experts On Track exemplifies the potential of mHealth as a less
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expensive, on-demand healthcare delivery/education/support service. Given the rapidly growing
field of diabetes coaching, we're thrilled to see efforts aimed at critically evaluating efficacy.

High Risk Population Using mobile Logging Application SHows Significant
Reduction in LGBI (952-P)

M Hompesch, K Kalcher, and F Debong

A retrospective mySugr poster demonstrated that real-world use of the mySugr logbook results in a
significant decrease in and severity of hypoglycemia. To zero in on the "high risk" population, researchers
extracted data from 4,000 engaged (logging ≥5 days/week for ≥6 months) patients with type 1 diabetes.
After over half were eliminated due to incomplete or inconsistent data sets, the quartile with the highest
LBGI (low blood glucose index) at baseline (n=457) was analyzed. After four to six months of use, a
reduction of 17% (from 1.07 to 0.88; p<0.001) was observed. (As a rule of thumb, an LBGI of <1 means
minimal hypoglycemia risk.) This change was accompanied by a statistically significant increase in blood
glucose (141 to 148 mg/dl), though the clinical implication of this increase is outweighed by the diminished
hypoglycemia. There were no significant changes in measures of glycemic variability, nor high blood
glucose index (HBGI), and sub-analyses showed no impact of location (Germany, France, Great Britain, or
US) or sex. The obvious criticism of this analysis is that those examined already had more-than-acceptable
LGBIs at inclusion - hypoglycemia risk isn't even considered "moderate" until LGBI hits 2.5. This isn't
mySugr's strongest data (at ATTD it showed larger improvements), but we're glad to see it publishing data
in these fairly large retrospective analyses - this is not common enough in digital health and is so key for
getting payer/clinical buy-in. How can the app appeal to more people by adding more value with lower
interaction? We assume more outcomes are coming from this collaboration with Prosciento, especially once
the logbook is coupled with mySugr's bolus calculator (launched in EU); mySugr coaching; and presumably
better analytics, device integration, and decision support.

▪ At ATTD, mySugr and Prosciento presented a retrospective analysis suggesting a 1.3%
estimated A1c reduction over six months in 440 randomly selected high-risk Logbook
app users (baseline estimated A1c: 9.0%). To be in the retrospective analysis, patients had to
have a mean baseline blood glucose of ≥183 mg/dl (estimated A1c >8%) and high engagement on
the mySugr Logbook app (logging ≥5 days/week for ≥6 months). Mean blood glucose fell 18%, from
211 mg/dl at baseline to 173 mg/dl, an impressive drop. Both high blood glucose index (HBGI) and
low blood glucose index (LBGI) improved too (see the poster here). It's great to see the company
digging into their one million-plus strong user base.

Lifestyle Coaching Plus Connected Glucose Meter with CDE Support Improves
Blood Glucose and Weight Loss for People with Type 2 Diabetes (957-P)

J Bollyky, D Bravata, J Yang, and J Schneider

In this poster, Livongo teamed up with Restore Health to investigate the incremental effect of supplementing
its service with intensive lifestyle coaching in overweight patients with type 2 diabetes and elevated A1C
levels. Study participants were randomized to receive one of four possible interventions over the course of 12
weeks: Livongo only, meaning a cellular BGM and CDE coaching (n=75); Livongo + a connected weight
scale (n=115); Livongo, the connected scale, and "lightweight" coaching (n=73); and Livongo, the connected
scale, and "intensive" coaching (n=67). Coaching consisted of an on-boarding call and daily text messages
and activities aimed at improving factors associated with insulin resistance. Lightweight and intensive
coaching differed in the length of the on-boarding call and the degree of lesson, meal rating, text, and
activity personalization. The investigators found that the Livongo program, alone, significantly boosted
blood glucose control (mean estimated A1c decreased from 8.5% to 7.5%; p=0.01). Adding coaching into the
equation, mean weight loss and mean blood glucose improved more among those in the intensive group as
compared to those in the lightweight and scale only groups (-6.4, -4.1, -1.1 pounds, respectively; and -19.4,
-11.3, -2.9 mg/dl respectively). Interestingly, even when participants did not reach their target A1c, many
still achieved weight loss and improved blood glucose control. Intensive coaching also boasted greater
engagement, as those in the intensive group had on average 36 more coaching conversations than those in
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the lightweight group (44 vs. just 8). While the clinical data alone makes Livongo + intensive coaching seem
like a no-brainer, it should be noted that the 12-week program costs were a whopping 5.5 times higher for
those receiving intensive versus lightweight coaching. This begs for a deeper analysis from a health
economics perspective - how much does the intensive coaching save in healthcare costs vs. lightweight
coaching? We'd also be interested in sub-analyses sorting out whether some patients are more likely to be
responders in one group or another. Plus, we weren't clear on how intensive coaching alone compares to
Livongo alone. To mitigate overall costs, future work should also focus on investigating which aspects of the
intensive coaching are integral to the major improvements indicated in this study.

Symposium: Harnessing the Power of Digital Connectivity in Sickness and
in Health

New Research - Perspectives from NIH

Judith Fradkin, MD (Director, Division of Diabetes, Endocrinology, and Metabolism, NIH,
Bethesda, MD)

Dr. Judith Fradkin offered her take on a range of NIDDK diabetes research priorities - EHR renovation,
telemedicine, mHealth, and artificial pancreas - concluding that advances in all of these technologies will
converge to improve the lives of people with diabetes. Overall, she sounded very positive and pleased with
the progress within these fields ripe for innovation and progress, calling EHR and telemedicine "home
runs," though she was hesitant to call mHealth as anything more than "promising."

▪ Dr. Fradkin reviewed a recent UCLA study (Rushakoff et al., Annals of Internal
Medicine, 2017), where researchers sought to leverage the Epic EHR to improve
diabetes inpatient glucose management. Currently, in-patients with diabetes are cared for by
people who are typically not well versed in diabetes care - if hyperglycemia occurs on the oncology or
transplant floors, there are few people around who have specific diabetes expertise. For the purposes
of the pilot, researchers finagled the EHR to require electronic order sets for glucose management
with insulin - it asked for multiple point-of-care glucose readings (with the frequency determined by
insulin and feeding statuses). Using this data, a central hub automatically detected and generated a
daily report of patients in the hospital with uncontrolled blood glucose. This allowed for efficient,
population-level monitoring and smarter management. In just the second year of the program,
researchers found a 39% reduction in blood glucose readings >180 mg/dl, a 36% reduction in blood
glucose readings <70 mg/dl, and a decrease in the number of patients included in the report - and
the time for a single trained nurse to review the report and make insulin recommendations was just
20-40 minutes per day. Wow - every hospital should institute a system like this. Inpatient glycemic
control is, ironically, notoriously poor, and using connected sensors + smart algorithms will
obviously help immensely. We see this as an important next frontier for the diabetes technology
field. Complaints about the EHR are commonplace at medical conferences, but when manipulated,
they do have strong potential.

◦ Dr. Fradkin hopes that future EHRs will directly incorporate Ambulatory
Glucose Profiles, along with analytic tools for pattern recognition, and data
from connected insulin delivery devices to monitor adherence. Stanford
University has run pilots integrating Apple HealthKit, Epic EHR, and Dexcom G4 CGM to
better incorporate glucose data with the physician's workflow. The experiment showed
feasibility - improved communication and population monitoring - but some experts, such
as UCSF's Dr. Aaron Neinstein, don't believe the EHR is the right place to store (diabetes)
data. He is more of the mind that the EHR is a "semi-good" tool for meeting legal interest,
financial, and billing purposes, but shouldn't necessarily be mistaken for or merged with a
data collection platform. We kind of agree with Dr. Neinstein - let's use separate diabetes
data platforms built for that purpose, rather than jerry-rig EHRs to sort of fit diabetes data
needs. However, the reality is that EHRs are now a mainstay in clinical practice, and many
systems have to fit other technologies within those constraints.
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▪ Within telemedicine, Dr. Fradkin focused on the numerous success stories of early
detection and treatment of retinopathy. Only 60% of people with diabetes in the US get
annual exams, largely due to geographic barriers. Taking pictures and transmitting them for remote
analysis has addressed these barriers and improved efficiency in essentially every case of
implementation. In the Indian Health Service-Joslin Vision Network Teleophthalmology Program,
encompassing 97 healthcare facilities in 25 states, 100% of sites increased diabetic retinopathy
identification, and the advent of improved camera technology has reduced the "ungradable" rate
from 35% to 3%, meaning 4,000 fewer patients needed subsequent clinic-based eye exams due to
poor image quality. Similar programs have been implemented widely in many countries (e.g.
Singapore, India, China), but they are limited in the US. Where they have been piloted in the states,
they have been very effective: In Los Angeles, the screening rate increased from 41% to 57%, there
was an 89% reduced wait time at the clinic, and 69% of those who sent in pictures didn't require a
referral. In rural North Carolina, screening rate rose from 25% to 40%, and 80% of those screened
didn't have diabetic retinopathy. Overall, the data is clear: these programs tremendously reduce
burden, both on patients and their healthcare systems, while lowering the barriers to quality
healthcare.

▪ Dr. Fradkin expressed concern that only a small percentage of the >1,100 health and
wellness apps focused on diabetes have been rigorously studied. "There are more meta-
analyses of trials of smartphone apps for diabetes than actual trials," she pointed out, "and there are
very low rates of inclusion of behavioral change techniques. There are also few apps that interface
with measurement devices to offer personalized feedback based on patient data." Her complaint is
not uncommon - at last November's DTM 2016, at least three distinguished speakers called for
improved quality control and regulation of mHealth apps, and Dr. Joyce Lee previously called apps a
"Wild, Wild West" in JAMA. That was back in 2015, but now, we're seeing a strong emphasis on
outcomes data generation from at least a few apps and their paired connected devices, including
mySugr, Accu-Chek Connect, One Drop, Livongo, and the slew of now FDA-cleared insulin dose
titration apps. We are serious optimists about this field, mainly because now medical device
companies understand the potential and are doing the proper work to design apps with clinical
input, get regulatory approval, and generate outcomes data.

▪ Dr. Fradkin touted "steady progress" in the development of artificial pancreas
systems, and reminded attendees of the four large-scale, NIDDK-funded trials starting
in 2017-2018. Notably, when describing the benefits of these systems, she never said "A1c"- she
instead focused on time in range and hypoglycemia in her verbal remarks. (A1c was listed on the
slide, however, since it IS an endpoint in two of the trials.) It's so great to have someone at the top of
the field recognize the importance of outcomes beyond A1c! Kudos to Dr. Fradkin and NIH for
significantly advancing the automated insulin delivery field over the past decade…it would be
nowhere without NIH's funding and leadership.

Symposium: Digital Data - Clinical Liability and Patient Safety

Guidance From The Food and Drug Administration

Courtney Lias, PhD (FDA, Silver Spring, MD)

In an encore of previous presentations (NIH Workshop, AADE), the FDA's Dr. Courtney Lias shared her
long-term hopes for an ecosystem of compatible and interchangeable diabetes devices (pumps, CGMs, apps)
that patients can swap in and out. She reiterated her goal of device communication standardization, where
automated insulin delivery components can exchange data seamlessly without separate approvals for every
conceivable system combination (i.e. sensor A + algorithm A vs. sensor A + algorithm B). We continue to
love this vision and look forward to tangible steps that make it a reality. While much of this vision we have
heard from Dr. Lias before, we are glad to see her continuing to share it publicly - it reinforces the agency's
commitment to making it happen. We also noticed that Dr. Lias included in her message today that type 2s
can benefit from this ecosystem too, suggesting that FDA is aware of the importance of enabling this
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population (i.e., not just technology for type 1s). Indeed, there is tons that type 2s - especially those on
insulin - would gain from the CGM, pump, and algorithm developments in type 1, and we hope with greater
innovation and population expansion costs will come down. We were thrilled to hear Dr. Lias' broader
message of prioritizing patient choice. Below, we include a few of the standout quotes that highlighted her
patient- and innovation-friendly presentation:

▪ "What we need to work toward is communication that is SO CLEARLY worked out that
FDA won't even have to worry about [next-gen devices] being interoperable with existing platforms.
They just will be. We need more standardization."

▪ "Diabetes devices do not meet the expectations of consumer devices. For example, I
just bought a Sleep Number bed, which is yet another example of a connected device. It lets me
optimize my sleep and - unsurprisingly - it comes with an app. And guess what? If I wanted to, I
could even set up an Apple Watch with a linked app. And for ALL of this, I would NOT have to look
at a manual. I'm just able to use it. That's where we need to get in diabetes."

▪ "You may say that the downside of these connected, consumer devices being used
incorrectly is not as high as the risk of an insulin pump being used incorrectly. That's
true. So security is important. But, I do my banking online. So as a consumer, I have the expectation
that these things are possible."

▪ "For patients with diabetes, the numbers can make all the difference. But if you can't get
to data in a format you need or when you need it, then it's no use at all … Ultimately, our current
solutions don't help patients as much as they could."

What Does the e-Patient Expect?

Amy Tenderich (Diabetes Mine, San Francisco, CA)

Ms. Amy Tenderich presented findings from the Diabetes Mine Patient Voices Research project (n=500)
indicating a strong desire amongst the diabetes patient community for interoperability of devices;
improved provider education on the realities of living with this illness on a daily basis; heightened patient
access to new technology; and development of a provider-patient partnership where providers discuss data
meaningfully with patients. Survey participants largely found their touchpoints with the healthcare system
to be lacking, highlighting their desire for efficient assistance in translating results into realizable goals
aimed at improving their daily lives (this is hopefully a job for scalable, smart technology that augments
already-overburdened HCPs). Respondents emphasized the need to feel greater respect from their
providers, suggesting there is still much to be done to progress the patient-clinician relationship - we hope
actionable data can be an independent part of this process. Participants also asked for more provider
incorporation of positive reinforcement during visits to further boost motivation. (As Adam would say,
"What are my Bright Spots?") We expect the trend of combining high touch with high tech will continue to be
a patient priority in the years to come. In fact, Ms. Tenderich considers in-depth use of data to be the next
standard of care for diabetes, with patients often choosing providers based on their technological fluency.

▪ In the award portion of the Diabetes Mine survey, Dexcom's CGM won "people's
choice" and Abbott's FreeStyle Libre was voted "best newcomer." Participants were
thrilled with Dexcom's CGM (which recently incorporated AGP to Dexcom Clarity and launched on
Android), citing it as a game-changer for their diabetes management and quality of life. One
respondent wrote that "all future innovation…rests on this foundation." Despite not yet being
available in the US (submitted for FDA review in 3Q16), the release of Abbott's FreeStyle Libre has
been met with considerable excitement (300,000+ users worldwide at Q1's end), especially amongst
the diabetes online community.

▪ Participants gave diabetes apps an overall thumbs down, calling for explicit benefits
and utility. When rating apps, the ability to motivate the user was key, as was ease of use, with
manual data entry deemed an immediate (and obvious) turnoff.
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◦ Respondents reported nutrition and fitness apps to be useful in meeting
short-term goals and found motivation in visualizing real-time data; however,
the nutrition apps were difficult to use when eating at home and most participants claimed
the apps were poor motivators for achieving goals over extended periods of time. We agree
logging food has to move beyond inputting meals and guesstimating portion size. Pictures
are the frontier, in our view!

◦ Logging apps and vendor software were met with enthusiasm for their ability
to make sense of real data, but participants expressed the need for greater provider/
technology assistance with engagement and applying the data to their lives. As we
elsewhere in this report, it's not about data for its own sake, but using the data to identify
patterns and drive therapeutic/behavior change.

◦ Respondents also expressed excitement regarding insulin dosing apps for
non-pumpers and look forward to the development of more sophisticated
versions. There are many to come - see our competitive landscape.

◦ Lastly, participants found official recognition of apps by organizations such as
the ADA to be helpful when choosing between similar tools. Most recently, One
Drop received ADA recognition for diabetes education, while Livongo was accredited by
AADE in 2015, and WellDoc partnered with AADE in January. We hope professional
associations can keep up with this landscape and validate apps that add value.

▪ Survey participants said that providers should equip patients with the tools to
troubleshoot their disease, but also establish a partnership in which barriers are
reduced and coaching is extended beyond the clinic. There is increasing evidence that
health care providers who engage with data see better outcomes. However, there is still much to be
done in the way of infrastructure, as an estimated 50% of endocrinology clinics today reportedly do
not have device data downloading software (we didn't catch the citation). It is vital for patients to
have resources to interact with the healthcare system in between visits - Ms. Tenderich said data
management platforms like Tidepool and Glooko, along with affordable remote coaching options,
may be useful in achieving this goal moving forward. One of the most common patient complaints
raised in the survey was that providers were not doing enough to help patients optimize a particular
tool. Participants expressed a strong desire to feel empowered and respected by their physicians and
to have the opportunity to discuss data meaningfully with health care providers.

Tsunami of Digital Data - Impact on Clinical Practices

Geralyn Spollett, NP (Yale University, New Haven, CT)

Dr. Geralyn Spollet's overview of digital health was positive about the future potential of data in healthcare
but also stressed a number challenges she has experienced in the field, most notably problems with data
overload, a lack of standardization, and privacy. We have heard this sentiment over the past few years,
though we thought she summarized the view of many clinicians quite nicely in her opening words, "So much
information, so little time." She acknowledged that the right data in the right hands at the right moment is
supremely valuable, but suggested that the field has gotten a bit ahead of itself. In particular, she cited her
own experience at Yale, where the hospital's technology partner was actually selling patient's de-identified
data to a third party to make a profit. She noted this would never have been a problem in older low-tech
systems, and though she did not advocate going back to those methods, she stressed that our new
relationship with data and "the cloud" means rethinking security and data oversight from the ground up.
Ultimately, we felt she provided an important cautionary message as we move forward in digital health
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Symposium: Using Technology to Improve Performance Outcomes and
Care (Supported by a Grant from The Leona M. and Harry B. Helmsley
Charitable Trust)

MITI: The Mobile Insulin Titration Intervention

Natalie Levy, MD (NYU School of Medicine, New York, NY)

Dr. Natalie Levy offered a glimpse at the cleverly-named MITI text message program that helps type 2
patients titrate their basal insulin remotely. The workflow is as follows: Every weekday morning, an
automated text message asks patients to respond with their morning fasting blood glucose levels. MITI
nurses check the texts on Monday, Tuesday, Wednesday, and Friday to ensure there are no alarm values,
but on "Titration Thursday," a nurse calls the patient and recommends a new dose based on a validated
algorithm. Patients are enrolled in the program for 12 weeks unless (i) they achieve a fasting blood glucose
less than 130 mg/dl; (ii) a maximum basal insulin dose of 50 units is reached; or (iii) the patient is lost to
follow-up. The program has been a success thus far at Bellevue and Gouverneur Hospitals: MITI enrolled
128 patients in the first 13 months (average age 50), and only eight were lost to follow-up. Moreover, 85% of
patients achieved optimal insulin doses in an average of 23 days - just 7.5% actually end up needing to
complete all 12 weeks. In the 13 months of use, there have only been two mild hypoglycemia events, and no
severe hypoglycemia. For the 69 patients who have had labs thus far, average A1c dropped 1.5% from a high
baseline of 11.4% - obviously still a ways to go, but that is great progress in a tough population. In terms of
engagement, over 2,100 text messages have been received thus far, a startling 90% of which have received a
response. Just as notably, MITI allowed for ~500 clinic visits to be averted over the course of the year, and
only requires 15 minutes of nurse time per patient-week, allowing the clinic to better allocate resources.
Patient and staff feedback on the program was overwhelmingly positive, so Dr. Levy and team have created
a dissemination guide and are working on expanding the phone-based intervention to other aspects of
diabetes and chronic diseases (oral medication titration, hypertension, etc.).This trial really shows how
much of a difference automatic insulin titration is going to make once a variety of apps/devices are
available and in patients' hands. (Of course, several are cleared, including Voluntis' Insulia, Amalgam's
iSage Rx, and Sanofi's My Dose Coach).

▪ Dr. Levy was pleased with MITI, though she is under no illusion that it is the perfect
program: "MITI can take patients from an F to a B, but it may not be able to get them
to an A." Getting patients with poor baseline control to a B and avoiding 500 clinic visits is an
incredible feat, but we wonder if new insulin titration applications may lead to similar, if not better
outcomes, and with even less provider time required. Apps will lack the human element ad
accountability, which is greatly appreciated by enrolled patients, based on this presentation. We'd
love to see a head-to-head comparing MITI to one of the already FDA-cleared apps - is the human
element necessary? Would a titration app further cut down on clinic visits and nurse time? Which
populations do better with which system? Of course, a skeptic might point out that outcomes could
be worse with a titration app alone, since it removes the accountability and personalization to a
nurse. Hmmm….

▪ Patient feedback for MITI was overwhelmingly positive. One said "I think I'm going to do a
lot better now because…not only am I going to be reminded to check my sugar, but at the same time,
it's going to remind myself to take my medication." Others claimed that it reminded them to check
their blood glucose, and in doing so, to eat healthier. Others were delighted that they didn't have to
come into the clinic. At the end of the day, MITI felt like a source of support for patients: "When you
got somebody helping you, it's easier."

Questions and Answers

Q: Any impression what happens after the program ends? Are you considering comparing
phone call to a text?
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A: I don't have a sense for the first question, but I hope so soon. I'm very into patient education, it's such a
wasted opportunity - when my patients ask me to look at their sugars, I don't want them to be the messenger,
I want them to internalize. In terms of texting instructions, we've started to think about that. I think they
really like the phone call once a week, and it's nice to have the nurse make that phone call, but that's a
consideration to give instructions through text.

Q: Folks that chose to participate - who didn't choose and why? Any instances where nurses
didn't follow the algorithm? What's your ability to make this an automatic, computerized
intervention?

A: The majority of patients who were offered the choice chose texting, and those who do not are not tech
savvy. Some don't have cell phones. Sadly, a lot don't have social support - they derive something warm and
wonderful from support. They are happy to come to clinic because someone who cares about them is there.
Very few times, nurses don't follow an algorithm - they'll tell us that it sounds like a patient didn't take insulin
or ate cake every day, so they felt that they should hold off another week. We provide support, but they go
rogue sometimes because they should.

Evaluating and Using Apps to Improve Health Care Provider Performance

Brandon Arbiter (Tidepool, San Francisco, CA)

Tidepool's smart Mr. Brandon Arbiter presented a very encouraging case study suggesting that patients are
more willing to upload data to the Tidepool data management platform than might be expected. At the
pediatric UCSF Madison Clinic, 400 of 800 patients have Tidepool accounts. In this analysis, every single
one of the 400 users had upload histories - 347 of the accounts had data uploaded by a clinician at some
point, while 198 had data uploaded by patients themselves. Mr. Arbiter was very surprised that nearly half
of the patients with accounts were uploading from home, and 53 of the accounts had patient-generated data
input (e.g., notes). Even more telling, on a week-to-week basis, 50%-75% of reports uploaded were done so
at home in 2017. Mr. Arbiter was forthcoming with limitations - the Madison Clinic is in a big and tech-
savvy city, the patients in question are pediatric and therefore likely have highly engaged parents, etc. - but
he ultimately concluded, "it seems like we've moved the needle in terms of making data upload easier."
Home uploading seems like a small thing, but doing so can save precious minutes of limited patient-
provider time, as well as keep patients engaged with data in between visits. The fact that there are now
several "data management platforms" shows just how far we've come in the past six years. When Mr.
Arbiter was diagnosed with type 1 diabetes in 2011, he was asked to take manual notes and fax them in to
the doctor's office every day - talk about prehistoric!

▪ Looking ahead, we see diabetes technology quickly moving past the patient/clinician "
upload" model - more and more connected devices are automatically sending data to
cloud-based platforms (e.g., Dexcom's G5, Abbott's LibreLink, Medtronic's Guardian and
MiniMed Connect, Roche's Accu-Check Guide/Connect, Ascensia's Contour Next One, Livongo, One
Drop, etc.). Once uploaded automatically, patients and clinicians will be able to access data on-
demand and use it for decision making (no manual sync or upload needed). Yep, it's about time that
diabetes gets some of the zero-hassle, "it just works like magic" that we're all used to with consumer
tech.

▪ We look forward to seeing the rollout of Tidepool's expanded mobile app, which will go
beyond the current note-taking app, Blip Notes.
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Technological Approaches to Achieve Pay-for-Performance Standards

Athena Philis-Tsimikas, MD (Scripps Health, La Jolla, CA)

Dr. Athena Philis-Tsimikas opened her discussion of digital health in diabetes with a simple but candid
assessment of the current landscape: "Lots of hype. But where are the outcomes?" She acknowledged that
the commotion around digital solutions - and their ability to enable a safer and more cost effective system -
has been warranted, but also noted that as talk has grown louder in recent years, we've also lost track of the
end goal of these systems: namely, as facilitators of better care delivery as opposed to solutions in and of
themselves. She broke down her analysis in terms of hospital and ambulatory care, noting that digital
solutions can improve outcomes in both environments if applied appropriately. On the hospital side, she
referenced a study from her team at Scripps being presented at ADA (68-OR) showing in a pilot RCT that
remote glucose monitoring in high-risk hospitalized patients is not only feasible and safe, but is also
associated with reduced hypo- and hyperglycemia. No surprise there - we see enormous potential for CGM
moving into the hospital over the next few years, now that sensors are more accurate and reliable!
Meanwhile, on the ambulatory side, Dr. Philis-Tsimikas pulled from a recently published study (Fortmann
et al. Diabetes Care 2017) - also from her team - to demonstrate how mHealth interventions (e.g.,
educational text messaging) can improve diabetes control, adherence, and communication, especially in low
income, low health literacy groups. She noted that a lot of the work on this front has used "one-size-fits-all"
messaging (e.g., the same message sent to various patients), which has been seen as a limitation despite
positive results. With that in mind, she acknowledged that adaptive text messaging and notifications are the
next frontier (some are already here, like Livongo) and expressed hope that positive results will further
convince clinicians that digital health is scalable and sustainable. Scripps will soon start the Dulce Digital-
Me trial, an three-arm study for underserved hispanics with diabetes. The 414-patient trial is expected to
start this month and wrap up in four years! The trial design is quite fascinating:
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Symposium: Venturing Beyond the Bricks, Mortar, and Books

A Social Media Learning Collaborative Approach to Competency-Based Training
in Diabetes

Donald Simonson, MD (Brigham & Women's Hospital, Boston, MA)

Dr. Donald Simonson introduced an in-development online tool that aims to customize therapy based on
patient data to maximize the probability of reducing A1c. The software pulls from 19 randomized clinical
trials that total 7,000 patients and electronic health records from 233,000 patients in the Partners Health
system to estimate which treatment options are most likely to lead to A1c drops for a given patient. This
particular tool is still in testing, but Dr. Simonson hoped that, someday, providers could access the website
(he didn't comment on cost/business model), input patient data, and observe the probability of various
treatments achieving set A1c goals for a specific patient. We would be remiss if we didn't suggest that a
next-gen version should include the ability to customize desirable outcomes to include time in range,
hypoglycemia, or even patient-reported outcomes. But decision support is still in its infancy, and we can't
wait until this launches! This reminds us of what IBM Watson has done in oncology, and hopefully, what it
will do in diabetes with the Medtronic and Novo Nordisk partnerships.

▪ The need for such a precision medicine algorithm is evident: (i) clinical trials are excellent
at dictating how to treat the "average patient," which is never who providers care for in practice; (ii)
while the mean success rates for achieving A1c goals are 27% for patients on diet & exercise and 67%
for patients on sulfonylureas, there is a variable response curve and some patients will succeed and
fail with either intervention; and (iii) the breadth of tools available to clinicians is too great. There
have been over 40 diabetes drugs approved in the past decade, and combination therapy further
complicates the scenario by adding a significant multiplier of permutations. Clinical decision
support is a very real need!
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Symposium: Big Data, Small Data, and Type 1 Diabetes - Practice Redesign
at the Intersection of Families, Providers, Value-Based Reimbursement,
and Technology

Findings from the Field - Results of a Randomized Pilot Study of Intensive Remote
Monitoring among Children with Type 1 Diabetes

Aylin Altan, PhD (OptumLabs, Cambridge, MA); Deneen Vojta, MD (UnitedHealth Group,
Minneapolis, MN)

Dr. Aylin Altan presented a pilot study of intensive remote monitoring (using an activity tracker and text
message reminders to upload data/come in for doctor's appointments) for children and adolescents with
type 1 diabetes (n=117). After six months, patients randomized to intensive remote monitoring (n=60)
experienced a 0.34% A1c decline vs. 0.05% for patients randomized to conventional care (n=57) - all
participants started with a high baseline A1c between 8%-10.5%. Dr. Altan described how this effect was
mediated by engagement, in that participants with ≥24 downloads experienced 0.7% mean A1c-lowering vs.
0.08% mean A1c-lowering for participants with ≤20 downloads over the course of the study. (Yep, if you
don't use the technology, you don't benefit from it.) She also presented a subgroup analysis of children age
8-12 vs. adolescents age 13-17, showing how intensive remote monitoring is most beneficial for the older
pediatric cohort, who experienced a mean 0.5% A1c drop vs. 0.15% among younger children. This subgroup
data may suggest that engaged adolescents are an ideal target for this kind of remote monitoring
intervention, while pediatrics and those who won't engage may need a different approach. There was no
significant difference in hypoglycemia between the groups, although there were two events in the intensive
arm and none in the conventional care arm. The positive effects of intensive remote monitoring on A1c
dissipated somewhat after cessation of the intervention, as mean A1c increased 0.1% after three months of
follow-up. Dr. Altan acknowledged that this was a small pilot study and that a larger/longer trial would
provide more conclusive evidence on the benefits to intensive remote monitoring. We wonder if there could
be randomization within the intervention group in subsequent trial to compare different types or
frequencies of alerts. We believe the killer app for this population will be automated insulin delivery/MDI
dose titration, paired with connected CGM and automated remote monitoring. Such a system would flag
providers of patients falling out of range, but otherwise operate autonomously using software to inform
dosing.

▪ Patient-reported quality of life improved markedly more in the intensive group vs. the
conventional care group: On average, PedsQL score grew from 74.6 at baseline to 80.82 after six
months of intensive remote monitoring (6.22 improvement), and grew from 77.24 at baseline to just
78.55 after six months of conventional care (1.31 improvement).

▪ UnitedHealth Group Vice President of R&D Dr. Deneen Vojta, who chaired this
session, spoke to some of new questions that arise with an effective remote
monitoring solution: How many provider visits are optimal? What will the workflow look like for
this system in a clinical setting? How will this be reimbursed (both for the patient, and for the
provider)? She underscored that even though this was a randomized controlled trial (RCT), it was
still proof-of-concept, designed to show that a remote monitoring intervention could work well in
supporting children and adolescents with type 1 diabetes. There's substantial evidence
demonstrating the value of activity trackers and reminders for medications/doctor's visits in chronic
disease management, but how to disseminate these features to a widespread patient population is a
distinct challenge, one that's beginning to be addressed with pilot studies like this. In speaking to
why intensive remote monitoring may have shown a more profound positive effect in older
participants, Dr. Vojta described how adolescents are just starting to gain independence, which
opens up the perfect opportunity for a support tool like the one investigated. She also shared
anecdotally how this intervention improved quality of life for the parents of children/adolescents
with type 1 diabetes, who faced a lower decision-making burden in the remote monitoring group vs.
the conventional care group.
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Symposium: ADA Diabetes Care Symposium - Diabetes Care and Research
Through the Age

What Does the Future Hold?

Ele Ferrannini, MD (University of Pisa, Italy)

The great Dr. Ele Ferrannini offered his perspective on the value and relative speed of development in
current major areas of research focus within diabetes. Overall, he foresees the greatest value in organ-level
research into the role of the heart, kidney, and brain in diabetes pathophysiology, ranking this area a 9/10
in terms of value. Tissue-level research (into beta-cell plasticity, adipose tissue plasticity, and gut factors
including the microbiome) also ranked highly in terms for value for Dr. Ferrannini - a 7/10. Pharmacology
(new drugs and new treatment strategies) and genome level research (genetics, epigenetics, and "omics")
received a modest but respectable 6/10 value ranking. On the other hand, Dr. Ferrannini was much less
optimistic about the value of environment-level research (diet/exercise, toxic environmental factors, and
infections; an overall 3 ranking) and was particularly pessimistic about information technology research
(including sensors, electronic health records, and big data). Information technology received a 2/10 value
assessment from Dr. Ferrannini, though he noted that this is the fastest and most active area of
development within his list - in terms of speed, information technology scored a 9/10 on his scale. Indeed,
the speed of development in this area underscores that massive interest and value many in diabetes and the
broader healthcare field see in digital health - which made Dr. Ferrannini's pessimism all the more
surprising. As he put it, the concept of precision medicine - powered by massive amounts of population-level
health data - has gone "viral." In his view, this focus on gathering large amounts of health data and mining
it for insights has flipped the traditional model of medical research, which traditionally has focused on the
generation of hypotheses and use of clinical data to evaluate the validity of a priori hypotheses. As a clinical
trial purist, we're not overtly surprised by Dr. Ferrannini's stance, though we do think there's value in
generating insights from population-level data that would have been near-impossible (and extremely
costly) to arrive at through randomized, controlled trials. We certainly think there's room for both kinds of
studies in science and medicine!

▪ Taking the impact of sensors and big data one step further, Dr. Ferrannini cautioned
that the drive toward digital could fundamentally change the doctor-patient
relationship in a negative way. Dr. Ferrannini characterized the current model of healthcare as
one in which (i) the patient feels unwell; (ii) the patient visits the doctor; (iii) the doctor assesses the
patient's symptoms, history, etc.; and (iv) the doctor provides advice based on his or her knowledge
and expertise. In the near future, however, Dr. Ferrannini forecasted the patient visit could be
replaced by health data generated through sensors (CGM, blood pressure monitors, etc.) and the
doctor could be replaced by a clinical decision-making app. Further in the future, he suggested that
patients could be replaced by anonymous ID numbers, in order to better collect their information for
"big data" repositories. Ultimately, Dr. Ferrannini suggested that the healthcare system will
fundamentally change to "feed this black hole of big data." Further, he pointed out that a key
consideration will be who "owns" each big data repository and how they might use and manipulate
the data. While Dr. Ferrannini's concerns are well-taken (and the high value he places on the doctor-
patient relationship underscores what an incredible clinician he is), we feel he may have a bit of an
extreme, doomsday-scenario view of digital health. In certain cases, telemedicine, clinical decision
support, and other tools can help support increasingly busy physicians, expanding their capacity to
serve more patients and focus their energies on the most complex cases. Further, the use of sensors
and centralized collection and interpretation of individual health data plays an important role in
empowering and engaging patients in their diabetes or broader health care. While some
thoughtfulness is clearly warranted on how best to use the wealth of data that we now have the
ability to collect (so as not to fall prey to information overload), we continue to believe that digital
health represents an immense opportunity for the diabetes and healthcare fields.
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▪ Dr. Ferrannini also highlighted pharmacology as a relatively fast area of research,
scoring a 7/10 on his scale. Organ- and tissue-level research scored a modest 5/10 for speed,
while genome-level research scored a 4 and environment research scored a 3.

Symposium: mHealth - Friend or Bystander in Diabetes Management

Mobile Technologies for Data Collection

Mark Clements, MD, PhD (Children's Mercy Hospital, Kansas City, MO)

In a balanced analysis, Dr. Mark Clements ultimately argued in favor of mobile health interventions, even
though solid RCT evidence supporting their efficacy is lacking. Dr. Clements sees a number of reasons to
adopt mHealth anyway: (i) substantial and growing smartphone adoption; (ii) a shortage of skilled
clinicians in the diabetes field; and (iii) the potential of mHealth to cut costs related to transportation,
inefficiency, diagnosis time, and hospital visits. (To that, we'd add that the RCT-> peer-reviewed publication
model cannot possibly keep up with digital health.) Regarding efficacy amongst those with type 2 diabetes,
Dr. Clements cited one systematic review and meta-analysis, which found an A1c reduction of 0.4%
associated with diabetes app use. Evidence for smartphone app efficacy in the type 1 population is more
limited, with Dr. Clements noting only two studies, neither of which detected any significant differences in
clinical outcomes between those using apps and those not. That said, companies like Livongo, mySugr,
Glooko, WellDoc, One Drop, and many others are investing in building an evidence base, particularly
through real-world data. Earlier this year at the Clinical Diabetes Technology Meeting in Houston, Dr.
Clements noted that software RCTs are difficult to conduct because apps have different modules and can
therefore be used in completely different manners from patient to patient. He suggested introducing smart,
adaptive designs - i.e., segmenting patients depending on their usage of different features within the app.
We think the progress in apps is far outpacing the ability of the literature to keep up - companies seem to be
focusing more on pilots and demonstrating data with payers/employers, rather than publishing a lot of
results in peer-reviewed journals. (In other words, the absence of peer-reviewed publications does not mean
apps don't work.) Moreover, apps are only now starting to add insulin-dosing decision support, which we
see as a real driver of efficacy. It's no surprise to us that manual logging doesn't improve clinical outcomes.

▪ Dr. Clements discussed the ongoing Dav id project, which aims to develop a software2

architecture permitting storage of aggregated device data in a diabetes center. A rules
engine capable of sending alerts to the user is incorporated and designed to respond to various
trends and patterns in collaboration with the patient and provider. We wonder how this will
interface with other growing data management platforms, such as Glooko, Tidepool, Dexcom
Clarity, Medtronic CareLink, etc. There are a lot of platforms out there and we hope some
convergence happens over time.

▪ Looking toward the future, Dr. Clements anticipates that fitness trackers, in
particular those that facilitate sleep tracking, will become increasingly integrated into
diabetes management. We agree. In addition, he believes new wearables will gain traction,
including smart watches, glasses, and garments (socks and underwear!) capable of passively
monitoring events. GPS will also have a firm hold in the field, he continued, given its ability to
provide location context. We see huge potential for consumer smartphones and smartwatches to
drive this area, since they can track all of these metrics in one already-used device. On the other
hand, dedicated tracking devices - at least Fitbit - seem to be reaching a point of commercial
saturation/slower growth.

▪ Dr. Clements called for change in the mHealth field, advocating for more patient
reported outcomes, better models to capture mental health changes, and introduction
of ecological momentary assessments (micro-surveys). He believes these measures will be
critical in fleshing out a more complete picture of the individual experience moving forward. Hear,
hear! These are crucial diabetes outcomes beyond A1c that do hold value, but also need to be
standardized and collected in a systematic way.
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▪ On a tangentially-related note, Dr. Clements is heavily involved in a new project to
integrate predictive analytics (via machine learning) to proactively identify and
manage at-risk type 1 patients at Children's Mercy. The very cool collaboration, with the
Helmsley Charitable Trust (funder), Cyft Inc. (technology-provider), and the Joslin Diabetes Clinic
(other participating clinic), will begin in mid-2017 and last three years. It's great to see this work on
risk stratification + remote monitoring, given the potential to prioritize HCP time and focus on those
most at risk of severe events.

NDEP Symposium - Shared Decision-Making - Strategies for Improvements
in Patient-Provider Communication

Shared Decision Making in Pediatrics: Development and Evaluation of Web-Based
Decision Aids for Candidates for Insulin Pump or CGM

Tim Wysocki, PhD (Center for Health Care Delivery Science, Jacksonville, FL)

In one of the few randomized controlled trials assessing shared decision-making efficacy, Dr. Wysocki and
his team assessed the benefits of their recently-developed multi-media, internet-based shared decision-
making platform for adolescents making choices regarding pumps and CGM. While shared decision-making
models are quickly gaining ground, there is still much to be done to determine who takes on how much
responsibility, when, and how. The study is still in its early stages, but preliminary data is promising: Out
of a cohort of 153 adolescents with type 1 diabetes and their parents, 44 adolescents (67%) and 53 parents
(80%) logged into the platform at least once. The initial data suggest that supervised use of the site in the
clinic may drive more effective engagement than providing instruction for initiation at a later date - of
course, the whole point of the website is to educate adolescents while reducing provider burden, so we
wonder if this trend translates to unsupervised, at-home use of the site. The platforms (one for pumps and
one for CGM) are free and available for public use on the National Diabetes Education Program website -
their stated goal is to help teens think about how a device might fit into their lives. This is absolutely crucial
when it comes to expectation management - patients should ideally know about the demands and common
pitfalls of wearing a CGM or pump (or closed loop system, for that matter), before initiating.

▪ Dr. Wysocki described adolescents with diabetes as a marginalized population
requiring focused efforts to improve their decision-making capacity. Given a number of
studies showing that adolescents benefit less from the use of advanced technology, better shared
decision making might go a long way in reducing these issues. To this end, Dr. Wysocki engaged
healthcare providers, patients, parents, and media experts alike to develop a platform aimed at
facilitating informed decision making, crediting the program's success to this diverse array of
individuals. The program guides users through a series of quizzes, activities, information, and videos
about diabetes technology. Pro and con lists for different devices are supplied, as well as personal
stories, demonstrations, and tips for talking with family members and providers. This seems like a
great resource - adding technology on top of diabetes can be intimidating, and understanding the
benefits relative to the costs is not always clear.

▪ Dr. Wysocki emphasized the need to be cognizant of parental coercion and adolescent
submission, highlighting the role of healthcare providers in promoting open and
frank discussions, anticipating barriers, and building adolescent-parent consensus. In
one poignant anecdote, Dr. Wysocki noted an incident in which a patient changed his decision
regarding the use of a device, only to report that he had done so because he had been promised the
latest Game Boy. Adolescents may be uncomfortable with actively participating in healthcare
decisions and may feel reluctant to confront or challenge their parents during disagreements. To
combat these tendencies, Dr. Wysocki calls for systematic intervention - we couldn't agree more and
believe this new focus on shared decision-making is an excellent first step.
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Mini-Symposium: What's App? Opportunities and Challenges in Diabetes
Mobile Technologies

Translating Behavioral Science for mHealth Systems

Shelagh Mulvaney, PhD (Vanderbilt University, Nashville, TN) and Sara Krugman, (Tidepool,
San Francisco, CA)

Dr. Shelagh Mulvaney described the three key advantages of mHealth as: enhancing data access, improving
proximity, and facilitating insight in context. She anticipates that these benefits will allow for better
precision and pattern recognition, thereby strengthening our ability to assess behavioral variability and to
develop ubiquitous means of identifying risk factors. Dr. Mulvaney and Ms. Krugman cautioned that mobile
platforms have a micro-impact, changing "how" but not "what" we do. Given the plethora of variables that
accompany diabetes, the tension lies in choosing which ones to tackle in a single app. Therefore, it will be
necessary to clarify and narrow the rationale behind each tool, developing an implementation plan with a
user in mind. Thus, the mantra that culminated the discourse: less is more, simple is hard, shorter takes
time. The speakers raised several guiding questions to facilitate the pursuit of these aims, including: (i)
What is the cognitive burden of the tool? (ii) What are the emotional associations? (iii) What are the
learning paths? and (iv) What are the environments in which this technology will be used? These questions
will be critical in establishing positive patient relationships with mHealth services, boosting adherence in a
potentially rich field that has yet to live up to the promise. We urge developers in the field to ask these tough
questions and focus on demonstrated, real needs in the diabetes community.

▪ Both Dr. Mulvaney and Ms. Sara Krugman emphasized the need to focus on patient
engagement with mobile technologies, highlighting the importance of features that make
technology accessible and fun to use. To this end, Dr. Mulvaney has designed two personalized
mobile tools, YourWay and SuperEgo, aimed at improving self-management and mitigating
psychosocial challenges for adolescents with diabetes.

▪ A big challenge, we'd point out, is that digital technology should ultimately drive
reduced burden or outcomes that far outweigh the additional burden they impose.
Most apps will require some level of patient/HCP interaction, but the key will be getting the balance
right - what outcomes are possible with the minimum amount of usage?

Questions and Answers

Sara Krugman (Tidepool, San Francisco, CA) and Shelagh Mulvaney, PhD (Vanderbilt
University, Nashville, TN)

Q: We have an app for exercise guidance based on real-time glucose levels. We just released it.
What is your experience in patient acquisition of new apps that will help with lifestyle change?
Our app helps people with behavioral change. What is your experience with working with
positive behavior change around diabetes self-management?

Dr. Mulvaney: I'll ask another question. Trying to ask a question that broad can be frustrating. Reverse
engineer that question and think backwards from your endpoint to where you start with an interaction with
someone. Think about all the possible steps and the types of change you want to see in each step. This would
be an important process to map out. So it kind of depends.

Ms. Krugman: It's also important to assess what motivates that person. Focusing in on that helps. Focusing in
on the use case of one person would be fruitful, rather than looking at a broad group of people. We're now in
an industry and we're figuring out that there are so many use cases - it's hard to focus on one. And focusing on
one is such a small percentage. How do we find a solution that works at that scale for everyone? I don't think
we have the tools for this yet. The language we're using back to that person should address them. So being
smart about very basic things like language and tonality makes a huge impact. But it's about defining who the
user group is.
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Q: When you're trying to study a mobile app, it's not like studying a medication. Every app has
multiple components. Apps can also link to offline resources. So my question is to what degree
do you think we should go into smart design and assess the dose effects of these components -
so we can better understand what portions of this are working and not working?

Ms. Krugman: Smart design is something that will be increasingly used in identifying uses - what works for
whom, etc. It's really designed for resource allocation purposes. We want to start with the configuration of
features and look at what resources are most feasible for your system and the individuals. The design is in two
to three stages of randomization. Each stage bifurcates into those who do and do not respond to treatment.
It's a very useful way that probably will be utilized a lot more. But, the problem is that the features are difficult
to disentangle. Most apps and behavioral interventions have many different components. What's the smallest
number of components that can work together? We could do an RCT with just that portion - advancing it into
that data is a problem solving process. What gets tricky is the networking component, which maps onto
everything. When you take that out, you're messing with the glue. So that's the base challenge to me. But I
think smart designs are important.

Q: Also what are your thoughts on the importance of attention controls?

Ms. Krugman: Attention controls have a great place in the research design world but they're difficult to do
well. It's easy to overstep what attention means. You want an active control, without overpowering it or
making it into a comparative effectiveness trial. Attention control for mobile apps is difficult.

Q: Could you expand on the experiences of patients and families using Tidepool?

Ms. Krugman: One thing is that families and doctors engaging together has been a really useful and motivated
group of people. There has been high engagement on that end. Otherwise, it's pretty hard to get individuals
who are not highly motivated to engage in data usage.

I think there's a lot to talk regarding language and approach. One day I was sitting in clinic, watching people
sign up. And we have a question that asks, "Is this for you or for someone you care for?" A teenager stopped at
that question - and it was really hard for him to answer this, when understanding and thinking about identity.
It can be a really loaded question. So there are nuances like that.

I see the data we're showing as more of a communication and education tool. Another example is looking at
the trend of data between 12 pm and 1:30 pm. With our tools, the question between parents and teenagers is
more about the dots in the data, rather than being high during that time period. That social experience can
have a rippling contextual impact, so that's a real problem that can be solved. That family can have a real
conversation rather than something antagonistic.

Q: What kind of data do you have on why people lost engagement? Why do people drop off
from using? Anything from family members on this topic?

Ms. Krugman: It's mostly around "I don't have time" or "I got an error and moved onto the next thing." I don't
have data on what makes people leave when. But it's more of a web of experiences around having to sit down
and upload data. It's an intense use of time. People are motivated to do this with their doctor and people
doing that outside of the caregiving experience are highly motivated. We're always invested in improving
things, even if it's not as fast as we want it to be.

Q: In the Precision Medicine Initiative, mHealth was said 2,700 times. How are we going to
hold the government accountable to reach communities with this technology?

Dr. Mulvaney: The Precision Medicine Initiative uses mobile technology, but not really for behavioral change.
It's really being used to document behaviors and to look at people in their cohorts. The government can't be
the main answer. There is a lack of push from patients themselves. I think it's important to get tech into the
hands of patients themselves. It's important to get something back. That's a big part of why things don't get
used. I do feel that there has to be some sort of push from the bottom up - some driving factor from the
market.
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Diabetes Mine D-Data Exchange

Highlights: Insulet Shows Cool Horizon Screens; FDA's Strong Call for
Interoperability Between Companies; Dexcom API This Year

At DiabetesMine's D-Data Exchange, we enjoyed seeing the DIY community and industry in what we felt
was the most productive discussion yet. Highlights included Insulet's Dr. Trang Ly on the OmniPod Horizon
system (first screenshots from near-final design - major investment here), FDA's Dr. Stayce Beck on why
device interoperability really matters for automated insulin delivery progress (FDA may even have a
workshop), Dr. Nate Heintzman gave an update on Dexcom's APIs for retrospective data at
developer.dexcom.com (launching later this year), and an artificial pancreas progress panel included views
from Medtronic's Dr. Fran Kaufman, Bigfoot's Bryan Mazlish, Insulet's Dr. Ly, Tandem's John Sheridan,
and our own Adam Brown. MIT innovation professor Dr. Eric Von Hippel gave an outstanding keynote,
emphasizing that the lead-user (DIY) community is a critical driver of innovation in all fields - diabetes is no
exception. The HOW of this for industry is still an interesting question - how should/can/will industry
create open sandboxes to enable innovation for the DIY community and build it into commercial products?
We felt the conversation dynamic shifted this year and was more patient-friendly, "how-to," and pro-DIY
than ever before.

▪ Insulet's Dr. Trang Ly (VP & Medical Director) gave a first glimpse of the Horizon
hybrid closed loop user interface on the Dash PDM - wow is Insulet investing heavily
in user experience! The screenshots below are "close to the finish line" of the design process, with
a prominent display of the CGM value and trend, IOB, and bold use of colors. Other information has
been kept to a minimum, a good move in our view. In addition to the clinical trials testing the
algorithm, Insulet has already performed six usability studies (31 unique participants to date,
including some 670G users) to get feedback on the Horizon's user interface and data display. Dr. Ly
also highlighted Insulet's cool use of Lightning Labs - condensed user experience design processes
that occur in a short period of time with cross functional teams. The group designs and iterates
quickly based on user feedback. Insulet even invited six members of the OpenAPS community and
spent hours hearing about their experiences - yes! She noted that user interface's use of colors is
"controversial" (some like it, some don't), and the company is also debating how to display the
system's insulin dosing graphically (microboluses vs. basal rate can be confusing). Dr. Ly shared
sincere commitment to getting lots of patients' feedback (including from MDIs), and Insulet is
clearly investing deeply in this area. She reiterated the expectation for a pivotal trial of the Horizon
product next year. As previously described, the algorithm will be embedded on the pod and talk
directly to the Dexcom G6 CGM, meaning users will remain in closed loop even when the PDM is out
of range.

◦ To date, Insulet has completed studies of the algorithm in 82 patients,
collecting ~3,500 hours of closed-loop data: "The algorithm is doing what it should
be doing - reducing mean glucose and increasing time-in-range without causing more
hypoglycemia. We're well on our way to creating a commercial artificial pancreas product."
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▪ FDA's Dr. Stayce Beck hoped for an interoperable future where AID systems have
multiple interchangeable components made by different manufacturers ("plug-and-
play"). The Agency "hopes" to have a workshop on this topic and seems highly
committed to continuing this discussion. Nice! Noted Dr. Beck, "The anticipated pace of AID
innovation challenges the current regulatory framework for medical devices. Every time one of the
components is modified, a company has to come in to FDA with a new submission. Users can't mix
and match systems that meet their needs. We're at a point where technical solutions can be
implemented." We've heard this in theory before from FDA's Dr. Courtney Lias, but it sounded like
things have progressed internally at FDA, and Dr. Beck said the solution is "under construction" -
the entire community now must come together to help the FDA figure out how to do this. For
instance, the field must nail down the interoperability, connectivity, and data approaches (the
HOW), enabling devices from different companies to seamlessly and safely talk to one another. We
see enormous innovation potential and patient choice enabled by plug-and-play systems - using one
company's pump, another company's sensor, a third company's algorithm, and being able to swap
components in and out as desired. We hope a workshop does indeed happen and it drives progress
and standardization in the field. Dr. Beck also commented on dosing insulin from a smartphone,
sharing that the agency is open to it and very platform/device agnostic - companies must simply
demonstrate the device works as intended and is robust to different failure scenarios (e.g., the
mobile medical app will be prioritized when battery is low, a game is being played, etc.). We loved
her opening comment, "We don't see mHealth as a 'challenge,' but as an 'opportunity.'"
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▪ Dexcom's Director of Data Partnerships Dr. Nate Heintzman shared that the
company's open API for retrospective data will launch "later this year" at
developer.dexcom.com. As a reminder, this will allow third parties to access Dexcom's APIs
(retrospective data, three-hour-delay), create and manage pre-commercial (prototype) apps, play
with simulated (sandbox) data, learn how to become a Dexcom data partner, and even submit an
app for commercial approval. This important effort was first announced at the D-Data Exchange last
fall, but clearly there are a lot to details to work out - the "early 2017" planned launch has slipped a
bit, but things sounded very close to launch at this point. Dr. Heintzman shared a "top 10 things to
know list," noting that 500+ people have already signed up for email updates on
developer.dexcom.com. He reminded attendees that developers will have access to quite a bit of
information to develop novel retrospective data apps, including glucose data, statistics, device info,
and calibrations. Like Dexcom Clarity, this platform is a class I medical device (retrospective CGM
data), and Dexcom will support data partners and share best practices through the developer portal.
This is clearly a huge internal investment from Dexcom and we hope it drives an ecosystem of
innovation and novel ways to use retrospective CGM data.

▪ A lively panel discussion featuring closed loop industry members (Insulet's Dr. Trang
Ly, Medtronic's Dr. Fran Kaufman, Bigfoot's Mr. Bryan Mazlish, and Tandem's Mr.
John Sheridan) and moderated by our own Mr. Adam Brown showed encouraging
industry openness to engaging with the DIY and broader patient communities. From
the audience, Dr. Eric von Hippel called for data to be readily available to patients, providing what
Adam called "a sandbox" for innovators to play in and access devices. "It's crazy when 90% of the
effort of the user community has to go to hacking into devices, just to get access to the data. Life is
slightly unsafe. If you ensure safety, you also ensure slow progress. There must be a way - in every
other field, users can take risk on themselves. If I want to build a rocket-powered car, I can do it,
even though it's unsafe. There must be a way to sign rights that I want access to this damn thing and
it's no longer your [industry's] problem." Another audience member emphasized that remote
monitoring on a pump is absolutely not an optional feature - kids with diabetes are sent to school,
where there are no or few trained professionals, and parents have the right and need to see how their
child is doing. Still others asked for companies to re-think and improve infusion sets, the traditional
four-year pump warranty cycle, and algorithm transparency. To our delight, none of the panelists
once responded "No, we can't do that." Of course there is work to be done on the best vehicle for the
DIY community to interact with industry productively, but panelists were very open to hearing the
audience - Dr. Kaufman even asked attendees to "go on a date" with Medtronic so they can get as
much input as possible. We find this level of progress quite remarkable, since this dialogue didn't
exist even two years ago - we owe a hearty thanks to these industry leaders and the patient
innovators who have pushed the field ahead.

▪ MIT Sloan School of Management's very smart Dr. Eric von Hippel, speaking to a
room full of DIYers and lead users, encouraged some collaboration with industry…but
not too much! In collaborating with companies too closely, non-industry innovators may end up
with "indicia of commerciality," which could result in a product that FDA can regulate (under the
Commerce Clause, FDA cannot regulate non-commercial medical innovations). According to Dr. von
Hippel, there's more to lose than, for example, the OpenAPS community's right to use their DIY
closed-loop systems. He explained that truly patient-led, grassroots innovation systems interact
quite robustly with the producer innovation paradigm to the profit of both parties: During a
producer's R&D phase, it will offer innovation support to free innovators, who in turn churn out
innovation designs upon which manufacturers can base products. It's a difficult line to toe, however,
as too close an interaction - a blended system - could lead to FDA involvement, and the scaffold
could crumble.

◦ According a study from Dr. von Hippels' group, the number of medical patient
innovators outnumber producers by over 100:1. Holy moly! Innovation has
traditionally been seen as something that just producers do, and this is perpetuated by the
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fact that innovation is only accounted for in government statistics until a product is
formally introduced onto the market - the user innovator is typically invisible. In the US
alone, there are an estimated ~384,000 individuals working on medical consumer
innovations.

▪ According to Companion Medical CEO Sean Saint, Apple added insulin doses into
Health Kit as of the Worldwide Developer Conference earlier during ADA. It will be
available starting in iOS 11 this fall, and the beta is out now - see the iOS 11 developer page here. This
has been long awaited and could be a nice data ecosystem enabler - especially as connected pens and
connected pumps come out.

Special Event: U.S. Diabetes Exchange & Experience event (dX2)
(Sponsored by Abbott)

Visualizing the Future of Diabetes Management

Jo Boaler, PhD (Stanford University, Palo Alto, CA), George Grunberger, MD (AACE,
Bloomfield Hills, MI), Joel Goldsmith (Abbott, San Francisco, CA)

Abbott's Mr. Joel Goldsmith boiled down the digital transformation of diabetes care to three main trends:
The shifts from strips to sensors, from proprietary handheld devices to connected consumer electronics as
the preferred user interface, and from desktop application analytics to cloud-based services. CGM is
becoming the standard of care, making the capture of dense glucose data almost effortless and much more
cost effective - this dense data makes it easier to visualize trends and patterns. [He took the opportunity to
remind attendees that FreeStyle Libre consumer is currently available in 35 countries and used by
300,000+ patients, though is still under review by FDA.] Similarly, smartphones are becoming intertwined
with standards of medical care - they are pervasive, and are more and more an integral part of
traditionally highly-regulated medical devices. Not only do they offer a familiar user interface and a
constant source of connectivity, but they reduce the burden associated with carrying additional devices on
one's person. Finally, moving to the cloud is enabling instantaneous, widespread sharing and new forms of
advanced data analytics, "helping to deliver on the promise of precision medicine." Taken together, these
three shifts are lowering the barrier to both insight generation and access, and are beginning to deliver
outcomes. Mr. Goldsmith concluded by explaining why diabetes may be the "perfect candidate" for machine
learning and AI: It is data-intensive, largely self-managed (increasingly through connected consumer
electronics), and a growing global epidemic. We are seeing signs of life in this turf - automated retinopathy
screening, Medtronic/IBM Watson's Sugar.IQ (more on this in an oral session tomorrow), and One Drop
just laid the foundation for future AI intervention this morning with its Amazon Alexa integration.

Company Announcements

One Drop Integrates with Amazon Alexa Voice Technology; Brings Dr. Nicole
Johnson on to the Advisory Board

One Drop announced a slew of updates on the first day of ADA, most notably integration with Amazon's
Alexa voice technology. This new will allow patients to track blood glucose, food, and activity, as well as to
access their data, all with voice. This represents a sizable leap forward in improving on manual entry,
particularly for those who may be physically or visually impaired. The integration is set to launch on June
15 through the Amazon Alexa Skills Store (presumably for free in the One Drop app) and even allowsth

caregivers in separate locations to access patient data summaries (i.e., "Alexa, did mom take her medication
today?"). We love the commitment to simplifying data logging in all modalities and can't wait to try the
voice component out. Could voice become the new user interface in diabetes? It is relatively uncharted
territory in diabetes, though one with serious potential (see Merck/Amazon's competition) - In the same
accessibility vein, One Drop introduced "Light Mode," which is designed to improve readability for the
visually impaired. The announcement also includes news of two new One Drop Experts in-app education
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programs - "Overcoming Diabetes Burnout" and "Advanced Carb Counting" - and the addition of Dr. Nicole
Johnson to the One Drop Experts Advisory Board (joining Dr. David Marrero, Ms. Martha Funnell, Dr.
Carla Miller, Ms. Heather Gabel, and Doug Warren). We look forward to digging into One Drop's three new
sources of outcomes data (two posters, one late-breaking poster) on Sunday and Monday - Jeff Dachis, Dr.
Chandra Osborn, and co. already have two published retrospective posters demonstrating improved
outcomes from use of One Drop Mobile and the Experts program.

Ascensia + Voluntis Partner to Connect Contour Next and Plus One BGMs with
Insulia Basal Titration App; Launch in 4Q17

During ADA, Ascensia announced a global partnership to connect Voluntis' Insulia basal insulin titration
app for type 2s with Contour Next One and Plus One BGM systems. The integration is expected to go live for
people with type 2 diabetes in 4Q17. We're not sure exactly how the combo will be deployed - Insulia is a
prescribed app, but we're not sure how that will come to market in combination with Ascensia's BGMs. Will
the products be bundled and sold together directly to patients? Will providers prescribe the two together? Or
will the commercialization be separate, with Ascensia simply feeding data into Insulia as an integrated
device? Voluntis has moved quickly, establishing partnerships with Livongo, Sanofi, and now Ascensia after
announcing FDA clearance for Insulia in December. Ascensia is fresh off announcing development
agreements with Insulet and Glooko and is clearly doubling down on digital diabetes care and connectivity.
Notes CEO Mr. Michael Kloss in the press release, "[This] is our first partnership in the area of medication
management, which is a critical component of integrated diabetes management…" We're glad to see both
companies partnering widely and look forward to seeing the business model and how Insulia comes to
market at scale.

Obesity and Prediabetes Care

Oral Presentations: Beyond Glycemic Impact

Semaglutide Provides Superior Body Weight Reduction across SUSTAIN 1-5
Clinical Trials

Ildiko Lingvay, MD (University of Texas Southwestern Medical Center, Dallas, TX)

Dr. Ildiko Lingvay (University of Texas Southwestern Medical Center, Dallas, TX) presented a meta-
analysis of the phase 3 SUSTAIN 1-5 clinical trials, demonstrating that Novo Nordisk's once-weekly GLP-1
agonist semaglutide provided clinically meaningful and superior reductions in body weight across all five
studies, versus a range of tested comparator drugs and in a broad range of patient populations. As a
reminder, SUSTAIN 1 tested semaglutide against placebo (n=388; 30 weeks) in treatment-naïve patients,
SUSTAIN 2-4 tested semaglutide head-to-head against other diabetes drugs in patients on metformin
(sitagliptin in SUSTAIN 2 [n=1,231; 56 weeks], exenatide once-weekly in SUSTAIN 3 [n=813; 56 weeks], and
insulin glargine in SUSTAIN 4 [n=1,089; 30 weeks]), and SUSTAIN 5 tested semaglutide against placebo as
an add-on therapy in patients on metformin and insulin (n=397; 30 weeks). Average A1c and BMI at
baseline were similar across all five studies, ranging from 8.1-8.4% and 32-34 kg/m . Impressively, Dr.2

Lingvay outlined that significantly greater absolute reductions in body weight were seen with semaglutide
across the entire SUSTAIN program. Participants on 1.0 mg semaglutide lost an average of 4.5 kg (9.9 lbs)
in SUSTAIN 1 (versus -1 kg [2.2 lbs] with placebo), -6.1 kg (13 lbs) in SUSTAIN 2 (versus -1.9 kg [4.2 lbs]
with sitagliptin), -5.6 kg (12 lbs) in SUSTAIN 3 (versus -1.9 kg [4.2 lbs] with exenatide once-weekly), -5.2 kg
(11.5 lbs) in SUSTAIN 4 (versus +1.2 kg [2.6 lbs] with insulin glargine), and -6.4 kg [14 lbs] in SUSTAIN 5
(versus -1.4 kg [3.1 lbs] with placebo). Across the entire SUSTAIN program, participants on 1.0 mg
semaglutide also achieved >10% weight loss significantly more often than those in the comparator group.
The proportion of patients achieving this weight loss goal reached 13% in SUSTAIN 1 (versus 2% with
placebo), 24% in SUSTAIN 2 (versus 3% with sitagliptin), 21% in SUSTAIN 3 (versus 4% with exenatide
once-weekly), 16% in SUSTAIN 4 (versus 2% with insulin glargine), and 26% in SUSTAIN 5 (versus 3% with
placebo). Dr. Lingvay alluded that longer-term data from the SUSTAIN 6 trial demonstrates that
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semaglutide's impressive weight loss effects can be sustained for at least 2 years (more on this coming soon
in our coverage of poster 1125-P) and that these weight loss effects are accompanied by significant
reductions in A1c as well (results are detailed in poster 1124-P) Given that ~90% of people with type 2
diabetes struggle with overweight or obesity, weight management is a crucial advantage in a potential new
diabetes medication, and all this is in addition to semaglutide's added ability to reduce the risk of
cardiovascular death, as demonstrated in the SUSTAIN 6 CVOT. Given this extremely promising clinical
profile, this candidate, we expect the product is poised to perform very well in the booming GLP-1 agonist
market. An FDA decision and an EU CHMP opinion for the submissions of once-weekly, injectable
semaglutide for type 2 diabetes are expected in 4Q17 according to Novo Nordisk's last earnings update. A
more patient-friendly oral version of semaglutide remains in phase 3 development.

Oral Presentations: Translating Therapeutics to the Real World

Effect of Metformin on Diabetes Prevention at 15 Years: Identification of
Subgroups Most Likely to Benefit

David Nathan, MD (Harvard University, Boston, MA)

Dr. David Nathan presented results from a subgroup analysis of the Diabetes Prevention Program (DPP)
Outcomes Study investigating the impact of baseline characteristics and diagnostic criteria for diabetes on
the efficacy results. The original DPP was a randomized trial that demonstrated a significant 31% reduction
in diabetes incidence after 2.8 years with metformin therapy and a significant 58% reduction with an
intensive lifestyle intervention among patients at high-risk for developing diabetes (based on glucose
criteria). The DPP Outcomes Study was a long-term follow-up on the DPP that found an 18% reduction in
diabetes incidence in the metformin group and a 27% reduction in the intensive lifestyle group after 15
years. The present analysis aimed to answer two questions: (i) to what extent did baseline characteristics
modify the long-term effect of metformin on diabetes prevention? and ii) would the results differ if A1c was
used as the criterion for eligibility and outcomes instead of glucose? With regard to the first question,
investigators found that a history of gestational diabetes was the only baseline factor that significantly
modified the effect of metformin, the preventative effect being stronger in the group with a history of
gestational diabetes than in the group without. The topline implication here is that gestational diabetes
should be considered a key risk factor for new-onset type 2, and that all providers (even those who don't
specialize in diabetes management) should very seriously consider metformin therapy for these patients. In
response to the second question, the analysis found that when A1c glucose was used to diagnose diabetes, the
effect of metformin on diabetes prevention was essentially comparable to the effect of lifestyle intervention
on diabetes prevention (44% vs. 49% reduction in diabetes incidence during the DPP and 36% vs. 26%
reduction after 15 years of follow-up). There were no significant interactions with any baseline
characteristics when diabetes was defined based on A1c.

Questions and Answers

Q: What do you recommend in terms of the timing of preventative therapy? For the patients
we see with a history of gestational diabetes, when should we consider starting metformin?

A: The ADA has made recommendations independent of the study group. They have suggested that all women
with a history of gestational diabetes should be considered for metformin. The reason I think metformin is
potentially the only medication to consider is that this is preventative therapy, so the drug needs to be safe
and inexpensive. The study group agrees with the recommendation that everyone should be considered
eligible for metformin.

Q: The paper showed significant heterogeneity of treatment effect at the end of the DPP, with
no effect at all on the lowest quartile of glucose. Were there such interactions at 15 years?
When A1c was used to diagnose diabetes, did you exclude people who wouldn't be eligible
based on A1c?
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A: We looked at fasting glucose, and there was no significant interaction between baseline glycemia and
outcomes in our analyses. Yes, among patients who were eligible for the trial based on glucose, we secondarily
applied the A1c criteria and excluded people based on baseline A1c.

Q: Did you look at the effect on microvascular complications when diabetes was defined by
glucose vs. A1c?

A: We will be looking at that since we're focusing on whether we're actually delaying complications. A natural
analysis would be to see if the subgroups that had a higher glycemic benefit also have a higher microvascular
benefit. That's ongoing.

Oral Presentations: Obesity Pathogenesis and Treatment-Insights from
Human Studies

Body Weight and Energy Intake Changes in Overweight Individuals Treated with
Canagliflozin, Phentermine, or Canagliflozin + Phentermine

David Polidori, PhD (Johnson & Johnson, San Diego, CA)

Dr. David Polidori presented promising weight loss data on the combinaiton of canagliflozin/phentermine,
demonstrating that this combination therapy has shown greater than additive weight loss efficacy
compared to either monotherapy alone. The double-blind study randomized overweight, otherwise healthy
individuals (n=334, 82% female, mean (SD) age = 46 (11) y, body weight (BW) = 103 (18) kg, BMI = 37 (5)
kg/m ) to receive either phentermine/canagliflozin combination therapy, phentermine monotherapy,2

canagliflozin monotherapy, or placebo. At 26 weeks, the combination therapy arm achieved weight loss of
7.5% while the phentermine and canagliflozin monotherapy arms achieved weight loss of 4.1% and 1.9%,
respectively, vs. placebo's 0.6%. In addition, Dr. Polidori presented data on changes in energy intake: at 26
weeks, the combination, phentermine, canagliflozin, and placebo arms achieved approximate energy intake
changes of -250 kcal/day, -250 kcal/day, 0 kcal/day, and +125 kcal/day, respectively. Notably, Dr. Polidori
pointed out that despite the greater weight loss with the combination therapy, its energy intake was similar
to phentermine alone, suggesting that the combination approach was able to fully block the compensatory
energy intake increase that occurs with canagliflozin monotherapy. In closing, Dr. Polidori shared that
there may be potential for even greater weight loss with this approach in type 2 diabetes if this patient
population experiences similar energy intake effects, since urinary glucose excretion in type 2 diabetes is
due to the greater filtered load. Indeed, we appreciate the idea of greater intersection of obesity and
diabetes pharmacotherapies with a deeper dive into how combination therapies can augment existing
therapeutic strategies across the two diseases.

Questions and Answers

Q: Any info on ketones? Because you know canagliflozin can lead to DKA. Any chance weight
loss is related to ketones?

A: We did not measure ketones in this study but usually ketones go up to double in diabetes.

Q: How much of the weight loss was fat vs. muscle?

A: This was an early study so we didn't study that. But in previous studies with canagliflozin, approximately
2/3 of the weight loss is fat mass and 1/3 is lean mass.

Changes in Weight and Glycemic Control in Obese T2DM and Prediabetes 18
Months after Creation of a Dual-Path Enteral Diversion by an Incisionless Magnet
Anastomosis System (IMAS)

Donald Simonson, MD (Brigham and Women's Hospital, Boston, MA)

In this talk, Dr. Donald Simonson presented exciting results on a new surgical procedure, an Incisionless
Magnetic Anastomosis System (IMAS) that promotes weight loss and A1c-lowering. The IMAS system is a
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minimally invasive endoscopic procedure designed to create an anastomosis (opening) between the upper
and lower small bowel to facilitate weight loss. Two self-assembling octagonal magnets are released from
two endoscopes - one positioned in the jejunum and one in the ileum. The magnets attract each other
creating an anastomosis between the two segments of the bowel, and are passed through the stool after six-
ten days when the anastomosis is completely formed. The anastomosis allows food to pass directly from the
jejunum to the ileum, which minimizes the amount of caloric intake into the blood. This procedure has
shown promising results so far. Mean weight loss was ~6 kg (~13 lbs) for participants with type 2 diabetes
and ~24 kg (~53 lbs) for people with prediabetes or without diabetes. A1c also significantly decreased
across the study population. The only adverse events that all subjects experienced were diarrhea, which
typically resolved in one-two weeks with dietary adjustment, and vitamin deficiency, which required
ongoing supplementation.

Race Affects the Association of Obesity Measures with Insulin Sensitivity

Jeannie Tay, PhD (Nutrition Obesity Research Center, Birmingham, AL)

Research conducted by Dr. Jeannie Tay at the Nutrition Obesity Research Center underscores the
importance of considering racial differences (in body composition, fat distribution, etc.) when evaluating
risk for type 2 diabetes. One study sought to measure clamp-derived insulin sensitivity in 61 individuals
without diabetes by measuring BMI, body composition, and fat distribution. The subcutaneous abdominal
adipose tissue (SAAT), intra-abdominal adipose tissue (IAAT), intrahepatic fat (HF), total lean mass (LM),
fat mass (FM), and leg fat (LF) were measured through MRI and DXA scans. Peripheral insulin sensitivity
was measured by hyperinsulinemic-euglycemic clamps. African Americans had 33% lower insulin
sensitivity, higher SAAT, and higher LF vs. Caucasian Americans, even though all participants were in the
same general risk cohort. For Caucasian Americans, higher BMI, FM, SAAT, LF, and HF correlated with
lower insulin sensitivity. Overall, the results suggest that adipose measures represent stronger type 2
diabetes risk indicators in Caucasian Americans vs. African Americans. Most importantly, HCPs should
take this into consideration when evaluating their patients for risk of obesity and type 2 diabetes. Dr. Tay
alluded to future studies which might investigate differences between men and women in both African
American and Caucasian populations. She also suggested that the study could be expanded to include other
racial groups.

Oral Presentations: Physiological Effects of Exercise in Humans with
Diabetes or Obesity (With State-of-the-Art Lecture)

State-of-the-Art Lecture: Emerging Mechanisms Underlying the Benefits of
Exercise for Diabetes

Bret Goodpaster, PhD (Translational Research Institute, Orlando, FL)

In his state-of-the-art lecture, Dr. Bret Goodpaster emphasized the importance of exercise for individuals
with type 2 diabetes, asserting that no matter the patient's age, exercise ultimately helps with glucose
control. When individuals exercise, they are affecting their skeletal muscles. People with diabetes who
exercise frequently will have high mitochondrial content in the intermuscular tissue, and with each
contraction of the muscle, they increase their glucose uptake from the blood- a direct mechanism to
counteract hyperglycemia. As a part of the normal aging process, the amount of intermuscular adipose
tissue increases, which also raises the likelihood of storing fat and lowers the rate of glucose uptake.
Physical activity will decelerate the growth of intermuscular adipose tissue, and exercise is thus beneficial in
both the short and long term for people with type 2 diabetes. Additionally, studies have shown that exercise
following bariatric surgery improves insulin sensitivity and mitochondrial activity.
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Oral Presentations: Transplantation - Basic Science and Physiology

Brown Adipose Tissue, a Novel Therapeutic Target for Glucose and Insulin
Intolerance

John Guers, PhD (Rutgers University Medical School, Newark, NJ)

Dr. John Guers presented a compelling overview of his research on RGS 14 knockout mice, which, in
addition to having increased glucose and insulin tolerance, feature excess brown adipose tissue. His
research group attempted to see whether this mouse line's excess brown adipose tissue contributed to this
phenotype of healthful aging. Brown adipose tissue of RGS 14 knockout mice was transplanted into wild-
type mice, which subsequently showed increased exercise performance, thermogenic function, and insulin
and glucose tolerance (all measures p<0.05). Dr. Guers noted that the donor mice showed wild-type
characteristics for these measures after transplantation, thus allowing for them to serve as adequate
controls. He summarized by explaining that brown adipose tissue could be used in the future as a novel
model for the treatment of diabetes. However, he did caution that this exciting and novel therapy has only
been tested in mice and that any encouraging results do not guarantee future success in humans.

Oral Presentations: Valid Mixed Results―Heterogeneity of Responses to
Nutrition Interventions

Body Shape Genetic Risk Score Modifies Effects of Weight-Loss Diets on Two-Year
Changes of Central Adiposity and Body Composition: POUNDS Lost Trial

Yoriko Heianza, PhD (Tulane University, New Orleans, LA)

Dr. Yoriko Heianza presented findings from a study that utilized data from the POUNDS Lost trial to assess
the effects of four different low-calorie diets to reduce central adiposity in people with obesity with different
genetic risk factors. Participants were assigned to one of the four low-calorie diet plans with varying
macronutrient components, and were weighed every six months for two years. Participants were also
assessed for genetic risk based on the presence of 31 identified genetic variants associated with different
aspects of obesity, including BMI, height, hip size, waist size, weight and WHR (waist to hip ratio). Patients
were assigned one point per risk-associate allele to produce a genetic risk score (GRS).

After two years, participants with a higher GRS on high protein diets had a lesser waist circumference
reduction than those with a lower GRS on those diets (p=0.002). Conversely, patients with a high GRS
seemed to fair better diets with a high carb, low protein composition, while those with a lower GRS faired
worse on those diets. Dr. Heianza concluded that these findings could be used on a preliminary basis to help
patients identify a diet plan that sets them up for success, and called for further research to arrive at even
more precise dietary recommendations.

Metabolic Effects and Safety of Weight Loss via Intermittent Fasting vs.
Continuous Energy Restriction in Patients with Type 1 Diabetes and Overweight or
Obesity

Jane Overland, PhD (University of Sydney, Sydney, Australia)

Dr. Jane Overland presented a pilot study (n=10) investigating the efficacy and safety of intermittent
fasting for people with type 1 diabetes and overweight or obesity. She found that intermittent fasting and
continuous energy restriction are effective in terms of reducing central obesity in patients with type 1
diabetes. Intermittent fasting was equally effective in this cohort as continuous energy restriction, but close
monitoring of insulin requirements and ketones is essential in order for this approach to be maximally safe.
After 13 weeks, type 1 patients randomized to intermittent fasting (n=5) experienced a mean 4 kg (~9 lbs)
weight loss from a baseline 75.6 kg (~167 lbs), while those randomized to continuous energy restriction
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experienced a mean 2.5 kg (~5.5 lbs) weight loss from a baseline 80.2 kg (~177 lbs). There was no difference
in hypoglycemia between groups, and total daily insulin had to be reduced by 14-18% for all participants.

Posters

Potent Body Weight Loss and Efficacy in a NASH Animal Model by a Novel Long-
Acting GLP-1/Glucagon/GIP Tri-agonist (HM15211) (1139-P)

IY Choi, JS Lee, JK Kim, YJ Park, S Jung, YH Kim, and SC Kwon

This poster demonstrates preliminary evidence for the safety and efficacy of Hamni's novel long-acting
GLP-1/glucagon/GIP triple agonist HM15211 in rodent models of obesity and NASH. In rodents with diet-
induced obesity, the triple agonist produced 35% body weight loss over four weeks, versus 19% weight loss
with the GLP-1 agonist liraglutide (Novo Nordisk's Victoza; p<0.001). The mechanism underlying this may
be energy expenditure; despite similar food intake, animals treated with the triple agonist showed an
energy expenditure of nearly 14 kcal/hour, versus only 13 kcal/hour for liraglutide and 12 kcal/hour with
placebo (p<0.001). The efficacy of the GLP-1/glucagon/GIP triple agonist extends beyond obesity to NASH,
demonstrating significant improvements over both liraglutide and placebo in measures of NASH prognosis,
including hepatic triglycerides, hepatic thiobarbituric acid, lobular inflammation, and overall NAFLD
Activity Score (NAS). Based on these promising results, we expect the candidate to advance to in-human
studies and we very much look forward to the phase 1 data.

Symposium: Population Health, Affordable Care Act (ACA), and New
Approaches for Dissemination/Implementation of the Diabetes Prevention
Program (DPP)

Policy Update - Impact of ACA and Medicare on Dissemination and
Implementation of the DPP

Nina Brown-Ashford, MPH (CMS, Baltimore, MD)

In an engaging presentation, Ms. Brown-Ashford of CMS shared an inside perspective on the Medicare DPP
program expansion. She first addressed how social determinants of health have a huge impact on diabetes
outcomes, especially type 2 diabetes, and emphasized the importance of approaching diabetes at the level of
population health. In the context of Medicare, 25% of Americans age 65 or older have type 2 diabetes, and
diabetes care for this older population costs $104 billion annually and keeps growing. To address this
problem, the CDC National Diabetes Prevention Program and Y-USA implemented a DPP model test with
7,800 beneficiaries from February 2013-January 2015, and found that 83% of participants who attended
four or more sessions experienced an average weight loss of nine lbs. Each of these participants saved
Medicare >$2,000, on average. In 2016, the Medicare Diabetes Prevention Program (MDPP) expansion
was announced and it will go live in 2018. Ms. Brown-Ashford described the many logistical and
bureaucratic issues that needed to be addressed for the MDPP model expansion to succeed, such as working
to implement a quality-based model in a fee-based system. The MDPP benefit will include the CDC-approved
DPP curriculum, a 12-month core benefit that includes 16 core sessions over the first six months, monthly
sessions for the next six months, and maintenance sessions if the participant achieves and maintains a
minimum weight loss of 5%. Any Medicare Part B beneficiary with a BMI >25 kg/m (>23 kg/m for22

Asians), lab tests that demonstrate high blood glucose levels, and no history of type 1 or type 2 diabetes will
be eligible, and coverage will be once per lifetime per beneficiary with no referral required. Organizations
must obtain CDC recognition and enroll in Medicare as MDPP suppliers. Ms. Brown-Ashford suggested that
organizations interested in participating should work toward becoming CDC-recognized and should gain
more familiarity with all requirements. Policies still need to address how payment will be structured, how to
ensure quality, and how to accommodate virtual DPP suppliers. We were impressed with Ms. Brown-
Ashford's dedication to the MDPP benefit, and we look forward to having diabetes prevention programs
become more widely-accessible.
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Questions and Answers

Q: Is the funding for the MDPP tied to the ACA, and will it survive?

A: Reimbursement for these services come from the Medicare Part B trust fund and not from 3021 funds from
the Affordable Care Act statute. Right now, the ACA is the law of the land and I can't speak too much on the
current state of affairs.

Q: Will Medicaid support a version of the DPP?

A: We modeled these outcomes on the original pilot, and are limited because of that. There are a number of
DPP demonstrations happening in Medicaid, and whatever Medicaid puts forward is what others tend to
follow. They are waiting for what happens with Medicare, but I agree with your comment 100% in terms of the
need for Medicaid to start working on this.

Identifying and Overcoming Barriers to Enrollment in the DPP

Nicole Johnson, PhD (University of South Florida, Tampa, FL)

Dr. Nicole Johnson delivered an enthusiastic presentation on her experience in overcoming enrollment
barriers in the Diabetes Prevention Program (DPP), as she discussed her social marketing approach to the
DPP in Florida. She described social marketing as the intersection of business and behavior, with a focus on
the "four P's" of product, price, place, and promotion. Dr. Johnson called attendees to create a business plan
by addressing the vision, significance of success, mechanisms of program operation, and financial logistics.
Focusing in on diabetes prevention, she emphasized the importance of expressing the efforts' return on
investment. She stressed that sharing the dramatic economic impact of not investing in diabetes prevention
on one's organization is critical. Specifically, Dr. Johnson provided her five steps to effective enrollment: (i)
master messaging; (ii) market the program; (iii) recruit participants; (iv) master the art of delivery; and
(v) understand the results and celebrate. In addition, she recommended tapping into community champions
and natural connectors, screening for readiness to change, and hosting informational events to educate and
increase interest. In closing, Dr. Johnson offered further materials for guidance at
www.Fldiabetesprevention.com.

Questions and Answers

Q: Florida has a high proportion of retired individuals. Other communities may have lower
age groups. How do you see this translating to younger populations?

A: I'm going to give you my bias. We have to create a different solution for your working adults. Our classes
have tested different days and times - the majority of people are retired. Those who are working are less likely
to finish the program. From the research and that experience, there needs to be some adaptation for working
adults and even for younger individuals.

Symposium: Prediabetes-Are We Missing Opportunities for Intervention
and Risk Reduction?

Prediabetes-Implications of a Shifting Diagnosis

Rachel Huxley, PhD (Curtin University, Perth, Australia)

According to Dr. Rachel Huxley of Curtin University, it is time to drop the prediabetes label entirely and
develop population-wide interventions for diabetes prevention as opposed to individual programs. Dr.
Huxley argued that labeling individuals with a prediabetes diagnosis may cause more harm than good,
since there are limited resources for the treatment of prediabetes. In addition, identifying and treating these
individuals would take time, resources, and money away from helping existing patients with full-blown
diabetes. She further pointed out that there is no universally optimal definition of prediabetes, and different
definitions have conflicting values for sensitivities, specificities, and predictive capabilities. Dr. Huxley
hinted that the prediabetes epidemic is driven by the wrong causes, due to its arbitrary definition for a
mixed group of individuals, the majority of who will not develop overt diabetes. According to Dr. Huxley,
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individual prediabetes programs only make sense if: (i) individuals with prediabetes are at increased risk of
morbidity and mortality compared with the general population, (ii) treating individuals with prediabetes
improves outcomes, and (iii) cost-effective interventions are available for treatment. Absent these things,
she argued, interventions at the level of the general population are the most strategic approach to curtailing
the diabetes epidemic.

Symposium: Cognitive Functioning and Decision-Making in Diabetes

Long-Term Impact of a Lifestyle Intervention on Cognitive Outcomes among
Individuals with Diabetes - Findings from Look AHEAD

Mark Espeland, PhD (Wake Forest School of Medicine, Winstom-Salem, NC)

Dr. Mark Espeland presented cognitive outcomes data of Look AHEAD participants, demonstrating that
intensive lifestyle intervention in "mid-life" may result in less cerebrovascular disease and brain atrophy as
well as better late-life cognitive function in certain populations. Dr. Espeland opened by walking attendees
through the design and methods of the Look AHEAD trial and prefaced the discussion by noting the
increased risk of dementia associated with type 2 diabetes and obesity. Turning to the results, he showed
that, compared to a control condition, 10-years of lifestyle intervention in individuals with BMIs <30 kg/m2

was associated with better cognitive function, while for those with BMI ≥30 kg/m it was associated with2

slightly worse cognitive function. While the intervention had no overall impact on the prevalence of
cognitive impairment (p=0.93), there was a similar trend for reductions among individuals who were not
obese, but increased prevalence among those who were most heavy. Notably across BMI groups, intensive
lifestyle intervention was associated with significant benefits on markers of brain atrophy and
cerebrovascular disease. Compared to the control group, the lifestyle group had less ischemic lesion volume
(1.86 cc vs. 2.49 cc, p<0.03) and greater cerebral blood flow. Exploring mechanisms for these differences,
Dr. Espeland mentioned the possibility of that the intervention altered neurovascular response, cardiac
output, or brain energy metabolism. In conclusion, Dr. Espeland highlighted the various benefits (i.e.
cognitive function, cerebral blood flow) shown in patient populations who are "not too heavy" but noted
that those that are "very heavy" can interestingly experience slightly worse late-life cognitive function with
intensive lifestyle interventions - an area of personalized medicine that we believe will certainly prompt
further research. As discussion of neurodegenerative disorders in the context of diabetes and obesity grows,
we see the brain's role and cognitive outcomes becoming an increasingly hot topic in the field.

Questions and Answers

Q: I would guess that the heavier group has a higher likelihood of having sleep apnea. Did you
check if the groups had a difference in that comorbidity? So with more sleep apnea, you'd
expect more dementia?

A: An ancillary study to Look AHEAD showed that the lifestyle intervention reduced the prevalence of sleep
apnea. This might be expected to benefit cognitive function, but we haven't yet examined how the sleep data
correlate with the cognitive data, so that's a great area to explore.

Q: I'm wondering about the legacy effects of cardiovascular disease - if the heavier participants
didn't benefit as much due to their lifetime exposure to excess body weight? If you've had a
BMI of 40, you were likely overweight at an earlier time in life.

A: What you're pointing out is that there may be a window of opportunity for lifestyle intervention to prevent
cognitive decline. It's very possible that some of these individuals might have been too far down the
neurodegenerative pathway for lifestyle intervention to provide benefit.
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Symposium: "Tales from the Trenches"

Recruitment and Retention in the DPP

Linda Weiss, PhD (New York Academy of Medicine, New York, NY)

Dr. Linda Weiss presented findings on recruitment success and retention based on the implementation of the
DPP curriculum in multiple studies across New York state. Two major themes emerged from her discussion:
(i) programs are most effective when they reach people in places where they already gather regularly (i.e.
workplaces or places of worship), and (ii) recruiting male participants into the DPP is more difficult (70% of
participants in NY are women). She shared positive retention results from a faith-based DPP
implementation, "Fine, Fit and Fabulous" (a 12-week DPP developed by Bronx Health REACH and
implemented in 15 predominantly Black and Latino churches), and from a NYC government worksite
implementation - these programs had retention rates of 76% and 90%, respectively. This contrasted to an
attempt to implement a program targeting men of color in NYC: despite a broad recruitment campaign,
bringing the program to Parks and Recreation facilities near the targeted neighborhood, and implementing
changes to the DPP curriculum suggested by focus groups, the program only recruited 29 men in total.

Questions and Answers

Comment: I recall that men were very resistant to self-monitoring in another study. They
didn't like keeping food diaries.

A: You're right. In this population, they didn't like the tracking aspects of the DPP, and they weren't great at it.

Comment: Another study we did with digital tools had a visual appeal for this group, and they
seemed to do better with that.

A: We did give coaches lists of apps - I think they were probably used.

Q: Do you recommend any specific handouts? You mentioned people want recipes and menus,
but in following DPP guidelines, I'm not sure what you handed out?

A: We had a toolkit, which included a few pages with a list of apps and websites with recipes. There were a few
sites that really focused on healthy cooking for men.

Rolling Out the DPP in Montana, 2008-2017

Dorothy Gohdes, MD (Montana Department of Public Health and Human Services, Helena,
MT)

Dr. Dorothy Gohdes guided the Diabetes Prevention Program (DPP) roll out in Montana, getting it from
four sites in 2008 up to 17 sites today, and she elaborated on lessons learned. Identifying high-risk people
was one of the primary goals of the DPP in Montana. Screening criteria were developed from a survey of
pre-existing diabetes/CV disease screening practices from HCPs in the state, and included a BMI threshold,
readiness to change, and ≥one of the following risk factors: diagnosis of prediabetes, impaired fasting
glucose, A1c between 5.7%-6.4%, dysglycemia, systolic/diastolic blood pressure >130/85 mm/Hg, and a
history of gestational diabetes. Dr. Gohdes reported that participants who completed ≥12 of 16 core courses
experienced greater average weight loss compared to the NIH DPP study (6.9 vs 5.6 kg, respectively).
Furthermore, participants on average achieved decreases in weight, systolic blood pressure, and LDL
cholesterol that were statistically significant compared to baseline (p<0.001). Dr. Gohdes also reported that
participants older than age 65 attended more sessions and achieved weight goals more frequently. She
remarked that as the program grew, more opportunities for innovation came along - for example, a CMS
grant incentivizing participation. People who received this incentive were more highly-engaged and
attended DPP courses more frequently, but there was no significant difference in weight loss between those
incentivized vs. those not incentivized by the CMS grant. Dr. Gohdes emphasized the vital role of diabetes
educators and how collaboration between state health departments, other local stakeholders, and national
agencies allowed for better communication and support. She also encouraged others to recognize that
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dropout "is part of the real world" and that more work is required to extend the benefits of the DPP across
the diabetes and CV disease prevention spectrum.

Questions and Answers

Q: How did you measure motivation to change?

A: We didn't tell people how to do it. Lot of educators had forms. We let people use their own. It was usually a
simplified form. And if somebody didn't want to change, generally providers would say maybe you don't want
to do it now, but let's see how you're doing next fall.

Q: With 9,000 people served since 2008, how do you think the program is able to influence
population-wide diabetes rates in Montana?

A: I'm not sure we could count incidence of diabetes well enough to measure that. But we are beginning to see
talk of data that people are using fewer medications, though that is preliminary. It's going to take a while, but
it will get there.

Symposium: Personalized Nutrition by Prediction of Glycemic Responses

Personalized Nutrition by Prediction of Glycemic Responses

Hagit Shapiro, PhD (Weizmann Institute, Rehovot, Israel)

Summarizing some of her research, Dr. Hagit Shapiro explained that in studies done with standard meals of
varying types - bread, bread with butter, or glucose - patients showed varied responses in postprandial
glucose. She attributed these varying responses to the microbiome, explaining that different microbiota
phyla show different responses to different diets. No other independent variable corresponded to the
differing responses. This insight led Dr. Shapiro to design a learning machine that would predict
postprandial glucose response based on the microbiome. While the correlation between increased
carbohydrate consumption and postprandial glucose response is only r=0.38, this learning machine showed
a correlation of r=0.68 between predicted response and actual postprandial glucose response. Another
study using a further refined version of the learning machine resulted in a correlation of r=0.70. Dr.
Shapiro advocated that this learning machine could help patients/providers develop a personalized diet
plan that optimizes outcomes. She explained her group's efforts to use the microbiome to address failure to
maintain weight loss: Microbiome changes in previously obese mice that lose weight show an intermediate
microbiome composition compared to the composition of obese or lean mice. Mice that cycle back to obesity
again show no change in microbiome composition and appear similar to obese mice in terms of microbiome
composition. Dr. Shapiro shared that her learning machine was used to predict obesity-based microbiome
composition, with a resulting correlation of r=0.72 between predicted and measured obesity levels. She
concluded by proposing that microbiota metabolites - particularly flavonoids - could be used to alter the
microbiome and ameliorate obesity relapse. We're intrigued by the learning machine and its potential to
personalize diet/lifestyle interventions for type 2 diabetes and obesity. The microbiome is certainly a
buzzword these days, and we're excited to note so much passion for microbiome-based approaches to
diabetes and obesity - that said, our enthusiasm is tempered somewhat by the fact that all this research
remains very early-stage and has yet to yield a new, concrete therapeutic option. But, this is an area of
research that we will continue to watch closely, with high hopes down the line.

Symposium: Into the Endocrine Bowels of Diabetes

Metabolic Surgery of the Gut in the Treatment of Diabetes

Nancy Puzziferri, MD (University of Texas Southwestern, Dallas, TX)

Dr. Nancy Puzziferri provided a comprehensive overview of metabolic surgery in diabetes, by discussing the
trends and data on operation types, hormones, outcomes, and CNS mechanisms. Regarding operations, she
shared that the use of gastric bypass is fading into the distance while sleeve gastrectomy has begun to take
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the lead, in terms of patient preference. Reviewing the literature on hormone changes post metabolic
surgery, Dr. Puzziferri illustrated surgery's effects on ghrelin, leptin, PYY, and GLP-1, noting that these
changes favor improved glycemic responses and eating behaviors. As for outcomes, she shared the field's
recent RCT data, including the STAMPEDE trial's data on A1c and diabetes medications. Regarding safety,
Dr. Puzziferri noted that gastric bypass has shown increased rates of complications compared to sleeve
gastrectomy, though she cautioned that the data is limited and sleeve gastrectomy use has not been long
enough to make any conclusive comparisons. Dr. Puzziferri closed her presentation with a discussion on the
role of the CNS in metabolic surgery - an increasingly hot topic within the field - as she pointed out the
changes in brain activity regarding fullness and motivation. That said, she stressed that most of these data
are focused on gastric bypass and as sleeve gastrectomy use increases, it is important for the field to further
explore this operation type to keep up with evolving patient preferences.

Questions and Answers

Q: The rate of sleeve gastrectomy is on the rise but most of the data on the durability of
diabetes supports RYGB. So what can we do to amp up the effects of sleeve? Should we focus
on additional weight loss or on hormonal effects?

A: I think all that needs to be studied. I don't think we know how to augment the effects of sleeve gastrectomy
yet.

Q: I've been impressed with the remission rates over years of bariatric surgery. We, as
diabetologists, are looking for procedures or meds that have durable response and work
against disease progression. Has there been any formal assessment of the slope of A1c post
surgery and has that been compared to medical therapy?

A: No and no. But, surgeons need to partner with people like you to get this work done because we don't have
the expertise to do it.

Symposium: Bariatric Surgery in Special Populations

Bariatric Surgery in Type 1 Diabetes

Sangeeta Kashyap, MD (Cleveland Clinic, Cleveland, OH)

Dr. Sangeeta Kashyap presented data on the use of bariatric surgery in type 1 diabetes, concluding that
surgery can lead to substantial weight loss and improved glycemic control in severely obese people with
type 1 diabetes. Dr. Kashyap first presented a case series (n=10) of type 1 diabetes patients (mean baseline
BMI of 42 kg/m ; mean diabetes duration of 22 years), with results showing that at a mean follow up of 362

months, "excess weight loss >60%" was achieved in all patients except in one case of adjustable gastric
banding. In addition, mean A1c levels dropped by 1.1% (baseline of 10%, p=0.039) and insulin requirements
dropped by 0.34 U/kg/day (baseline of 0.74 U/kg/day, p=0.004). Next, Dr. Kashyap presented results of a
meta-analysis of 16 studies (n=106) published between 2013 and 2015, which similarly demonstrated
significant BMI reductions (41.9 to 31 kg/m ), reduced insulin requirements, as well as reduced use of anti-2

hypertensive and lipid lowering agents. Notably, she stated that this patient population tended to
experience profound glycemic changes (DKA, severe hypoglycemia) and GI dysmotility symptoms
(prolonged ileus, acute gastric remnant dilation) in addition to the common postoperative complications of
bariatric surgery. However, in conclusion, Dr. Kashyap noted that the favorable metabolic effects of
bariatric surgery may facilitate medical management of type 1 diabetes in the setting of severe obesity.

Questions and Answers

Q: Our experience with surgery in type 1 diabetes has not been positive. We've seen huge
swings in glycemic control.

A: For the long term, these are difficult patients to manage. But even prior to surgery, it's also difficult to
control. I have patients on U500 drips and they're really poorly controlled. There are going to be a few
patients that will require something like this.
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Q: I had a patient who had type 1 diabetes and RYGB and she suffered from severe
hypoglycemia. What's your experience with hypo?

A: We've had similar experiences. We've had to work very closely with nutritionists to tell them to eat more
frequently, to use rapidly acting insulin, and to use insulin pumps. These are all things we need to
individualize. The data for patients who had sleeve is far more encouraging. We don't see those huge
fluctuations with sleeve patients. Also our banded patients have been far easier to manage in terms of glucose
excursions.

Symposium: ADA Diabetes Symposium - Emerging Therapeutic Targets and
Mechanisms of Action

Single-Molecule Combinatorial Therapeutics for Obesity and Diabetes

Matthias Tschöp, MD (Helmholtz Diabetes Center, Munich, Germany)

Dr. Matthias Tschöp offered an intriguing vision of a future in which patients with metabolic dysfunction
could receive personalized treatment with dual or triple agonists that target their specific metabolic defects.
He explained that a truly effective treatment for obesity probably needs to target the brain and that
modulating endogenous gut-brain communication pathways is likely safer than directly altering
neurotransmission. He reviewed published data showing beneficial effects of GLP-1/glucagon dual agonists
and a GIP/GLP-1/glucagon triagonist on several metabolic parameters. He acknowledged that it is
counterintuitive to use a glucagon agonist to reduce blood glucose and body weight but stressed that his lab
has done a significant amount of mechanistic research to demonstrate that glucagon receptor agonism does
have those effects in this case. The group's current working hypothesis for that aspect of the triagonist's
mechanism is that the molecule leads to increased energy expenditure in adipose tissue by acting through
FGF21 and adiponectin. Dr. Tschöp also reviewed data (presented as poster 1071-P) demonstrating
significant and sustained improvements in glycemic control and body weight with GLP-1/GIP dual agonist
NNC0090 in patients with type 2 diabetes. The study also found some reduction in total cholesterol and
leptin, and the overall results suggest that the maximal weight benefit of this therapy occurs in patients with
lower baseline A1c. Dr. Tschöp closed by briefly mentioning several other multi-agonist compounds his lab
is working on, including GLP-1/estrogen, GLP-1/dexamethasone, glucagon/T3, and GLP-1/PPAR alpha
dual agonists.

Questions and Answers

Q: It seems like you've hit a bunch of home runs by putting two or three things together. What
doesn't work?

A: This is always a bit misleading. Of course we've tried hundreds of things that don't work. Most of my
hypotheses were wrong and there's lots of trial and error.

Q: At the end you mentioned interactions between estrogen and some other agents. Is there
any data in rodent, primate, or human studies to suggest differential responses by sex?

A: We have been asked to perform those studies for the revision of our paper. GLP-1/estrogen works
comparably in male and female rodents. The protection of the islet, which is quite striking, will probably be
more prominent in rodents than humans.

Q: Does the target cell need to have all three receptors for the triagonist to work?

A: The simple answer is no. It is sufficient that the target cell has one receptor. The molecule can only bind
one receptor at a time. We've dialed the affinity into the molecule so that if you give 100 molecules, 30 will
bind to one receptor, 40 to another, etc. There's no simultaneous binding to the best of our knowledge.

Q: If the agonist can bind to separate the receptors, as it comes off one could it get picked up
by another on the same cell? Could there be a kinetic effect of the cell having multiple
receptors?
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A: I'm not sure but there's no data indicating that.

Q: You talked about targeting the brain but your data didn't relate to that. Have you done any
ICV injection studies?

A: I didn't include some of that data at the end for the sake of time. We haven't done ICV injections but that's
currently going on. It'll be more important to find out how much of our compounds is crossing the blood-
brain barrier. My hunch is it's not that much but that they are acting on the brain. When you knock out the
brain GLP-1 receptor, you see a reduction in benefit. Perhaps the compounds are getting into an area of the
brain with fenestrated capillaries like the arcuate nucleus.

Q: Could these compounds really be competitive antagonists that are decreasing the activity of
native agonists?

A: We discussed this possibility early on. We're certain now that it's glucagon receptor agonism based on a
number of studies. It's really agonism, not relative antagonism.

Special Lectures and Addresses: Kelly West Award for Outstanding
Achievement in Epidemiology (Sponsored by Merck)

Diabetes in Youth - Looking Backwards to Inform the Future

Dana Dabelea, MD (University of Colorado, Denver, CO)

Dr. Dana Dabelea underscored the need to look backwards to see the developmental origins of diabetes
before making decisions on how to treat it (and on a population level, how to prevent it). These
developmental origins include stress, nutrition, smoking, pollution, social environment, maternal condition,
and toxins. Dr. Dabelea highlighted gestational diabetes, reporting that exposure to diabetes in utero is the
strongest risk factor for type 2 diabetes in youth. She discussed the Healthy Start Study's findings that
increased gestational weight gain and maternal high-fat diet are associated with increased neonatal
adiposity. This same study also demonstrated that higher levels of late-pregnancy total energy expenditure
are associated with decreased neonatal adiposity, and that neonatal adiposity but not birth weight
significantly predicts obesity at age three. This and other studies highlight the need to focus on diabetes
prevention earlier in life. As Dr. Dabelea put it, the vicious cycle of diabetes and obesity needs to be broken
in several places.

Symposium: Manipulating the Microbiome to Treat Metabolic Disease

Manipulating the Microbiome to Treat Metabolic Disease

Sean Davies, PhD (Vanderbilt University, Nashville, TN)

In a compelling presentation of recent research performed in his own lab, Dr. Sean Davies explained how
bacteria expressing the appetite suppressant N-acyl phosphatidylethanolamine (NAPE) could potentially be
harnessed to address obesity and metabolic disease. As background, Dr. Davies explained that some of the
NAPE transferases - proteins that can create NAPE - are correlated with reduced adipose tissue expression.
Underscoring the fact that obesity is a lifelong disease that develops over years, Dr. Davies noted that we
need a similarly long-lasting and sustainable treatment strategy. Accordingly, Dr. Davies' lab has
pioneered a method to engineer harmless E. coli bacteria that can excrete NAPE and colonize the intestine,
eliminating the previous problems with NAPE administration, including high dosage and intravenous
delivery. Rodent studies have demonstrated that this novel NAPE delivery method indeed allows bacteria to
colonize the intestine and furthermore shows significant changes in gene regulation that persist for four
weeks after stopping administration of this bioengineered bacteria. The lab has performed further studies in
LDL receptor knockout mice, which have diabetes and significant atherosclerotic lesions, demonstrating
that NAPE administration produces significant reductions in obesity, cholesterol levels, and atherosclerotic
lesion size. In the interest of avoiding unnecessary use of antibiotics to clear out the microbiome so that the
NAPE-producing bacteria could colonize, Dr. Davies reported that mice who were not pre-treated with
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antibiotics showed similar colonization and weight loss (p<0.05). Dr. Davies concluded by offering hope for
this potential use of bioengineering in the microbiome to combat obesity and diabetes, but cautioned that
extensive further studies in humans are required beyond these initial rodent studies.

Corporate Symposium: Supporting Your Patient's Climb to Success -
Stepwise Progression Using Obesity Pharmacotherapy for Weight
Management in Patients with T2DM (Sponsored by Novo Nordisk)

Setting Your Sights on Better Health: Therapeutic Goals for Obesity Management
in the Context of T2DM

James Gavin, MD, PhD (Emory University, Atlanta, GA)

The esteemed Dr. James Gavin opened the symposium with a discussion of the chronic nature and
pathophysiology of obesity as well as a landscape of current therapeutic options. He emphasized obesity as
a chronic disease with multiple determinants, including genetics and distinct pathophysiological features.
Specifically, he touched on the dysregulation of multiple appetite signaling pathways and the physiological
changes that favor weight regain. Moving onto therapeutic options, Dr. Gavin reviewed results from the
Look AHEAD study, highlighting that modest weight loss can have significant health benefits and pointed to
current guidelines' acknowledgement of obesity management. He stressed that comprehensive lifestyle
management remains the core of weight loss and obesity management efforts; additionally, therapies used
adjunct to lifestyle management are appropriate for individuals who do not attain therapeutic goals with
lifestyle management alone or who have more severe disease forms. He also noted that patients with both
type 2 diabetes and overweight or obesity are important candidates for weight loss intervention. In
conclusion, Dr. Gavin emphasized that clinicians should treat obesity as a chronic disease and focus on
achieving weight loss to improve obesity-related complications.

Assessing the Climb: Current Approaches to Obesity Management

Virginia Valentine (University of New Mexico, Albuquerque, NM)

Ms. Virginia Valentine followed with an impressive and thoughtful overview of the challenges associated
with treating obese patients and offered a number of strategies to surmount these issues. Valentine urged
providers in the audience to be direct with patients when discussing obesity, citing data indicating that only
~66% of people with obesity have been given an official diagnosis, and that 65% of those that were told they
were obese lost weight compared to only 43% of those who didn't (p<.001). However, Ms. Valentine
cautioned providers to be careful in the language they use when discussing this with patients to minimize
stigmatization. Ms. Valentine then addressed the various treatment options available for patients desiring
to lose weight, underscoring and the challenges associated with weight loss particularly in maintaining
weight loss. We were particularly struck by Ms. Valentine's tips for prescribing physical activity: she
emphasized the importance of setting very specific goals and guidelines, encouraging patients to record
their exercise (and following up on this to chart progress), providing indicators of exercise intensity, and
being attentive to what forms of exercise the patient most enjoys. She summarized by noting that the
pathophysiology of obesity makes sustained weight loss difficult due to the multitude complex counter-
regulatory responses, and underscored how important it is for clinicians to share decision making
regarding the progression surgical or pharmacotherapeutic measures with the patients.

Selecting a Route: The Role of Weight Loss Pharmacotherapy in Patients with
T2DM

Daniel Bessesen, MD (University of Colorado, Denver, CO)

Dr. Daniel Bessesen presented a clinician-focused overview of the current obesity pharmacotherapies. He
opened by acknowledging the low utilization of weight loss medications compared with medications used to
treat type 2 diabetes, mentioning the various barriers to prescribing obesity pharmacotherapies. With this
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introduction, Dr. Bessesen outlined the FDA-approved medications for long-term weight management and
their clinical data. Specifically, he highlighted the need to inform patients that long-term medication use is
needed for weight maintenance. In addition, Dr. Bessesen provided insights on the CV safety of the various
obesity medications, stating that orlistat and lorcaserin are likely safe, while phentermine/topiramate may
be a bit more concerning as a sympathomimetic. Ultimately, he stressed that it is important to consider
patient preferences when choosing weight loss medications and to monitor use to assess the need for
adjustment or discontinuation. Closing out, Dr. Bessesen looked to the future for promising new therapeutic
options including combinations such as canagliflozin/phentermine, dapagliflozin/exenatide, and
lorcaserin/phentermine, in addition to GLP-1/glucagon and GLP-1/GIP/glucagon combos.

Questions and Answers

Q: What are your thoughts on losing weight through fasting? I don't think it's sustainable.

Ms. Valentine: I think helping people come up with nutrients and foods that make them feel full is critical.

Dr. Bessesen: We've studied nutrient composition. As for the timing of meal patterns, there is some
movement for alternative day fasting, time-restricted feeding, breakfast skipping, etc. Fasting is an interesting
area and one in which we don't have a lot of data on yet. It might be a reasonable strategy, but we just don't
have the data yet.

Q: Only about 60% of patients are told about their obesity. Many people report feeling
insulted, judged, misunderstood when their obesity is pulled out in clinical settings. How can
we bring up the subject in a non-judgmental and non-threatening way?

Ms. Valentine: One of the ways I use is to ask how long they've struggled with weight. It acknowledges that
they have struggled. It's important to let people know that it's not their fault. Keeping the positive and offering
solutions is my approach. I also tend to normalize it by sharing that I too have struggled with obesity for
many, many years.

Q: What's the most effective pharmacotherapy?

Dr. Bessesen: A lot of my patients say they want the most effective medicine. Phentermine/topiramate can be
the most effective. But the blood pressure and CV risk is important here. Lorcaserin is one with the fewest side
effects and the CV risk is the least, but it won't give as much weight loss.

Q: Thoughts on liraglutide as an injectable?

Ms. Valentine: I almost never have someone I can make take an injection. But once they experience the tiny
needles, they realize it's not a big deal. I realize this is a barrier easily overcome.

Dr. Bessesen: Lira will be the most expensive one. Phentermine is mostly prescribed because it's the cheapest.

Q: Do people without diabetes experience hypoglycemia when taking liraglutide for weight
loss?

Dr. Gavin: No, it's an incretin, which operates in a glucose-dependent mechanism.

Q: What's the CV safety for liraglutide?

Dr. Gavin: Well, we have the LEADER trial results - but these were for glucose-lowering dose and not for the
3.0 mg dose.

Q: What about combining different classes?

Dr. Bessesen: We just don't have any data about combinations but I don't see why you couldn't do that. I think
phentermine/topiramate plus other diabetes meds is reasonable but there's just not much data.

Q: Do we know if exercise increases food intake? Or drive for increased caloric intake? What's
the recommendation for timing of exercise?

Ms. Valentine: I think it's been shown that doing some exercise right before and after meal was equally
effective - that was for glucose lowering.
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Dr. Bessesen: Yeah, I don't think we have conclusive answers. Overall, exercise doesn't make much weight loss
- but there's a lot of variability. If someone's motivated, I tend to support their motivation for how they go.
And it's great for their health.

Q: Given differences in ethnicity in adipose vs. visceral tissue distribution, are there different
lifestyle management efforts that might be more efficacious targeting one form of fat vs. the
other?

Dr. Bessesen: Early weight loss is often visceral rather than subcutaneous. But there is not yet any specific
treatment approach that preferentially gets rid of one or the other.

Dr. Gavin: One common finding for weight loss therapies is that the more rapidly mobilized fat depots tend to
be visceral. They're the first ones to go because they're generally more metabolically active. Not sure if there
are any strategies targeted on these distribution differences.

Diabetes Complications

Symposium: Inhibition of PCSK9 in Dyslipidemia Patients with Diabetes

Alirocumab and Insulin-Treated Diabetes - Insights from the ODYSSEY DM-
INSULIN Study

Lawrence Leiter, MD (University of Toronto, Canada)

Dr. Lawrence Leiter presented results from the ODYSSEY DM-INSULIN trial of Sanofi/Regeneron's PCSK9
inhibitor Praluent (alirocumab) in patients with diabetes on insulin with LDL-C levels>70 mg/dl despite
maximum tolerated statin therapy. The double-blind, 24 week study randomized 517 patients in a 2:1
fashion to alirocumab 75 mg or placebo - the dose of alirocumab was titrated up to 150 mg at 12 weeks for
patients who did not achieve an LDL cholesterol less than 70 mg/dl at week 8. Of the 517 patients enrolled in
the study, 441 had type 2 diabetes and 76 had type 1 diabetes - the results presented by Dr. Leiter focused
only on the type 2 diabetes subgroup. The trial met its primary endpoint by demonstrating a placebo-
adjusted 49% reduction in LDL cholesterol with alirocumab (p<0.0001). The average absolute change in
LDL cholesterol was 52.9 mg/dl (baseline LDL cholesterol=110 mg/dl). Notably, 80% of participants
achieved this reduction with the lower 75 mg dose of alirocumab, while 20% of participants were titrated up
to the 150 mg dose at 12 weeks. In terms of the time course of the LDL cholesterol reduction, a massive drop
in LDL occurred by week eight, and the LDL largely plateaued after that. Dr. Leiter emphasized that the
level of LDL cholesterol reduction observed in this trial is very much in line with previously reported trials
from the ODYSSEY program that included both people with diabetes and those without. While we're
certainly glad that the LDL cholesterol-lowering effect does not appear to be attenuated in the context of
diabetes, we would've loved to see an even greater effect in this population given the high residual CV risk
associated with the condition.

▪ In addition to LDL cholesterol, alirocumab produced positive results for a number of
secondary lipid endpoints: placebo-adjusted, alirocumab was associated with a 39% reduction
in non-HDL cholesterol (p<0.0001), a 37% reduction in Apo B (p<0.0001), an 18% reduction in
Lp(a) (p<0.0001), a 4% increase in ("good") HDL cholesterol (p=0.01), a 6% decrease in
triglycerides (p=0.0902), a 40% decrease in LDL particle number (nominal p<0.0001), and a 3%
decrease in LDL particle size (nominal p<0.0001). 76% of participants in the alirocumab arm
achieved an LDL cholesterol <70 mg/dl (vs. 7% in placebo, p<0.0001) and 71% of participants
achieved a non-HDL cholesterol <100 mg/dl (vs. 14% in placebo, p<0.0001). Alirocumab did not
appear to have an impact on glycemic control or management - there was no difference in A1c,
fasting plasma glucose, insulin dose, or diabetes drugs.

▪ Dr. Leiter characterized alirocumab as safe and well-tolerated in the study. Serious
adverse event rate was actually lower in alirocumab compared to placebo. While a smattering of
treatment-emergent adverse events was noted, the overall frequency of individual events in both the
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alirocumab and the placebo groups were fairly low (<5%). Allergic drug reactions, neurologic events,
and increase in ALT were rare in both the alirocumab and the placebo groups. Neurocognitive
events were somewhat more frequent in the alirocumab group (occurring in 4 participants [1.4%],
compared to 0 in placebo).

Alirocumab vs. Usual Care in Diabetes with Mixed Dyslipidemia - ODYSSEY DM-
DYSLIPIDEMIA Study

Robert Henry, MD (UCSD, San Diego, CA)

Dr. Robert Henry took the stage to present results from ODYSSEY DM-DYSLIPIDEMIA, which compared
alirocumab twice-weekly (n=276) vs. usual care (n=137) in adults with type 2 diabetes and mixed
dyslipidemia (defined by non-HDL ≥100 mg/dl, triglycerides between 150-500 mg/dl, and atherosclerotic
CV disease or at least one other CV risk factor). After 24 weeks of treatment, participants in the alirocumab
arm experienced a mean 37% reduction in non-HDL cholesterol vs. a 5% reduction in the placebo arm
(p<0.0001), amounting to a treatment difference of 33%. Baseline non-HDL was 155 mg/dl in the Praluent
group, 162 mg/dl in the usual care group. Notably, this was the first major clinical trial to use change in
non-HDL as its primary endpoint - during his talk on study design earlier in the symposium, Dr. Dirk
Müller-Wieland contextualized this decision around an increasing number of professional organizations
(the National Lipid Association, the European Society for Cardiology, and others) recommending non-HDL
as a target for best practice lipid management. Data on non-HDL from ODYSSEY DM-DYSLIPIDEMIA
largely matched results from other trials in the ODYSSEY program. Across five studies, subsets of
participants with comorbid diabetes/dyslipidemia experienced ~39% non-HDL lowering with alirocumab
vs. ~3% with placebo. Turning to secondary endpoints, Dr. Henry shared that 67% of alirocumab-treated
patients achieved a non-HDL goal <100 mg/dl at week 24 vs. 18% of usual care patients (p<0.0001).
Similarly, 71% of people in the Praluent arm reached an LDL goal <70 mg/dl vs. 16% of people receiving
usual care (p<0.0001). Alirocumab showed statistically significant superiority in lowering LDL (treatment
difference 43%; p<0.0001), Apo B (treatment difference 32%; p<0.0001), and Lp(a) (treatment difference
28%; p<0.0001). The PCSK9 inhibitor also increased HDL levels by a 6% greater margin than usual care
(p=0.0026). As in ODYSSEY DM-INSULIN, alirocumab therapy had no effect on A1c or fasting plasma
glucose. We imagine this piece of data will be important for real-world patients/HCPs given concerns
surrounding statin-induced diabetes, and we certainly hope that more providers will now consider PCSK9
inhibitor Praluent for their patients with diabetes who also require a lipid-lowering intervention. We also
look to payers to increase reimbursement for products in this class as more compelling evidence
accumulates (as it stands, a PCSK9 inhibitor prescription is prohibitively expensive for many). Individually,
diabetes and dyslipidemia both exacerbate a patient's CV risk. Together, they confer pretty bad odds for
long-term CV health, and these patients are most in-need of aggressive glucose-lowering and lipid-
lowering. CVOT data for alirocumab may further support Praluent for people with diabetes; the ODYSSEY
Outcomes trial is expected to complete in February 2018.

Oral Presentations: New Insights into Prevention and Treatment of
Hypoglycemia

Nasal Glucagon for the Treatment of Moderate-to-Severe Hypoglycemic Episodes
in Real-World Settings in Adults with Type 1 Diabetes

Elizabeth Seaquist, MD (University of Minnesota, Minneapolis, MN)

Dr. Elizabeth Seaquist presented positive real-world data on Lilly's phase 3 nasal glucagon, showing that
96% of patients experiencing hypoglycemia recovered within 30 minutes following treatment and that most
of the caregivers were highly satisfied with the device. The study enrolled 129 adults with type 1 diabetes,
and 69 of these participants experienced a total of 157 symptomatic moderate or severe hypoglycemia
events (a blood glucose of approximately <60 mg/dl or requiring assistance) during the course of the study.
For 151 of these episodes (96%), a 3 mg dose of nasally-delivered glucagon met its primary endpoint of
"awakening or returning to normal status" within 30 minutes, as determined by a caregiver. For five of the
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remaining six events, caregivers noted recovery within 45 minutes, and in four of these instances, the
patient's blood glucose was ≥70 mg/dl 30 minutes after administering nasal glucagon. These are impressive
results in a real-world setting, confirming what Locemia showed in phase 3 RCTs (Lilly acquired this
pipeline product from Locemia in October 2015). A majority of caregivers, 70%, were able to deliver nasal
glucagon to a patient experiencing hypoglycemia within 30 seconds, while 98% were able to do so in <2
minutes - what an exciting and much-needed improvement to the lengthy reconstitution process of existing
glucagon options. Overall, 94% of caregivers were satisfied with nasal glucagon, including 56% giving it the
highest "very satisfied" score. Dr. Seaquist emphasized that no calls to emergency services were made for
any of the 157 hypoglycemia episodes, not even for 12 cases of severe hypoglycemia when patients were
unconscious or experiencing convulsions or mental disorientation. Impressively, nasal glucagon met the
study's primary endpoint of recovery within 30 minutes in all 12 of these cases as well (experienced by seven
participants), which supports the agent's ability to rapidly raise dangerously low blood glucose in real-
world settings. Though an FDA submission has taken longer than we expected since Lilly acquired the phase
3 product from Locemia (due to additional development work and establishing a manufacturing
infrastructure), management shared in a separate interview with us that a filing is expected in 1H18, and
the product will be submitted in other geographies shortly thereafter. The health and healtheconomic
burden of hypoglycemia remains far too high, and we're hopeful that advances like Lilly's nasal glucagon
will bring us leaps and bounds ahead in our ability to treat the complication. To that end, it's extremely
valuable to see real-world efficacy and feasibility data, since the immediate goal is to help patients/
caregivers address hypoglycemia swiftly in everyday settings, avoiding an expensive hospital visit,
emergency call, or need for a healthcare professional.

▪ During a separate call with Dr. Seaquist and Lilly's nasal glucagon team, we heard
anecdotal evidence on caregiver responses to this innovative product: "it just makes
so much sense to them." Certainly, this intuitive ease of use is crucial for a product like glucagon,
used often in high-stress emergency situations. Once nasal glucagon is available, we'll be fascinated
to see how the ease-of-use and satisfaction compares to upcoming auto-injectors in development
(Xeris and Zealand, among others).

▪ According to Lilly management, the shelf life of this innovative product is anticipated
to be comparable to current recombinant glucagon. We were happy to hear this, as it will be
another pull for patients, providers, and payers. Cost is of course a big question with glucagon, and
we so hope that this nasal glucagon is priced responsibly to maximize access to a superior, patient-
friendly, cost-saving therapy.

▪ Locemia presented equally positive simulated usability data at EASD 2015, which also
highlighted the simplicity of nasal delivery.

Oral Presentations: Lipid Modifying Interventions and Their Consequences

Efficacy and Safety of Alirocumab in Persons with Type 1 or Type 2 Diabetes
Mellitus and Atherosclerotic Cardiovascular Disease in 10 ODYSSEY Phase 3
Trials

Om Ganda, MD (Joslin Diabetes Center, Boston, MA)

Dr. Om Ganda presented the efficacy and safety of alirocumab in people with diabetes and atherosclerotic
cardiovascular disease (ASCVD) from the ten ODYSSEY phase 3 trials, demonstrating that Sanofi's Praluent
(alirocumab) significantly reduced LDL-C, Lp(a), and non-HDL-C in this patient population. The study
collected data from patients with diabetes and ASCVD (n=984) that were pooled from five placebo- and five
ezetimibe-controlled trials (24-104 week duration), with comparable baseline characteristics in alirocumab
vs. control patients. The results found that the alirocumab group achieved significant reductions from
baseline in LDL-C and non-HDL-C: alirocumab 150 mg and 75/150 mg achieved placebo-controlled
differences of -60.5 mg/dl and -52.7 mg/dl in LDL-C levels, respectively; and -49.8 mg/dl and -46 mg/dl in
non-HDL-C levels, respectively. In addition, a higher percent of the alirocumab group achieved LDL-C levels
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<50 mg/dl at week 24 (67.4% vs. 0.2% for placebo). Mean differences in percent change from baseline at
week 24 with the alirocumab vs. control groups ranged from +3.6 to +10.7% for HDL-C, -46.0 to -20.0% for
Lp(a) and -15.2 to +2.1% for triglycerides in the analyzed pools. Dr. Ganda also showed that alirocumab did
not affect the FPG or A1c levels compared to the control group. Overall, safety was generally similar
between the treatment groups; however, the alirocumab group experienced more injection site reactions
(5% vs. 2.7%), though most were reported to be mild. These results further confirm the important role of
PCSK9 inhibitors in cardiovascular care and the role these agents can play in addressing residual CV risk in
diabetes.

Oral Presentations: Translating Therapeutics to the Real World

Dapagliflozin in Renal Impairment: The Association of British Clinical
Diabetologists Nationwide Dapagliflozin Audit

Robert Ryder, MD (City Hospital, Birmingham, UK)

Dr. Robert Ryder presented data from the UK's Association of British Clinical Diabetologists (ABCD)
nationwide audit, demonstrating the efficacy of dapagliflozin in type 2 diabetes patients with normal, mild,
and moderate renal impairment. The ABCD audit collected anonymous data of real type 2 diabetes patients
(baseline A1c of ~9.5%; disease duration of 8.2 to 11 years) treated with dapagliflozin between 2014 and
2016 (n=2,027). The patients were categorized into three groups, depending on baseline eGFR: CKD group 1
(normal, eGFR > 90 ml/min), group 2 (mild renal impairment, eGFR 60-90 ml/min), and group 3
(moderate renal impairment, eGFR 30-59ml/min). Study results found that the drug reduced A1c, weight,
BMI, systolic blood pressure, and ALT by similar statistically and clinically significant amounts in normal
and mild renal impairment. In moderate renal impairment, there was a reduction in weight and ALT but
there was no significant impact on A1c or systolic blood pressure. Specifically, over approximately four
months, comparing groups, mean A1c fell by 1.1 ± 1.1% from 9.7±1.4 to 8.6±1.5% (p=0.000) in group 1,
0.9±1.4% from 9.4±1.5 to 8.5±1.4% (p<0.001) in group 2, but did not change significantly in group 3
(9.3±1.4 to 9.1±1.8% [p=0.510]). Weight fell by 3.2±5.2 kg from 106.8±22.1 to 103.5±22.0 (p<0.001) in
group 1, 2.1±4.8 kg from 101.1±22.4 to 99.0±22.0kg (p<0.001) in group 2 and 3.5±7.7kg from 105.9±18.3 to
102.4±18.1kg (p=0.003) in group 3. These data are reassuring in the versatility of SGLT-2 inhibitors'
benefits and also add to the conversation on how clinicians can better personalize therapies with regard to
their patients' comorbidities.

Questions and Answers

Q: I know that in the UK, they can stop medications after a couple of years. What criteria did
you use to measure the stopping and restarting of medications?

A: There aren't any particular criteria. Clinicians do whatever clinicians do. Some will stop if the med doesn't
work; others will continue. There isn't any specific thing driving this for people. They do whatever they think
is best for their patient.

Q: Was there a difference across side effect profiles?

A: The side effects were similar across groups.

Oral Presentations: The Epidemiology of Diabetes Complications

Interleukin-6 Levels and the Risk of Hospitalization for Heart Failure in Type 2
Diabetes: Insights from Look AHEAD

Maria Belalcazar, MD (University of Texas, Galveston, TX)

Dr. Maria Belalcazar presented a post-hoc analysis of the Look AHEAD trial and concluded that in
individuals with diabetes and obesity, interleukin-6 (IL-6) plasma levels were associated with incident heart
failure hospitalization. Look AHEAD participants who had elevated IL-6 at baseline (one standard
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deviation or 5.28 pg/mL higher than average) faced an 8% greater risk of hospitalization for heart failure
vs. those without elevated IL-6 (HR=1.08, p=0.005). A decline in IL-6 levels at year one by at least one
standard deviation was associated with 39% relative risk reduction for heart failure hospitalization
(HR=0.61, p=0.036). Due to the post-hoc nature of this analysis, these findings can only be considered
hypothesis-generating, but Dr. Belalcazar pointed out that 50% of people diagnosed with heart failure die
within five years, highlighting the need for advanced approaches to treatment in this therapeutic area.

The Cumulative Incidence of Advanced Renal Disease Affects over 70% of Those
with Type 1 Diabetes with Long-Term Follow-Up

Trevor Orchard, MD (University of Pittsburg, PA)

To correct the misconception that renal outcomes have largely improved for people with type 1 diabetes, Dr.
Trevor Orchard presented an analysis of 50-year cumulative incidence of advanced renal disease in this
patient population. His study looked at 934 patients with type 1 diabetes, diagnosed between 1950-1980. At
50 years, renal failure affected 60% of patients. Incidence of kidney complications was even higher for overt
nephropathy and microalbuminuria, at 80% and 90%, respectively. Dr. Orchard underscored that
advanced renal disease is "almost universal" in a type 1 diabetes patient population, and what's worse is
that it is not declining. The major implications of this study, as articulated by Dr. Orchard, are two-fold: (i)
the diabetes field needs more long-term public health data on renal complications of diabetes, and (ii)
research strategies should adapt to address this gap in our current understanding.

Global Prevalence of Type 2 Diabetes Complications in 14,391 Patients Initiating
Second-Line Therapy: The DISCOVER Study

Mikhail Kosiborod, MD (University of Missouri, Kansas City, MO)

The DISCOVER study was an effort to more accurately quantify the prevalence of micro and macrovascular
diabetes complications around the world. As Dr. Mikhail Kosiborod established at the start of his talk, these
prevalence values are not currently well-described. The DISCOVER research group collected patient data
from both primary care and diabetes-specific healthcare settings. The overall adjusted prevalence of
macrovascular complications was 13%, but ranged from 4.1% to 46.6% across countries. The overall
adjusted prevalence of microvascular complications was 17.7%, ranging from 5.5% to 41.1% across
countries. Macrovascular complications included coronary artery disease, heart failure, stroke, and
peripheral artery disease, while microvascular complications included retinopathy, nephropathy, and
neuropathy. Dr. Kosiborod concluded that there is a substantial global burden of micro and macrovascular
complications of diabetes, one that should be addressed through more rigorous screening for risk factors.

▪ Strengths of study include a large number of patients from regions across the world
(37 countries across 6 continents). The list includes countries like Panama, Costa Rica, and
Bahrain, which have rarely been studied before, at least not in the context of diabetes epidemiology.
Another strength of the study design, according to Dr. Kosiborod, was use of a standardized
electronic case report form to facilitate comparisons across multiple countries and regions.

▪ Study limitations include the possibility of suboptimal screening for complications in
developing or rural regions, as well as the potential for biased reporting of complications, since
this was somewhat subject to an investigator's judgment.
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Oral Presentations: Targets and Pathways in Diabetic Kidney Disease (With
State-of-the-Art Lecture)

State-of-the-Art Lecture - Discovering New Targets and Pathways in Diabetic
Nephropathy

Kumar Sharma, MD (University of California San Diego School of Medicine, La Jolla, CA)

Dr. Kumar Sharma discussed longitudinal studies looking at metabolites in type 1 and type 2 diabetes
patients, which cumulatively suggest a pathway for the development of diabetic nephropathy: Reduction of
the normal metabolite pattern in diabetic kidney disease indicates a reduction in mitochondrial function, so
perhaps the ability to make functional mitochondria is renal protective. Sphingomyelin is associated with
kidney disease in type 1 diabetes. The theory goes that in the hyperglycemic state, sphingomyelin enhances
ATP production independent of normal oxidative phosphorylation, ultimately leading to worsening kidney
function. Dr. Sharma detailed ongoing work in precision medicine that could elucidate diabetic kidney
disease further: (i) multi-OMIC analysis from human samples, (ii) identification of new drug targets, (iii)
development of a new mouse model of progressive diabetic kidney disease, and (iv) use of novel biomarkers
to identify the right therapy for the right patient (the very essence of personalized medicine).

Oral Presentations: Beyond Glycemic Impact

Double-Blind, Placebo-Controlled, Randomised Trial to Assess the Effect of
Liraglutide on Left Ventricular Diastolic Dysfunction in Type 2 Diabetes Mellitus
Patients

Maurice Bizino, MD (Leiden University Medical Center, Leiden, Netherlands)

Dr. Maruice Bizino presented results from a small trial (n=50) demonstrating no improvement in left
ventricular diastolic dysfunction (LVDD) with Novo Nordisk's Victoza (liraglutide) vs. placebo and some
potentially detrimental effects on diastolic filling. The study was initiated based on the hypothesis that
Victoza could have a beneficial effect on LVDD because it promotes weight loss and preclinical studies have
shown evidence that it can reverse cardiac defects. The trial enrolled 50 patients with type 2 diabetes and
asymptomatic LVDD who were randomized to receive either Victoza or placebo for six months in addition to
standard of care. At the end of the study period, Victoza produced essentially the expected effects on
metabolic parameters: weight loss, increased heart rate, and comparable changes in blood pressure and
A1c. The results on heart failure parameters were more surprising and disappointing. Victoza did not
improve LVDD and in fact reduced early diastolic filling and left ventricular filling pressure. Dr. Bizino
explained that a reduction in preload (the tension in cardiac muscle right before contraction, approximated
by end diastolic volume) was the most likely explanation for the change in filling pattern. He stressed that
the overall conclusions of these results are not obvious - lowering filling pressure could be helpful in some
cases, but it could also be detrimental specifically in patients with heart failure and preserved ejection
fraction (HFpEF). He concluded his talk by calling for the inclusion of more patients with subclinical
cardiovascular disease in CVOTs for diabetes drugs and for additional safety trials of Victoza in patients
with HFpEF (likely a long shot given the results from the LEADER trial showing that Victoza had no effect
on hospitalization for heart failure and the FIGHT trial found no benefit for Victoza in patients hospitalized
for acute heart failure).

Questions and Answers

Q: Based on this, I would think a large trial like LEADER would have shown increased
hospitalization for heart failure but it obviously didn't. Does that give you confidence or do we
need further studies?

A: I'm aware of the big trials and the effect of liraglutide on heart failure but I do think those are different
patients. In this small study we see a dramatic effect. That's a reason for further investigation. In addition,
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patients with diastolic dysfunction are not as recognized as those with systolic heart failure. Those are two
reasons why further investigations are needed.

Q: Do you have data on systolic function and left atrial and left ventricular size and volume?
There also should have been a change in end diastolic volume if it's preload.

A: We looked at systolic function and heart images. Systolic function was slightly decreased; stroke volume
and ejection fraction were decreased by 2%. End diastolic volume was also significantly decreased. Left atrial
volume went in the same direction but there was not a significant difference.

Q: There was significant weight loss in the study. Was there any association between weight
loss or other factors and changes in diastolic function?

A: No. We tried to correlate gender and insulin use and there was no correlation whatsoever.

Oral Presentations: Retinopathy - More than Meets the Eye

Diabetic Retinopathy Grade as a Predictive Marker of Severity of Cardiovascular
Disease and Mortality

Kiran Shah, MBBS (Ranawat Health Care, Mumbai, India)

Dr. Kiran Shah presented findings from a retrospective study of 4,000 patients with type 2 diabetes that
showed a strong association between diabetic retinopathy and CV disease. The study examined the
electronic medical record (EMR) of patients with established CV disease screened for diabetic retinopathy in
2010, and then followed them for five years. Of those in the study, 1,480 (37%) had non-proliferative
diabetic retinopathy and 1,040 (27%) had proliferative diabetic retinopathy. Results showed that CV disease
and diabetic retinopathy were highly correlated (p<0.00001), with the highest association found in
congestive heart failure, followed by MI, unstable angina, and cardiomyopathy. Dr. Shah observed that
patients with retinopathy who underwent coronary artery bypass grafting had a lower five-year risk of
mortality than those who had a percutaneous transluminal coronary angioplasty (p<0.00001). Based on
this study, he recommended that healthcare workers use diabetic retinopathy as a guide when deciding on
treatment for patients with diabetes and high CV risk.

Oral Presentations: Obesity Pathogenesis and Treatment - Insights from
Mouse Models

PB-718, a Dual GLP-1/Glucagon Receptor Agonist Demonstrates Superior Weight
Loss Effect and Ameliorates nonalcoholic steatohepatitis (NASH) in Animal
Models

Michael Xu, MD (Pegbio, Suzhou, China)

Dr. Michael Xu presented a range of preclinical data on an investigational, PEGylated GLP-1/glucagon
receptor dual agonist - Pegbio's PB-718. In a mouse model of diabetes (n=6), both low and high doses of the
agent were associated with superior weight loss and reduced fasting plasma glucose vs. twice-daily
liraglutide. In mice with NASH (n=6), both doses led to more weight loss, a greater reduction in liver
weight, and a greater lowering of liver weight/body weight ratio vs. placebo (p<0.0001 for all
comparisons). Moreover, there was a dose-dependent reduction in NAS score for NASH severity (p<0.01 for
lower dose vs. placebo; p<0.0001 for higher dose vs. placebo), which takes into account steatosis, liver
inflammation, fibrosis, and other markers. Dr. Xu also reviewed findings from a preclinical investigation of
Pegbio's drug candidate in monkeys. Consistent with the data from rodent studies, PB-718 demonstrated
dose-dependent and significant superiority vs. placebo in stimulating weight loss and improving NAS score.
Dr. Xu explained that there are strong mechanistic underpinnings that support the utility of GLP-1/
glucagon dual agonists for diabetes, obesity, and NASH. Oxynotomodulin, an endogenous dual agonist of
GLP-1/glucagon, has been correlated with decreased food intake, enhanced glucose tolerance, and improved
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liver health. We're certainly excited by GLP-1/glucagon dual agonists as a potential new therapy class
(competitive landscape here), and we're happy to see companies investing in these agents for diabetes as
well as adjacent indications. NASH, in particular, is a therapeutic area of high unmet need with no FDA-
approved medicines to-date, and we also see marked room for improvement in available tools for obesity
management.

Questions and Answers

Q: Have you compared your agent with semaglutide (Novo Nordisk's GLP-1 agonist candidate,
in phase 2 for obesity and NASH)?

A: No we have not, but we will be eager to compare our compound to semaglutide in some study. Actually, we
were approached by them and tried to figure out how to compare these compounds side-by-side. Of course,
semaglutide has not yet been approved.

Posters

Dasiglucagon, a Novel Soluble Glucagon Analog, Successfully Restores Blood
Glucose Levels after Hypoglycemia in People with Type 1 Diabetes Mellitus
(T1DM) (389-P)

T Heise, B Bysted, U Mouritzen, U Hovelmann, D Lamers, D Moller

Zealand presented a poster detailing phase 2 results from a PK/PD study of its liquid-stable glucagon
analog dasiglucagon. The trial compared four doses of dasiglucagon (0.1 mg, 0.3 mg, 0.6 mg, and 1.0 mg)
to native glucagon (Novo Nordisk's GlucaGen; 0.5 mg and 1.0 mg) in participants with type 1 diabetes
(n=58), demonstrating that dasiglucagon, like native glucagon, was able to rapidly and effectively increase
blood glucose concentration following a controlled, insulin-induced hypoglycemia event in which blood
glucose fell to 55 mg/dl. On the pharmacodynamic front, the three highest dasiglucagon doses (0.3 mg, 0.6
mg, and 1.0 mg) each took a median of six minutes to raise plasma glucose levels to above 70 mg/dl, versus
6 and 7 minutes for the 0.5 mg and 1.0 mg doses of native glucagon, respectively (and 10 minutes for the 0.1
mg dasiglucagon dose). Dasiglucagon furthermore showed comparable performance to native glucagon in
terms of the average time required to increase plasma glucose levels by 20 mg/dl; the four dasiglucagon
doses (0.1 mg, 0.3 mg, 0.6 mg, and 1.0 mg) respectively took a median of 14, 10, 9, and 9 minutes to achieve
this level of plasma glucose reduction, versus 10 minutes for both the 0.5 mg and 1.0 mg native glucagon
doses. Notably, the increase in plasma glucose was longer-lasting and more pronounced with dasiglucagon:
total plasma glucose excursions (as measured by area under the effect curve [AUE]) were significantly
higher with 0.3 mg dasiglucagon versus 0.5 mg native glucagon (p<0.0001) and for both 0.6 mg
(p=0.0043) and 1 mg (p<0.0001) dasiglucagon versus 1.0 mg native glucagon. This larger glucose
excursion profile promisingly suggests that dasiglucagon may be superior to native glucagon at preventing
recurrent hypoglycemia. On the pharmacokinetic front, dasiglucagon reached maximum exposure
significantly later than native glucagon (~35 minutes; p<0.01), but demonstrated a significantly higher
total exposure for all dose comparisons (p<0.001). In a separate conversation with Zealand, the company
indicated that this could be suggestive of higher viability for dasiglucagon over native glucagon, meaning
that dasiglucagon could achieve the same the same glucose increasing efficacy at lower doses - but of course
this would need to be verified in future studies. Importantly, dasiglucagon was well-tolerated with a similar
safety profile as native glucagon. For both dasiglucagon and native glucagon, the most commonly reported
adverse events were nausea and vomiting (40 events with dasiglucagon, 35 events with native glucagon)
and mild injection site reactions which disappeared within 30 minutes post-dosing (7 events with
dasiglucagon, 5 events with native glucagon).

▪ Following the release of these topline results in 3Q16, Zealand commented in its 4Q16
earnings update that the FDA is expected to provide guidance of dasiglucagon's
development in 1Q17. The candidate is currently in phase 2 development both as a single-dose
rescue pen (phase 3 to begin as soon as 3Q17) and as a multi-dose component of a dual hormone
artificial pancreas system. We are very pleased to see this progress toward a more patient-friendly
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and feasible alternative to the current very complex, error-prone native glucagon kits - a
longstanding area for improvement in diabetes care. For more on the soluble glucagon arena more
broadly, check out our soluble glucagon competitive landscape.

Symposium: Diabetes, Drugs, and Heart Failure

Impact of New Diabetes Medications on Heart Failure Risk

Eldrin Lewis, MD (Harvard Medical School, Boston, MA)

Dr. Eldrin Lewis argued that heart failure is an important endpoint in clinical trials and has not been
adequately emphasized despite studies that point to a concern for heart failure in diabetes drugs and the
complicated history for rosiglitazone's association with heart failure. Currently, the AHA Scientific
Statement identifies drugs that may cause or affect heart failure (for example, metformin may increase
lactic acidosis, TZDs are not recommended for patients with symptomatic heart failure, and saxagliptin
may contain a class effect for heart failure) however, the 2008 FDA guidance and AMA statements call for
assessing cardiovascular events in a blinded fashion by measuring cardiovascular mortality, myocardial
infarction, stroke, and hospitalization for acute coronary disease, yet exclude heart failure as an endpoint.
Despite several cardiovascular outcome trials, none have had heart failure as a primary endpoint. This
omission is important because heart failure is common and prognostically important in patients with
diabetes and higher risk is clearly associated with worse outcomes. Dr. Lewis recommended that future
research examine the role of cardioprotective drugs in people without diabetes, the impact of therapy in
patients with established diabetes and heart failure, and using heart failure as a primary outcome in trials.

▪ SAVOR-TIMI53, EXAMINE, AND TECOS all demonstrated the cardiovascular safety of
DPP-4 inhibitors. In SAVOR-TIMI53, all events occurred in less than 3.5% of the population and
there was no difference between the placebo and drug groups in cardiovascular death, stroke, or MI.
However, there was a different in heart failure (p=0.007) although it was not a primary endpoint.
Relevantly, the population was small but the subgroup had a 25% increase in death and readmission
after heart failure.

▪ Studies in GLP-1 agonists have also demonstrated the risks of heart failure. The
lixisenatide study found no differences in cardiovascular outcomes, while the LEADER trial with
liraglutide had a 22% risk reduction in cardiovascular death, 15% risk reduction in all-cause death,
and no difference in heart failure. Hospitalization rates for heart failure in liraglutide had a hazard
ratio of 0.87, compared to 1.11 for semaglutide in SUSTAIN 6. Notably, heart failure is associated
with very poor outcomes in diabetes patients, as patients randomized in ELIXA had a much higher
overall risk for mortality post-heart failure hospitalization.

▪ SGLT-2 inhibitors are significant for being the first time the FDA approved a drug for
having a mortality benefit in 2016. EMPA-REG demonstrated a 14% risk reduction in primary
outcomes, risk reductions in cardiovascular and all cause death, and a 35% risk reduction for
hospitalization from heart failure. Interestingly, a cardiovascular meta-analysis of dapagliflozin
found a very small number of patients with heart failure events, with a hazard ratio of 0.36
(although this is not definitive data). The CVD-REAL trial studied patients with type 2 diabetes
newly on SGLT2 inhibitors compared to other glucose lowering drugs with a comparative
effectiveness study in the US, Norway, Sweden, Denmark, and Germany, using data from claims
databases with the primary outcome as heart failure hospitalization. There, they saw a risk reduction
in the intention to treat analysis, in treatment, with prior heart failure, and without prior heart
failure.

Questions and Answers

Q: What class or agent do you think has the most promise for heart failure?

A: It's challenging because all classes have different mechanisms, we know that they're relatively safe in
patients, and there isn't a huge signal in studies. Based on a decrease in heart failure hospitalizations with
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SGLT-2 inhibitors, a lot of people are investigating this as the class of drug of choice, although they are all
worth considering. There are also many patients who don't make it to the hospital with heart failure but who
live with limitations. In designing a study I would look at all heart failure events, including ER visits or
initiation of goal-directed medical therapy for heart failure.

Dr. Daniel Drucker: I just wanted to clarify the AHA statement on DPP-4 inhibitors having a
class effect in heart failure based on saxagliptin. Those guidelines were published after TECOS
and they made corrections in some sections but did not correct that major error. Why did your
cardiology colleagues not correct this?

A: My statements are not those of the AHA. One of the difficulties in guidelines is being contemporary but it
does take a process to ensure accuracy. At the time, SAVOR-TIMI 53 suggested a signal and saxagliptin was
on the wrong side of the hazard ratio. TECOS came out there as 1.0. There needs to be further investigation to
see if it's a single drug or class effect on heart failure. As we get more trials we'll have more clarification. I
agree it's a signal but not a class effect.

Mechanisms Linking Diabetes Therapies and Heart Failure

Dale Abel, MD (University of Iowa, Iowa City, IA)

Dr. Dale Abel provided a detailed overview of the mechanisms that may link diabetes therapies to heart
failure. Several studies have shown an increase in heart failure with diabetes therapies, and specific risk
factors independently associated with heart failure include female gender, insulin use, hypertension,
elevated creatinine, coronary artery disease, and ischemia. Intensive glucose control itself does not seem to
impact heart failure. Although it is difficult to compare old with new therapies, an observational study of
500,000 patients over eight years in the UK found that insulin use and sulfonylureas were associated with
an increased risk of heart failure. That said, the pathophysiology of heart failure in diabetes and obesity is
complex and multifactorial, and many of the same mechanisms are seen with insulin resistance and heart
failure. In this talk, Dr. Abel explored potential mechanisms, including intrinsic defects, hyperinsulemia, or
ketones, which could exacerbate heart failure in the setting of diabetes. He concluded that while
cardiovascular outcomes trials suggested heart failure benefits were found in high-risk patients, outcomes
in low risk patients are not known, and neither are the differences in heart failure patients from those
without previous heart failure.

▪ Unique attributes of the heart in diabetes might modulate its response to glucose
lowering therapies, like a cardiomyopathy of obesity and diabetes. Intrinsic defects in
cardiac muscle could increase the likelihood of dysfunction from ischemia or hypertrophy. For
example myocardial insulin signaling is increased in human hearts in people with diabetes or heart
failure, despite skeletal insulin resistance. In a UK study comparing the myocardiums of people with
heart failure, well-controlled diabetes, and healthy controls, a PET scan found that both heart failure
and diabetes patients had increased proximal insulin signaling in cardiac muscle.

▪ Several pathways suggest the association between elevated insulin signaling and heart
dysfunction. TAC (transverse aortic contraction) or myocyte stretch is associated with activation
of insulin signaling, which is a possible mechanism for heart failure and generalized insulin
resistance. Human heart failure is characterized by induction of the insulin receptor substrate gene
IRS1 and hyperactivation of the protein kinase AKT1 but not AKT2. The deletion of IRS1 prevents
structural remodeling following pressure overload cardiac hypertrophy, which then prevents the
hyperinsulinemia that exacerbates heart failure.

▪ New targets in the insulin resistance and heart failure pathway could be used in
diabetes treatment. For example, high fat feeding in mice causes heart failure that is associated
with increased expression of the phosphodiesterase PDE4D. The inhibition of steps that prevent the
induction of PDE4D prevents heart failure and can also be done pharmacologically despite
persistent insulin resistance. The insulin resistance state uses the GRK2 pathway downstream,
which could be a new way to treat diabetes in insulin resistant states and to target insulin in the
failing heart.
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▪ The EMPA-REG OUTCOME trial demonstrated a dramatic drop in heart failure
hospitalization with a slight increase in serum ketone bodies for patients on the
SGLT-2 inhibitor empagliflozin (Lilly/BI's Jardiance). To investigate the mechanism of
ketone body metabolism in heart failure, Dr. Abel's team developed a mouse model of impaired
pyruvate metabolism that models cardiomyopathy with reduced glucose oxidation and increased fat
oxidation, and over time these mice develop left ventricle hypertrophy and heart failure. When the
mice were put on a ketogenic diet and were found to have higher ketone bodies, the diet was found
to both prevent and reverse cardiac hypertrophy and heart failure. In another model, ketogenic diets
prevented cardiac hypertrophy but did not restore cardiac function or reverse cardiac hypertrophy
after onset of heart failure. The caveat in these experiments is that ketogenic diets are high fat, and
high fat diets also had the same effect of preventing cardiac hypertrophy and heart failure, raising
the issue of whether these effects are specific to ketones.

Symposium: Cognitive Decline - Recognizing and Adapting Diabetes Care
Strategies

Does Diabetes Cause Cognitive Decline?

Alan Jacobson, MD (Winthrop-University Hospital, Mineola, NY)

Psychiatrist Dr. Alan Jacobson discussed changes in cognitive ability associated with hyperglycemia and
hypoglycemia. While effects on cognitive function are often overlooked when talking about diabetes and its
complications, these effects have profound quality of life implications. Dr. Jacobson reviewed data
correlating both type 1 and type 2 diabetes with cognitive function. In general, both chronic conditions are
strongly correlated with cognitive decline, which manifests in white matter lesions and cortical atrophy.
Volume loss in the superior prefrontal cortex and decreased white matter integrity are both seen in people
with type 1 diabetes (especially when patients have higher A1c). Dr. Jacobson presented data to show
increased glutamate (an excitatory and potentially damaging neurotransmitter) concentrations in patients
with poor glycemic control, suggesting a possible mechanism for the deleterious effects of chronic
hyperglycemia. The role of severe hypoglycemia is not as well understood, but also seems to play a
degradative role for people with type 1 and type 2 diabetes.

▪ The audience was particularly intrigued by the role of glutamate in mediating
cognitive damage and decline. Glutamate, the most abundant neurotransmitter in the central
nervous system (CNS), is excitotic and leads to neuronal damage or death in excess. Increased
glutamate levels are seen in many disorders of the CNS, but its importance to diabetes is due to its
mode of production: glutamate is synthesized through transamination of alpha-ketoglutarate during
glucose metabolism. Chronic hyperglycemia could thus lead to increased glutamate, promoting
over-excitation of the nervous system and causing cognitive damage. According to Dr. Jacobson, as
glycemic control decreases, a significant trend toward increased glutamine/glutamate concentration
is observed in people with type 1 diabetes (p=0.002).

▪ Type 1 diabetes is theorized to cause behavior change through a combination of severe
hypoglycemia and increased A1c, leading to changes in brain structure and function
which decrease cognitive ability and increase depression. Dr. Jacobson reviewed meta-
analyses showing that type 1 diabetes is associated with effects on crystallized and fluid intelligence,
processing speed, visual and sustained attention, and cognitive flexibility. Neuropathy, proliferative
retinopathy, and higher A1c all predict cognitive outcomes, indicating the harmful influence of
hyperglycemia on cognition. The connection between severe hypoglycemia (leading to
unconsciousness) and cognition is more controversial, and Dr. Jacobson underscored that major
questions remain as to how severe hypoglycemia might lead to cognitive decline.

◦ Subtle volume differences in the superior prefrontal cortex are associated
with both type 1 diabetes and depression. Higher A1c is also associated with
decreased thickness in the same cortical area. Diffusion tensor imaging has been used to
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track white matter and the coherence of pathways. Type 1 diabetes is related to decreased
white matter integrity - when cortical pathways are broken - mainly affecting the frontal
and temporal regions of the brain that regulate affect and cognition. This decreased white
matter integrity is correlated with decreased working memory and increased depressive
symptoms in people with type 1 diabetes, but not in control subjects. The DCCT found that
higher A1c is related to lower psychomotor efficiency in type 1 diabetes. Declining
psychomotor efficiency can be predicted by time-weighted A1c, carotid thickening,
proliferative diabetic retinopathy, and renal complications.

▪ The model for type 2 diabetes is more complicated, as obesity, insulin resistance, and
inflammation can also contribute to cognitive decline and depression. Meta-analyses
have shown that type 2 diabetes increases a patient's risk for Alzheimer's disease, dementia, vascular
problems, and mild cognitive impairment. These observations are supported by the association of
type 2 diabetes with deep white matter lesions, cortical atrophy, and silent infarcts. Hyperglycemia
exacerbates these effects: higher A1c and neurological changes are associated with greater cognitive
impairment. In contrast to type 1 diabetes, it has been shown by the Kaiser group (using clinical data
from emergency room and hospital patients) that risk for dementia increases with the frequency of
hypoglycemic episodes. This finding is corroborated by similar data from Taiwan showing the same
association over seven years of follow-up.

▪ While concerns about the impact of diabetes on cognition originally focused on young
children, more recent findings indicate that the effects of severe hypoglycemia are
most prominent in older individuals. Dr. Jacobson explained that research on the CNS
originally focused on children because active brain remodeling was thought to play a role. However,
age and other changes appear to exacerbate hypoglycemia's effects in older patients with diabetes,
and experts are starting to speculate that diabetes can permanently affect an individual's ability to
think. This relationship can be modeled as a dose-response curve in which hypoglycemia,
hyperglycemia, and other risk factors can be weighted for length, timing, and exposure to predict an
impact on the brain. This research is still early-stage - future projects and investigations will
hopefully further elucidate the link between diabetes and cognition in patients of all ages.

Questions and Answers

Q: I was intrigued by your idea that flux and glucose-mediated glutamate increases in the
brain may drive this. As part of functional imaging, do you have a plan to look at
mitochondrial functions with a phosphate coil?

A: Not right now. We have to pick the most robust and insensitive variation sites, so there are issues about
where you can look.

Q: Also with respect to glutamate, you said both acute and longstanding effects can be
observed. What about the effect of acute hyperglycemia on glutamate?

A: Yes, other data from other colleagues who have carried out examinations shows that there are associations
of acute hyperglycemia with glutamate levels, looked at with an insulin plant technique. You put people in an
MRI machine and raise their blood glucose level, and there are measurable changes in glutamate in the CNS.

Q: How is glutamate measured - is it through peripheral blood?

A: With spectroscopy of the prefrontal region, not through peripheral measurements.

Symposium: Pediatric Diabetes and Associated Comorbidities

Mental Health Comorbidities in Type 2 Diabetes - The Not-So Hidden Iceberg

Diana Naranjo, PhD (Stanford University, CA)

Dr. Diana Naranjo of Stanford University discussed how mental health problems often accompany type 2
diabetes in youth, suggesting that these must be anticipated and managed from the onset of diabetes
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diagnosis. Youth with type 2 diabetes are at increased risk (relative to both youth with type 1 diabetes and
counterparts without chronic disease) for depressed mood, concerns of isolation, and bullying. Psychosocial
risks include psychological and behavioral risks like depression and disordered eating, family risks like
conflict and miscarried helping, as well as environmental and systems disparities like poverty and lower
socioeconomic status, race, insurance, and access to healthcare. Obesity and binge eating are also
associated with type 2 diabetes and challenges with managing this can additionally lead to feelings of
inadequacy. These considerations are especially significant in light of the dramatically increasing
prevalence of type 2 diabetes in youth - the SEARCH for Diabetes in Youth Study projects up to a 4-fold
increase in youth-onset type 2 diabetes by 2050. Dr. Naranjo closed with a case study about a 16-year-old
Latino boy struggling to manage his type 2 diabetes, using this as a backdrop to highlight strategies to
overcome barriers and reinforce healthy habits.

▪ Binge eating in youth is an important predictor of type 2 diabetes. Youth with clinical
binge eating disorder are more likely to develop obesity and depression in addition to type 2
diabetes, and tend to have lower quality of life. Dr. Naranjo believes that reported binge eating
might represent an early behavioral marker upon which to focus interventions for obesity and
metabolic syndrome, especially since these behaviors in youth are associated with higher risk for
other health complications including kidney disease, nerve disease, eye disease, and heart disease,
hypertension, and retinopathy.

▪ Dr. Naranjo elucidated challenges to type 2 diabetes management that can lead to
feelings of frustration and loss of control, as well as worries for the future. These
barriers to managing type 2 diabetes include very demanding treatment regimes, stigma and shame,
psychological distress, intergenerational burden of type 2 diabetes, financial barriers minimizing
access to diabetes care, sharing of insulin prescriptions, and cross-cultural considerations.

▪ Though few effective treatments for type 2 diabetes and depression in youth currently
exist, Dr. Naranjo is optimistic about prevention efforts in this space. She expressed
particular enthusiasm for the potential of cognitive behavior therapy approaches to improve
mindset, and we hope to see more data on this in the future. Indeed, the unmet need for the care of
psychological comorbidities of diabetes is particularly stark in young people, and we are appreciative
that it is finally beginning to receive some attention.

Symposium: Enhancing Diabetes Care in Underserved and Low-Income
Populations

Applying the Kaiser Permanente Safety-Net Model to Diabetes Care in Federally
Qualified Health Centers

James Dudl, MD (Kaiser Permanente, La Jolla, CA)

Dr. Dudl presented on the Kaiser Permanente "ALL" protocol, and how best to implement it in federally
qualified healthcare centers. ALL is an acronym for a bundled treatment of Aspirin (25-235 mg), lovastatin
(40 mg), and lisinopril (20 mg), which Kaiser Permanente recommends as a safety-net treatment plan for
people with diabetes over the age of 55 to help prvent cardiovascular disease. His research group analyzed
this treatment in 70,000 patients over 3 years, learning that it resulted in a decrease of 15 to 26 per
thousand cardiovascular events, with the higher number corresponding to those with higher adherence to
treatment. The ALL treatment was also found to reduce the overall cost of caring for patients at high risk of
cardiovascular events.

▪ Dr. Dudl spoke at length about the groundwork needed to implement this protocol in
underserved populations. He and his colleagues studied several potential rollout methods for
this treatment protocol in healthcare centers, and determined that providing two days of training to
the healthcare workers and ongoing support was most effective. He emphasized that they had to
screen for centers that are motivated and ready dedicate adequate resources to support the
initiative, noting that significant effort was required to implement the protocol. For instance, it
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requires that centers build a diabetes registry among existing patients, query medications to see if
those patients need ALL, contacting them to begin treatment, reminders to physicians when patients
qualifies for ALL, and close tracking of metrics to evaluate the success of the program. Dr. Dudl
believes that failing to track metrics is one of the biggest reasons this program can fail to get off the
ground.

▪ Dr. Dudl also briefly addressed introducing metformin to the protocol ("MALL"). The
MALL combination is associated with a 60% reduction in CVD risk. Dr. Dudl further argued that it is
a more cost-effective and better option than adding the SGLT-2 inhibitor empagloflozin, although
we point out that this may change in the future once SGLT-2 inhibitors become generic.

Questions and Answers

Q: Even $100 a month is costly for some of these communities. Sometimes they have to decide
what to prioritize, say by working on their hypoglycemia over other conditions. How do you
address that?

A: We fully understand that. I tell patients everyday when they come home they put 25 cents in a jar, and if
they do that everyday they can stay on this treatment.

Q: How do food-based preventions relate to this?

A: We absolutely preach lifestyle first, such keeping fats down and eating a plant-based diet. Don't get me
wrong, we want those things, but if you really are at more than 10% CVD risk, those alone won't drop you
anywhere near as low as if you make lifestyle modifications in combination with medication.

Q: I'm all for what you're talking about, but I work in a low-income clinic, and when I say, "I
want you to go on Lipitor" my patients say, "Why would you put me on that poison?"

A: This is the bane of our existence. There's no evidence that statins cause dementia, and yet it continues to be
an issue. Here you can get into trust issues. We've gone into 22 African American churches in San Diego, and
have one minister in particular who's had five bypass surgieries and has helped us do the outreach and gain
trust in the community. Us telling them the facts isn't going to help, but community outreach can be effective.

Symposium: A Heavy Heart - Metals, Diabetes, and Cardiovascular Disease
Outcomes

Type 2 Diabetes and Residual Risk Following Acute Myocardial Infarction - Still
There After All These Years

Mikhail Kosiborod, MD (University of Missouri, Kansas City, MO)

Dr. Mikhail Kosiborod began his talk by stating plainly that cardiovascular disease is the #1 killer of people
with type 2 diabetes. Although outcomes have improved over time with better treatment, the excess hazard
of CVD linked to type 2 diabetes has stayed constant and researchers have struggled to diminish the
residual risk associated with type 2 diabetes. For example, he presented compelling data showing that
patients with diabetes are at higher risk of early mortality than the general population after an acute
myocardial infarction, even though rate of mortality have decreased over time for both groups. He then
gave an overview of the many attempts researchers have made to reduce cardiovascular risk for people
with type 2 diabetes. In ACCORD, blood pressure lowering had no benefit for cardiovascular death or MI,
and other trials investigating dual RAAS inhibition, the use of aliskiren, aggressive lipid reduction, or even
intensive glucose control have not shown to be beneficial for the reduction of cardiovascular events. Even
aggressive interventions like revascularization in patients with established cardiovascular disease have not
been found to have a survival benefit. Perhaps most disappointing was the Look AHEAD trial, where
aggressive lifestyle intervention improved surrogate markers of cardiovascular risk still did not have a
significant impact. However, Dr. Kosiborod emphasized that hope still exists, particularly from exciting
results in the last 18 months with the release of EMPA-REG OUTCOME, IRIS, LEADER, and SUSTAIN 6
showing significant cardiovascular benefits. Impressively, the EMPA-REG OUTCOME and LEADER trials
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found overall cardiovascular benefit in composite endpoints like MACE as well as all-cause death. Agents
developed for diabetes management that can also address cardiovascular events are immensely exciting
and Dr. Kosiborod make a prediction that we'll see even more examples like these in the coming days (we
hope so!). Looking to the future, he cited a promising post-hoc subgroup analysis of the PEGASUS trial
where a subgroup of type 2 patients one year after experiencing an MI assigned to ticagrelor and aspirin
compared to aspirin alone received a cardiovascular mortality endpoint benefit. He also hinted at other
therapies that may not be in the traditional pathophysiology of diabetes such as chelation therapy that
could potentially be a promising avenue for improving cardiovascular outcomes.

Symposium: Cognitive Functioning and Decision-Making in Diabetes

Long-Term Impact of a Lifestyle Intervention on Cognitive Outcomes among
Individuals with Diabetes - Findings from Look AHEAD

Mark Espeland, PhD (Wake Forest School of Medicine, Winstom-Salem, NC)

Dr. Mark Espeland presented cognitive outcomes data of Look AHEAD participants, demonstrating that
intensive lifestyle intervention in "mid-life" may result in less cerebrovascular disease and brain atrophy as
well as better late-life cognitive function in certain populations. Dr. Espeland opened by walking attendees
through the design and methods of the Look AHEAD trial and prefaced the discussion by noting the
increased risk of dementia associated with type 2 diabetes. Turning to the results, he showed that
individuals with BMIs <30 kg/m achieved improvements in cognitive function while those with BMI ≥302

kg/m experienced declines. Additionally, at years 10-13, cognitive impairment prevalence was equally2

distributed between the lifestyle intervention and control groups (p=0.93). Notably across BMI groups, the
results found that intensive lifestyle intervention was associated with significant benefits on brain atrophy
and cerebrovascular disease. Compared to the control group, the lifestyle group had less ischemic lesion
volume (1.86 cc vs. 2.49 cc, p<0.03) and achieved greater cerebral blood flow, with better vascular tone and
less cerebrovascular disease. Exploring mechanisms for these differences, Dr. Espeland mentioned the
possibility of obesity's impacts on neurovascular response, cardiac output, or brain energy metabolism. In
conclusion, Dr. Espeland highlighted the various benefits (i.e. cognitive function, cerebral blood flow) shown
in patient populations who are "not too heavy" but noted that those that are "very heavy" can interestingly
experience slightly worse late-life cognitive function with intensive lifestyle interventions - an area of
personalized medicine that we believe will certainly prompt further research. As discussion of
neurodegenerative disorders in the context of diabetes and obesity grows, we see the brain's role and
cognitive outcomes becoming an increasingly hot topic in the field.

Questions and Answers

Q: I would guess that the heavier group has a higher likelihood of having sleep apnea. Did you
check if the groups had a difference in that comorbidity? So with more sleep apnea, you'd
expect more dementia?

A: We do have an ancillary study on sleep apnea but I haven't looked to see how the sleep data correlates with
the cognitive data, so that's a great area to explore. I could also mention that it'd be interesting to see if this is
related to hypoglycemia.

Q: I'm wondering about the legacy effects of cardiovascular disease - if the heavier participants
didn't benefit as much due to their lifetime exposure to excess body wt? If you've had a BMI of
40, you were likely overweight at an earlier time in life.

A: What you're pointing out is that there may be a window of opportunity to prevent cognitive decline. It's
very possible that some of these patients have been too far down the pathway.
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Symposium: The Atherogenic Dyslipidemia Complex - New Biomarkers and
Therapies Beyond LDL

Update on the Atherogenic Dyslipidemia

Henry Ginsberg, MD (Columbia Medical School, New York, NY)

Dr. Henry Ginsberg provided a detailed overview of atherogenic dyslipidemia, a pattern of abnormalities in
serum lipids characterized by low levels of HDL cholesterol and elevated triglycerides, and detailed some of
the treatment options for patients with these symptoms, though these are still very nascent. In
characterizing atherogenic dyslipidemia, Dr. Ginsberg pointed to a meta-analysis of 17 studies which looked
at data from 46,414 men and 10,864 women in total that identified an elevated CV risk associated with
lower levels of HDL-C and elevated triglycerides, even after adjusting for age and sex. There have been
some advances in understanding the role triglycerides play in this process - Dr. Ginsberg explained that
once triglyceride levels go up, HDLs become triglyceride entrenched, and ApolA is subsequently
disassociated and destroyed in the kidney. He then shifted to treatment options for atherogenic
dyslipidemia, observing that researchers have yet to find an optimal treatment, which would lower LDL
cholesterol, reduce VLDL secretion and remove triglycerides from circulation. For lowering LDL cholesterol
specifically, he recommended statins, ezetimibe, and PSCK9 inhibitors. That said, he acknowledged that it's
difficult to access PCSK9 inhibitors currently due to reimbursement issues. He also briefly commented that
TZDs have demonstrated some promise in treating atherogenic dyslipidemia, but had "too many warts", an
assessment that was reinforced by a palpable negative reaction from the audience when he mentioned them.
Ultimately, he reiterated that more research was needed to identify optimal treatment for this condition.

Symposium: Patient-Reported Outcomes (PROs) - Using Clinic-Based
Screening and Intervention to Inform Diabetes Care

To Screen or Not to Screen - Is That the Question?

Jeffrey Gonzalez, PhD (Yeshiva University, New York City, NY)

Dr. Jeffrey Gonzalez made a case for not routinely screening patients with diabetes for depression, arguing
that screening everyone has not been proven to yield better results to treatment, creates a high number of
false positive results, taxes the resources of mental health providers who are already stretched thin, and
ultimately distracts from addressing the patients more pressing issues. Dr. Gonzalez began by noting that
the US is one of the few countries to recommend screening patients regularly for depression, pointing out
that Canada and many western European countries do not do so. He then traced the causes of the high
number of false positives when patients with diabetes are screened for depression, observing that the
standard Patient Health Questionaire-9 (PHQ-9), which is used to screen patients for major depressive
disorder (MDD), is not able to distinguish between localized distress and MDD. The standard response for a
healthcare provider with patients whose answers to this questionnaire indicate they are at risk for MDD is
to refer them to a mental-health resource for initial screening and diagnosis, which Dr. Gonzalez believes
risks placing an undo strain on mental-health workers. Instead, he recommends screening on an as-needed
basis, focusing on those who are already diagnosed with MDD and other mental-health issues, and
advocated health care providers talk to their patients about what's going on in their lives to help inform
their decisions to screen or not. We value this practical opinion and continue to hope for more resources in
mental healthcare, for people with diabetes and in general. Specifically, there is a pressing need for
improved diagnostic methods that avoid false positives, and a system which has adequate resources and
capacity to provide support for those in need of help.

▪ Dr. Gonzalez argued that standardized questionnaires yield a high number of false
positives for MDD. He rapidly worked through a number of studies showing the number of
patients whose answers to two common depression screening instruments, the PCHQ-9 and CES-D,
fell in the depressive range, but in general only around 30% of those in this range were found to have
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MDD when diagnosed again in a clinical setting. This translates to a troubling average false positive
of 70% across studies.

▪ He also argued that semantics matter when discussing screening patients: stating that
questionnaires that focus on diagnosing MDD risk mislabeling what would be better identified as
Diabetes Distress. In particular, somatic symptoms such as trouble sleeping and loss of appetite are
all listed on these questionnaires, but are also highly likely to be associated with poor adherence to
diabetes treatment.

Questions and Answers

Q: In one of your other talks it sounded like you recommend screening. Can you clarify?

A: I said consider screening. I think if you have a system in place and a psychologist integrated with the staff/
resources available, in other words the resources for it are in-house, I think it is reasonable to screen. My fear
is that how this is being rolled out is give the PHQ-9 to everyone and then subsequently we over-diagnose and
over-treat.

Symposium: Joint ADA/ISPAD Symposium - Current Status of
Complications in Youth with Type 1 Diabetes

Update on Macrovascular Disease and Risk Factors-Time to be More Aggressive
with Treatment?

David Maahs, MD (Stanford Children's Health, Palo Alto, CA )

Cardiovascular disease and the associated risk in patients with diabetes is an increasingly important topic
and Dr. David Maahs made it clear that vigilance and aggressive steps are needed to rectify this association
even in younger patients with diabetes. Dr. Maahs noted that although aggressive A1c control does not
eliminate CV risk he would still like to see current progress on lowering A1c levels "move more quickly" as
only 30% of pediatric patients are meeting A1c goals. Citing data from the T1D Exchange that 69% of
patients ages 6-13 and 62% of patients age 12-30 are not meeting LDL goals, Dr. Maahs reiterated that "we
can do better" on cardiovascular outcomes in pediatric patients. He contextualized this problem by stating
that only 1% of pediatric patients is on lipid-lowering medication, giving us a sobering look at how urgent
this problem could be in pediatric patients. Dr. Maahs did offer hope that artificial pancreas innovation
would allow for better control of A1c levels and cited the SEARCH study that found that for every 1% change
in A1c, there was a 4 mg/dl change in LDL levels. Dr. Maahs concluded with a look toward clinical trial data
from a study with subjects taking atorvastatin for 6 months showing overall lower lipid levels and a "less
active" cardiovascular profile. The AdDIT Study similarly showed that statins correct lipid abnormalities
and show no adverse events. Dr. Maahs summarized by calling for improved screening, better treatment of
risk factors to address CVD risk in adulthood, and more longitudinal studies of cardiovascular risk in
pediatric patients.

Update on Retinopathy - Should We Screen or Not?

Kim Donoghue, MD (University of Sydney, Australia)

As part of a broader discussion on adolescent and youth complications in type 1 diabetes, Dr. Kim Donoghue
provided a summary of the current, varied screening recommendations for diabetic retinopathy,
underscoring the need for quick diagnosis and subsequent intense treatment and metabolic control. Dr.
Donoghue reviewed data from a number of studies that showed low to no prevalence of diabetic retinopathy
in adolescents and contrasted this with a number of studies that did find higher rates. In a study conducted
in the UK, Dr. Donoghue pointed out that 20% of individuals diagnosed with type 1 diabetes before age 2
had developped retinopathy by ages 12-13. This same study found that 9% of children with diabetes
diagnosed at under 4 years of age had developed sight-threatening diabetic retinopathy by age 17-18. This
was in contrast to studies done by the T1D Exchange, the University of Pennsylvania, and Yale University,
which all found zero or very few pediatric patients with diabetic retinopathy. Dr. Donoghue attempted to

www.closeconcerns.com 333

https://www.closeconcerns.com/knowledgebase/r/25672734


explain this disconnect, pointing out that the investigations which found no prevalence of retinopathy
featured larger proportions of younger adolescents, tracked subjects for shorter periods of time, and used
tools that were not powerful to adequately detect retinopathy. Furthermore, recent data demonstrates
higher hazard ratios for diabetic retinopathy patients with a longer duration of diabetes (1.6, 1.9, and 1.0
for diagnosis under age 4, between age 5-14, and age 15 or over, respectively). Taken together, these
findings suggest that adolescents are at greater risk for diabetic retinopathy than we realize - especially if
they have a long diabetes duration. Dr. Donoghue concluded by questioning whether our current
recommendations for diabetic retinopathy screening are rigorous enough, asking what prevalence rate of
diabetic retinopathy are we willing to accept and calling for increased research into the frequency of
diabetic retinopathy in children, using study cohorts that match the general population.

Update on Nephropathy - When Should We Treat?

David Dunger, MD (University of Cambridge, Cambridge, UK)

Dr. David Dunger called for consistent measurement of ACR (albumin/creatinine ratio) in adolescents with
type 1 diabetes to help determine their risk of microalbuminuria and subsequent nephropathy later in life.
Noting that the first three phases of nephropathy can all take place in adolescence, he underscored the need
for consistent screening to identify patients at risk. Dr. Dunger reviewed some of the more promising early
interventions for this group - adolescents with early-onset diabetic nephropathy. He drew largely from the
Adolescent Type 1 Diabetes Cardio-Renal Intervention Trial (AdDIT), a study of 4,007 adolescents (age
10-16) with type 1 diabetes. Based on this trial, he recommended ACE inhibitors as treatment for those with
an at-risk ACR. Dr. Dunger concluded on an optimistic note, by suggesting that future advances in precision
medicine will help uncover more precise treatments for diabetic nephropathy.

▪ ACE inhibitors were shown to be effective in reducing risk of microalbuminuria in this
population. A study in a subset of the AdDIT cohort investigated the impact of statins and ACE
inhibitors both separately and as combination therapy in a randomized controlled trial: 500 patients
whose albumin levels put them at high risk for nephropathy were placed on an ACE inhibitor
(Quinapril), a statin (Atorvastatin), or a combination for three-four years. The results showed that
statins had no significant renal protective effect, but the ACE inhibitors were associated with a
reduction in the variability of the ACR, and did reduce risk of microalbuminuria by 43% (p=0.0464
vs. statins). Dr. Dunger thus advocated that ACE inhibitors be taken seriously as a therapeutic
option for adolescents at risk of microalbuminuria, adding, "we haven't got anything else." He also
speculated that SGLT-2 inhibitors may be promising for this patient population down the line,
although it's too early to tell.

▪ Dr. Dunger recommended three early-morning urine tests to best measure albumin/
creatinine ratio (ACR). He noted that guidelines now call for screening for microalbuminuria
starting at age 10 or onset of puberty (whichever comes first), but that there is still very little
guidance about how to test. He strongly urged providers to adopt the three morning urine tests
method for screening, explaining that screening needs to be done systematically in order to
accurately capture a patient's risk.

Questions and Answers

Q: I'll be the first one to say congratulations. It seems like a really tough job to get this off the
ground, and you've persisted. Was the data you showed us at the end (from early intervention
in AdDIT) adjusted for A1c levels?

A: Yes, they were all adjusted for A1c. And just a reminder about this population, their A1c went up about
0.5% on average over the course of the study, despite the fact that half were on pumps and this was a very well
cared for population.

Q: You made many important points, and there's one in particular I'd like you to elaborate on.
Many of us obtain urine randomly when kids show up in the clinic. We don't get consistency in
the timing of when it's given. Can you recommend some practical ways to account for that?
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A: I think you should be doing three early-morning samples. It's not that much to ask - if you do it in the
afternoon it's just a risk that you get less good data, or a false positive. Those screening for retinopathy would
never dream of doing it opportunistically - they do it consistently and so should you.

Q: Would you be comfortable using SGLT-2 inhibitors even given recent evidence of DKA risk?

A: SGLT-2 inhibitors - we need to do a lot of work. I'm not so alarmed by the DKA results, but we have to be
cautious.

Update on Neuropathy - The Forgotten Complication

Eva Feldman, MD (University of Michigan, Ann Arbor, MI)

Dr. Eva Feldman made a strong case for more frequent screening for neuropathy in children and young
adults with diabetes, citing several studies that show this complication is more common in these groups
than assumed. After an overview of the causes and symptoms of neuropathy, she shifted to discussing how it
can be effectively screened for and diagnosed. She struck a pragmatic tone, highlighting that while what she
called "expensive and time consuming instruments" (e.g. thermal threshold testing and vibration, nerve
conduction study) have lead to higher positive screen results and greater accuracy in some studies, there are
more practical ways for clinicians to screen their patients to replicate these findings with tools at hand. She
then cited several studies that found high rates of neuropathy in younger patients with diabetes, including
data from the SEARCH study, which helped prompt the ADA to refine their guidelines for screening. The
ADA now recommends beginning annual screenings five years after diagnosis for patients with type 1
diabetes and screenings at diagnosis and annually thereafter for patients with type 2 diabetes.

Questions and Answers

Q: What is the best way to use that tuning fork? How best to evaluate the result?

A: I can briefly tell you that we're putting a video online to show this; it's a 3 minute movie that I think will be
very helpful. For the tuning fork all you do is strike the tuning fork very hard, then put it on the great toe. If
the child can feel it for more than 20 seconds they don't have symptoms, if they feel it for less than 15 seconds
they do, if it's in-between you will need to reassess.

Q: If you do very sensitive neurological examinations very early in patients, do you find early
symptoms of neuropathy are more reversible?

A: Certainly good data to show from DCCT that those patients with sub-clinical neuropathy and those with
good control were more likely to be able to control it and potentially reverse it. The same for those with
prediabetes who are well diagnosed (though they have to have diagnosed prediabetes and early diagnosis).

Symposium: Hypoglycemia-Associated Autonomic Failure (HAAF) in
Diabetes Revisited

The Syndrome of HAAF in Diabetes

Samuel Dagogo-Jack, MD (University of Tennessee, Memphis, TN)

Dr. Samuel Dagogo-Jack discussed the prevalence of hypoglycemia in people with diabetes and the possible
causes and cures for hypoglycemia associated autonomic failure (HAAF). HAAF tends to occur when blood
glucose is less than 30 mg/dl, leading to a decrease in both the sympathetic and autonomic nervous system
responses. One proposed therapy for the mechanism underlying HAAF pertains to cerebral blood flow. In
cases of hypoglycemia, the brain ends up taking most of the resources of the body to preserve the central
nervous system, and as a result the peripheral nervous system (and the autonomic nervous system) suffer.
There is also a hypothesized role for a process called systemic mediation, in which the loss of glucagon
response causes the body to rely on epinephrine. HAAF can also be related to over-exercise and has been
shown via CMG data to occasionally occur during sleep cycles of people with diabetes. Dr. Philip Cryer has
previously argued that HAAF is both maladaptive and adaptive, in that it is associated with an increased
risk of severe hypoglycemia during intensive glycemic treatment but also has evidence from rat models
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showing reduced frequency of death during hypoglycemia following previous exposure to recurrent
moderate hypoglycemia, a model of HAAF. We would certainly like to see more research on this
complication of diabetes.

Corporate Symposium: DCRI Evidence to Practice Series - Management of
Diabetes for Heart Failure Patients (Sponsored by BI)

Latest Research Findings and Knowledge Gaps

Jennifer Green, MD (Duke University, Durham, NC)

In her introduction to this bright and early corporate symposium, Dr. Jennifer Green highlighted the
substantial overlap between diabetes and heart failure (28-44% of patients with heart failure also have
diabetes) and reviewed the current evidence on the effects of specific diabetes drugs on heart failure. She
explained that while the FDA-mandated cardiovascular outcomes trials of diabetes drugs have provided
valuable information about heart failure outcomes, significant knowledge gaps remain. Specifically, she
noted that i) CVOTs for diabetes drugs were not designed specifically to enroll patients with heart failure or
evaluate heart failure outcomes; ii) the percentage of participants with heart failure varied in the different
trials; iii) minimal details about heart failure outcomes were collected; iv) heart failure hospitalization was
typically the only heart failure endpoint measured, leaving out a number of other relevant outcomes; and v)
the physiological basis of the drugs' positive or negative effects on heart failure has not been fully explained.
Looking forward, Dr. Green argued that at a minimum, investigators should collect more detailed
information on heart failure outcomes in future trials of diabetes drugs. We've heard a great deal about
assessing BNP (a marker for heart failure) at baseline in diabetes CVOTs - of course, hindsight is 20/20 and
we don't expect this is possible in CVOTs that have already initiated, but we expect more rigorous
assessments of heart failure at baseline will become the norm as heart failure is seen as an increasingly
important endpoint in these trials. She also expressed interest in investigating diabetes drugs specifically in
patients with heart failure (as Lilly/BI are currently doing in the EMPEROR trials of Jardiance
[empagliflozin] and AZ is doing in the Dapa-HF trial of Farxiga [dapagliflozin]), conducting trials to
determine the best drug for these patients, and assessing the effects of older diabetes drugs on heart failure
risk.

Case Presentations

Robert Mentz, MD (Duke University, Durham, NC); Darren McGuire, MD (UT Southwestern,
Dallas, TX); Eldrin Lewis, MD (Brigham and Women's Hospital, Boston, MA)

The majority of the corporate symposium centered around three case presentations involving patients with
both type 2 diabetes and heart failure. The speakers agreed that metformin is currently the treatment of
choice for this patient population. Dr. Darren McGuire noted that many physicians still shy away from
using metformin in patients with heart failure because it was previously contraindicated, but many
cardiologists are now specifically endorsing the drug for this population. The speakers were cautiously
optimistic about the positive effects of Lilly/BI's Jardiance (empagliflozin) on heart failure demonstrated in
EMPA-REG-OUTCOME. All three speakers expressed excitement about the results demonstrating a 38% risk
reduction for cardiovascular death and 35% risk reduction for heart failure hospitalization with Jardiance
vs. placebo in patients with type 2 diabetes and high cardiovascular risk. However, the consensus seemed to
be that only results from the EMPEROR trials, which are specifically designed to investigate the impact of
Jardiance on heart failure, will be able to establish the drug as a standard treatment for this population.
This was interesting to hear - of course, we do not expect the FDA will include any indication for heart
failure on the Jardiance label until results from these trials are available (given the fairly dismissive
discussion of the heart failure secondary endpoint finding at last year's Advisory Committee meeting on the
EMPA-REG OUTCOME results). On the other hand, the ESC heart failure guidelines have already been
updated to recommend empagliflozin as a potential treatment for those with type 2 diabetes and comorbid
heart failure.
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Questions and Answers

Dr. Darren McGuire (UT Southwestern, Dallas, TX): I'm convinced there's heterogeneity
among DPP-4 inhibitors. I would avoid saxagliptin and alogliptin because sitagliptin has a
completely clean heart failure label. If a DPP-4 is used, I would use sitagliptin, but I'm not sure
I would use one in this patient [in the hospital after an acute MI with diabetes and heart
failure]. I think metformin is great. The EMPA-REG results were impressive but we didn't
have acute MI patients in that trial so I don't really know what I'm doing. My gut instinct is
that it's logical and probably indicated to do empagliflozin. There's a relatively preserved
ejection fraction and little concern about GLP-1 agonists, so I'd probably prefer that over
DPP-4 inhibitors. I'm comfortable with an A1c target of 7-8%.

Dr. Jennifer Green (Duke University, Durham, NC): If you switched from saxagliptin to sitagliptin, you would
probably get the same glycemic control. If you stopped the DPP-4 inhibitor, you could increase the
empagliflozin dose but would probably have an A1c increase. In the EMPA-REG trial, there were essentially
comparable benefits with both doses, so I wouldn't feel compelled to up-titrate the dose. There are lots of
nuances.

Q: If you used sitagliptin, how would you handle the dose because of the patient's impaired
renal function?

Dr. McGuire: I would use a lower dose. But I would lean away from DPP-4 inhibitors because of the impaired
renal function.

Q: How reliable is her eGFR?

Dr. McGuire: She's having an acute MI and heart failure, so there's likely acute kidney injury. We have to use
the best evidence we have but we don't know what her real kidney function is.

Q: Should we be focusing on obesity management?

Dr. McGuire: Absolutely. We need your help. People think about cardiac rehab as a treadmill and exercise, but
it's a structured comprehensive program. We should use cardiac rehab resources for eligible people. Obesity
should be a focus of the intervention as well.

Dr. Eldrin Lewis (Brigham and Women's Hospital, Boston, MA): You hear about the obesity paradox in heart
failure. I don't think it's a paradox. If you're obese, you may be short of breath for other reasons, so you may
be healthier than someone of normal weight who has the same degree of dyspnea. We should be emphasizing
weight loss for control of diabetes and heart failure symptoms.

Dr. Green: There's some data on the association between glucose-lowering therapies and their effect on
weight and heart failure outcomes. The suggestion is that therapies associated with weight loss are associated
with reduced heart failure risk and those associated with weight gain are associated with higher risk. It's an
area ripe for further exploration.

Corporate Symposium: Individualized T2D Plans in the Midst of CVOTs
Galore: Applying the Data in a Practical Sense (Sponsored by Lilly/BI)

Individualized T2D Plans in the Midst of CVOTs Galore: Applying the Data in a
Practical Sense

Daniel Einhorn, MD (Scripps Diabetes Institute, La Jolla, CA); George Bakris, MD (University
of Chicago, IL); Vivian Fonesca, MD (Tulane University, New Orleans, LA); Lawrence Leiter,
MD (University of Toronto, Canada)

This star-studded panel reviewed four case studies of patients with uncontrolled type 2 diabetes, and made
suggestions for how recently-published CVOT data can be put into practice. The four cases varied in terms
of comorbidities and complications (obesity, family history of CV disease, nephropathy, heart failure, etc.).
Dr. Daniel Einhorn presented the case of a patient with type 2 diabetes and obesity, for whom glycemic
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control and LDL reduction were the most important treatment targets. In patients with obesity, Dr. Einhorn
advocated for lifestyle interventions and for drugs that promote weight loss, improve CV outcomes, and
lower daily insulin requirements (since insulin can be associated with weight gain). Dr. Lawrence Leiter
discussed a patient of his with a family history of CV disease that resulted in CV death. He explained that a
family background of CV morbidity/mortality means it is extremely important to avoid hypoglycemia and
to adhere to coronary calcium guidelines. Since both GLP-1 agonists and SGLT-2 inhibitors have
demonstrated cardioprotective effects, products in both therapy classes should be considered seriously. Dr.
Leiter underscored that CV safety - if not efficacy - should be the no. 1 priority for HCPs treating patients
with type 2 diabetes and a family history of CV events. Next, Dr. George Bakris presented the case of a
patient with nephropathy. His major concern was the overlap between nephrology and endocrinology, and
he emphasized the magnitude of correlation between chronic kidney disease and additional CV risk. On a
brighter note, Dr. Bakris mentioned that the progression of nephropathy has been decelerated almost 5x
from 40 years ago, thanks to advanced therapies that lower glucose and blood pressure. Last but not least,
Dr. Vivian Fonesca discussed a patient with heart failure and other complications. He concluded that
diabetes and a history of heart failure creates an advanced CV risk scenario for patients. In these
complicated cases, DPP-4 inhibitors may pose additional issues for patients (due to slight signals for
increased risk of heart failure hospitalization) and SGLT-2 inhibitors should be the drug of choice, according
to Dr. Fonseca.

Product Theater: Diabetes and Cardiovascular Disease: Making the
Connection (Sponsored by Novo Nordisk)

Diabetes and Cardiovascular Disease: Making the Connection

Yehuda Handelsman, MD (Metabolic Institute of America, Tarzana, CA)

Dr. Yehuda Handelsman led this Novo Nordisk-sponsored product theater, which aimed to review the tight
connection between diabetes and CV disease. CV disease remains the leading cause of death among people
with diabetes, and many comorbidities of diabetes are also risk factors for atherosclerotic CV disease.
According to Dr. Handelsman, patients with type 2 diabetes face a 2-6x risk for CV death vs. the
background population. Poor glycemic control, obesity, and hypertension are all common features of type 2
diabetes that double as CV risk factors. Dr. Handelsman shared his view that new agents with indications
for type 2 diabetes must also address CV risk - as per the FDA's 2008 CVOT guidelines, they must at
minimum demonstrate no unacceptably increased CV risk, but ideally will confer some cardioprotection (as
was the case for Novo Nordisk's GLP-1 agonist Victoza in the LEADER trial). Dr. Handelsman also
encouraged the personalization of treatment plans for people with type 2 diabetes, emphasizing that
individuals facing high CV risk should absolutely be put on a therapy with demonstrated CV benefit (such as
Victoza, or Lilly/BI's SGLT-2 inhibitor Jardiance, or J&J's SGLT-2 inhibitor Invokana). We are so glad to
see more education about the diabetes/CV disease overlap, and to note efforts to spread awareness about
the availability of cardioprotective diabetes drugs.

Product Theater: Praluent (Alirocumab) Injection - A Tailored Approach to
Help Address an Unmet Need (Sponsored by Sanofi/Regeneron)

Praluent (Alirocumab) Injection-A Tailored Approach to Help Address an Unmet
Need

Eliot Brinton, MD (The Atherometabolism Institute, Salt Lake City, UT)

As the link between cardiovascular disease and type 2 diabetes becomes ever more apparent, Dr. Eliot
Brinton presented a comprehensive overview of the indications and uses for Sanofi/Regeneron's PSCK9
inhibitor Praluent (alirocumab) in this product theater. Overall, he emphasized the role of atherosclerotic
cardiovascular disease (ASCVD) in the current indication for Praluent and other PCSK9 inhibitors. ASCVD
is characterized by a series of conditions that include acute coronary syndrome, myocardial infarction,
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stable or unstable angina, ischemic stroke, transient ischemic attack, coronary or arterial
revascularization, and peripheral arterial disease (ankle brachial blood pressure test result less than 90% of
arm brachial test). Along with heterozygous familial hypercholesterolemia, Dr. Brinton emphasized that
treatment of ASCVD combined with abnormal LDL levels is an appropriate on-label use for Praluent. That
said, Dr. Brinton acknowledged that patients should not use Praluent as a first-line option and patients
considering Praluent therapy should already be on maximally-tolerated statin therapy (which can be lower
than the highest marketed dose in patients with statin intolerance). He then reviewed the best options to
increase Praluent accessibility to patients, explaining that MyPraluent system at Sanofi-Regeneron will, in
addition to providing a nurse to help the patient learn how to administer the injection, provide co-pay
coverage so that commercially insured patient's Praluent co-pay goes down "zero or virtually zero." Dr.
Brinton added that those patients on Medicare/Medicaid would need to be referred to a specialty pharmacy
that can work with private foundations to provide co-pay assistance.

Treatment Algorithms and Strategies

Oral Presentations: Hospital-Based Care and Diabetes - Adherence to
Diabetic Care Strategies

Association Between Oral Diabetes Agent Adherence, Age, Comorbidities, and A1c
among Elderly Patients

Gregory Nichols, PhD (Kaiser Permanente, Portland, OR)

Dr. Gregory Nichols presented results from an analysis examining the effect of age, comorbidities, and A1c
on adherence to oral diabetes medications among elderly patients (age ≥65). The analysis involved 2010
electronic health record (EHR) data for ~54,000 patients in three Kaiser Permanente health systems. Of
these patients, 48,803 were considered to be in good control (A1c <8%), while 1,708 were considered to be in
poor control (A1c >9%). The analysis found that the oldest patients (age ≥85) were 2% less likely to be
adherent vs. younger patients. Moreover, patients with at least four comorbidities were 10% less likely to be
adherent vs. those with fewer comorbidities. We wonder whether these results might be different in a
population with more typical adherence rates: As noted during Q&A, adherence was quite high in both
groups, at 83% in the cohort with good control and at 71% in the cohort with poor control (patients were
considered adherent if they had ≥80% of days covered based on prescription fills). We also are curious how
a different definition of adherence might affect these findings (for example, patients might fill more than
80% of their prescriptions but not actually take all the medication). Dr. Nichols' main conclusion from the
results (based on the rationale for the study), was that CMS should take factors such as age and comorbidity
status into account when creating financial incentives for Medicare Advantage plans based on metrics
including adherence.

Questions and Answers

Q: Was there an explanation for the relatively high adherence in this study? A lot of studies
suggest adherence rates on the order of 60%. Maybe older people have greater adherence?

A: Better adherence is common among those over 65. Kaiser does a good job at this. The adherence rates here
weren't out of line with other studies I've done.

Q: You mentioned that adherence was dichotomized, but did you also look at it as a continuous
variable?

A: We didn't. Based on other studies, dichotimization makes sense for reasons beyond just convenience.
People really are or aren't adherent. There's a large cluster at zero and a large cluster at 80-90%, and the rest
are dispersed throughout.
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How Much Does Adherence to Insulin Influence Glycemic Control?

Julie Lauffenburger, PhD (Harvard University, Boston, MA)

Dr. Julie Lauffenburger presented results from an analysis of insurance claims data designed to identify
independent predictors of good glycemic control and quantify the extent of each factor's predictive value.
The analysis involved 690 patients with good glycemic control (A1c <8%) and 733 patients with poor
control (A1c >8%). Investigators found that independent predictors of good control included age, mail order
use, rapid-acting insulin use, insulin lispro use, insulin persistence, number of fills for insulin testing
supplies, endocrinologist visits, and number of different pharmacies used. Of these factors, those considered
potentially modifiable yielded a Net Reclassification Index (NRI) value of 0.38, meaning that modifying
those variables could move 38% of the patients in the poor control group to the good control group or vice
versa. Individual factors with the highest NRI were insulin therapy (0.28), lifestyle (21%), and provider and
pharmacy (30%). A chi square analysis found that 76% of the variation in glycemic control was attributable
to modifiable factors. Individual factors that explained most of the variation were provider and pharmacy
(35%), insulin therapy (31%), lifestyle (12%), and insulin persistence (4%). Dr. Lauffenburger concluded that
factors related to insulin therapy seem to be the most influential in predicting glycemic control, emphasizing
that persistence is a fairly strong factor in itself. This underscores the need to empower patients to be more
engaged in their medication regimen and other aspects to diabetes management, given that persistence
itself could move so many individuals into the favorable category of good glycemic control (which,
importantly, could translate to better health outcomes overall).

Questions and Answers

Q: I would think defining adherence to insulin would be more challenging than adherence to a
once-daily pill. The number of units prescribed is not necessarily what the person takes or
what the physician instructs them to take. What was your definition of insulin persistence?

A: The challenge with insulin in particular is that it's about the days' supply. When you calculate medication
adherence or persistence, that's what the pharmacist inputs. The persistence measure we used was published
in Endocrine Practice. We looked at the first time they filled the prescription and the second time and divided
patients into percentiles based on the time between the first and second fill. If the time between the first and
second fill was longer than the 90th percentile, they were labeled non-adherent. If they didn't fill it for 30-60
days after we thought they should, they were non-adherent.

Q: I'm fascinated by the results showing that payment for use of testing supplies was related. A
lot of that is a function of the health insurer. Was there any variability that this insurer had in
co-payments? Was it a large enough variability to examine?

A: The co-pays were fairly right-skewed. There was a decent degree of variation, largely associated with which
insulin products patients were receiving.

Oral Presentations: The Epidemiology of Diabetes Complications

Glycemic Control, Glucose-Lowering Medication Use, and Utilization among
Older Patients with Diabetes

Jennifer Kuntz, PhD (Kaiser Permanente Center for Health Research, Portland, OR)

Dr. Jennifer Kuntz presented the results of an analysis investigating the impact of number of medication
classes and A1c on healthcare utilization among older patients with diabetes (age ≥65). The goal was to
gain insights that can help providers individualize therapy for older patients, where it can be particularly
difficult to strike the right balance between tight control and avoiding negative effects of medications. The
analysis involved 10,091 patients with diabetes in the Kaiser Permanente Northwest Diabetes Registry. Of
those patients, 5,065 were considered to have tight control (A1c <7%), 4,386 had moderate control (A1c
7-8.9%), and 640 had poor control (A1c ≥9%). Results showed that 84% of patients in the tight control group
were taking medications from at least two different diabetes drug classes, compared with 70% of the poor
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control group. The analysis also found, however, that patients achieving tight control with two or more
medication classes had 24% more hospitalizations and 37% more hospital days compared to those achieving
tight control with fewer than two classes. The same group (tight control and at least two medication classes)
had 55% more hospitalizations and 63% more hospital days than patients with moderate glycemic control
taking fewer than two medications. There was no significant difference between groups in outpatient and
emergency room visits. Dr. Kuntz concluded that this study suggests that overtreatment may be hazardous
for elderly patients, generating unnecessary healthcare utilization in the form of emergency care or hospital
visits. As was discussed during Q&A, it would be interesting to see more granular results looking at the
effect of specific medications on healthcare utilization. For example, we would not be surprised if insulin use
was the main factor behind the increased hospitalizations in the group taking more medication classes.
Moreover, we don't like the idea of any patient - old or young - having to sacrifice their desired glycemic
target due to the risks associated with tight control, and instead would love to see CGM use and better
patient education to manage these risks and avoid hyperglycemia.

Questions and Answers

Q: What were the excess hospitalizations for? Did you look at insulin as a different class? A
patient just on insulin may be taking three boluses a day, which is quite complex, but that
person would be lumped into the same group as someone just taking metformin.

A: We haven't looked at the reasons for hospitalization yet. We looked at hypoglycemia and didn't see many
events, but we were not that rigorous in trying to find them. The next step is to dig into more of the
complexities in different medications.

Q: More than 80% of the population with an A1c <7% was on fewer than two medications. Did
you look at what proportion was not on any medications? If so, are you worried that some of
them were false positives for having diabetes?

A: We did look at those taking zero medications. We relied on the fact that our diabetes registry data is very
rich. I don't think there were any false positives.

Oral Presentations: Landscape of Therapeutic Trials in Type 2 Diabetes

Triple vs. Dual Therapy with Saxagliptin plus Dapagliflozin vs. Sitagliptin Added
to Metformin-Failure Uncontrolled Type 2 Diabetes

Yehuda Handelsman, MD (Metabolic Institute of America, Tarzana, CA)

Dr. Yehuda Handelsman presented the results of a phase 3 trial demonstrating greater efficacy for triple
therapy consisting of a DPP-4 inhibitor (saxagliptin) and SGLT-2 inhibitor (dapagliflozin) added to
metformin versus dual therapy consisting of only a DPP-4 inhibitor (sitagliptin) added to metformin in
people with type 2 diabetes. In this trial, participants with type 2 diabetes not at goal on metformin
monotherapy (n=462; A1c 8.8%; average body weight 90 kg; average age 56 years) were randomized to
receive either 5 mg saxagliptin and 10 mg dapagliflozin (n=232) or 100 mg sitagliptin (n=229) in addition
to existing metformin. After 26 weeks, participants in the triple therapy group showed significantly greater
improvements in the primary endpoint of change from baseline A1c: -1.4% versus -1.1% in the dual therapy
group (p=0.0008). Triple therapy with saxagliptin and dapagliflozin also produced greater improvements
in key secondary endpoints including weight loss (-1.9 vs. -0.5 kg; p<0.0001), FPG reduction (-32 vs. -11
mg/dl; p<0.0001), and the proportion of participants achieving an A1c below 7% (37% vs. 25%). Adverse
events were infrequent, and the most notable a events included urinary tract infections and hypoglycemia,
(11 reports in the triple therapy group versus 5 in the dual therapy group) and hypoglycemia (9 reports in
the triple therapy group versus 6 in the dual therapy group), though notably there were no instances of
severe hypoglycemia in either treatment arm. Together these results support the superiority of the
saxagliptin/dapagliflozin combination over sitagliptin as an add-on to metformin. In a broader sense, this
supports the notion that combination therapy is more effective when therapies are added simultaneously
rather than sequentially in a step-wise fashion (as many current diabetes guidelines suggest). Dr.
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Handelsman shared that the study is currently being extended to 52 weeks, and we are eager to learn
whether these effects are durable, and if the gap in outcomes between triple versus dual therapy widens
over a longer duration of treatment.

Oral Presentations: Venturing Beyond the Bricks, Mortar, and Books

Community Health Workers, Mobile Health, or Both for Management of Medicaid
Patients with Diabetes

Michelle Magee, MD (MedStar Health, Washington, DC)

Dr. Michelle Magee presented results from a multi-site, comparative study of medication management aids
- community health workers (CHWs) vs. mobile health technology (mHealth) - for patients with type 2
diabetes. The study was designed to target African American patients, especially those on Medicaid, with an
objective to identify strategies to improve patient engagement, communication between patient/provider,
and diabetes distress symptoms. Participants (n=166) were randomized into three study arms: (i) CHW
support only, (ii) mHealth support only, or (iii) both support tools. The mHealth tool provided educational
and motivational materials, goals and logs for glucose and weight, and medication and appointment
reminders. CHW support included home or offsite visits, weekly check-in calls, and meeting per patient need
or request. Dr. Magee noted that the 93.4% completion rate was very high for a high-risk Medicaid
population. Overall, results showed success for all three interventions. A1c levels declined by a mean 1.3%
from a baseline >8% (p<0.0001 vs. baseline; no significant differences between groups), and there were
significant improvements in adherence, hospitalizations, urgent care visits, and diabetes distress (p<0.05
for all comparisons vs. baseline). As far as limitations, Dr. Magee admitted that the study faced retention
issues amongst the community health workers and that neither tool provided enough focus on wellness or
clinical goals, but she emphasized that these services can be valuable additions to the current standard of
diabetes care.

Oral Presentations: Translating Therapeutics to the Real World

Trends in Glycemic Medication and Control in Youths with Type 2 Diabetes (T2D):
The SEARCH for Diabetes in Youth Study

Tongtong Wang, PhD (Merck, Kenilworth, NJ)

Dr. Tongtong Wang presented results from a post-hoc analysis examining medication at type 2 diabetes
onset in younger patients, using data from the US SEARCH for Diabetes in Youth Study. The analysis drew
from two primary sources: (i) a comparison of data from 646 patients who completed a SEARCH baseline
visit in the 2002-2005 period and those who completed a visit in 2008-2012; and (ii) a longitudinal analysis
of the 322 participants who also had a follow-up visit. In the first comparison, distribution of medications at
baseline was largely comparable between those diagnosed in 2002-2005 vs. those diagnosed in 2008-2012:
about two thirds of patients received metformin (65% in 2002-2005 vs. 70% in 2008-2012) and about one
third received insulin at diagnosis (38% in both periods). Fortunately, the use of SUs was low in both
periods, and even lower in the latter period though the difference is not significant (6% vs. 4%). Notably, the
only medication with a significant difference in use between the two periods was TZDs - use of this class
declined from 5% in 2002-2005 to 2% in 2008-2012 (p<0.05). While the overall use numbers are lower
(since this study only examined first-line therapy), the drop in TZD use mirrors what we've seen in the
overall type 2 diabetes population (from 2006 to 2013, TZD use overall dropped from 29% to 6%). It
appears that A1c at baseline was a primary driver of the clinical decision to initiate metformin vs. insulin
(which is expected, given the diabetes guidelines recommendations for those with high A1c at diagnosis):
mean A1c at baseline was 6.4% in those on metformin monotherapy, 8.4% in those on insulin monotherapy
(p<0.0001 vs. metformin monotherapy group), and 7.7% in those on insulin plus an oral diabetes drug
(p<0.0001 vs. metformin monotherapy group). After an average follow-up of seven years, only 30% of
those on just metformin at baseline remained on metformin monotherapy. 20% had added insulin therapy,
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8% has switched entirely to insulin therapy, and 16% had added a second oral diabetes medication. Very
notably, 27% of participants in this group were on no medications at follow-up. In the group taking insulin
at baseline, 76% remained on insulin at follow-up. At follow-up, only 35% of participants achieved an A1c
target <7%, including 44% of those on metformin monotherapy at baseline, 21% of those on insulin at
baseline, and 65% of those who were not on any medications at baseline. The very low proportion of
patients in this young population who were not at goal after seven years of follow-up is especially
concerning and disheartening, given that these have a life expectancy of decades and could develop
debilitating complications. We would've loved to see greater granularity on what proportion of these
patients were initiated on GLP-1 agonists or DPP-4 inhibitors. SGLT-2 inhibitors were not yet available at
the time the data in this analysis was collected, but we would've loved to see the impact of initial SGLT-2
inhibitor/metformin therapy on long-term glycemic control especially.

Symposium: Combination Therapy in Type 2 Diabetes-Promise Delivered?

Pathophysiologic Rationale for Combination vs. Step-Wise Treatment Approach

James Gavin, MD (Emory University, Atlanta, GA)

In front of a rapt, standing-room-only crowd, the esteemed Dr. James Gavin (Emory University, Atlanta,
GA) made an eloquent case for the urgency of combination therapy. He set the stage with an outline of the
incredible complexity and heterogeneity of diabetes at both a physiological and genetic level. To illustrate
this, Dr. Gavin proposed that diabetes is even more nuanced than the famous "ominous octet" would
suggest, presenting an alternative "egregious eleven" which includes the influence of the microbiome,
immune system, and increased glucose absorption in the stomach and small intestine in addition to the
traditional players - impaired insulin secretion in the beta cells, increased glucagon secretion in the alpha
cells, increased hepatic glucose production, neurotransmitter dysfunction, decreased muscular glucose
uptake, increased glucose reabsorption in the kidneys, increased lipolysis in adipose tissue, and a decreased
incretin effect in the gut. Given this incredible complexity, Dr. Gavin argued that it is imperative to treat
diabetes in a more physiologically-minded way; principally (i) prescribing multiple combined diabetes
drugs with complementary mechanisms of action to address as many pathophysiological defects as
possible, and (ii) doing so early in order to more powerfully delay disease progression and the onset of
complications. In an age where so many diabetes drugs are available (several of which, such as GLP-1
agonists and SGLT-2 inhibitors, offer cardioprotective benefits beyond glycemic control), why does the
current treat-to-fail paradigm still persist? Dr. Gavin pinpointed this to "conservative" treatment
algorithms which "invite clinical inertia" by recommending stepwise treatment. He powerfully exemplified
this point by contrasting traditional diabetes treatment algorithms like the ADA's with the equivalent
treatment algorithms for hypertension - another complex and multifactorial disease. Here combination
therapy is the mantra of thought - according to Dr. Gavin, hypertension guidelines recommend that as
many as 75% of people with hypertension will benefit from initial combination therapy involving drugs with
complementary actions. We can only imagine how much better off people with diabetes would be if this
philosophy was more embraced in endocrinology practice, although the ongoing issue of access and high
drug costs remains an incredibly challenging barrier. A true giant in the field, few people understand the
ecosystem of diabetes better than Dr. Gavin, and we left his talk with a sense of optimism that it is possible
to push the needle forward in diabetes care.

The Future of Combination Therapy in the Treatment of Type 2 Diabetes-Which
Classes, Why, and When?

John Buse, MD (UNC, Chapel Hill, NC)

Dr. John Buse, a vocal advocate for basal insulin/GLP-1 agonist combinations from the start, suggested that
these products (Novo Nordisk's Xultophy and Sanofi's Soliqua) should supplant insulin monotherapy as
second-line treatment for type 2 diabetes. He highlighted the superior A1c-lowering efficacy, impressive
weight loss, and "stunning" reductions in postprandial glucose shown across several clinical studies of
Xultophy (insulin degludec/liraglutide) and Soliqua (insulin glargine/lixisenatide). What's more, these
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agents are able to get a sizeable proportion of patients to A1c <7% (and ~40% of patients to A1c <6.5%)
without inducing hypoglycemia - as Dr. Buse put it, in this danger zone of 0.7%-0.8% A1c-lowering below
recommended targets, you'd expect to see an "exploding" increase in hypoglycemia and severe
hypoglycemia, but the GLP-1 component of these compounds sidesteps the issue entirely. To further support
his position on this particular combo class, Dr. Buse pointed out that the great promise of GLP-1 agonism
has always been on a background of insulin. The first paper on GLP-1 in man, published in the NEJM in
1992, investigated the effects of a GLP-1 agonist on top of optimized insulin therapy. In the LEADER trial
demonstrating a substantial CV benefit to liraglutide (Novo Nordisk's Victoza), most patients were taking
insulin at baseline. We echo Dr. Buse's enthusiasm for basal insulin/GLP-1 agonist fixed-ratio combinations,
and we're eager to see greater uptake of Xultophy and Soliqua, which were only FDA-approved seven
months ago (coincidentally, on the same afternoon). Pooled sales from these two products totaled $19
million in 1Q17, and we hope to see steep growth for this highly-anticipated and advanced class. We'd also
love to see numbers on prescription volume, and will be keeping our fingers crossed for improved
reimbursement (since we can't expect a wide patient population to benefit from these effective new drugs if
they aren't affordable and accessible). To ADA's credit, basal insulin/GLP-1 combos were swiftly
incorporated into the 2017 Standards of Care, which were published <one month after FDA-approval of
Xultophy and Soliqua. That said, particularly US-based clinicians as well as payers globally seem to be slow
to move to combinations first regardless of the data showing they would benefit from this.

▪ "I do think there's a role for SGLT-2 inhibitors in combination with insulin." Dr. Buse
spent part of his talk discussing this potential future direction for combination approaches in type 2
diabetes. He underscored that a majority of patients in EMPA-REG OUTCOME (Lilly/BI's CVOT for
empagliflozin, branded as Jardiance) were taking insulin at baseline, which is suggestive that these
two agents can be efficacious and synergistic (though, on the other hand, only about half of
participants in the CANVAS program were taking insulin at baseline). There is little guidance for
patients/providers right now on how to maximize clinical benefit from a medication regimen
incorporating both an SGLT-2 inhibitor and an insulin product, but Dr. Buse hopes for more
language on this in upcoming iterations of professional guidelines, and so do we.

▪ Dr. Buse expressed early excitement for multivalent peptides, including triple
combinations of GLP-1/GIP/glucagon. Preclinical investigations in animal models have
produced highly-promising data so far, and Dr. Buse especially emphasized how these compounds
can optimize weight loss without sacrificing glycemic control (definitely a key consideration in type 2
diabetes care). He characterized this as an up-and-coming area of combination therapy to look out
for.

▪ Moreover, Dr. Buse called attention to a "huge opportunity" for combining a diabetes
drug with a weight loss agent - he focused on canagliflozin/phentermine as an
example. Phase 2 results from J&J (which markets canagliflozin as SGLT-2 inhibitor Invokana)
were presented as a late-breaking poster at ADA 2016, and additional analyses were presented at
this meeting. Unlike benefits to A1c, which for a combination therapy are typically less than the sum
of reductions from each component monotherapy, Dr. Buse explained that benefits to weight loss
can be very close to additive. Indeed, we saw additive weight loss effects for GLP-1 agonist/SGLT-2
inhibitor co-administration in DURATION-8 - though Dr. Buse was less positive about the glycemic
effects of the combination (see below). It's unclear at the moment whether J&J will move forward
with phase 3 studies of canagliflozin/ phentermine, but with such unequivocal support from a
thought leader like Dr. Buse, we see a strong case for further clinical development.

▪ Lastly, Dr. Buse shared some skepticism on GLP-1 agonist/SGLT-2 inhibitor
combination approaches. While results from DURATION-8 investigating AZ's Bydureon
(exenatide once-weekly) alongside Farxiga (dapagliflozin) were positive, Dr. Buse emphasized the
sub-additive benefits to A1c - "I had hoped for more." He mentioned the differential effects on
glucagon from SGLT-2 inhibitors vs. GLP-1 agonists as one potential concern. On the other hand,
Dr. Buse acknowledged that this area of combination treatment holds possibility for aggregate CV
benefits. While topline results from the EXSCEL CVOT for exenatide were neutral, other GLP-1
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agonists like liraglutide and semaglutide have shown significant cardioprotection, and we've now
seen CV superiority vs. placebo for two SGLT-2 inhibitors as well - empagliflozin and canagliflozin.
Dr. Buse concluded: "Before rushing off and building up GLP-1/SGLT-2 as the clear savior of all
patients with diabetes and CV disease, we need to be cautious about understanding this combination
better."

Fixed Dose/Fixed Ratio Combinations: Limitations and Remaining Gaps

Luigi Meneghini, MD (UT Southwestern Medical Center, Dallas, TX)

Dr. Luigi Meneghini discussed the rationale for using GLP-1 agonist/basal insulin fixed-ratio combinations,
but also listed a number of remaining questions about their use. He reviewed data from clinical trials of
Novo Nordisk's Xultophy (liraglutide/insulin degludec) and Sanofi's Soliqua (lixisenatide/insulin glargine),
concluding that metabolic outcomes appear to be similar with the combinations vs. simultaneous use of both
components, but that the combinations may allow patients to achieve A1c goals faster and maintain them
more effectively. He also suggested that the combinations could help address the problem of delayed
treatment intensification, a major limitation to the current sequential approach to type 2 diabetes
management (which goes hand-in-hand with the unfortunate treat-to-fail paradigm in diabetes care). The
latter part of Dr. Meneghini's talk was devoted to remaining questions about these combinations that need
to be answered through future studies or based on individual providers' judgment:

▪ Does using a fixed-ratio combination expose patients to unnecessary therapy?

▪ Does the combination inherit the CV attributes of its components?

▪ Will combination therapy improve adherence?

▪ Can these combinations help providers avoid over-titrating basal insulin?

▪ What is the next step if a fixed-ratio combination is insufficient to get to goal?

▪ Acknowledging that his presentation raised more questions than it answered, Dr.
Meneghini called for well-designed, prospective real-world trials to assess the
effectiveness of fixed-ratio combinations vs. sequential treatment. Indeed, while we're
fairly positive about Xultophy, Soliqua, and their ability to enhance diabetes care, several thought
leaders have mentioned that no RCT to-date has definitively established simultaneous treatment to
be superior vs. sequential treatment. We'd love to see this trial, as expensive and time-consuming as
it may be, but in the meantime, emphasize the potential for earlier intervention with combination
therapy to get more patients to goal and to yield long-term cost-savings due to fewer complications
and hospital visits.

Questions and Answers

Q: I agree there is a call for the next step of real-world trials. In this day and age, what is the
right outcome to look at? Just A1c? Durability?

A: They should evaluate not only glycemic outcomes. Those are important, but studies should look at
adherence. Do these therapies address the adherence gap? Do they reduce side-effects? Are there potential
beneficial CV outcomes?

Q: I would like to think that fixed-ratio combinations will improve complications, but I haven't
seen evidence. Does it exist?

A: There is evidence that reducing A1c improves microvascular complications, but there isn't evidence for
these specific drugs.

Comment: If the idea is to add a fixed-ratio combination and lower the basal insulin dose, the
GLP-1 dose would also go down. If you want to maximize the GLP-1 and lower insulin, you
can't do that.
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A: There's some evidence that for people coming in on larger doses of basal insulin, there's no significant loss
of glycemic control from using the combination. Some patients might have different results, but that reassures
us that we can avoid a significant loss of control and can quickly reestablish it.

Q: Many of us have been using insulin and a GLP-1 agonist, and we have many patients on the
maximum dose of the GLP-1 and moderate doses of insulin. When someone is on the
maximum dose of a GLP-1, what is the recommendation? The starting dose of the GLP-1
agonist in the combination is very small.

A: The last slide included patients on both components who were switched, and they saw an additional 0.6%
reduction in A1c. But that hasn't been studied prospectively.

Current Fixed-Dose/Fixed-Ratio Combinations: Overview and Clinical Evidence

Roopa Mehta, MD (Instituto Nacional de Ciencias Médicas y Nutrición, Mexico City, Mexico)

Dr. Roopa Mehta provided a balanced look at the advantages and limitations of fixed-dose/fixed-ratio
combinations. She argued that there is a clear rationale for fixed combinations in type 2 diabetes, as it is a
complex, progressive disease that almost always requires multiple medications to treat adequately.
Combination therapy could help relieve pill burden at any stage of the disease and could potentially even
slow progression if given early on. Dr. Mehta pointed to a number of retrospective studies showing that
taking medications as fixed combinations is associated with slightly greater efficacy, higher adherence
rates, and lower doses of each medication compared to taking the same medications separately. She also
suggested that fixed combinations could lead to direct and indirect cost-savings: The wholesale price for a
combination is often less than the sum of its parts, and patients usually face one co-pay instead of two.
Moreover, any improvement in adherence will likely lead to dramatic savings due to reduced hospital
admissions. Turning to limitations, Dr. Mehta acknowledged that usage of fixed combinations in type 2
diabetes remains fairly low (only 6.7% of type 2 prescriptions in 2012). She outlined several possible reasons
for this underutilization: (i) providers can't adjust the dose of each medication individually; (ii) it can be
difficult to identify which agent is producing any adverse reactions; (iii) renal impairment is a
contraindication for most combinations; and (iv) there are gaps in the evidence on these combinations,
including whether or not CV benefits of individual agents translate to the combinations. Despite these
limitations, after reviewing the clinical trial data on almost all of the current combinations, Dr. Mehta
concluded that these products are here to stay and that some of the gaps in evidence will hopefully be filled
in the near future.

Symposium: Update on Cardiovascular Outcomes Trials (CVOTs)

Translating CVOTs Data into Clinical Practice-Should the Guidelines Change?

Anne Peters, MD (Keck Medical Center of USC, Los Angeles, CA)

Addressing a standing-room-only crowd, the great Dr. Anne Peters (USC, Los Angeles, CA) issued a
compelling call for what she terms "lowercase-G guidelines" - that is, straightforward diabetes treatment
guidelines designed to simply make it easier for providers to reach the right conclusions when treating an
individual patient. While there is of course a need for "capital-G guidelines" written by a multidisciplinary
panel of experts and backed by a systematic review of clinical trial evidence, Dr. Peters pointed out that
these often create more confusion than clarity. "There are a zillion guidelines, so who should I trust?" she
noted, pointing out key differences between guidelines from organizations such as the IDF (which takes a
very general global perspective), the VA (whose guidelines are tailored very specifically to the
organization's own formularies and clinical setting), and the American College of Physicians (which oddly
address only oral agents). To be maximally useful for people who care for patients with diabetes, Dr. Peters
argued that guidelines should ideally be (i) more or less consistent across leading societies; (ii) modifiable
for variable practice settings; (iii) able to be integrated into EMRs to help with clinical decision making; (iv)
updated at least annually; and (v) responsive to new developments and FDA label changes (particularly
with regard to CVOT findings in today's day and age). That said, Dr. Peters also urged the audience to

www.closeconcerns.com 346



realize that despite guideline makers' most earnest intentions, they are simply "regular people pondering
about how to best take care of people with diabetes" and guidelines of any sort should be interpreted as just
that - recommendations and not incontestable "edicts from God." We found this talk particularly helpful and
hope that the details of Dr. Peters' talk go to everyone everywhere.

▪ In the last few minutes of her talk, Dr. Peters pointed out that we must realize that
providers are judged on their ability to bring patients to glycemic targets, so
guidelines must be sensitive to the need for clear guidance with regard to A1c
reduction. When pressed on this during Q&A she remarked with a hint of cynicism that "I don't
know if I can get away with saying that we are following the wrong marker in clinical practice, but we
need to consider other outcomes beyond A1c." We couldn't agree more and believe it is such a great
sign of continued progress in technology (CGM) that one of the world's biggest thought leaders in
diabetes would say this - A1c is one of a multitude of factors (including time-in-range, quality of life,
emotional well-being, etc.) that treatment guidelines should ideally seek to optimize for people living
with diabetes. We hope that widespread consideration of outcomes beyond A1c in a clinical setting
can also help the FDA recognize the importance to evaluating these outcomes from a regulatory
perspective - and help payers see the value of drugs that offer benefit on these additional endpoints.
Indeed, Dr. Peters raised another concern that despite our best attempts at creating practical and
well-reasoned clinical guidelines, access to appropriate therapies remains a challenge for too many
people. This is, perhaps, because we are so A1c-centric, however - when there is more of an ability to
compare therapeutic choices, even just on time in zone, and time in hypoglycemia, we will feel much
better about patients' abilities to make good choices, assuming reimbursement.

Rethinking CVOTs in Diabetes-What Should the Future Hold?

Lawrence Leiter, MD (University of Toronto, Canada)

Dr. Lawrence Leiter (University of Toronto) offered his take on future directions for the design of
cardiovascular outcomes trials (CVOTs) in order to enhance their utility in informing modern diabetes
clinical decision-making. Overall, he highlighted several positives resulting from the 2008 FDA CVOT
guidance, but acknowledged there are many limitations to the FDA guidance in its current form as well. On
the plus side, the CVOTs mandated by the FDA guidance have established the cardiovascular safety of a
number of diabetes agents, even demonstrating CV benefit in some cases. As Dr. Leiter put it, diabetes drugs
were essentially "crash tested" in the highest risk patients in these trials, providing confidence that these
drugs are likely very safe in the lower-risk general population as well. These trials have also provided
insight into important, under-characterized secondary endpoints (heart failure and chronic kidney disease,
for instance), and afforded recognition of unexpected potential side effects (such as heart failure with some
DPP-4 inhibitors and possibly retinopathy with semaglutide). On the other hand, Dr. Leiter acknowledged
that these insights come at an extremely high cost, and although he noted that there's no evidence yet that
this has been a major deterrent to diabetes drug development (though, from our perspective, we've observed
an increasingly high bar for new diabetes drugs, a significant attrition rate in the phase 2 pipeline, and the
exit of major players in the diabetes field), the cost of these trials eventually get passed on in the price of new
agents..

▪ Larger limitations of the current guidance, in Dr. Leiter's view, are the de-emphasis of
CV benefit, potential use of inappropriate CV endpoints (since the FDA mandates
three-point MACE or MACE-plus as the primary endpoint, the components of which
have not necessarily all moved in the same direction),), or use of inappropriate
comparators (placebo, rather than an active drug). Further, the current trials rarely focus
on a "primary prevention" population that makes up the majority of patients with diabetes - and by
focusing on patients with established cardiovascular disease, we may be missing a window of
opportunity for intervention with some agents. Overall, Dr. Leiter recommended also enrolling
lower-risk and more diverse populations, including longer follow-up, modifying endpoints and
analyses as appropriate, standardizing definitions of non-CV endpoints, and incorporating active
comparators (for which CV data is available). In addition, Dr. Leiter envisions a role for innovative,
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real-world trial designs that, for example, harness EMRs to conduct randomized, controlled trials.
He also emphasized the importance of creating biorepositories to better understand biomarkers and
genetic predictors of both response and adverse events, as currently done with some oncology drugs.
Finally, Dr. Leiter highlighted the importance of patient-reported outcomes, highlighting data from
The diaTribe Foundation and dQ&A on patient priorities for diabetes treatment and noting that
many of these priorities are not well-assessed in current trials. We're pleased that Dr. Leiter
provided such a balanced and comprehensive look at the benefits and limitations of current CVOTs
and we hope that pharmaceutical companies will take his suggestions into consideration, even if
they are not mandated by FDA guidance.

Symposium: Shared Decision-Making - Strategies for Improvements in
Patient-Provider Communication

Shared Decision-Making-Diabetes Risk Perceptions and Prevention

Ann Albright, PhD (CDC, Atlanta, GA)

The legendary Dr. Ann Albright, director of the CDC's Division of Diabetes Translation, provided invaluable
insight into her approach to sharing information about diabetes risk prevention. Though she acknowledged
that robust research on this subject is scarce, Dr. Albright emphasized that one thing is clear: "we need to
address prevention to a much greater degree than we currently are" - hear hear! There is clearly a large
role for policy and community-level strategies in the promotion of diabetes prevention, but in the context of
one-on-one conversations in the physician's office, Dr. Albirght's take-home message was the need for
greater sensitivity to which conversation topics are most needed for people at different levels of diabetes
risk - low (general information about healthy behaviors), medium (NDEP resources and recipe guides), and
high risk (structured programs like the DPP, or medication like metformin).

Symposium: SGLT2 Inhibitors - Still More to Explore

Clinical Role of SGLT2 Inhibitors―Current and Future

Julio Rosenstock, MD (Dallas Diabetes and Endocrine Center, TX)

In a very candid presentation, Dr. Julio Rosenstock provided an overview of the many indications he
envisions in the future of the SGLT-2 inhibitor class. While acknowledging that there has been a steady
stream of safety warnings for the class, he emphasized that most of the concerns are manageable and the
overall risk-benefit profile for these agents favor their use in a number of indications. Within type 2
diabetes, based on the EMPA-REG OUTCOME data and the CVD-REAL data, Dr. Rosenstock asserted that,
it would be highly questionable for a patient with type 2 diabetes and a prior history of cardiovascular
disease to not be on an SGLT-2 inhibitor, unless there was a contraindication, intolerance issues, or other
clinical concern - he also appeared optimistic that the impressive cardiovascular benefit observed in EMPA-
REG OUTCOME is a class effect, based on CVD-REAL. We certainly look forward to the CANVAS results
presentation this Monday to potentially substantiate this! Further, Dr. Rosenstock suggested that SGLT-2
inhibitor and metformin combination therapy will increasingly become the preferred first line treatment for
all patients with newly-diagnosed type 2 diabetes, not just those with established CV disease. He also
suggested that SGLT-2 inhibitor/DPP-4 inhibitor fixed-dose combinations (FDC) will become the preferred
second-line treatment for patients who are not well managed on metformin monotherapy - he argued that it
makes little sense to intensify with only an SGLT-2 inhibitor or only a DPP-4 inhibitor when the
combination of the two has been demonstrated to be more efficacious than either component. Beyond type 2
diabetes, Dr. Rosenstock forecasted a role for SGLT-2 inhibition in type 1 diabetes adjunct therapy. He
acknowledged that there are clear safety issues - characterizing the highly publicized DKA risk as "real" -
but emphasized that the risk is predictable, detectable and preventable. That said, Dr. Rosenstock shared
rumors that Janssen is unlikely to pursue a type 1 diabetes indication for Invokana (canagliflozin) further,
following phase 2 results. On the other hand, he was more optimistic about Janssen pursuing an obesity
indication for a combination of canagliflozin/phentermine, which reported promising phase 2 data at ADA
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2016. Dr. Rosenstock was also excited about the potential of SGLT-2 inhibitors in chronic kidney disease and
in heart failure - several trials are ongoing for both of these indications and we're similarly excited to see
these results. Finally, Dr. Rosenstock also highlighted a potential role of SGLT-2 inhibitors in prediabetes
and primary CV prevention. Indeed, J&J has previously shared plans to conduct a CVOT for Invokana in
people with prediabetes and we're very intrigued by this prospect as well.

Symposium: ADA Diabetes Care Symposium - Diabetes Care and Research
through the Ages

Evolving Concepts and Future Directions for Cardiovascular Outcomes Trials

Matthew Riddle, MD (Oregon Health and Sciences University Group, Portland, OR)

After delivering a rapid-fire overview of the past 25 years of CV data on diabetes drugs, Dr. Matthew Riddle
highlighted two shortcomings in diabetes CVOTs to-date: (i) they don't extend past ~five years and (ii) they
mostly enroll participants at very high CV risk. He presented both as important future directions for CVOTs
- from a patient perspective, we are very disappointed that these important trial didn't include in the design
even simple check in points for patients, particularly given the investment required to get the trials going.
Research shows that interventions can have legacy effects - as was the case of intensive glucose-lowering in
the DCCT - and Dr. Riddle explained that follow-up longer than five years is necessary in order to fully
capture the risk/benefit profile of therapies. He summarized baseline characteristics of patients in Lilly/BI's
EMPA-REG OUTCOME (for SGLT-2 inhibitor Jardiance), Novo Nordisk's LEADER (for GLP-1 agonist
Victoza), and Novo Nordisk's SUSTAIN 6 (for GLP-1 agonist semaglutide) - all positive CVOTs, and all
featuring people with high baseline CV risk. A key justification for this element of trial design is that
conducting a CVOT is massively expensive and time-consuming. In order to accumulate sufficient CV events
for statistical analysis, these studies must continue for many years and they benefit from enrolling people
more likely to experience a CV event. Nonetheless, this remains a limitation of CVOTs published so far.
Indeed, the new Jardiance indication incorporating EMPA-REG OUTCOME data is for the reduction of CV
death only in type 2 diabetes patients with a prior history of CV disease - CVOTs in a broader population
might support a broader indication, which would be an incredible victory for the patient community.
Evolving thinking of CVOTs is already shaping up to be a major theme of this meeting and it's only day #2 -
we also heard Dr. Lawrence Leiter discuss this topic in detail on Day #1 of ADA. We've heard from other
leading thought leaders as well, including Dr. Silvio Inzucchi, that investigating primary CV prevention
should be the next frontier for diabetes CVOTs, especially SGLT-2 inhibitors. Lucky for us, J&J's CANVAS
trial investigating the CV effects of SGLT-2 inhibitor Invokana (canagliflozin) reports full results on
Monday, and includes a subset of participants without existing CV disease at baseline. AZ's DECLARE for
SGLT-2 inhibitor Farxiga (dapagliflozin) features an even larger pool of low CV risk participants, but this
CVOT isn't expected to complete until April 2019.

Symposium: Cognitive Decline - Recognizing and Adapting Diabetes Care
Strategies

Clinical Strategies to Simplify Treatment and Reduce Hypoglycemia

Peggy Odegard, PharmD (University of Washington, Seattle, WA)

In a presentation focused on simplifying the cognitive and practical burden of diabetes treatment, Dr.
Odegard presented key clinical strategies healthcare providers can use when working with aging patients
who have type 2 diabetes. Dr. Odegard introduced the problems of over-prescription and cognitive decline
in aging patients with a case study of an elderly man with multiple chronic illness diagnoses and 12 daily
medications. The elderly are at increased risk for both polypharmacy and cognitive decline, as well as
hypoglycemia, and Dr. Odegard suggested that HCPs periodically reassess treatment and medication
burdens with their patients, particularly as their functional abilities change. Below are Dr. Odegard's
biggest pieces of advice for diabetes management in the elderly population:
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▪ Dr. Odegard described the process of "deprescribing" medications to simplify
complex patient regimens for the patient experiencing cognitive and physical decline.
Deprescribing refers to tapering or stopping drugs and is aimed at minimizing polypharmacy-but
without eliminating effective, indicated treatments. She challenged the audience to clean up
overloaded patient regiments through 6 steps: (i) confirm complete medication history, including
prescriptions, supplements, herbals, and vitamins; (ii) assess overall risk of drug-induced harm; (iii)
weight the benefit versus harm risk for each medication; (vi) prioritize meds for deprescribing based
on harm risk:benefit; (v) engage the patient in the planning, possibly resetting historical goals; and
(vi) implement the deprescribing plan, possibly tapering doses to minimize withdrawal or rebound.
Drugs that treat causes can often be prioritized over drugs that treat symptoms.

▪ In a more controversial opinion, Dr. Odegard suggested that glucose control goals can
be adjusted for aging patients who may not benefit from traditional targets for
glycemic control. She proposed HCPs can consider life expectancy (though she was not clear how
PCPs would determine this), disease duration, relevant comorbidities, established vascular
comorbidities, risk of hypoglycemia and drug adverse events, attitude, and expected treatment
efforts in employing a sliding scale to adjust target A1c. For example, a patient with complex
problems and poor health may not have a treatment benefit that outweighs the risk of harm, and
could have a goal of A1c <8.5%. While the failing to meet A1c goals causes a significant amount of
stress in patients with diabetes, we are uncertain that the benefit of loosening goals outweighs the
risk-particularly given that hyperglycemia and higher A1c are themselves significantly associated
with cognitive decline. Sometimes perhaps therapy could be adjusted.

▪ Dr. Odegaard pointed out that hypoglycemia-always a threat to those living with
diabetes-is an increased risk in those over 65, who experience 50% higher rates of
severe hypoglycemia (episodes requiring assistance). When aware of hypoglycemic
episodes, the elderly often cannot treat their own lows. Due to increased sensitivity to hypoglycemia,
and exacerbated by earlier and more severe deterioration of psychomotor coordination due to
diabetes, older patients have a very narrow BG window in which they can recognize and treat
hypoglycemia. This impaired awareness of autonomic signals can be extremely dangerous,
particularly when precipitating factors such as BG-lowering meds are taken or factors like missing
meals or acute illness potentiate hypoglycemia. Importantly, more medications and higher
treatment burdens are associated with increased risk of hypoglycemia and increased A1c.

▪ Finally, Dr. Odegard introduced six clinical strategies to simplify and optimize
treatment strategy and safety for aging patients. She recommended: (i) engaging the patient
and family/caregiver in the discussion; (ii) reviewing medications at least annually, and with any
addition of medications; (iii) adjusting doses or matching drugs to age-related pharmacokinetics/
pharmacodynamics; (iv) "de-prescribing" when appropriate and beneficial to outcomes; (v)
adjusting glucose treatment goals when appropriate to improve safety; and (vi) anticipating and
preventing problems during transitions of care.

Symposium: Enhancing Diabetes Care in Underserved and Low-Income
Populations

Applying the Kaiser Permanente Safety-Net Model to Diabetes Care in Federally
Qualified Health Centers

James Dudl, MD (Kaiser Permanente, La Jolla, CA)

Dr. Dudl presented on the Kaiser Permanente "ALL" protocol, and how best to implement it in federally
qualified healthcare centers. ALL is an acronym for a bundled treatment of Aspirin (25-235 mg), lovastatin
(40 mg), and lisinopril (20 mg), which Kaiser Permanente recommends as a safety-net treatment plan for
people with diabetes over the age of 55 to help prvent cardiovascular disease. His research group analyzed
this treatment in 70,000 patients over 3 years, learning that it resulted in a decrease of 15 to 26 per

www.closeconcerns.com 350



thousand cardiovascular events, with the higher number corresponding to those with higher adherence to
treatment. The ALL treatment was also found to reduce the overall cost of caring for patients at high risk of
cardiovascular events.

▪ Dr. Dudl spoke at length about the groundwork needed to implement this protocol in
underserved populations. He and his colleagues studied several potential rollout methods for
this treatment protocol in healthcare centers, and determined that providing two days of training to
the healthcare workers and ongoing support was most effective. He emphasized that they had to
screen for centers that are motivated and ready dedicate adequate resources to support the
initiative, noting that significant effort was required to implement the protocol. For instance, it
requires that centers build a diabetes registry among existing patients, query medications to see if
those patients need ALL, contacting them to begin treatment, reminders to physicians when patients
qualifies for ALL, and close tracking of metrics to evaluate the success of the program. Dr. Dudl
believes that failing to track metrics is one of the biggest reasons this program can fail to get off the
ground.

▪ Dr. Dudl also briefly addressed introducing metformin to the protocol ("MALL"). The
MALL combination is associated with a 60% reduction in CVD risk. Dr. Dudl further argued that it is
a more cost-effective and better option than adding the SGLT-2 inhibitor empagloflozin, although
we point out that this may change in the future once SGLT-2 inhibitors become generic.

Questions and Answers

Q: Even $100 a month is costly for some of these communities. Sometimes they have to decide
what to prioritize, say by working on their hypoglycemia over other conditions. How do you
address that?

A: We fully understand that. I tell patients everyday when they come home they put 25 cents in a jar, and if
they do that everyday they can stay on this treatment.

Q: How do food-based preventions relate to this?

A: We absolutely preach lifestyle first, such keeping fats down and eating a plant-based diet. Don't get me
wrong, we want those things, but if you really are at more than 10% CVD risk, those alone won't drop you
anywhere near as low as if you make lifestyle modifications in combination with medication.

Q: I'm all for what you're talking about, but I work in a low-income clinic, and when I say, "I
want you to go on Lipitor" my patients say, "Why would you put me on that poison?"

A: This is the bane of our existence. There's no evidence that statins cause dementia, and yet it continues to be
an issue. Here you can get into trust issues. We've gone into 22 African American churches in San Diego, and
have one minister in particular who's had five bypass surgieries and has helped us do the outreach and gain
trust in the community. Us telling them the facts isn't going to help, but community outreach can be effective.

Symposium: What's New in Insulin-Related Therapy?

Old Problems, New Solutions - Insulin Management Through Innovation

Lori Berard (WRHA Health Sciences Centre Diabetes Research Group, Winnipeg, CA)

Ms. Lori Berard's talk on non-pharmacological innovations in insulin initiation and titration centered on a
singular theme: "We've had 100 years of insulin, but there are still a LOT of problems we deal with on a
day-to-day basis." Ms. Berard set the stage for this topic by reviewing the classic barriers to insulin therapy
(e.g., fear of needles, hypoglycemia, complications, weight gain, etc.), noting that while the field has
addressed many of these limitations, there is still much left to do. She acknowledged that we've done a fairly
good job at 'figuring out' insulin therapy in people with type 1 diabetes, attributing this to the fact that these
patients are often seen by specialists accustomed to prescribing insulin. Meanwhile, she argued that
primary care physicians are left with the responsibility of treating a growing type 2 population and that it
is here that we are failing our patients (especially in terms of initiation). In particular, Ms. Berard shared
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her assessment that many PCPs lack confidence in prescribing insulin to type 2s (leading to delayed starts)
and that even when we do give insulin, "we're not good at supporting patients beyond the initial
prescription." More broadly, she pointed out that this is a population in which perceived disease severity is
often lacking and in which there is a very strong perception of failure. She argued that these factors are all
the more reason to focus future innovation on our prescribers and equipping them with better tools to
prescribe/titrate insulin and communicate with their patients - e.g., automated insulin titration, shared
decision-making systems. As she summarized playfully at the end, "If we could just help the people who help
patients get to goal, then we'd be in a better place." Agreed!

Symposium: Overtreatment in Diabetes Management

The Art of Personalized Diabetes Care

Deborah Wexler, MD (MGH, Boston, MA)

Dr. Deborah Wexler discussed her approach to personalizing diabetes care in type 2 patients, a challenging
proposition in today's day and age considering all the options available to HCPs. She walked attendees
through the similarities and differences between various guidelines, noting that we do not yet have enough
data to make definite conclusions about "best" practice. That said, she underscored that there are certain
populations we can treat in an evidence-based fashion, stressing - for example - the data in favor of SGLT-2
inhibitors as the "drug of choice in heart failure and diabetes patients." She cited results from EMPA-REG
OUTCOME, expressing confidence in a cardioprotective class effect. She also noted the potential for TZD
pioglitazone in NASH, sharing data from IRIS to demonstrate improved insulin resistance and strong
fasting and two-hour glucose numbers associated with the drug. That said, she cautioned that risk-benefit
decisions are critical with this agent and depend on the population (i.e. "I would have more pause with an
older patient using this, but not so much in a young man [given the fracture risk]"). Other important points
from her talk included: (i) the benefits of using higher concentration insulins in patients with higher daily
requirements (and the importance of ensuring appropriate bolus dosing before moving to this extreme), and
(ii) the underappreciated care that must be taken when prescribing insulin to patients dealing with food
insecurity (i.e. variations in food consumption absolutely must be taken into account).

Supporting Personalized Patient-Centered Care Through Shared Decision-Making

Elbert Huang, MD (University of Chicago, IL)

Dr. Elbert Huang discussed a number of reasons we, as a community, have failed to personalize diabetes
care in practice despite the recent increase in discourse on this topic. He touched on a number of
explanations from psychological phenomena such as ego bias ("I'm doing well but others are
underperforming") and status quo bias ("it's difficult changing anything when you've been doing it a certain
way") to the perpetuation of old recommendations (e.g., it takes a long time to re-teach an entire generation
of providers) to the simple fact that clinicians are tremendously busy and that weighing the risks and
benefits of treatments is cognitively challenging and time consuming. With that in mind, he concluded that
digital tools are going to be key in facilitating a true personalized decision-making revolution, noting that
one big challenge is developing a system that is true to the latest evidence-based reasoning and that takes
into account individual patient preferences. He drew a line as well between "shared decision-making" and
"decision support" software - noting that the later actually nudges patients and providers in a certain
direction - and encouraged attendees (both manufacturers and clinicians) to consider this difference when
designing and using such tools.
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Symposium: Diabetes Care for Older Adults

Hypoglycemia in the Older Patient with Type 1 Diabetes

Ruth Weinstock, MD (SUNY Upstate Medical University, Syracuse, NY)

Faced with studying hypoglycemia risk in older populations with type 1 diabetes, Dr. Ruth Weinstock
admitted that there is very limited data available. Most of her presentation focused on data from the T1D
Exchange and smaller trials, and she emphasized how multiple trials have shown that A1c is not the full
picture when it comes to evaluating hypoglycemia. Glucose variability may be a better measure for
glycemic control in older adults. However, using glycemic variability as a reliable metric will require more
accurate CGM data, trials demonstrating the benefit of CGM use in older adults (hopefully coming soon in
the WISDM study), and integration of data into the EMR. Dr. Weinstock advocated for CGM in older
patients with type 1 diabetes because it can be an effective strategy to minimize the risk of hypoglycemia.
Although raising the A1c goal in older adults may help decrease rates of hypoglycemia, it does not prevent
the complication, and other strategies are necessary to fully address the dangers of hypoglycemia in the
older patient with type 1 diabetes.

▪ The T1D Exchange Severe Hypoglycemia in Older Adults with Type 1 Diabetes Study
suggests that A1c is not a good predictor for hypoglycemia risk. The study featured a case-
control design that compared older patients who had experienced severe hypoglycemia in the past 12
months vs. those self-reporting no severe hypoglycemia events in the past three years. The study
assessed glucose levels in 201 participants with blinded CGM for 14 days, and found no difference in
A1c, mean glucose, or time-in-range between people in the severe hypo vs. no severe hypo arms.
Notably, the key difference was glucose variability, where patients experiencing hypoglycemia
episodes also had high glucose variability. This cohort also had higher rates of hypoglycemia
unawareness, higher scores on the hypoglycemia fear survey, and poorer performance on tests of
general mental status, processing speed, and executive functioning.

▪ The WISDM study, run by the T1D Exchange, the Helmsley Foundation, and JDRF,
will be the first randomized trial of CGM use in older type 1 adults. Dr. Weinstock and
audience members were massively excited about the potential for CGM use to reduce hypoglycemia.
She discussed how older adults with type 1 could benefit from professional CGM to detect
unrecognized hypoglycemia, while patients struggling with hypoglycemia unawareness, frequent
hypoglycemia, or high glucose variability could find personal CGM helpful. Features such as
communication using remote monitors or sharing features are also important tools for older adults.

▪ Dr. Weinstock suggested several management strategies in older adults with type 1.
She called on CGM designers to consider features helpful to an older population - louder alarms,
larger fonts, more contrast on displays, minimizing alarm fatigue, and preventing data overload that
can feel particularly overwhelming for older adults. She expressed optimism for low glucose
threshold suspend and for hybrid systems. Dr. Weinstock also suggested other management
strategies like selecting insulin analogs with less risk of hypoglycemia, simplifying regimens when
possible, and increasing screening for cognitive, vision, and hearing impairments.

Benefits and Harms of More Aggressive Glycemic Treatment in Older Adults

Marian Kirkman, MD (UNC, Chapel Hill, NC)

Dr. Sue Kirkman presented a talk prepared by Dr. Medha Munshi, which reviewed the pros and cons of
intensive glucose control in older adults with diabetes. She discussed current paradigms of management
and outlined a treatment algorithm for how to optimize benefits and minimize harm. Older adults with
diabetes are a particularly heterogeneous population with different durations of diabetes, functional status,
life expectancy, comorbidities, and living situations that impact their optimal treatment plan. In this patient
population, Dr. Kirkman argued that many of the benefits of intensive management are given less mental
weight, whereas harms seem much more immediate in terms of increased risk for hypoglycemia, higher
costs, and greater treatment burden for patients. While there is limited data on the treatment of older
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populations specifically and much of treatment is based on expert opinion, appropriate goal-setting should
focus on a glycemic strategy and not just a numeric goal. A1c is not the complete picture and needs to be
supplemented with an understanding of the patient's social support, hypoglycemia risk, living situation,
and life expectancy. Overall, Dr. Kirkman advocated for incorporating these factors into an individualized
glycemic strategy for older patients that can minimize the rate of hypoglycemia. She also pushed for using
glycemic variability instead of A1c as a better tool to evaluate glucose management, and we love this idea.

▪ Dr. Kirkman presented a framework of how to think about glycemic goals, with
treatment recommendations based on patient characteristics and health status.
Patients who benefit the most from intensive control are younger, have a shorter duration of
diabetes, have no macrovascular or microvascular complications, have low comorbidities, better
health, and a longer life expectancy, while patients most at risk of hypoglycemia and adverse events
from intensive control tend to be older and frail, have a long duration of diabetes, already have
macrovascular or microvascular complications, have comorbidities, or are unable to follow a more
complex regime.

▪ A1c is an average and should not be used as the only parameter of management,
particularly in older adults. A1c is affected by variables like age and race, and by conditions that
are more common in older patients like anemia, recent infection, transfusion, hemodialysis,
erythropoietin therapy, uremia, or anemia of chronic disease. Moreover, CGM tracings of patients
with type 2 diabetes display huge differences in time spent in hypoglycemia even with the same A1c,
again pointing to the heterogeneity of the elderly diabetes patient population.

▪ There are limited data on the benefits of intensive glucose control in older patients
with diabetes. DCCT and UKPDS excluded adults >65 years old, so it wasn't until ACCORD,
ADVANCE, and VADT that there was data on elderly patients. These more recent studies all showed
increased microvascular benefit with no CV benefit in older adults randomized to intensive control,
and ACCORD found increased mortality in the intensive treatment arm. However, these trials still
didn't include frail older patients or those with cognitive impairment. There were higher rates of
severe hypoglycemia in older patients in both arms of ACCORD.

▪ There is evidence that older patients are currently being over-treated in their diabetes
management. Dr. Kirkman presented several studies that examined older patients in complex or
poor health who were still being managed intensively, where ~50% had an A1c <7% and 60% were
on sulfonylureas or insulin, which suggests overtreatment and the risk of hypoglycemia without
additional benefit. An Optum study in the US also found that only ~24% of frail patients with an A1c
<6% had their treatment de-intensified. This intensive regime is still used despite Medicare data
that shows hypoglycemia in type 1 and type 2 diabetes is a huge harm that causes more emergency
department admissions than hyperglycemia. In our view, this seems like a cry for better patient
education on managing hypoglycemia risk, since we don't want to discourage anyone from reaching
their A1c goal out of fear of hypoglycemia.

Symposium: Successes with Type 1 Diabetes Complications and Survival

Predictors and Clinical Outcomes of Treatment Intensification in Patients (Pts)
with T2D Uncontrolled on Basal Insulin (BI) in Real-World Settings

Lee Kallenbach, PhD (Practice Fusion, San Francisco, CA)

In patients with uncontrolled type 2 diabetes, treatment intensification with GLP-1 agonist/basal insulin co-
administration leads to significant A1C reductions and lower rates of hypoglycemia vs. patients who have
no treatment modifications. Dr. Lee Kallenbach discussed these results, and put them in context with
therapeutic inertia and a reluctance to consider combination agents in type 2 diabetes care. HCPs too-often
delay intensification of treatment for patients with uncontrolled type 2 diabetes who have not achieved their
glycemic goals (A1c <7% after six months on basal insulin), which is a barrier to optimal care. Using data
collected from January 2011-December 2013 in Practice Fusion's EHR system, Dr. Kallenbach reported that
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only 2,121 out of 14,653 patients (a meager 14%) intensified their basal insulin regimen within six months.
Those who did intensify did so with a rapid-acting insulin, with a GLP-1 agonist, or with another injectable
therapy. Mean A1c-lowering was greater in all three injectable therapy groups vs. controls who did not add
another medication to their basal insulin monotherapy: After 12 months and from a baseline A1c ~9%, A1c
declined 0.3% in the rapid-acting insulin arm, 0.3% in the GLP-1 arm, 0.2% in the "other" category, and
0.1% in the control category. Patients adding a GLP-1 agonist experienced the lowest rates of hypoglycemia
of all study participants. Dr. Kallenbach concluded that intensifying basal insulin treatment by adding a
GLP-1 agonist may have profound beneficial effects in patients with type 2 diabetes.

Clinical Care of Older People with Type 1 Diabetes

Trisha Dunning, PhD (Deakin University, Victoria, Australia)

Dr. Trisha Dunning shared her perspective on managing diabetes in the elderly patients, emphasizing that
the primary goals in this patients are to (i) maintain independence; (ii) preserve functional status; (iii)
increase quality of life; and (iv) provide supportive end-of-life care. She underscored that diabetes in older
people is a substantial issue because of the high prevalence of diabetes in this population, plus the ability of
diabetes to cause vascular complications and amplify the effects of frailty. Older people with diabetes
experience a high symptom and self-care burden associated with managing their condition, and require
appropriate support, advice and regular monitoring. For the elderly, efforts should be made to ease
psychosocial burdens, reduce side effects of medications, and make sure functional capabilities are not
limited. She suggested that stringent glucose control is often not necessary for the elderly, and that
providers should take care to monitor hypoglycemia risk. Overall, physicians should be wary of individual
patients' functional status and assign therapeutic agents accordingly - while we certainly agree with this in
principle, we hope that this can be achieved with greater use of diabetes agents with lower risk of
hypoglycemia (such as GLP-1 agonists, SGLT-2 inhibitors, and DPP-4 inhibitors) rather than necessarily
with much looser glycemic targets. Finally, Dr. Dunning also highlighted the importance of considering
palliative care measures when approaching clinical care of older people. In particular, she emphasized that
easing the burden of diabetes complications is an important aspect of quality end-of-life care for elderly
patients with diabetes. In particular, she suggested that efforts should be made to modify metabolic targets,
reduce hospital admissions, and improve the quality of life for these patients. As the elderly are a population
that have different medical limitations and treatment goals than others, she emphasized that general
practitioners have an important role in coordinating palliative and end of life care in these patients.

Symposium: Sulfonylureas - Should I Stay or Should I Go?

Do They Have a Role in the Contemporary Treatment of Type 2 Diabetes?

Kamlesh Khunti, MD (University of Leicester, United Kingdom)

Speaking to a packed room, Dr. Kamlesh Khunti offered a disappointing defense for the continued role of
sulfonylureas, highlighting heterogeneity within the class, potential therapeutic benefits at low doses, and
affordability. While we remain unconvinced that sulfonylureas are worth it given the associated weight
gain, substantially hypoglycemia risk, and potential for beta cell burnout and increased CV risk, Dr. Khunti
emphasized that these agents are still featured in the ADA's 2017 Standards of Care as an option for second-
line therapy after metformin, are still used by 31% of diabetes patients in the US, and - according to Dr.
Khunti - will likely maintain their role in diabetes practice until the GRADE study and CAROLINA report.
Dr. Khunti presented mixed evidence on the weight gain, hypoglycemia, and CV events stemming from
sulfonylureas. In the ADVANCE study, sulfonylureas appeared to be weight-neutral and demonstrated a
durable A1c-lowering effect. A collection of real-world data shows that 5% of patients taking a sulfonylurea
experience severe hypoglycemia vs. 21% of patients taking insulin and 5% of patients taking other non-
sulfonylurea drugs, though Dr. Khunti acknowledged that definitions of hypoglycemia were not standard
across these different trials. The CV outcomes data surrounding sulfonylureas is perhaps the most
contentious - a recent randomized controlled trial (RCT) found a 32% greater risk for heart failure with
sulfonylurea treatment vs. metformin therapy (p<0.05), and a metaanalysis of RCTs found that
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sulfonylureas confer a 46% greater risk for CV mortality and a 26% greater risk for all-cause mortality vs.
placebo. The big caveat here, Dr. Khunti underscored, is that all sulfonylureas were grouped and analyzed
together, whereas other research shows glimepiride to be CV safe at low doses and the sulfonylurea of
choice for diabetes patients with underlying coronary artery disease. Ultimately, the field lacks reliable
evidence on the CV effects of sulfonylureas, as studies so far have used a variety of comparators and have
been subject to selection bias. This is why GRADE and CAROLINA will be so valuable for the community,
and why we're eager for these trial results: GRADE will analyze diabetes therapies head-to-head to
determine the optimal combination treatment for long-term care, while CAROLINA is Lilly/BI's CVOT
comparing DPP-4 inhibitor Tradjenta (linagliptin) vs. glimepiride, expected to complete in March 2019. At
CMHC 2016, Dr. Robert Ratner suggested that GRADE and CAROLINA data could be just what ADA needs
to extract sulfonylureas from treatment algorithms once and for all. For now, cost considerations keep
sulfonylureas in rotation for diabetes care - though we have never found this argument particularly
convincing, given the substantial downstream costs of severe hypoglycemia and the availability of other,
generic, low-cost options now (including TZD pioglitazone). Dr. Khunti described how the controversy over
sulfonylurea use is perpetuating clinical inertia, to some extent, a topic he's well-versed in - instead,
providers should swiftly prescribe whatever glucose-lowering therapy a patient can afford in order to
reduce risk for long-term complications of hyperglycemia. The importance of affordability/access is not lost
on us, and we certainly appreciate that sulfonylureas are a viable therapeutic option for some - though we
vastly prefer metformin and pioglitazone as the "low-cost option." That said, we hope that as newer agents
approach generic status - including DPP-4 inhibitors, SGLT-2 inhibitors, and GLP-1 agonists like
liraglutide, which has already demonstrated a significant CV benefit - sulfonylureas will slowly but surely
fall out of practice, yielding to superior therapies that offer A1c-lowering, weight loss, and other advantages
to outcomes beyond A1c without any associated CV or hypoglycemia risks. We note that other thought
leaders, including Dr. Jay Skyler, are fierce supporters of eradicating sulfonylureas from treatment
algorithms, and this is the direction we wish for the diabetes field in the not-too-distant future.

Symposium: The History of the ADA Guidelines - Their Influence on the
Study of and Clinical Practice in Complications in Type 1 and Type 2
Diabetes

The Impact of ADA Guidelines on Diabetes Complications

Jill Crandall, MD (Albert Einstein College of Medicine, New York City, NY)

Dr. Jill Crandall reviewed a history of the ADA guidelines, which were first published in 1989 and only three
pages long. Now in 2017, the recent guideline was a whopping 121 pages, a dramatic display of how quickly
the field has learned about the management of diabetes and its complications. She especially pointed to how
treatment of various metabolic parameters - and our understanding of their role in morbidity and mortality
in those with diabetes - has evolved over this time. The DCCT was a landmark trial that directed attention to
the impact of glucose on diabetes complications, and over time the ADA guidelines have incorporated blood
pressure and lipid targets in diabetes as well as modifications for patients with cardiovascular disease to
address the vascular risks of diabetes. In this talk, Dr. Crandall set out to answer several questions about
the role of guidelines in care - is there evidence that guidelines have led to a decline in complications, and
has it played a role in improved outcomes? Data from Gregg et al, NEJM 2014 and the Framingham Heart
Study found that vascular complications of diabetes have declined over time, even more than the decline in
cardiovascular events for people without diabetes. The WESDR and WDRS studies in retinopathy for people
with type 1 diabetes compared populations diagnosed in 1970 with those diagnosed in 1989 (with the second
group exposed to the release of the ADA guidelines) and illustrated a dramatic decline in retinopathy
complication rates, better glucose control, and increased use of blood pressure and lipid medications in the
patient population diagnosed later. These trends suggest the helpful role that the ADA Clinical Practice
Guidelines have played in improving care. That said, Dr. Crandall very notably pointed out that this success
has pushed us to encounter new and difficult challenges in diabetes care. Lower event rates for
complications necessitate larger and longer clinical trials for medications for these indications, the
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improved survival and earlier onset of type 2 diabetes in the population means the overall burden of
complications will remain or increase, and the interaction with aging lead to new phenotypes of
complications such as cancer and cognitive impairment. New research and guidelines for diabetes
complications will need to address these increasingly important issues.

ADA Guidelines Influence on the Clinical Practice of Type 1 and Type 2 Diabetes

Maria Lopes-Virella, MD (Medical University of South Carolina, Charleston, SC)

Dr. Lopes-Virella delivered a supplementary review of the ADA guidelines and landmark trials like the
DCCT, ACCORD, and DPP that influenced the development of changing guidelines. She explained how the
introduction of guidelines marked a transition from a physician-centered approach to a patient-centered
approach for the management of chronic diseases and a change in paradigm to emphasize the importance
of self-care. Although she indicated how important guidelines are to improving diabetes management, she
emphasized that they should complement and not substitute good clinical decision-making and that
treatment goals for a particular patient should be individualized. Further, she cited PCSK9 inhibitors as one
area in which guidelines have not quite caught up to clinical practice - these advanced agents are not yet
incorporated into the diabetes guidelines but are already in use to treat one of the most significant
complications of diabetes: atherosclerotic cardiovascular disease.

Questions and Answers

Q: I'd like to talk more about the collaboration between the ADA and EASD. Was there a
position statement and is this partnership going to continue?

A: Sometimes the ADA and EASD guidelines can differ because there are limitations in the US that are
unique. With the US health system, there are problems because of insurance. There were patients before who
were diagnosed and had issues with coverage and now we try to be more cautionary because of these issues.

A: We used to have a slide in the ADA guidelines showing a decrease in the population-specific
complications of diabetes. Yet the number of people with diabetes is increasing so
precipitously that we have a continued increase in ESRD, amputation, and blindness caused
by diabetes. While it's exciting that the guidelines are decreasing complications, we have to
stop this increase.

A: Yes, and this is an issue with the increasing rates of type 2 diabetes in children, adolescents, and young
adults. There is the potential for an explosion of complications with the increased exposure to high glycemic
levels.

Q: As an OB/GYN treating patients in pregnancy, I've seen a real delay of uptake of ADA
guidelines in specialties outside of endocrinology. How do we address this?

A: You're right. This also happened in cystic fibrosis and diabetes where there were very few guidelines for the
pulmonologists and gastroenterologists who didn't know how to address it. If I remember correctly, the last
guidelines in the ADA included the management of cystic fibrosis. My opinion is that if you're interested in
special issues being addressed, you can work with the ADA to create a taskforce to work on it. Like everything
else, being comprehensive is not that easy

A: I would add that those of us in diabetes are intimately familiar with the guidelines and spend a lot of effort
to review it, but I don't know how widely it is disseminated outside of the community. We can try to break out
of the silo a bit more to improve dispersal and implementation.

Q: There's a lot of talk about overtreatment in diabetes and aging. Where should we be moving
with the guidelines? Do we see the individualization and <7% A1c goals as working together?

A: There was so much enthusiasm when the DCCT came out and we found that a threshold A1c could reduce
the risk of complications. We embraced it wholeheartedly. Over the last 20 years, there is more recognition
that one target doesn't fit all. The evolution of the glycemic target is murkier now with individualization goals
but I think personally individualization is the way it has to go.
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Corporate Symposium: Novel Approaches to Improving Adherence in T2D
(Sponsored by Intarcia)

How Does Adherence Impact Patient Outcomes?

Steve Edelman, MD (UCSD, San Diego, CA)

Dr. Steve Edelman gave a passionate talk on the role of adherence in improving outcomes in type 2 diabetes.
Despite the approval of 40 new type 2 diabetes drugs over the past decade, there has been no increase in the
proportion of patients with an A1c <7% (~50% of patients) and no decrease in the proportion of patients
with an A1c >9% (~30% of patients). Dr. Edelman highlighted the unacceptable current levels of morbidity
and mortality due to type 2 diabetes and the soaring costs of treatment, noting that 43% of diabetes
spending goes toward inpatient treatment vs. only 12% to therapies and devices ("this really bothers me").
Dr. Edelman attributed this bleak state of affairs to the enormous gap between results in clinical trials and
those in the real world. He cited an analysis demonstrating that comparable patients get only half the A1c
reduction from GLP-1 agonists in the real world as they do in clinical trials and that 75% of this gap is due to
adherence. He emphasized that this problem is not unique to GLP-1 agonists or other injectable medications,
since oral type 2 diabetes therapies also have adherence rates below 50%. Dr. Edelman described poor
adherence as the result of an imbalance between the perceived costs of taking medications (adverse effects,
concerns about long-term effects, being labeled as sick) and the perceived benefits (patients don't feel any
different). He stressed that the most important way clinicians can make a dent in this problem is by truly
listening to their patients and asking them open-ended questions about their challenges with diabetes
management.

▪ Dr. Edelman listed three questions that clinicians should ask their patients during a
visit:

◦ (i) What is the hardest thing for you about managing your diabetes?

◦ (ii) How often do you forget to take your medications?

◦ (iii) Do you have any concerns or fears about your medications?

▪ Dr. Edelman told a story that was particularly illustrative of the need for real trust
between doctors and patients. He described a patient of his who was taking five different
medications for type 2 diabetes, including over 200 units of insulin per day, yet had an A1c
consistently above 13%. Taking her at her word that she was taking her medications as prescribed,
Dr. Edelman continued raising her doses, until one day he decided to give her 25 units of insulin
aspart in the clinic (normally taking up to 80 units by history from the patient) to observe her
response himself. The patient's blood glucose dropped dramatically, to the point where she
experienced severe hypoglycemia requiring a code to be called. After this, the patient admitted that
she was afraid of taking insulin but didn't want to disappoint her doctors, so she filled every
prescription but had not actually taken any of the medication. This anecdote was an excellent
reminder that HCPs not only need to go down their checklist and ask all the right questions ("are
you taking your medications?"), but that they need to create an environment where patients trust
them enough to provide honest answers.

Corporate Symposium: DCRI Evidence to Practice Series - Management of
Diabetes for Heart Failure Patients (Sponsored by BI)

Latest Research Findings and Knowledge Gaps

Jennifer Green, MD (Duke University, Durham, NC)

In her introduction to this bright and early corporate symposium, Dr. Jennifer Green highlighted the
substantial overlap between diabetes and heart failure (28-44% of patients with heart failure also have
diabetes) and reviewed the current evidence on the effects of specific diabetes drugs on heart failure. She
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explained that while the FDA-mandated cardiovascular outcomes trials of diabetes drugs have provided
valuable information about heart failure outcomes, significant knowledge gaps remain. Specifically, she
noted that i) CVOTs for diabetes drugs were not designed specifically to enroll patients with heart failure or
evaluate heart failure outcomes; ii) the percentage of participants with heart failure varied in the different
trials; iii) minimal details about heart failure outcomes were collected; iv) heart failure hospitalization was
typically the only heart failure endpoint measured, leaving out a number of other relevant outcomes; and v)
the physiological basis of the drugs' positive or negative effects on heart failure has not been fully explained.
Looking forward, Dr. Green argued that at a minimum, investigators should collect more detailed
information on heart failure outcomes in future trials of diabetes drugs. We've heard a great deal about
assessing BNP (a marker for heart failure) at baseline in diabetes CVOTs - of course, hindsight is 20/20 and
we don't expect this is possible in CVOTs that have already initiated, but we expect more rigorous
assessments of heart failure at baseline will become the norm as heart failure is seen as an increasingly
important endpoint in these trials. She also expressed interest in investigating diabetes drugs specifically in
patients with heart failure (as Lilly/BI are currently doing in the EMPEROR trials of Jardiance
[empagliflozin] and AZ is doing in the Dapa-HF trial of Farxiga [dapagliflozin]), conducting trials to
determine the best drug for these patients, and assessing the effects of older diabetes drugs on heart failure
risk.

Case Presentations

Robert Mentz, MD (Duke University, Durham, NC), Darren McGuire, MD (UT Southwestern,
Dallas, TX), and Eldrin Lewis, MD (Brigham and Women's Hospital, Boston, MA)

The majority of the corporate symposium centered around three case presentations involving patients with
both type 2 diabetes and heart failure. The speakers agreed that metformin is currently the treatment of
choice for this patient population. Dr. Darren McGuire noted that many physicians still shy away from
using metformin in patients with heart failure because it was previously contraindicated, but many
cardiologists are now specifically endorsing the drug for this population. The speakers were cautiously
optimistic about the positive effects of Lilly/BI's Jardiance (empagliflozin) on heart failure demonstrated in
EMPA-REG-OUTCOME. All three speakers expressed excitement about the results demonstrating a 38% risk
reduction for cardiovascular death and 35% risk reduction for heart failure hospitalization with Jardiance
vs. placebo in patients with type 2 diabetes and high cardiovascular risk. However, the consensus seemed to
be that only results from the EMPEROR trials, which are specifically designed to investigate the impact of
Jardiance on heart failure, will be able to establish the drug as a standard treatment for this population.
This was interesting to hear - of course, we do not expect the FDA will include any indication for heart
failure on the Jardiance label until results from these trials are available (given the fairly dismissive
discussion of the heart failure secondary endpoint finding at last year's Advisory Committee meeting on the
EMPA-REG OUTCOME results). On the other hand, the ESC heart failure guidelines have already been
updated to recommend empagliflozin as a potential measure to prevent heart failure and cardiovascular
death for those with type 2 diabetes and comorbid heart failure.

Questions and Answers

Dr. Darren McGuire (UT Southwestern, Dallas, TX): I'm convinced there's heterogeneity among DPP-4
inhibitors. I would avoid saxagliptin and alogliptin because sitagliptin has a completely clean heart failure
label. If a DPP-4 is used, I would use sitagliptin, but I'm not sure I would use one in this patient [in the
hospital after an acute MI with diabetes and heart failure]. I think metformin is great. The EMPA-REG results
were impressive but we didn't have acute MI patients in that trial so I don't really know what I'm doing. My
gut instinct is that it's logical and probably indicated to do empagliflozin. There's a relatively preserved
ejection fraction and little concern about GLP-1 agonists, so I'd probably prefer that over DPP-4 inhibitors.
I'm comfortable with an A1c target of 7-8%.

Dr. Jennifer Green (Duke University, Durham, NC): If you switched from saxagliptin to sitagliptin, you would
probably get the same glycemic control. If you stopped the DPP-4 inhibitor, you could increase the
empagliflozin dose but would probably have an A1c increase. In the EMPA-REG trial, there were essentially
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comparable benefits with both doses, so I wouldn't feel compelled to up-titrate the dose. There are lots of
nuances.

Q: If you used sitagliptin, how would you handle the dose because of the patient's impaired
renal function?

Dr. McGuire: I would use a lower dose. But I would lean away from DPP-4 inhibitors because of the impaired
renal function.

Q: How reliable is her eGFR?

Dr. McGuire: She's having an acute MI and heart failure, so there's likely acute kidney injury. We have to use
the best evidence we have but we don't know what her real kidney function is.

Q: Should we be focusing on obesity management?

Dr. McGuire: Absolutely. We need your help. People think about cardiac rehab as a treadmill and exercise, but
it's a structured comprehensive program. We should use cardiac rehab resources for eligible people. Obesity
should be a focus of the intervention as well.

Dr. Eldrin Lewis (Brigham and Women's Hospital, Boston, MA): You hear about the obesity paradox in heart
failure. I don't think it's a paradox. If you're obese, you may be short of breath for other reasons, so you may
be healthier than someone of normal weight who has the same degree of dyspnea. We should be emphasizing
weight loss for control of diabetes and heart failure symptoms.

Dr. Green: There's some data on the association between glucose-lowering therapies and their effect on
weight and heart failure outcomes. The suggestion is that therapies associated with weight loss are associated
with reduced heart failure risk and those associated with weight gain are associated with higher risk. It's an
area ripe for further exploration.

Corporate Symposium: CVOTs and Combination Therapy: Updates and
Advances at ADA 2017 (Sponsored by AstraZeneca)

Cardiovascular Outcomes Trials (CVOTs): Clinical Application of Current Data
and a Sneak Peek into the Future

Carol Wysham, MD (University of Washington, Spokane, WA); Hertzel Gerstein, MD
(McMaster University, Ontario, Canada)

Drs. Carol Wysham and Hertzel Gerstein reviewed all the major CVOT data on diabetes drugs that has been
published so far, and shared pearls of wisdom about how to translate these findings into real-world clinical
practice. Dr. Gerstein positioned GLP-1 agonists as the frontrunners in terms of demonstrating CV benefit,
with both the LEADER trial for Novo Nordisk's Victoza (liraglutide) and the SUSTAIN 6 study for Novo
Nordisk's semaglutide showing meaningful CV risk reduction. That said, SGLT-2 inhibitors like Lilly/BI's
Jardiance (empagliflozin) and J&J's Invokana (canagliflozin) have also demonstrated superiority vs.
placebo in reducing risk for three-point MACE (non-fatal MI, non-fatal stroke, or CV death), and these
agents come with the convenience of oral dosing (whereas GLP-1 agonists are injectable therapies). Dr.
Wysham emphasized that CVD-REAL showed SGLT-2 inhibitors to be associated with a very dramatic risk
reduction for heart failure hospitalization and all-cause death. A majority of European participants in CVD-
REAL (92%) were taking AZ's SGLT-2 inhibitor Farxiga (dapagliflozin), while a majority of US participants
were taking Invokana (76%) - Dr. Wysham underscored this point to clarify that she wouldn't necessarily
recommend switching patients off dapagliflozin onto empagliflozin right now. AZ's own CVOT for
dapagliflozin, DECLARE, is scheduled to complete in April 2019.
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Oral Combination Therapy for T2D: What, Why, and How Explored

Julio Rosenstock, MD (University of Texas, Dallas, TX); Melanie Davies, MD (University of
Leicester, UK)

Drs. Julio Rosenstock and Melanie Davies led this interactive discussion on oral combination therapies for
type 2 diabetes, covering DPP-4/metformin tablets, SGLT-2/metformin tablets, and SGLT-2/DPP-4 tablets
including AZ's Qtern (dapagliflozin/saxagliptin). The duo positioned combination therapy as a solution to
therapeutic inertia. The status quo in diabetes management is still the treat-to-fail paradigm, with
healthcare providers trying medications in a stepwise fashion. Instead, Drs. Rosenstock and Davies
advocated for early intervention with simultaneous medications, or better yet, with a fixed-dose
combination therapy. They presented Qtern (and other SGLT-2/DPP-4 combo products like Lilly/BI's
Glyxambi) as a rational choice in diabetes care: These agents come in convenient oral doses, they lower risk
of hypoglycemia and promote weight loss, they show superior glucose-lowering efficacy vs. either drug
alone, and they eliminate some patient barriers by turning two co-pays into one. Diabetes treatment
guidelines are starting to recommend combination therapy earlier on, especially for patients with high
baseline A1c, but Drs. Rosenstock and Davies suggested that this change needs to happen faster. We're
certainly intrigued by the promise of fixed-dose SGLT-2/DPP-4 combinations, and we're glad to note AZ's
commitment to Qtern given its strong clinical profile. Moreover, we love the argument that combination
therapy could circumvent therapeutic inertia, which continues to be a problem leading to suboptimal
diabetes care.

Corporate Symposium: Individualized T2D Plans in the Midst of CVOTs
Galore: Applying the Data in a Practical Sense (Sponsored by Lilly/BI)

Individualized T2D Plans in the Midst of CVOTs Galore: Applying the Data in a
Practical Sense

Daniel Einhorn, MD (Scripps Diabetes Institute, La Jolla, CA); George Bakris, MD (University
of Chicago, IL); Vivian Fonesca, MD (Tulane University, New Orleans, LA); Lawrence Leiter,
MD (University of Toronto, Canada)

This star-studded panel reviewed four case studies of patients with uncontrolled type 2 diabetes, and made
suggestions for how recently-published CVOT data can be put into practice. The four cases varied in terms
of comorbidities and complications (obesity, family history of CV disease, nephropathy, heart failure, etc.).
Dr. Daniel Einhorn presented the case of a patient with type 2 diabetes and obesity, for whom glycemic
control and LDL reduction were the most important treatment targets. In patients with obesity, Dr. Einhorn
advocated for lifestyle interventions and for drugs that promote weight loss, improve CV outcomes, and
lower daily insulin requirements (since insulin can be associated with weight gain). Dr. Lawrence Leiter
discussed a patient of his with a family history of CV disease that resulted in CV death. He explained that a
family background of CV morbidity/mortality typically indicates a patient in whom aggressive
management of all modifiable CV risk factors is important, while, at the same time, it is also key to avoid
hypoglycemia. A coronary calcium score may be of value in helping to risk stratify a patient. It is important
to note, however, that while a high score should make one treat risk factors more intensively, a low score is
not a reason to withhold treatment in a patient who otherwise has a clear cut indication for treatment.
Since both GLP-1 agonists and SGLT-2 inhibitors have demonstrated cardioprotective effects, products in
both therapy classes should be considered seriously. Dr. Leiter underscored that CV safety - if not efficacy -
should be the no. 1 priority for HCPs treating patients with type 2 diabetes and a family history of CV
events. Next, Dr. George Bakris presented the case of a patient with nephropathy. His major concern was
the overlap between nephrology and endocrinology, and he emphasized the magnitude of correlation
between chronic kidney disease and additional CV risk. On a brighter note, Dr. Bakris mentioned that the
progression of nephropathy has been decelerated almost 5x from 40 years ago, thanks to advanced
therapies that lower glucose and blood pressure. Last but not least, Dr. Vivian Fonesca discussed a patient
with heart failure and other complications. He concluded that diabetes and a history of heart failure creates
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an advanced CV risk scenario for patients. In these complicated cases, DPP-4 inhibitors may pose additional
issues for patients (due to slight signals for increased risk of heart failure hospitalization) and SGLT-2
inhibitors should be the drug of choice, according to Dr. Fonseca.

Product Theater: Diabetes and Cardiovascular Disease: Making the
Connection (Sponsored by Novo Nordisk)

Diabetes and Cardiovascular Disease: Making the Connection

Yehuda Handelsman, MD (Metabolic Institute of America, Tarzana, CA)

Dr. Yehuda Handelsman led this Novo Nordisk-sponsored product theater, which aimed to review the tight
connection between diabetes and CV disease. CV disease remains the leading cause of death among people
with diabetes, and many comorbidities of diabetes are also risk factors for atherosclerotic CV disease.
According to Dr. Handelsman, patients with type 2 diabetes face a 2-6x risk for CV death vs. the
background population. Poor glycemic control, obesity, and hypertension are all common features of type 2
diabetes that double as CV risk factors. Dr. Handelsman shared his view that new agents with indications
for type 2 diabetes must also address CV risk - as per the FDA's 2008 CVOT guidelines, they must at
minimum demonstrate no unacceptably increased CV risk, but ideally will confer some cardioprotection (as
was the case for Novo Nordisk's GLP-1 agonist Victoza in the LEADER trial). Dr. Handelsman also
encouraged the personalization of treatment plans for people with type 2 diabetes, emphasizing that
individuals facing high CV risk should absolutely be put on a therapy with demonstrated CV benefit (such as
Victoza, or Lilly/BI's SGLT-2 inhibitor Jardiance, or J&J's SGLT-2 inhibitor Invokana). We are so glad to
see more education about the diabetes/CV disease overlap, and to note efforts to spread awareness about
the availability of cardioprotective diabetes drugs.

Policy and Reimbursement

Oral Presentations: Potential Implications of the Affordable Care Act on
Diabetes Care

Drug Copay and Medication Adherence in Medicare Patients with Type 2 Diabetes

Manjiri Pawaskar, MD (Merck, Kenilworth, NJ)

Dr. Manjiri Pawaskar (Director of the Center of Real-World and Observational Research at Merck)
presented a Merck-sponsored study that found a significant correlation between high co-pays and low
medication adherence for non-insulin prescription drugs. Notably, Medicare patients with type 2 diabetes
(n=160,250) who faced a monthly co-pay >$60 were 71% less likely to be adherent vs. patients who faced a
monthly co-pay <$10 (OR=0.29; 95% CI: 0.26-0.33). Moreover, a monthly co-pay >$60 was associated
with a 1.5x risk for treatment discontinuation vs. a monthly co-pay <$10 (OR=2.49; 95% CI=2.17-2.87).
Other categories of high co-paHy were also linked to significantly lower medication adherence and to a
greater likelihood of discontinuation as showed in the picture below (whenever the odds ratio doesn't cross
the line of unity), but adherence to generic drugs was unaffected by co-pay. Importantly, few Medicare
patients in the analysis had to pay >$10/month out-of-pocket for generic agents, so we wouldn't expect the
same adverse impact of co-pay on engagement.

Impact of Switching to a High-Deductible Health Plan on Diabetes Treatment
Discontinuation

Yuexin Tang, PhD (Merck, Kenilworth, NJ)

Dr. Yuexin Tang (Associate Director at Merck's Center of Real-World and Observational Research)
presented a second Merck-sponsored study to show how switching to a high-deductible health insurance
plan (HDHP) increases risk for discontinuation of branded, non-generic drugs. The observational analysis
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compared 1,496 type 2 diabetes patients who were mandated by their employer to switch onto a HDHP
between 2013 and 2014 vs. 21,623 patients who were covered by a non-HDHP for two consecutive years. In
the HDHP cohort, 46% of people discontinued a prescription in 2014 vs. 33% of individuals in the non-
HDHP cohort (p<0.05). Once again, this effect did not extend to generic drugs. Macrovascular
complications were seen in 10% of the non-HDHP group vs. 11% of the HDHP cohort, which Dr. Tang
characterized as a potential unintended health consequence of an employer-mandated switch to high-
deductible insurance. Helping patients access advanced therapies in diabetes is an essential goal. We're
hopeful that quantifying the impact of co-pays and deductibles on patient engagement builds a compelling
case for better reimbursement and patient discount programs sponsored by the manufacturer, and we're
glad to see Merck investing in this area of research. We've witnessed a proliferation of high deductible
health plans and an increase in patient cost-sharing measures as an unfortunate unintended consequence of
the ACA (and this will likely only get worse if the ACA is repealed and patients lose health coverage
altogether), and we look to pharmaceutical companies and other stakeholders to work together to hopefully
relieve the patient financial burden.

Oral Presentations: Translating Therapeutics into the Real World

Value Index Favors Using GLP-1 More Than DPP-4, Saving Medicare $200 Million

Saad Sakkal, MD (Metabolic Care Center, Mason, OH)

Dr. Saad Sakkal defined the value index in diabetes as the amount of money spent to improve A1c by 1% in
three months. According to Medicare pricing, the value index for DPP-4 inhibitors was calculated at $927
vs. $750 for GLP-1 agonists. If Medicare switched the 1,197,066 patients currently on a DPP-4 inhibitor onto
a GLP-1 agonist, it could save up to $211,880,682 annually. For context, the annual cost of diabetes care
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nationally is around $340 billion, and this is expected to rise. This analysis reflects the clinical trial data
showing that GLP-1 agonists are more effective than DPP-4 inhibitors, and we now have cost-savings
information to support greater use and better reimbursement prospects for products in the GLP-1 class. In
light of this information, we'd also love to see future studies comparing the value index between other
therapy classes beyond GLP-1 agonists and DPP-4 inhibitors.

Posters

The Disruption Continues: Negative Impact of Medicare Competitive Bidding
Program (175-LB)

G Puckrein, IB Hirsch, C Parkin, L Xu, and DG Marrero

This late-breaking poster shared new data documenting continued striking disruptions of Medicare
beneficiary access to prescribed SMBG supplies following CMS's expansion of its competitive bidding
program (CBP) in 2013. The results follow up on the study's original results (published in Diabetes Care)
that showed an increase in mortality associated with the CBP in nine test markets in 2011. Scarily, it
appears that the negative impact of the program has only worsened since 2013, when - as a reminder - CMS
expanded the program nationally to both mail order and retail channels with lower reimbursement. This
iteration of the study investigated changes in the acquisition of SMBG supplies by beneficiaries in those nine
test markets (n=43,939) and all non-test markets (n=485,688) in the six months following the national CBP
rollout and identified two major trends: (i) a significant increase in the percentage of beneficiaries who
migrated from full SMBG to partial/no SMBG access in both test and non-test markets; and (ii) a significant
increase in the percentage of insulin-treated beneficiaries with no record for SMBG (from 54.1% in January
2013 to 62.5% by December 2013, p<0.0001). Indeed, the authors estimate that as of January 2014, 37.5%
(n=90,923) of insulin-treated beneficiaries were calculating their insulin dosage with partial/no SMBG.
These results differ greatly from CMS' April 2012 report on adverse outcomes associated with competitive
bidding, which suggested that there was no disruption of access to supplies and no negative healthcare
consequences associated with the program. However, the continued criticism and evidence to the contrary
raises red flags for what is already a heavily scrutinized program. Our biggest question now that the
evidence seems overwhelming … When will CMS actually listen? What will it take to reverse this policy?

The Economic Impact of Adopting Professional Continuous Glucose Monitoring
with the FreeStyle Libre Pro System (109-LB)

S Yu

Based on interviews at eight US endocrinology offices, Abbott's Dr. Shensheng Yu estimated that the first-
year equipment cost per office of existing professional CGM technologies (Medtronic iPro2; Dexcom G4),
excluding the sensor, is ~$1,170, while this cost is just ~$75 with the FreeStyle Libre Pro system. The Libre
Pro's inexpensive setup - $65 for the reusable reader, $10 for cable and adapter, and $60 per 14-day sensor
- allows for ~18 individuals to experience professional CGM for the same cost that it takes to simply set up
clinics on one of the other systems. Wow! The hands-off design of the Libre Pro system also cuts down on
time, and therefore cost: Dr. Yu estimates that Libre Pro workflow (outside of analysis/interpretation) takes
10 minutes - five minutes for consultation and application, and five minutes for download. Other reusable,
more hands-on systems (requiring calibration, training, disinfection, etc.) require closer to 45 minutes - 20
minutes for CGM training, 10 minutes for cleaning and disinfecting, and 15 minutes for calibration data
entry. Assuming a nurse's salary of $40/hour, the workflow cost per procedure is under $7 for the Libre Pro
system, but $30 for existing technology. Per procedure, Dr. Yu also calculated the clinical economic benefit
of using Libre Pro: a ~0.4% reduction in A1c yields an estimated ~$100 in savings, while a 43% reduction in
severe hypoglycemia event rate yields nearly $25 in savings per procedure. Taken together, and subtracting
the $60 cost per procedure (assuming high volume), this comes out to ~$65 saved per patient year on Libre.
The lower equipment and staff costs from Libre Pro, along with the potential clinical benefit, make it a
compelling and quite scalable at a population level. Two real-world retrospective studies of FreeStyle Libre
Pro use in India each demonstrated a ~0.3% reduction in A1c - hypoglycemia was not reported, but we
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would love to see an economic analysis from these real-world cohorts. Did Dr. Yu's projections translate
into real world use?

One-Year Time Analysis in an Academic Diabetes CLinic (174-LB)

P Huynh, A Toulouse, and I Hirsch

This study found that an impressive 1,461 non-billable hours were spent per year to support one physician
or advanced registered nurse practitioner (ARNP) in an academic diabetes care clinic. To conduct the
analysis, clinic support staff at an academic diabetes clinic that sees 3,727 patients in 10,332 visits per year
and employs 36 endocrinologist or ARNP full time employees catalogued time spent on phone calls, faxes,
electronic chart messaging, and email for patient care during one month. One-month values were then
extrapolated to one year. 1,945 triage interactions were recorded, lasting an average of 14.7 minutes. The
main categories requiring non-billable interactions were medication issues (46% of interactions), health
challenges (12%), hyperglycemia/hypoglycemia triage (8%), labs (5%) and coordination of care (5%).
Overall, for every 1,264 face-to-face patient hours expended by a full-time physician or registered nurse
practiioner per year, 1461 non face-to-face hours are spent by support staff. The authors conclude that this
balance of incurring more non-billed than billed hours for diabetes care is not sustainable in the current
healthcare landscape.

Impact of Center for Medicare Services (CMS) Insulin Pump Policies on Patients
with T1D (1036-P)

NB Argento and AL Peters

New data from a T1D Exchange myGlu.org survey (n=124) indicates that the Center for Medicare Services'
(CMS) mandated quarterly visits for pump users may be quite detrimental to patient safety. In 43% of
surveyed respondents, this policy led to potentially adverse pump practices: nearly one in three respondents
said they have extended pump site duration past three days, 11% had to obtain emergency supplies, 7% said
they had reused supplies, and 4% said they had switched to injections. The authors note that there is no
supporting evidence for this quarterly visit policy. Ugh! The result, as participant comments indicate, is that
once a patient goes on Medicare, pump companies (Medtronic was specifically mentioned) will no longer
send supplies without prompting and instead rely on doctor visits as a marker for when to replenish
materials. In the case of patients with remote access, the requirement poses a significant inconvenience,
since HCP visits might require traveling hundreds of miles. Likewise, amongst those who are well-
controlled, these visits may not even be medically necessary, unduly increasing cost and administrative
burden on the system. Data from the T1D Exchange cohort examining mean A1c levels vs. frequency of visits
in Spatients 65 and older did not even yield a significant correlation, further adding to the lack of evidence
for this policy. Given these findings, it may be time for CMS to reconsider the quarterly visit policy for pump
users. With the lack of government response to the crisis caused by competitive bidding - a poster presented
at ADA estimates that the program has left 90,000+ insulin-dependent patients with partial or no SMBG -
we don't expect a rapid response without patient uproar. We're glad to see Drs. Argento and Peters bringing
yet another antiquated CMS policy to the forefront.

Cost Calculation and Adherence to Guidelines for a Flash Continuous Glucose
Monitoring System for Adults with Type 1 Diabetes Mellitus Using Intensive
Insulin: a UK NHS Perspective (1325-P)

R Hellmund

Using statistics from the IMPACT study of Abbott's FreeStyle Libre in type 1 patients and real-world data
presented at ATTD, Mr. Richard Hellmund made a compelling cost-effectiveness argument for the use of
FreeStyle Libre over SMBG. A FreeStyle Libre sensor costs £48.29 (~$60 USD), and Mr. Hellmund's
analysis assumes that patients use 26 per year (one every two weeks), equating to £1,255.54/patient-year.
In the IMPACT trial, patients also performed 0.5 SMBGs per day, which Mr. Hellmund's calculated adds an
additional £60.23/patient-year for supplies, resulting in a FreeStyle Libre-wearing total of £1,315/patient-
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year. He then compared this cost to three different SMBG scenarios: (i) 2015 UK NICE guidelines calling for
10 SMBGs per day; (ii) 5.6 SMBGs per day seen in the run-in period of the IMPACT trial; and (iii) 16 SMBGs
per day - the number of times people check their blood glucose with FreeStyle Libre in the real-world. Based
on reasonable assumptions for cost per lancet (£0.04) and strip (£0.29), Mr. Hellmund estimated the
following cost differentials by scenario: (i) UK NICE guidelines: FreeStyle Libre costs £111.27 more per
patient-year than SMBG; (ii) RCT testing frequency: FreeStyle Libre costs £641.25 more per patient-year
than SMBG; and (iii) Real-world testing frequency: FreeStyle Libre costs £611.43 less than SMBG per
patient-year (see table below). The first two scenarios are certainly more realistic than the third, and SMBG
will likely be cheaper than flash glucose monitoring for the foreseeable future, but Mr. Hellmund pointed out
that flash monitoring has the potential to reduce costly complications. For example, in IMPACT, Libre was
associated with a 48.5% reduction in low glucose events (<45 mg/dl) - one prevented episode of severe
hypoglycemia, with a single hospital admission estimated to cost approximately £1134 ($1433) at 2016
prices, would completely flip the script and rationalize the value of Libre. Additionally, implementation of
flash monitoring systems may decrease occurrence of cardiovascular complications through decreased
hypoglycemia and hyperglycemia, while also decreasing overall utilization of healthcare resources (as
demonstrated in IMPACT). Patients test nearly three times as much with Libre vs. SMBG, potentially aiding
in reduced complications long term, which are a much bigger economic drain on the system than the sensor
itself. At least 13 countries, including France, Belgium, and Germany, have come to this realization and offer
full or partial reimbursement for the device.

Assumed: # of
fingersticks per day

Annual Cost of
SMBG per patient
(£)

Annual Cost
of FreeStyle
Libre + 0.5
SMBGs/day
per patient
(£)

Annual
cost of
FreeStyle
Libre
relative to
SMBG per
patient (£)

NICE
Guideline
Testing
Frequency

10 1204.50 1315.77 +111.27

RCT Testing
Frequency
(based on

IMPACT trial)

5.6 674.52 1315.77 +641.25

Real-world
testing
frequency
(based on real-

world data from

55,000+

patients using

Libre)

16 1927.20 1315.77 -611.43
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Symposium: Dealing with the Rising Costs of Insulin - An Active Dialogue

The Rising Costs of Insulin - Introduction and Historical Perspective

Kasia Lipska, MD (Yale School of Medicine, New Haven, CT)

Dr. Kasia Lipska opened this highly-anticipated symposium on insulin costs with a look at the history of
insulin development and pricing. Unsurprisingly, given her somewhat controversial previous commentary
on insulin pricing, Dr. Lipska took a relatively critical stance on the value of modern insulin analogs,
describing what she termed "the paradox of incremental innovation." She acknowledged that substantial
and important advances have been made in insulin therapy - making insulin much safer and more
convenient - since its discovery in 1922, but pointed out that these improvements have occurred in a
stepwise manner, with new patents accompanying each advance. Further, she noted that, with the arrival
of newer insulin, older insulins often largely became obsolete and disappeared from the market in high-
income countries like US in particular. She highlighted this as the "paradox," as generally older products
create a market for generics, which largely has not happened in the insulin field - though this may be
changing with the arrival of Lilly/BI's biosimilar insulin glargine Basaglar (and upcoming biosimilars from
Merck and Mylan/Biocon). All in all, she posed the question, "Was each incremental innovation worth the
price that we pay today?" While we certainly sympathize with the point that insulin pricing has gotten out
of hand, it is not our sense that innovation in insulin is the main driver of increasing costs (compared to the
complex PBM/rebate negotiation system, etc.) and we certainly would not term substantial benefits in
hypoglycemia and ease-of-dosing an "incremental" improvement in quality of life for patients. That said,
we recognize that insulin analogs may unfortunately be out of reach for some patients in the current
healthcare system and, to that end, we appreciated Dr. Lipska highlighting her recent JAMA viewpoint (co-
authored with Drs. Irl Hirsch and Matthew Riddle) on practical tips for physicians on human insulin
therapy in patients with type 2 diabetes. We also appreciated Dr. Lipska's acknowledgement that human
insulin certainly is not a solution for everyone and that modern insulins are "definitely better" than older
versions from a pure clinical standpoint. Finally, Dr. Lipska concluded her presentation by acknowledging
the complexity of contributors to insulin pricing and highlighted several remaining questions: (i) Who are
the other players contributing to rising insulin prices?; (ii) What else can clinicians do to keep costs down?;
and (iii) What are the potential policy solutions?

Q: The average wholesale price (AWP) shown in that diagram - why is there so little
transparency in that?

A: Some say "AWP" also stands for "Ain't What's Paid." It's not the real price of the insulin. Pharma
companies tell us that the actual net price of insulin has either stayed the same or hasn't increased as well.
The gap between the two has risen, and part of that is because of rebating and discounts for insurers and
PBMs in this process. You're right, we need more transparency to see if we can judge it as far as it's not clear
where money changes hands in this system.

Understanding the Players in the Rising Costs of Insulin

Alan Carter, PharmD (MRIGlobal, Kansas City, MO)

Pharmacist Dr. Alan Carter emphasized the complex "cast" of players in the issue of insulin pricing,
including suppliers of raw materials, manufacturers pharmaceutical wholesalers, pharmacies, prescribers,
and people with diabetes. Overall, however, he underscored in great detail that insulin is an extremely
complex process, with safety and quality assurance standards largely in the court of individual
manufacturers. As a result, trust in insulin manufacturers is paramount and quality assurance trumps
price. He suggested that new policies like Medicare Part D and the ACA had the unintended consequences of
increasing PBM leverage, which is one of the main drivers of increasing costs. At the same time, Dr. Carter
argued that it will take all stakeholders - "a village" - to safety and effectively lower insulin costs without
sacrificing safety and quality.
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Clinical Decision-Making in a Cost-Conscious Era

David Robbins, MD (University of Kansas, Kansas City, KS)

Dr. David Robbins outlined several opportunities for healthcare providers, patients, the ADA, the
government, pharmaceutical companies, and all of us to impact insulin, drug, and healthcare pricing. For
the field as a whole, Dr. Robbins asked all the various stakeholders to stop oversimplifying the issue of drug
pricing and to share the blame, rather than point fingers. Further, the formation of partnerships to tackle
this problem are crucial. He also emphasized the need to healthy, educated, and fair critics, while
recognizing that we are all subject to bias. To that end, he emphasized that "new" is not always better. And
finally, he called upon attendees to always advocate for their patients - hear hear!

▪ For healthcare providers, Dr. Robbins emphasized the need to be a "tough, but fair,
critic." He suggested that conflicts of interest and bias is rampant in among prescribers.
Underscoring his point, he cited a study that found every additional $13 payment or gift from a
pharmaceutical company to a prescriber was associated keeping a patient on a particular drug for an
additional 107 days (p<0.001). He emphasized that the healthcare field has a whole has to take a
hard look at conflicts of interest and be honest with themselves about how this may bias clinical
care. To help make better decisions on which diabetes drugs to actually prescribe, Dr. Robbins
highlighted the importance of healthcare providers asking patients about their individual resources.
Dr. Robbins also called upon healthcare providers to demand better guidelines and rigorous
comparisons of new vs. old medications and tools. Additionally, more emphasis on the prevention
and early reversal of type 2 diabetes is needed. Finally, Dr. Robbins suggested that healthcare
providers have an obligation to spend time volunteering care in free clinics.

▪ For patients, Dr. Robbins highlighted the benefits of being an informed consumer. Dr.
Robbins asked patients to understand the benefits of drugs and ask their providers if the branded
medications are really better than lower-cost generics. Further, in cases where insurance coverage
may be denied, Dr. Robbins called on patients to doggedly ask the insurance companies for the
reason behind the denial, rather than just accepting it.

▪ For the ADA, Dr. Robbins wished for greater transparency on the organization's
funding sources and the inclusion of such disclosures on the widely-used ADA
diabetes guidelines. Dr. Robbins acknowledged that pharmaceutical funding is critical to support
the wide breadth of programs that the ADA is engaged in, but he suggested that separating ADA
guideline and opinion statements from such funding. He also asked the ADA to support comparative
effectiveness studies of different medications - including both branded and generic options - to help
providers with difficult clinical decision-making. Finally, Dr. Robbins argued that the ADA should
not taking advertising from pharmaceutical companies on its website or other materials.

▪ From a regulatory standpoint, Dr. Robbins argued that the FDA and other government
agencies should set a higher bar for new diabetes drugs, demonstrating improvements over
standard of care rather than just demonstrating efficacy compared to placebo. As he put it, the
government has dual obligations of protecting and also guiding the consumer.

▪ Dr. Robbins also highlighted several opportunities for pharmaceutical companies. In
particular, he asked manufacturers to demonstrate that new drugs are cost-effective and to expand
and simply safety net programs for expensive and critical drugs. He also suggested that companies
stop fighting Medicare's efforts to employ competitive bidding (though, in our view, competitive
bidding processes must also be accompanied by rigorous quality assurance standards). Finally, Dr.
Robbins emphasized that pharmaceutical companies need to do a better job of communicating their
narrative and "what they do right." For instance, he emphasized that these companies employ truly
dedicated people, the USA leads the world in discovery and innovation, and these companies often
return reasonable profit margins (which the exception of predatory companies like Turing and
Valeant). All in all, Dr. Robbins suggested that manufacturers need to do a better job of
communicating the high cost of drug R&D.
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Paving the Way Forward

Robert Ratner, MD (Georgetown University School of Medicine, Washington, DC)

Answering the question "What's the solution to high insulin prices?," former ADA Chief Scientific and
Medical Officer Dr. Robert Ratner stated that there is only one real solution: "Someone has to make less
money." He emphasized that the system of insulin pricing/coverage/rebating is extremely complicated and
that a lack of transparency makes it difficult to understand where the bulk of the money is going. That said,
Dr. Ratner noted that rebates to pharmacy benefits managers (PBMs) rose substantially from $67 billion in
2013 to a whopping $106 billion in 2015. While acknowledging that an appropriate level of profit from
insulin supports R&D and prices in the US subsidize insulin in low- and middle-income countries, Dr.
Ratner stated to great applause, "The issue of middlemen with no added value increasing expenditures is
something we can get rid of without having any downward pressure on insulin pricing elsewhere" - hear
hear! Dr. Ratner views free market competition mechanisms as the most likely to be successful in driving
insulin pricing reform. He acknowledged that the very first biosimilar insulin glargine - Lilly/BI's Basaglar
- has not been discounted quite as much as some had hoped (in the US, the follow-on biologic is discounted
about 15% relative to originator Lantus). On the other hand, he underscored that we typically must wait for
two or more generics to see price driven down, and Dr. Ratner was fairly optimistic on the future launch of
additional biosimilars given that new FDA commissioner Dr. Scott Gottlieb has publicly highlighted
simplification of the biosimilar regulatory process as one of his goals. Even with the current, rather
complicated process, Merck has already submitted a biosimilar insulin glargine formulation and Mylan/
Biocon are planning to submit their own formulation shortly. Dr. Ratner also sees greater proliferation of
direct-to-consumer programs as promising - he highlighted Walmart's $26/vial human insulin as an
excellent example of how the complex insurance/PBM/rebate system can be bypassed entirely to bring
insulin directly to patients at a lower cost. We think that the Blink Health and InsideRx direct discount
programs are a good example of this principle as well, though the prices for medications through these
programs are admittedly still much higher than that of Walmart insulin. Most promising in Dr. Ratner's
view, however, are the recent proliferation of lawsuits accusing insulin manufacturers, payers, and PBMs
of price-fixing in insulin. While he reserved judgement on whether any of these lawsuits had merit, he
pointed out that they will force transparency in this opaque field by forcing various stakeholders to disclose
their contractual agreements as part of discovery. We think it's highly unlikely that any actual price-fixing
is occurring and, while we wholeheartedly agree with the need for transparency, we wish it wouldn't take
several high-profile lawsuits to encourage companies to disclose their financial agreements. We certainly
believe voluntary disclosures would generate more goodwill, while these lawsuits that only further
exacerbating the public furor over drug pricing. The "story" has spun out of control in many ways and we
continue to hope that manufacturers and other stakeholders will take the initiative to address these
concerns head-on - without being pushed by external forces. Some progress has been made in recent
months, but there is still much more room to help relieve the financial burden of diabetes care for patients.

▪ On the other hand, Dr. Ratner was less optimistic about the potential for legislative or
regulatory controls to offer near-term relief on insulin pricing. He noted that there has
been significant discussion among politicians and in legislature (both at the state and the national
level) on potential policy solutions to the issue of high drug costs. He highlighted proposals to allow
Medicare Part D to negotiate with manufacturers, government-imposed price controls, and
challenges to "pay for delay" tactics, but ultimately emphasized that the legislative process can be
incredibly slow. On the regulatory front, he suggested that some of the proposals floating around
could have unintended, negative consequences from a global perspective. For instance, he noted that
calls to allow the importation of drugs from other counties have become popular in some circles and
that this would actually be possible within the current purview of the FDA, without need for
legislative change. That said, Dr. Ratner pointed out that the last four FDA commissioners
(including Dr. Gottlieb) has come out "categorically against" this idea. Further, Dr. Ratner suggested
that cross-border importation of insulin would actually incentivize companies to only sell insulin in
companies that can command a higher price, like the US, and potentially create insulin shortages in
other countries.
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Symposium: Population Health, Affordable Care Act (ACA), and New
Approaches for Dissemination/Implementation of the Diabetes Prevention
Program (DPP)

Policy Update - Impact of ACA and Medicare on Dissemination and
Implementation of the DPP

Nina Brown-Ashford, MPH (CMS, Baltimore, MD)

In an engaging presentation, Ms. Brown-Ashford of CMS shared an inside perspective on the Medicare DPP
program expansion. She first addressed how social determinants of health have a huge impact on diabetes
outcomes, especially type 2 diabetes, and emphasized the importance of approaching diabetes at the level of
population health. In the context of Medicare, 25% of Americans age 65 or older have type 2 diabetes, and
diabetes care for this older population costs $104 billion annually and keeps growing. To address this
problem, the CDC National Diabetes Prevention Program and Y-USA implemented a DPP model test with
7,800 beneficiaries from February 2013-January 2015, and found that 83% of participants who attended
four or more sessions experienced an average weight loss of nine lbs. Each of these participants saved
Medicare >$2,000, on average. In 2016, the Medicare Diabetes Prevention Program (MDPP) expansion
was announced and it will go live in 2018. Ms. Brown-Ashford described the many logistical and
bureaucratic issues that needed to be addressed for the MDPP model expansion to succeed, such as working
to implement a quality-based model in a fee-based system. The MDPP benefit will include the CDC-approved
DPP curriculum, a 12-month core benefit that includes 16 core sessions over the first six months, monthly
sessions for the next six months, and maintenance sessions if the participant achieves and maintains a
minimum weight loss of 5%. Any Medicare Part B beneficiary with a BMI >25 kg/m (>23 kg/m for22

Asians), lab tests that demonstrate high blood glucose levels, and no history of type 1 or type 2 diabetes will
be eligible, and coverage will be once per lifetime per beneficiary with no referral required. Organizations
must obtain CDC recognition and enroll in Medicare as MDPP suppliers. Ms. Brown-Ashford suggested that
organizations interested in participating should work toward becoming CDC-recognized and should gain
more familiarity with all requirements. Policies still need to address how payment will be structured, how to
ensure quality, and how to accommodate virtual DPP suppliers. We were impressed with Ms. Brown-
Ashford's dedication to the MDPP benefit, and we look forward to having diabetes prevention programs
become more widely-accessible.

Questions and Answers

Q: Is the funding for the MDPP tied to the ACA, and will it survive?

A: Reimbursement for these services come from the Medicare Part B trust fund and not from 3021 funds from
the Affordable Care Act statute. Right now, the ACA is the law of the land and I can't speak too much on the
current state of affairs.

Q: Will Medicaid support a version of the DPP?

A: We modeled these outcomes on the original pilot, and are limited because of that. There are a number of
DPP demonstrations happening in Medicaid, and whatever Medicaid puts forward is what others tend to
follow. They are waiting for what happens with Medicare, but I agree with your comment 100% in terms of the
need for Medicaid to start working on this.

Symposium: The Fate of the Affordable Care Act

Past, Present, Future - The Affordable Care Act and Diabetes

Alvin Powers, MD (Vanderbilt University, Nashville, TN)

Dr. Alvin Powers opened the symposium with an overview of how the Affordable Care Act (ACA) has
impacted people with diabetes, walking attendees through the policy's history. He shared how before the
policy was implemented, people with diabetes were denied coverage or charged with very high premiums
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and necessary diabetes treatments were often not covered. Praising the ACA, Dr. Powers discussed the
positive impacts of Medicaid expansion and the financial help for low/moderate income populations,
presenting data on the progress made in low-income populations and the prevalence of uninsured
individuals. Specifically for diabetes, he noted that the ACA was monumental in bringing about access to
essential health benefits, developing consumer protections (guaranteed issue/renewability, protection
against higher premiums due to diabetes, and protection against coverage exclusion for pre-existing
conditions), and bringing a greater focus on preventative services such as diabetes screening. Turning to the
current landscape, Dr. Powers expressed disappointment of ongoing legislative threats to the ACA, as he
emphasized that such policies threaten the gains in access, affordability, and adequacy of healthcare
coverage. As the ADA's President of Medicine and Science, Dr. Powers closed by emphasizing the ADA's
principles on the current political environment: the ADA is not for or against any specific bill but believes
that any attempts to modify or replace the ACA must provide coverage for at least the same number of
people under the ACA, ensure continuous availability of health insurance coverage regardless of the
person's circumstances, and ensure access to adequate and affordable health insurance. With these
principles, Dr. Powers initiated a passionate call to advocacy, inviting attendees to join the ADA in its
efforts - a sentiment that was echoed and strengthened throughout the rest of the symposium.

Implications for People with Diabetes and Other Chronic Conditions

Marc Boutin, JD (National Health Council, Washington, DC)

National Health Council CEO Mr. Marc Boutin led an energized call to advocacy, as he shared insights on
the most recent happenings and impending future of the Affordable Care Act (ACA). Mr. Boutin first
described the new balance of power at the level of the federal government, where the focus has centered on
capping federal healthcare spending and cost growth and offering greater flexibility to the private sector
and states. Discussing how to address these issues, he outlined the "three-pronged approach" of executive
and regulatory action, reconciliation, and piecemeal legislation. As he reviewed the recent events
surrounding the repeal of the ACA, Mr. Boutin stressed that the National Health Council remains "very
concerned" with the federal government's focus to "repeal and replace," as he sees the new American Health
Care Act as dangerous to many of the key principles held in the patient advocacy community. Specifically,
he expressed significant concern over the bill's proposed reductions in Medicaid coverage, elimination of
subsidies, implementation of premium rating for age and health status, and states' ability to opt out of
essential health benefits. Mr. Boutin stressed the need to build greater momentum in patient advocacy
(which was further emphasized during the Q&A), as he noted that he believes Congress is moving quickly
and may make significant progress by July 4, 2017. Explaining the National Health Council's role in this
work, he shared that the Council is working hard to: (i) identify the universe of policy proposals; (ii) create
a patient-centered framework;(iii) prioritize proposals; and (iv) assess policy proposals. With these in
mind, Mr. Boutin expressed that their final policy recommendations include: expediting generic and
biosimilar approvals, promoting transparency, encouraging outcomes-based contracting, and facilitating
value-based insurance design. In conclusion, Mr. Boutin heavily emphasized that "the voice of the patient
must be carried forward," stressing that the field must genuinely embrace the patient-centered model in
order to make the desired progress.

Questions and Answers

Comment: Thank you for your presentations, but we need even more passion, like we saw in
Des Schatz's talk last year. We need to get energized and get strong advocates. We really need
to get fired up. We can have a very, very strong voice if we get everyone together here.

Q: I'd like you to comment on the very skewed media that portrays Obamacare as a miracle
and as Trumpcare as horrible. How can we get more balanced information out there on
mainstream media?

Dr. Powers: On behalf of the ADA, I think we're not in favor of law x, y, z. We have core principles that are
targeted for people with diabetes.
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Mr. Boutin: The media portrayal has been oversimplified and has bought into partisanship. The irony of the
ACA is that much of the framework was bought from several Republican proposals from the past. It has now
become very partisan. We've had difficulty with focusing in on what's best for people. We had trouble with
that for the ACA and we have trouble with that now. We have not done a good job of explaining this to people.
A lot of people still don't understand that if we take this away, a lot of people will get hurt. We're putting out a
video on this in lay terms next week. This has been complicated, as our own President has said. But it's been
grossly partisan. We have to figure out how to do a better job of providing high-quality, low-cost care. And as
a country, we're not doing a good job.

Dr. Elbert Huang (University of Chicago, IL): I worked on the implementation of the ACA. If you're a scientist
or clinician, we adhere to evidence-based medicine. And well, policymaking is crazy - there's essentially very
little evidence-based policymaking. A lot of ideas in the law aren't proven. I know that a lot of us are not
natural advocates. Expansion of healthcare coverage was not palpable to people and it's questionable if the
people who would be most impacted voted. We need to look at the behavioral side of this, as well. With repeal
of the ACA and with loss of coverage, losses loom larger than gains. I'm a big advocate of evidence-based
policymaking and we need to evaluate this of the ACA. Also, I'd like to note that there is no intersection of the
HCA and ADA principles. The press is definitely marginalized and we have problems with segregated
populations. The ADA and patient communities need to speak louder.

Q: I have lots of colleagues who are not interested in advocacy. They think it's political or just
hurts feelings. What can we do to make things issue-based rather than based on politics or
personalities?

Mr. Boutin: Being issue-based is tough with complex social issues like these. It's a bit easier with something
tangible like diabetes and cancer. But when elevated to the system level, it's hard to create that same emotion.
Partisanship has been very cyclical - we have at least four more years until we have a chance to change that.

Dr. Powers: We have to get outside of our comfort zone. We can't just be an educator, clinician, or scientist.
With the technology we have now, you can engage with and alert your congress members. We need to inspire
our colleagues. If you care about people with diabetes, you will do this. [Applause]

Comment: I just want to share that I am completely utterly perplexed as to why there is so
much opposition for preventative care by the Republicans when their focus is on fiscal
responsibility. [Applause]

Epidemiology, Education, and Additional Topics

Oral Presentations: ADA Presidents Oral Session

Program ACTIVE II: A Comparative Effectiveness Trial to Treat Major Depression
in T2DM

Mary de Groot, PhD (Indiana University School of Medicine, Indianapolis, IN)

Dr. Mary De Groot presented the Program ACTIVE II study, a 12-week evaluation of exercise, talk/cognitive
behavioral therapy, and exercise plus therapy as psychosocial interventions for people with type 2 diabetes
and comorbid clinical depression (n=150). All three interventions were associated with statistically
significant improvements in depressive symptoms (p<0.05), diabetes distress (p<0.01), and quality of life
(p<0.05) vs. usual care. Patients randomized to any of the three treatment arms reported fewer negative
automatic thoughts (p<0.03 vs. usual care). These effects were sustained even after controlling for
antidepressant medication use, which underscores the distinct benefit to exercise support (12 weeks with a
personal trainer) and to talk/cognitive behavioral therapy (10 sessions over the course of 12 weeks).
Importantly, Program ACTIVE II enrolled adults from diverse income levels and educational backgrounds,
each of which independently affects psychosocial health. We were extremely pleased to hear this data as
part of the ADA Presidents Oral Session, a decision that speaks to the organization's growing emphasis on
the psychosocial aspects to diabetes care. In fact, we learned that this is the first annual scientific sessions
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with an explicit focus on psychosocial treatment, and it comes on the heels of the ADA/APA (American
Psychological Association) position statement on psychosocial care for people with diabetes. Notably, the
ADA's 2017 Standards of Care also reflects this emphasis on psychosocial support.

Oral Presentations: Prediction and Prevention of Cardiovascular
Complications

Genetic Predictors of Cardiovascular Outcomes during Intensive Blood Pressure
Control in ACCORD

Hetal Shah, MD (Joslin Diabetes Center, Boston, MA)

The 2008 ACCORD trial demonstrated that intensive blood pressure control did not improve cardiovascular
outcomes in people with type 2 diabetes overall, but using a genome-wide association screen, Dr. Hetal
Shah and her team identified genetic variants that could be used to pinpoint the subset of people with
diabetes for whom intensive blood pressure is effective for the prevention of cardiovascular outcomes. The
researchers conducted a GWAS test for 6.8 million common genetic variants for association with the
primary outcome of 3-point MACE (cardiovascular death, non-fatal MI, and stroke) among consenting
study participants (n=1,151) in the intensive blood pressure control arm of the ACCORD study. One loci on
2p22 exceeded the threshold (p=5x10 ) for genome-wide significance: an intron on 2p22 near the non--8

coding RNA gene LOC101929596 (p=3x10 ). Four other loci achieved near-threshold significance (p<10 ) --7-8

SNPs in close proximity to the non-coding RNAs on 22q21 and 18q2, the HDAC9 gene on 7p21, and the
Syntaxin-8 gene on 17p13 responsible for protein trafficking. Sixteen other loci achieved notable significance
(p<10 ). In a joint analysis of both the intensive and standard blood pressure control arms of the ACCORD-6

study (n=2,295), individuals with the dominant allele for the top SNP experienced a significant benefit in the
primary outcome when undergoing intensive blood pressure control (HR 0.66; 95% CI 0.49-0.88;
p=0.006), whereas those with the recessive allele actually experienced a near doubling in cardiovascular
events in response to intensive therapy (HR 2.22; 95% CI: 1.21-4.06; p=0.01). Dr. Shah was careful to note
that these findings must be confirmed in additional studies, but this preliminary evidence provides an
important basis for a future precision medicine approach to preventing cardiovascular events in people
with type 2 diabetes. While we look forward to a future where an individual's genetic makeup can be used to
inform what strategy for blood pressure management has the best chance of preventing cardiovascular
events, there is a long road ahead on this front - nonetheless, we're glad to see the continued immense
interest and progress in this area!

Oral Presentations: Venturing Beyond the Bricks, Mortar, and Books

Global Patterns of Treatment Changes among Patients with Type 2 Diabetes
(T2DM) Treated with Insulin: Insights from the MOSAIc Observational Study

Melanie Davies, MD (University of Leicester, UK)

Dr. Melanie Davies presented the results of MOSA1c, an 18-country observational study following insulin-
treated patients with type 2 diabetes (n=4,299) in order to determine what types of treatment changes occur
across two years of follow up. 89% of participants in the study had a personalized A1c target, though 95% of
them had an A1c above this target during the time of the study. 38% of patients in the study experienced a
treatment change (defined as addition of an insulin injection, change in/additional insulin type, addition of
GLP-1 receptor antagonist, addition of an oral antidiabetes drug, or insulin dose escalation) within 6
months of an elevated A1c, while 34% had no treatment change during follow-up. Patients with A1c values
more than 1.5% above target were more likely to undergo a treatment change. However, more than half of
insulin-treated patients with type 2 diabetes and elevated A1c did not receive recommended treatment
change within 6 months after exceeding their personalized target. For patients with multiple instances of
treatment change, the most common forms of treatment change were insulin dose escalation (60%),
addition of an insulin injection (43%), and change in or addition of insulin type (41%). Patients with
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treatment change were slightly younger, white, married or cohabiting, and were more likely to have
macrovascular complications, heart failure, and public health insurance. Physicians who initiated
treatment changes tended to have slightly less time spent with patients to manage diabetes care and slightly
larger number of diabetes patients treated in the last month. These fascinating results provide a
comprehensive view of global trends in diabetes treatment, and we hope a deeper dive into the MOSA1c
findings can foster a deeper understanding of the challenges associated with the intensification of diabetes
therapy.

Oral Presentations: Potential Implications of the Affordable Care Act on
Diabetes Care

Trends in the Costs of Diabetes-Related Preventable Hospitalizations, 2002-2013

Sundar Shrestha, PhD (CDC, Atlanta, GA)

Dr. Sundar Shrestha presented data showing an increased cost burden of total diabetes-related preventable
hospitalizations (DRPH) between 2002-2013. The study used data from this time period from the US
National Inpatient Survey, analyzing mean length of stay and cost per inpatient day. Dr. Shrestha shared
that cost per admission remained stable for short-term complications and lower extremity amputations, but
increased slightly for long-term complications and uncontrolled diabetes. Notably, mean length of stay
declined (by 0.3% to 2.2% annually) for all types of DRPH but cost per inpatient day increased (by 2.1% to
3.4% annually). Dr. Shrestha concluded that the total DRPH cost burden increased due to increasing trends
in the number of discharges, likely due to increasing diabetes prevalence, as well as increasing trends in
mean DRPH costs (due to increased cost per inpatient day). In closing, Dr. Shrestha stressed that these
findings reinforce the need for continued efforts toward alleviating diabetes burden and improving
ambulatory care and diabetes management, and he called for further research into these cost trends. In all,
we agree that these data continue to emphasize the importance of prevention and earlier diabetes
intervention, as the burden of complications and their financial implications remains significant.

Questions and Answers

Q: You noted that as the length of admission is falling, but the cost per day of admission is
rising. Is that specific to diabetes or is it a general trend?

A: We think this is an area for research. There have been no complete studies to look at this. We don't know
exactly the reason.

Q: I was struck by the short-term complications and how there was really no change in that
timeframe. And this seems to be an ongoing burden that we've not yet conquered. Do you have
additional insights regarding short-term complications?

A: We're actually not sure - we need to look at more detailed data.

Oral Presentations: Hospital-Based Care and Diabetes - Adherence to
Diabetic Care Strategies

Association Between Oral Diabetes Agent Adherence, Age, Comorbidities, and A1c
among Elderly Patients

Gregory Nichols, PhD (Kaiser Permanente, Portland, OR)

Dr. Gregory Nichols presented results from an analysis examining the effect of age, comorbidities, and A1c
on adherence to oral diabetes medications among elderly patients (age ≥65). The analysis involved 2010
electronic health record (EHR) data for ~54,000 patients in three Kaiser Permanente health systems. Of
these patients, 48,803 were considered to be in good control (A1c <8%), while 1,708 were considered to be in
poor control (A1c >9%). The analysis found that the oldest patients (age ≥85) were 2% less likely to be
adherent vs. younger patients. Moreover, patients with at least four comorbidities were 10% less likely to be
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adherent vs. those with fewer comorbidities. We wonder whether these results might be different in a
population with more typical adherence rates: As noted during Q&A, adherence was quite high in both
groups, at 83% in the cohort with good control and at 71% in the cohort with poor control (patients were
considered adherent if they had ≥80% of days covered based on prescription fills). We also wonder how a
different definition of adherence might affect these findings (for example, patients might fill more than 80%
of their prescriptions but not actually take all the medication). Dr. Nichols' main conclusion from the results
(based on the rationale for the study), was that CMS should take factors such as age and comorbidity status
into account when creating financial incentives for Medicare Advantage plans based on metrics including
adherence.

Questions and Answers

Q: Was there an explanation for the relatively high adherence in this study? A lot of studies
suggest adherence rates on the order of 60%. Maybe older people have greater adherence?

A: Better adherence is common among those over 65. Kaiser does a good job at this. The adherence rates here
weren't out of line with other studies I've done.

Q: You mentioned that adherence was dichotomized, but did you also look at it as a continuous
variable?

A: We didn't. Based on other studies, dichotimization makes sense for reasons beyond just convenience.
People really are or aren't adherent. There's a large cluster at zero and a large cluster at 80-90%, and the rest
are dispersed throughout.

Oral Presentations: The Epidemiology of Diabetes Complications

Glycemic Control, Glucose-Lowering Medication Use, and Utilization among
Older Patients with Diabetes

Jennifer Kuntz, PhD (Kaiser Permanente Center for Health Research, Portland, OR)

Dr. Jennifer Kuntz presented the results of an analysis investigating the impact of number of medication
classes and A1c on healthcare utilization among older patients with diabetes (age ≥65). The goal was to
gain insights that can help providers individualize therapy for older patients, where it can be particularly
difficult to strike the right balance between tight control and avoiding negative effects of medications. The
analysis involved 10,091 patients with diabetes in the Kaiser Permanente Northwest Diabetes Registry. Of
those patients, 5,065 were considered to have tight control (A1c <7%), 4,386 had moderate control (A1c
7-8.9%), and 640 had poor control (A1c ≥9%). Results showed that 84% of patients in the tight control group
were taking medications from at least two different diabetes drug classes, compared with 70% of the poor
control group. The analysis also found, however, that patients achieving tight control with two or more
medication classes had 24% more hospitalizations and 37% more hospital days compared to those achieving
tight control with fewer than two classes. The same group (tight control and at least two medication classes)
had 55% more hospitalizations and 63% more hospital days than patients with moderate glycemic control
taking fewer than two medications. There was no significant difference between groups in outpatient and
emergency room visits. Dr. Kuntz concluded that this study suggests that overtreatment may be hazardous
for elderly patients, generating unnecessary healthcare utilization in the form of emergency care or hospital
visits. As was discussed during Q&A, it would be interesting to see more granular results looking at the
effect of specific medications on healthcare utilization. For example, we would not be surprised if insulin use
was the main factor behind the increased hospitalizations in the group taking more medication classes.
Moreover, we don't like the idea of any patient - old or young - having to sacrifice their desired glycemic
target due to the risks associated with tight control, and instead would love to see CGM use and better
patient education to manage these risks and avoid hyperglycemia. For patients who must take mealtime
insulin, of course, those are real risks as they are for patients on SFUs (like Dr. Ralph de Fronzo, we wish no
patients had to take these.)

Questions and Answers
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Q: What were the excess hospitalizations for? Did you look at insulin as a different class? A
patient just on insulin may be taking three boluses a day, which is quite complex, but that
person would be lumped into the same group as someone just taking metformin.

A: We haven't looked at the reasons for hospitalization yet. We looked at hypoglycemia and didn't see many
events, but we were not that rigorous in trying to find them. The next step is to dig into more of the
complexities in different medications.

Q: More than 80% of the population with an A1c <7% was on fewer than two medications. Did
you look at what proportion was not on any medications? If so, are you worried that some of
them were false positives for having diabetes?

A: We did look at those taking zero medications. We relied on the fact that our diabetes registry data is very
rich. I don't think there were any false positives.

Global Prevalence of Type 2 Diabetes Complications in 14,391 Patients Initiating
Second-Line Therapy: The DISCOVER Study

Mikhail Kosiborod, MD (University of Missouri, Kansas City, MO)

The DISCOVER study was an effort to more accurately quantify the prevalence of micro and macrovascular
diabetes complications around the world. As Dr. Mikhail Kosiborod established at the start of his talk, these
prevalence values are not currently well-described. The DISCOVER research group collected patient data
from both primary care and diabetes-specific healthcare settings. The overall adjusted prevalence of
macrovascular complications was 13%, but ranged from 4.1% to 46.6% across countries. The overall
adjusted prevalence of microvascular complications was 17.7%, ranging from 5.5% to 41.1% across
countries. Macrovascular complications included coronary artery disease, heart failure, stroke, and
peripheral artery disease, while microvascular complications included retinopathy, nephropathy, and
neuropathy. Dr. Kosiborod concluded that there is a substantial global burden of micro and macrovascular
complications of diabetes, one that should be addressed through more rigorous screening for risk factors.

▪ Strengths of study include a large number of patients from regions across the world
(37 countries across 6 continents). The list includes countries like Panama, Costa Rica, and
Bahrain, which have rarely been studied before, at least not in the context of diabetes epidemiology.
Another strength of the study design, according to Dr. Kosiborod, was use of a standardized
electronic case report form to facilitate comparisons across multiple countries and regions.

▪ Study limitations include the possibility of suboptimal screening for complications in
developing or rural regions, as well as the potential for biased reporting of complications, since
this was somewhat subject to an investigator's judgment.

Oral Presentations: Race and Societal Influences on Diabetes

The Productivity Burden of Diabetes

Dianna Magliano, PhD (Monash University, Melbourne, Australia)

Dr. Dianna Magliano estimated diabetes to yield a 27% reduction and 19% reduction in Productivity
Adjusted Life Years (PALYs) for Australian males and females, respectively. In an effort to expand what is a
remarkably lacking area of research, Dr. Magliano took matters into her own hands and designed PALYs
by applying a known productivity index across two 2011 life tables from the National Diabetes Service
Scheme (NDSS), one table of people with diabetes and one without. To determine the productivity loss
attributed to diabetes, she subtracted PALYs from those without diabetes from those with diabetes. PALYs
lost due to diabetes were most apparent in those aged 20-65, the working age population. This work further
highlights the importance of preventing diabetes and caring for those with diabetes. Dr. Magliano hopes
that future work will focus on linking PALYs with a monetary value, providing financial insight to leverage
improved care for people with diabetes at the population level.
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The Burden of Diabetes, Hypertension, and Noncommunicable Disease Risk
Factors among Adults Aged 30 Years and Above in Rural Bangladesh- A Cross-
Sectional Epidemiological Survey

Kishwar Azad, MSc (BIRDEM and Ibrahim Medical College, Dhaka, Bangladesh)

Ms. Kishwar Azad won the Vivian Fonseca Scholar Award this year for her work surveying risk for type 2
diabetes, impaired fasting glucose, impaired glucose tolerance, hypertension, and common
noncommunicable diseases in rural Bangladesh. Ms. Azad's team reached out to 96 villages in the area and
surveyed 12,280 individuals older than 30. Results showed a high risk of type 2 diabetes in this population,
based on a high frequency of impaired glucose tolerance (15.6%). Diabetes prevalence in this population
increased with age, and the chronic disease was also more common in women. A striking finding from this
analysis was that a third of the participants had never heard of diabetes. Among those who had heard of it,
70% did not know the causes, and 75% of those found to have type 2 diabetes were unaware of their
condition. Ms. Azad's presentation was an important reminder that the type 2 diabetes crisis is truly global,
and her inspiring work offers some hope that we can spread diabetes education and screening to combat
this worldwide epidemic (though so much work remains to be done).

Questions and Answers

Q: What kind of training did the individuals who collected the data have?

A: They each received one week of training.

Q: More and more around the world, we're seeing a higher prevalence of diabetes in men vs.
women, but you found the opposite. Why would that be?

A: It's hard to say, and there could be many reasons. One possibility is that women in rural Bangladesh do not
exercise often, since their work is such that they are mostly in the house. I don't like to say that they're
unemployed, but they work all day in the house and it's very sedentary. They don't go outside and get that
same level of physical activity as men.

Q: How did you do the psychological assessment in this study?

A: We used a guided survey, I can't remember exactly which right now.

Q: Did you also collect information from youth under 30, considering the higher rate of type 1
diabetes in that population?

A: This survey was mainly for type 2 diabetes. We have another program looking at type 1, and we have one
that is sponsored by Novo Nordisk.

Oral Presentations: Novel Approaches to Improving Adherence in T2D

Stepped-Care Behavioral Intervention Reduces Regimen-Related Distress

Doyle Cummings, PharmD (East Carolina University, Greenville, NC)

People with type 2 diabetes have higher prevalence rates of depressive and distress symptoms than the
general population, and these comorbidities are associated with poorer glycemic control and self-care.
However, the impact of lowering these symptoms in rural primary care patients is inadequately described.
Dr. Cummings presented his work on the COMRADE trial, which looked at the feasibility of delivering an
integrated behavioral health intervention in a rural primary care setting for patients with type 2 diabetes
with A1c above goal (>7%) and comorbid distress. The study population had an average A1c above 9, were
middle age, and were predominantly female and African American. The trial was designed as a randomized
prospective pragmatic comparative effectiveness pilot study and was held at an academic family medicine
center serving a large rural area. Treatment was integrated behavior intervention (cognitive behavioral
therapy and lifestyle modification) compared to usual care, with the intervention delivered twice a month
for six months, plus telephone support. First, researchers stratified the population by depression (as
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assessed by the PHQ-9 questionnaire) and diabetes distress (as assessed by the DDS-17 questionnaire), with
patients with higher scores receiving cognitive behavioral therapy from a psychologist, and those with
lower scores receiving coaching on behavioral small changes lifestyle by a nurse. After the intervention,
participants experienced significant reductions in DDS-17 diabetes distress measures like regimen-related
distress, emotional burden, and interpersonal burden. However there was no statistically significant
improvement in A1c. Interestingly, improvement in regimen-related distress was the most significantly
correlated with improvement in A1c. Overall, the COMRADE study demonstrates that it is feasible to
implement screening and interventions for behavioral issues in a rural setting, and behavioral health
interventions can lower distress and depressive symptoms more than usual care.

Oral Presentations: Physiological Effects of Exercise in Humans with
Diabetes or Obesity (With State-of-the-Art Lecture)

State-of-the-Art Lecture: Emerging Mechanisms Underlying the Benefits of
Exercise for Diabetes

Bret Goodpaster, PhD (Translational Research Institute, Orlando, FL)

In his state-of-the-art lecture, Dr. Bret Goodpaster emphasized the importance of exercise for individuals
with type 2 diabetes, asserting that no matter the patient's age, exercise ultimately helps with glucose
control. When individuals exercise, they are affecting their skeletal muscles. People with diabetes who
exercise frequently will have high mitochondrial content in the intermuscular tissue, and with each
contraction of the muscle, they increase their glucose uptake from the blood- a direct mechanism to
counteract hyperglycemia. As a part of the normal aging process, the amount of intermuscular adipose
tissue increases, which also raises the likelihood of storing fat and lowers the rate of glucose uptake.
Physical activity will decelerate the growth of intermuscular adipose tissue, and exercise is thus beneficial in
both the short and long term for people with type 2 diabetes. Additionally, studies have shown that exercise
following bariatric surgery improves insulin sensitivity and mitochondrial activity.

Oral Presentations: Mechanisms and Modulators of Cardiovascular
Complications (With Edwin Bierman Award Lecture)

Edwin Bierman Award Lecture - Metabolic Karma - The Atherogenic Legacy of
Diabetes

Mark Cooper, PhD (Monash University, Melbourne, Australia)

In this presentation, Dr. Mark Cooper explained how the history of an individual's metabolic control can
influence that individual's future health. According to the legacy effect, positive metabolic control efforts
lead to persistent long-term benefits, while inadequate control may have negative consequences in the long
term. This is important because when post-mitotic cells are lost during poor glucose control, there is no way
for those cells to regain their functions. As a result, vascular complications result from a history of poor
glycemic control due to accumulated cellular modifications, including increased reactive oxygen species
(ROS) production and decreased antioxidant protection. Hyperglycemia-generated ROS also leads to the
activation of atherogenic signaling pathways. Furthermore, hyperglycemia increases the number of free
fatty acids, which change cell surface charges and structures. Therefore, epigenetic changes may be induced
by hyperglycemia, indicating a possible mechanism of connection between glucose and neuropathy. Dr.
Cooper concluded his talk by emphasizing the importance of metabolic karma and its effect on diabetes and
health. Important studies in the future may probe for the role of transient hyperglycemic variability and
transgenerational legacy from parents.
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Oral Presentations: Obesity Pathogenesis and Treatment - Insights from
Human Studies

Race Affects the Association of Obesity Measures with Insulin Sensitivity

Jeannie Tay, PhD (Nutrition Obesity Research Center, Birmingham, AL)

Research conducted by Dr. Jeannie Tay at the Nutrition Obesity Research Center underscores the
importance of considering racial differences (in body composition, fat distribution, etc.) when evaluating
risk for type 2 diabetes. One study sought to measure clamp-derived insulin sensitivity in 61 individuals
without diabetes by measuring BMI, body composition, and fat distribution. The subcutaneous abdominal
adipose tissue (SAAT), intra-abdominal adipose tissue (IAAT), intrahepatic fat (HF), total lean mass (LM),
fat mass (FM), and leg fat (LF) were measured through MRI and DXA scans. Peripheral insulin sensitivity
was measured by hyperinsulinemic-euglycemic clamps. African Americans had 33% lower insulin
sensitivity, higher SAAT, and higher LF vs. Caucasian Americans, even though all participants were in the
same general risk cohort. For Caucasian Americans, higher BMI, FM, SAAT, LF, and HF correlated with
lower insulin sensitivity. Overall, the results suggest that adipose measures represent stronger type 2
diabetes risk indicators in Caucasian Americans vs. African Americans. Most importantly, HCPs should
take this into consideration when evaluating their patients for risk of obesity and type 2 diabetes. Dr. Tay
alluded to future studies which might investigate differences between men and women in both African
American and Caucasian populations. She also suggested that the study could be expanded to include other
racial groups.

Oral Presentations: Translating Therapeutics to the Real World

Trends in Glycemic Medication and Control in Youths with Type 2 Diabetes (T2D):
The SEARCH for Diabetes in Youth Study

Tongtong Wang, PhD (Merck, Kenilworth, New Jersey)

Dr. Tongtong Wang presented results from a post-hoc analysis examining medication at type 2 diabetes
onset in younger patients, using data from the US SEARCH for Diabetes in Youth Study. The analysis drew
from two primary sources: (i) a comparison of data from 646 patients who completed a SEARCH baseline
visit in the 2002-2005 period and those who completed a visit in 2008-2012; and (ii) a longitudinal analysis
of the 322 participants who also had a follow-up visit. In the first comparison, distribution of medications at
baseline was largely comparable between those diagnosed in 2002-2005 vs. those diagnosed in 2008-2012:
about two thirds of patients received metformin (65% in 2002-2005 vs. 70% in 2008-2012) and about one
third received insulin at diagnosis (38% in both periods). Fortunately, the use of SUs was low in both
periods, and even lower in the latter period though the difference is not significant (6% vs. 4%). Notably, the
only medication with a significant difference in use between the two periods was TZDs - use of this class
declined from 5% in 2002-2005 to 2% in 2008-2012 (p<0.05). While the overall use numbers are lower
(since this study only examined first-line therapy), the drop in TZD use mirrors what we've seen in the
overall type 2 diabetes population (from 2006 to 2013, TZD use overall dropped from 29% to 6%). It
appears that A1c at baseline was a primary driver of the clinical decision to initiate metformin vs. insulin
(which is expected, given the diabetes guidelines recommendations for those with high A1c at diagnosis):
mean A1c at baseline was 6.4% in those on metformin monotherapy, 8.4% in those on insulin monotherapy
(p<0.0001 vs. metformin monotherapy group), and 7.7% in those on insulin plus an oral diabetes drug
(p<0.0001 vs. metformin monotherapy group). After an average follow-up of seven years, only 30% of
those on just metformin at baseline remained on metformin monotherapy. 20% had added insulin therapy,
8% has switched entirely to insulin therapy, and 16% had added a second oral diabetes medication. Very
notably, 27% of participants in this group were on no medications at follow-up. In the group taking insulin
at baseline, 76% remained on insulin at follow-up. At follow-up, only 35% of participants achieved an A1c
target <7%, including 44% of those on metformin monotherapy at baseline, 21% of those on insulin at
baseline, and 65% of those who were not on any medications at baseline. The very low proportion of
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patients in this young population who were not at goal after seven years of follow-up is especially
concerning and disheartening, given that these have a life expectancy of decades and could develop
debilitating complications. We would've loved to see greater granularity on what proportion of these
patients were initiated on GLP-1 agonists or DPP-4 inhibitors. SGLT-2 inhibitors were not yet available at
the time the data in this analysis was collected, but we would've loved to see the impact of initial SGLT-2
inhibitor/metformin therapy on long-term glycemic control especially.

Oral Presentations: Diabetes in Pregnancy - The Tao to Understanding the
Mechanisms (With Norbert Freinkel Award Lecture)

Norbert Freinkel Award Lecture

Grenot Desoye, MD (Medical University of Graz, Austria)

In this outstanding award lecture, Dr. Grenot Desoye explained that the human placenta is a friend to
diabetes in late-stage pregnancy and a foe to diabetes in early-stage pregnancy. In early-stage pregnancy
(week 6-week 12), women with type 1 diabetes will experience upregulation of MMP14, thereby increasing
placental size. When the placenta grows, it increases oxidative stress in the uterine environment,
stimulating a corresponding rise in insulin and glucose. As the placenta grows, the amount of glucose that
can cross the membrane also decreases, and therefore the placenta is a foe in the early stages of pregnancy.
In late-stage pregnancy, on the other hand, the placenta acts as a friend. In gestational diabetes, the
placenta will hyper-vascularize to provide more oxygen to the fetus. It will also remove excess cholesterol to
prevent atherosclerotic lesions. Although Dr. Desoye has conducted substantial research on the importance
of the placenta in diabetes, he ended his lecture with a reminder that there is still much work to be done.

Posters

Does Time-in-Range Matter? Perspectives from People with Diabetes on the
Success of Current Therapies and Drivers of Improved Outcomes (92-LB)

A Runge, L Kennedy, A Brown, A Dove, B Levine, S Koontz, V Iyengar, S Odeh, K Close, R
Wood, and I Hirsch

A study - jointly authored by teams at The diaTribe Foundation, Close Concerns, and dQ&A - surveyed
patients with type 1 and type 2 diabetes, emphasized the importance of time-in-range in patients' daily lives
- and how current therapies are not delivering on this metric. Results were collected by surveying members
of the dQ&A Patient Panel, who were asked about the factors that have the greatest impact on their daily
lives and potential drivers of improvement in mindset and diabetes management. The evaluation received
responses from a remarkable 73% of those invited, totaling 3,461 people with type 1 and type 2 diabetes
(n=1,026 and 2,435, respectively). Participants said that current therapies are coming up short in a number
of areas, most notably in terms of helping patients achieve their desired time-in-range numbers, diet/
exercise goals, and emotional well-being. Patients rated "time spent in the ideal blood glucose range" as
having the biggest impact on their daily lives - even higher than the impact of A1c for type 1s (T1), type 2s on
insulin (T2I), and type 2s not on insulin (T2NI) - but despite the importance placed on this metric, only 23%
of T1, 25% of T2I, and 38% of T2NI reported that their current therapies are "very successful" at delivering
in-range numbers (70-180 mg/dl). Similarly, a substantial proportion of patients (26% T1, 35% T2I, 50%
T2NI) reported that a change in "diet and exercise" would have the biggest positive impact on their diabetes,
likely resulting in a "big improvement" in their health. In spite of this, a minority of patients in each group
(T1: 28%; T2I: 10%; and T2NI: 17%) said that their current therapies were "very successful" at "reaching, or
keeping to, a healthy weight." Finally, on psychological health, results showed that emotional well-being
was disturbingly low across all three groups, with only a few patients rating therapies as "very successful"
at achieving this outcome (22-34%). Taken together, these findings remind us that there is a significant need
to more expansively evaluate what matters to patients and better align outcomes with patient priorities. We
hope this work prompts future exploration of how such priorities can be incorporated into therapy
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development, regulatory decisions, and reimbursement. As a reminder, this data was presented in brief last
year at the FDA Outcomes Beyond A1c Workshop, and The diaTribe Foundation will propel the conversation
forward at another FDA workshop on July 21st in Bethesda, MD.

▪ These results underscore the need to consider the full spectrum of patients' daily
glycemia, rather than simply the average (as measured by HbA1c over a two-to-three
month period). Time spent in ideal blood glucose range daily emerged as one of the top factors
impacting the lives of individuals with diabetes. Not only does time-in-range correspond to
successful outcomes of a particular therapy, but it also is a driver of positive mindset for individuals.
As shown below, 54% of respondents with type 1 diabetes and 36% of respondents with type 2
diabetes on insulin ranked being in-range as the number one factor in establishing a positive
mindset. Despite the large impact of time-in-range on improving daily quality of life, less than 50%
of respondents reported that their current therapy was "very successful" at achieving positive time-
in-range outcomes. Time-in-range is an indicator of therapy success and impacts the way
individuals perceive their own management.

▪ Current therapies are not delivering sufficient diet and exercise guidance. Despite
highlighting the "big impact" that time-in-range can have on daily life with diabetes, less than 50%
of respondents reported their current therapy to be "very successful" at achieving positive time-in-
range outcomes. Success scores were also low for current therapies' success at preventing weight
gain and allowing diet/exercise flexibility, suggesting that effective lifestyle modification strategies
remain a major need for people with type 1 and type 2 diabetes. This is critical to us, as rates of
obesity are increasing across all populations of people with diabetes.
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▪ This study reveals key misalignment between the short-term factors that people with
diabetes experience and how their management is evaluated by many healthcare
providers, regulatory authorities, manufacturers, and payers. Respondents placed a high
emphasis on factors such as food selection, hypo- and hyperglycemia, and weight loss, whereas the
evaluation and prescription of therapies is based instead on longer-term factors such as HbA1c and
the rate of hyperglycemia-induced complications. While decades of innovation have advanced
certain aspects of diabetes management, the economic and human costs of diabetes remain high and
therapies are still not succeeding on daily metrics that matter to people with diabetes.

We hope this work prompts future exploration of the outcomes that matter most to people with diabetes and
how such priorities can be incorporated into therapy development, regulatory decisions, and
reimbursement. For researchers and manufacturers, this means innovations should target measures such
as psychosocial health, time-in-range (as measured by CGM), and behavior modification in addition to
HbA1c. All stakeholders involved in research and product development could benefit from soliciting patient
perspectives earlier and more frequently. This input should be incorporated on an ongoing basis and drive
R&D priorities, regulatory risk-benefit decisions, and access.

One-Year Time Analysis in an Academic Diabetes CLinic (174-LB)

P Huynh, A Toulouse, and I Hirsch

This study found that an impressive 1,461 non-billable hours were spent per year to support one physician
or advanced registered nurse practitioner (ARNP) in an academic diabetes care clinic. To conduct the
analysis, clinic support staff at an academic diabetes clinic that sees 3,727 patients in 10,332 visits per year
and employs 36 endocrinologist or ARNP full time employees catalogued time spent on phone calls, faxes,
electronic chart messaging, and email for patient care during one month. One-month values were then
extrapolated to one year. 1,945 triage interactions were recorded, lasting an average of 14.7 minutes. The
main categories requiring non-billable interactions were medication issues (46% of interactions), health
challenges (12%), hyperglycemia/hypoglycemia triage (8%), labs (5%) and coordination of care (5%).
Overall, for every 1,264 face-to-face patient hours expended by a full-time physician or registered nurse
practiioner per year, 1461 non face-to-face hours are spent by support staff. The authors conclude that this
balance of incurring more non-billed than billed hours for diabetes care is not sustainable in the current
healthcare landscape.
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Symposium: Shared Decision-Making - Strategies for Improvements in
Patient-Provider Communication

Shared Decision-Making - Diabetes Risk Perceptions and Prevention

Ann Albright, PhD (CDC, Atlanta, GA)

The legendary Dr. Ann Albright, director of the CDC's Division of Diabetes Translation, provided invaluable
insight into her approach to sharing information about diabetes risk prevention. Though she acknowledged
that robust research on this subject is scarce, Dr. Albright emphasized that one thing is clear: "we need to
address prevention to a much greater degree than we currently are" - hear hear! There is clearly a large
role for policy and community-level strategies in the promotion of diabetes prevention, but in the context of
one-on-one conversations in the physician's office, Dr. Albirght's take-home message was the need for
greater sensitivity to which conversation topics are most needed for people at different levels of diabetes
risk - low (general information about healthy behaviors), medium (NDEP resources and recipe guides), and
high risk (structured programs like the DPP, or medication like metformin).

Shared Decision-Making - Why Does This Matter and What Do We Know

Linda Siminerio, PhD (University of Pittsburgh, PA)

Kicking off a lively morning symposium on the National Diabetes Education Program, Dr. Linda Siminerio
(University of Pittsburgh Diabetes Institute, Pittsburgh, PA) underscored the importance of transitioning
from traditional, paternalistic provider-driven decision-making to a more collaborative shared decision-
making process. Illustrating the need for a change in the way that patients and providers typically
communicate, Dr. Siminerio reviewed the results of an Institute of Medicine survey quantifying Americans'
beliefs, attitudes, and preferences about healthcare. The findings were striking: 80% of people want their
healthcare provider to listen to them, but only 60% say it happens; less than half of people report that their
provider asks about their personal health goals; and 90% of people want their healthcare providers to act
as a team, and yet only 40% say it happens. Follow-up studies further illustrate the negative consequences
that can emerge from an environment that doesn't encourage shared decision-making; patients without
decision support are 60% more likely to change their mind about a treatment plan, 23% more likely to delay
a healthcare decision, five times more likely to regret their healthcare decisions, and 19% more likely to
blame their physician for bad outcomes. Against this backdrop of the clear need for greater shared decision-
making in clinical practice, Dr. Siminerio reminded the audience that barriers to shared decision-making
are not easily overcome. Healthcare providers may find it a challenge to their autonomy and often find it
difficult to communicate nuanced data to people without a medical background, whereas patients often
suffer from health literacy challenges and a lack of useful decision aides. Kudos to Dr. Siminerio for being
such an advocated for better communication - congratulations to her and her NDEP colleagues for a 20th

anniversary! We look so forward to returning in our full report to share many other valuable talks from this
session.

Shared Decision-Making - Goal Setting and Treatment Choices When Evidence Is
Ambiguous

John Buse, MD (University of North Carolina, Chapel Hill, NC)

In a very heartfelt talk, the great Dr. John Buse provided expert advise on how to engage in shared
decision-making with patients in circumstances where the clinical evidence is ambiguous. First and
foremost, he advised the audience to "embrace the fact that most of what a patient wants to know is in fact
unknown." He pointed out that indeed "we know the answers to nothing that's important," referencing the
basic questions that patients ask him - How should I exercise? What should I eat? What drugs should I take?
What A1c target should I pursue? And so on. Faced with this ambiguity, Dr. Buse offered the audience of
healthcare providers the following tips for how to help patients find something that works for them:

▪ Embrace the question with praise.
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▪ Find out what issues the patient is dealing with in the background. Dr. Buse wisely noted
that it is critical to understand how an individual's diabetes interfaces with their family life and work
life especially. Understanding this is often key to identifying which kinds of treatment would best fit
the person's needs.

▪ Engage them. Speak openly with patients to resolve the question and identify specific actions to
operationalize and evaluate their success in striving toward a treatment goal. Provide framing
thoughts, but let this be a real discussion. Discuss process and timelines, and don't hesitate to pusue
more in depth expertise and opinions when necessary.

▪ Have information at hand to help guide deeper discussion and understanding. Dr. Buse
noted that the same questions often come up again and again, so it is beneficial to have key
resources at hand to discuss with patients (for him, one such resource is a "cheat sheet" outlining the
pros and cons of various diabetes drugs).

▪ Encourage and motivate, but do not push patients (…at least at first).

▪ Avoid the temptation to provide the answer that works best for you. Dr. Buse urged the
audience to always bear in mind that the patient is the one who has to live with these care decisions.

Shared Decision-Making and Vulnerable Populations - Social and Cultural
Considerations

Monica Peek, MD (University of Chicago, IL)

Sharing her experiences on an increasingly important topic, Dr. Monica Peek addressed the social and
cultural aspects of providing care and how to incorporate shared decision-making in underserved
populations. Even though African Americans report wanting to participate as much in shared decision-
making as their white peers, there are additional challenges for successful shared decision-making here
because of race and perceived discrimination. Furthermore, there is a clear negative association between
self-reported racial discrimination and healthcare and diabetes outcomes. In her research, Dr. Peek found
that for diabetes complications, those reporting racial discrimination had twice the odds for retinopathy,
half the odds for quality care measures like primary care, but no differences in self-care. Race can also
impact the provision of shared decision-making, because it can negatively impact patient interactions for
the patient and doctor (e.g. a patient believing the doctor assumed a paternalistic approach because of
race). Barriers also include power imbalances, limited health literacy and self-efficacy in vulnerable
populations, as well as mistrust, fear, and denial. Dr. Peek urged shared decision-making facilitators to
engage and invite patients into the process, build strong interpersonal relationships, and validate health
concerns. As an example, treatment adherence is a longtime frustration for physicians, but patients can
view it as an empowering way to share in the decision-making process. She shared quotes from patients on
adherence, with one saying "I didn't tell [my doctor] about my preference for not messing with it… I just told
her that I would go through with it", or "I have a neighbor and she goes to the doctor, and when she gets
medication she throws it in the garbage can". Dr. Peek stressed that these behaviors are rational choices for
patients to feel in control and urged providers to think about the complexities of what patients are
internalizing. She then presented a case study on the Improving Diabetes program, which centers on patient
empowerment with a discuss, debate, and decide model and includes culturally tailored education around
shared decision-making like storytelling, community building, and video narratives. The program was able
to lower mean A1c from 8.3% to 7.4% in a vulnerable Chicago population and create empowering patient
videos that demonstrated how important communication and trust can be for shared decision-making in
healthcare settings.

Shared Decision-Making "Then and Now" - Twenty Years of Diabetes Translation

Diane Tuncer (NIH, Bethesda, MD); Judith McDivitt, PhD (CDC, Atlanta, GA)

Founded in 1997 to promote shared decision-making, the National Diabetes Education Program (NDEP) is
now celebrating 20 years of work. Ms. Tuncer and Dr. McDivitt overviewed the NDEP's transitions since its
inception - shifting focus to the wider population instead of exclusively middle-aged and olderAmericans,
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changing from promoting awareness of diabetes to now encouraging behavior change, and going from
traditional mass media to embracing digital and social media as a way to reach patients. To keep up with
the pace of change in research and a larger community, the NDEP is starting a diabetes blog in fall 2017 to
promote clinical tips and more quickly share and translate insights in practice. The NDEP will also put a
strong emphasis on motivating and supporting participants in the program, enrolling more patients, and
participating in evidence based interventions to identify participants. Future priorities will also focus on
healthcare disparities and to build new partnerships.

Symposium: ADA Education Recognition Program Symposium -
Introduction to the 2017 National Standards for Diabetes Self-Management
Education and Support

The Revised National Standards for Diabetes Self-Management Education and
Support (Standards 1-5)

Joni Beck, PharmD (OU Medicine, Oklahoma, OK)

Dr. Joni Beck overviewed the revised National Standards for Diabetes Self-Management Education and
Support (DSMES). As the co-chair for the 2017 workgroup, Dr. Beck led the process for the review and
revision of the standard text for publication this fall. She emphasized how DSMES incorporates the needs,
goals, and life experiences of the patient, and provides behavior, educational psychosocial, and clinical
support. The major change in the 2017 Standard is moving from a description of DSMES programs to
instead a description of DSMES services, to reflect how DSMES is individualized and not a scripted
program for everyone. Next steps will be for the ADA and AADE to adapt their interpretive guidance to
reflect the new revised Standards and Medicare must approve both. However, reimbursement does not
define the Standards, and DSMES reimbursement varies greatly by payer. Below we outline Standards 1-5
of the revised DSMES Standards:

▪ Standard 1 - Internal Structure: The providers of DSMES services will define and document a
mission statement and goals. The DSMES services need organizational support and defined
leadership and lines of communication as the key to successful entities.

▪ Standard 2 - Stakeholder Input: The providers of DSMES will seek ongoing input from valued
stakeholders and experts to promote quality and enhance participant utilization.

▪ Standard 3 - Evaluation for Population Served: Providers will evaluate the communities they
serve to determine the resources, design, and delivery methods that will align with the community.
They will identify barriers that prevent access to DSMES and can use technology to address these
barriers.

▪ Standard 4 - Quality Coordinator Overseeing DSMES Services: A quality coordinator will
be designated to ensure implementation for the Standards and oversee the process. The coordinator
is responsible for all components of DMES including evidence based practice, service design,
evaluation and quality improvement.

▪ Standard 5 - DSMES Team: At least one of the team members will be a registered nurse or
dietitian, nutritionist, pharmacist with training in DSMES, or another health care provider like a
CDE or BC-ADM. Other providers may contribute to DSMES with appropriate training and with
supervision and support by at least one of the team members listed above.

The Revised National Standards for Diabetes Self-Management Education and
Support (Standards 6-10)

Deborah Greenwood, PhD (Georgetown University School of Medicine, Hyattsville, MD)

Dr. Greenwood gave an empowering talk on the Diabetes Self-Management Education and Support
(DSMES) Standards, calling for greater individualization of DSMES, using technology to communicate with
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and empower patients, and using quality measures and metrics to improve the delivery of DSMES. She
emphasized that the key is creating an individual education plan for participant need, not a set-in-stone
curriculum. She emphasized that DSMES is an ongoing lifelong process and no participant is required to
complete a set DSMES structure or program. Providers can also help people to navigate the health care
system by learning advocacy and e-health education skills in times of healthcare change. Technology-
enabled DSMES is particularly promising for the ability to use text/SMS, apps, and social media to
empower and enable patients and potentially improve clinical outcomes like A1c through a feedback loop
with two-way communication, better analysis of data, and customized feedback (although this is currently
not reimbursable by Medicare). Notably, Dr. Greenwood cited the importance of patient empowerment and
recommended resources on the AADE website on online diabetes communities and encouraged the audience
to experiment and learn to see the value in the online community. Below we outline Standards 6-10 of the
revised DSMES Standards:

▪ Standard 6 - Curriculum: DSMES curriculum should reflect current evidence practice guidelines
and emphasize behavior change, individualization, and AADE7 Self-Care Behaviors.

▪ Standard 7 - Individualization: DSMES needs will be identified and led by the participant with
support from team members to develop an individualized DSMES plan. The Standard used to use
the word "collaborative" but has now changed to "led" by participant. Person-centered care focuses
on the priorities and values of individual, which can include the disease and treatment burden, need
for peer support, and providing support during key points like during diagnosis, the annual checkup,
times of complications, or transitions in care. Providers should use interactive teaching styles and
not static lectures, incorporate patient generated health data, use principles from cognitive
behavioral therapy, participate in shared decision making, use clear health communication
principles, and incorporate validated assessment tools to evaluate process.

▪ Standard 8 - Ongoing Support: Participants will be made aware of options and resources
available for ongoing skills, knowledge, behavior change for diabetes management and strategies
available for ongoing support within and outside of DSMES. 99% of diabetes is self-management so
any tools that can help include peer support using social networking sites or online diabetes
communities.

▪ Standard 9 - Participant progress: Providers will monitor and communicate whether
participants are achieving their personal diabetes self-management goals and other outcomes to
evaluate the effectiveness of interventions. Providers need to focus on goal-setting strategies to meet
a patient's personal targets and use SMART goals to achieve behavior change. Self-management
needs goal setting and adding content, not just pushing out content. Individual outcomes like
clinical improvement, quality of life, and satisfaction should be tracked.

▪ Standard 10 - Outcome and Process: There should be a plan to conduct system evaluations on
process and outcome data, measure the impact and effectiveness of DSMES services through
continuous quality improvement plan. The emphasis on quality addresses trends through MACRA to
shift provider payment from productivity to quality and outcomes and track several measures of
behavioral, clinical, and operational success.

Symposium: ADA Diabetes Care Symposium - Diabetes Care and Research
Through the Ages

A Look Back as to How We Got Here

Jay Skyler, MD (University of Miami, FL)

Dr. Jay Skyler opened this symposium with a quick tour through the history of diabetes diagnosis and
management, beginning back in 1500 BC with the earliest known record of diabetes. He noted that diabetes
was a global problem in ancient times as it is today, with references to "sweet urine" noted in societies
throughout the world. The terminology evolved over time - the disease was described as "pissing evil" by at
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least one figure in the 1600s and the word "mellitus" was first added in 1797. Dr. Skyler recognized
Apollinaire Bouchardat as the "father of diabetology," given that he introduced exercise and daily urine
testing as part of treatment and was the first of many to insist on individualized approaches to diabetes
management. Before the discovery of insulin, Dr. Skyler described treatment of diabetes as consisting
mainly of semi-starvation and various ineffective medications including opium. In the 19th century,
attention shifted to the pancreas, as a number of investigators deduced that it was the organ responsible for
regulating glucose. Dr. Skyler acknowledged the revolutionary extraction of insulin by Banting and Best in
1921, and emphasized that their ability to collaborate with Eli Lilly to mass produce the substance was as
important as the discovery itself. As for oral medications, Dr. Skyler recounted the discovery of
sulfonylureas and the now-famous (or infamous) long process of bringing metformin to the US.

What Does the Future Hold?

Ele Ferrannini, MD (University of Pisa, Italy)

The great Dr. Ele Ferrannini offered his perspective on the value and relative speed of development in
current major areas of research focus within diabetes. Overall, he foresees the greatest value in organ-level
research into the role of the heart, kidney, and brain in diabetes pathophysiology, ranking this area a 9/10
in terms of value. Tissue-level research (into beta-cell plasticity, adipose tissue plasticity, and gut factors
including the microbiome) also ranked highly in terms for value for Dr. Ferrannini - a 7/10. Pharmacology
(new drugs and new treatment strategies) and genome level research (genetics, epigenetics, and "omics")
received a modest but respectable 6/10 value ranking. On the other hand, Dr. Ferrannini was much less
optimistic about the value of environment-level research (diet/exercise, toxic environmental factors, and
infections; an overall 3 ranking) and was particularly pessimistic about information technology research
(including sensors, electronic health records, and big data). Information technology received a 2/10 value
assessment from Dr. Ferrannini, though he noted that this is the fastest and most active area of
development within his list - in terms of speed, information technology scored a 9/10 on his scale. Indeed,
the speed of development in this area underscores that massive interest and value many in diabetes and the
broader healthcare field see in digital health - which made Dr. Ferrannini's pessimism all the more
surprising. As he put it, the concept of precision medicine - powered by massive amounts of population-level
health data - has gone "viral." In his view, this focus on gathering large amounts of health data and mining
it for insights has flipped the traditional model of medical research, which traditionally has focused on the
generation of hypotheses and use of clinical data to evaluate the validity of a priori hypotheses. As a clinical
trial purist, Dr. Ferrannini's stance doesn't surprise us, though we do think there's value in generating
insights from population-level data that would have been near-impossible (and extremely costly) to arrive
at through randomized, controlled trials. We certainly think there's room for both kinds of studies in science
and medicine!

▪ Taking the impact of sensors and big data one step further, Dr. Ferrannini cautioned
that the drive toward digital could fundamentally change the doctor-patient
relationship in a negative way. Dr. Ferrannini characterized the current model of healthcare as
one in which (i) the patient feels unwell; (ii) the patient visits the doctor; (iii) the doctor assesses the
patient's symptoms, history, etc.; and (iv) the doctor provides advice based on his or her knowledge
and expertise. In the near future, however, Dr. Ferrannini forecasted the patient visit could be
replaced by health data generated through sensors (CGM, blood pressure monitors, etc.) and the
doctor could be replaced by a clinical decision-making app. Further in the future, he suggested that
patients could be replaced by anonymous ID numbers, in order to better collect their information for
"big data" repositories. Ultimately, Dr. Ferrannini suggested that the healthcare system will
fundamentally change to "feed this black hole of big data." Further, he pointed out that a key
consideration will be who "owns" each big data repository and how they might use and manipulate
the data. While Dr. Ferrannini's concerns are well-taken (and the high value he places on the doctor-
patient relationship underscores what an incredible clinician he is), we would love to learn more
about his views. At the current time, feel he may have a bit of an extreme, doomsday-scenario view
of digital health. In certain cases, telemedicine, clinical decision support, and other tools can help
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support increasingly busy physicians, expanding their capacity to serve more patients and focus
their energies on the most complex cases. Further, the use of sensors and centralized collection and
interpretation of individual health data plays an important role in empowering and engaging
patients in their diabetes or broader health care. While some thoughtfulness is clearly warranted on
how best to use the wealth of data that we now have the ability to collect (so as not to fall prey to
information overload), we continue to believe that digital health represents an immense opportunity
for the diabetes and healthcare fields.

▪ Dr. Ferrannini also highlighted pharmacology as a relatively fast area of research,
scoring a 7/10 on his scale. Organ- and tissue-level research scored a modest 5/10 for speed,
while genome-level research scored a 4 and environment research scored a 3.

Presentation of "Profiles in Progress" Plaques

William Cefalu, MD (ADA, Alexandria, VA)

ADA Chief Scientific and Medical Officer Dr. William Cefalu presented four "profiles in progress" awards to
honor those who have made long-lasting contributions to the diabetes field. The first three recipients fit the
usual mold of iconic researchers and educators, while the fourth recipient undoubtedly had an enormous
personal impact on many adults living with diabetes today. Dr. Richard Rubin was recognized for his
ability to incorporate behavioral science into diabetes treatment and his early advocacy of personalized
diabetes care. Dr. Harold Lebovitz was honored as a "stalwart of diabetes research, care, and education"
and one of the most influential voices on diabetes management strategies. Dr. George Bray was lauded for
his substantial contributions on the pathogenesis and mechanisms of obesity and his landmark clinical
studies on weight loss with lifestyle interventions. The fourth award was given posthumously to actress
Mary Tyler Moore in recognition of her longtime advocacy on behalf of patients with type 1 diabetes like
herself. Accepting the award on her behalf, her husband Robert Levine delivered a passionate call for more
urgency and creativity in the search for a cure. As he put it, "the reality is that we have yet to deliver on key
promises: finding a cure, ending suffering, and protecting futures."

Symposium: Emerging Therapeutic Targets and Mechanisms of Action

How Should We Think about the Role of the Brain in Glucose Homeostasis and
Diabetes?

Michael Schwartz, MD (University of Washington, Seattle, WA)

Dr. Michael Schwartz discussed the role of the brain in glucose homeostasis, emphasizing that the brain is
involved in establishing the biologically defended level of glycemia. With this hypothesis, Dr. Schwartz
presented data of brain-specific Glut2 KO mice, demonstrating that this phenotype led to impaired CNS
glucose sensing with progressive deterioration of both beta cell function and glycemic control. Additionally,
he pointed to the data surrounding type 2 diabetes and Alzheimer's disease, highlighting that the comorbid
conditions' neurodegeneration likely affects glucoregulatory neurocircuits, which raises the defended level
of blood glucose. Dr. Schwartz continued by exploring how pancreatic beta cells respond to insulin
resistance, noting that beta cell compensation for insulin resistance involves increased responsiveness to
glucose rather than elevated blood glucose. He shared that coupling of insulin secretion to insulin sensitivity
to meet evolving needs for glucose utilization also appears to contribute to the brain's effect of establishing a
set glycemic level. Thus, looking at the type 2 diabetes pathology as defective neuronal glucose sensing, Dr.
Schwartz closed by highlighting that there may be an emerging role for brain-directed therapeutic
strategies. Specifically, such therapies can help normalize the defended level of glycemia rather than follow
the current therapeutic strategy of simply dropping glucose below its defended level on a day-to-day basis.
Over the past several years, we have certainly seen increasing attention to the brain's role within metabolic
health and Dr. Schwartz' latest work highlights it as a promising and sustainable area regarding
therapeutics - please see our interview with Dr. Schwartz and our coverage of his impressive Nature
publication for more on his research on the brain within diabetes and obesity.
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Questions and Answers

Q: Do you care to postulate why people in the South have higher tendencies to develop
diabetes? Is it due to temperature or just due to culture?

A: I don't think anyone knows. When you become really obese, your hypothalamus undergoes an
inflammatory state. There's a glial response. That type of mechanism could explain why you have an
impairment related to blood glucose levels. This is associated with diet and obesity. So we don't know what
causes it. As for whatever's going on with insulin resistance and islet function, there's probably also an
underlying CNS problem. Are there differences in populations? I'd love to know that.

Q: Exercise is also a potent means of improving glycemic control and increased peripheral
insulin sensitivity. Can exercise also improve brain's ability to sense blood glucose?

A: I don't think that's been looked at. The only data I'm aware of is that exercise increases CNS leptin
sensitivity. The problem with the field is that we know so little about how blood glucose sensing works and
how to measure it. In order to answer your question, we need a sophisticated way to measure these variables.

Q: What are your thoughts on FGF-1 vs. FGF-21?

A: FGF-1 targets all FGF-1 receptors and FGF-21 does not. FGF-21 appears to require a co-factor at the site of
the receptor in order to work. FGF-1 does not. My sense is that FGF-1 has a population of targets in brain that
are not touched by FGF-21.

Symposium: Global Therapeutic Challenges and Solutions in Diabetes Care

Improving Access to Insulin in Developing Countries

David Beran, PhD (University of Geneva, Geneva, Switzerland)

In a wide-ranging talk, Dr. David Beran addressed the current state of insulin access in developing
countries, analyzing how insulin is produced and distributed from a global perspective, and overviewing
lessons from other patient movements on how to increase insulin access and change the status quo around
insulin prices. Developing countries tend to have low expenditures on health while also facing
epidemiological transitions at a dramatic rate. The highest increase in diabetes will be in low and middle-
income countries, especially southeast Asia and Africa, with about 200,000 children aged 0-14 years old in
these countries being diagnosed with type 1 diabetes. The ACCISS study found that the insulin market in
2012 is $20.8 billion and dominated by three large multinational companies (Eli Lilly, Sanofi, and Novo
Nordisk, which hold 99% of the value, 96% volume, and 88% product registrations). There are 39 smaller
insulin manufacturers but 23 only sell in one country, and 10 countries make up 98-99% of global value of
retail insulin exports from 2004-2013. This asymmetry is not an intellectual property issue, as there are no
patents on any formulations for human insulin, and patents on analogue insulins already on the market in
the US and Canada have expired or will soon expire. From a global perspective of insulin use, high and
upper middle income countries have decent uptake of analogue insulins, where lower middle income and
low income have low use of analogues and have used animal insulin for a much longer time. The major
question Dr. Beran posed was whether the money being spent on analogue insulin is worthwhile compared
to other ways that money could be used. Currently, several programs are working to improve insulin access
through company initiatives, IDF Life for a Child, and Insulin for Life by World Health Organization, but
none are sustainable or really change the status quo. Dr. Beran applauded the ADA for the Stand Up for
Affordable Insulin and discussed ways to learn from the HIV/AIDS movement on how to change the status
quo. He identified the need to gain support from civil society, ask national governments to recognize access
to insulin, move beyond self interest and change stigma, fund innovation and ensure access to innovations,
private sector innovation, and to ask researchers to document challenges and target research to specific
needs for underserved populations. The US invested $19 billion for AIDS in low and middle-income
countries, which has dramatically increased the number of people treated. Compared to this, Yudhkin
estimated in 2000 that the US could invest $3-5 million to provide insulin for children in low and middle-

www.closeconcerns.com 389



income countries. He ended the presentation with a powerful call to action, pointing to 2021 as the insulin
centenary and asking the audience to remember those with type 1 diabetes living in developing countries

Diabetes Care in Resource Constrained Settings

Akihiro Seita, MD (United Nations Relief and Works Agency, Amman, Jordan)

Dr. Akihiro Seita discussed the growing issue of diabetes care in the refugee population. Dr. Seita opened his
talk by reminded the audience that refugees are not a number and are merely citizens who have become
refugees because of global conflicts outside of their control. There are 26.5 million refugees in the world,
with most coming from historical Palestine, Syria, Afghanistan, Somalia, and South Sudan. The top six
countries that accept refugees are Jordan, Turkey, Palestine, Pakistan, Lebanon, and Iran, making it fitting
that Dr. Seita's focus is on Palestinian refugees living in vulnerable conditions in Jordan. Diabetes and
hypertension have been increasing steadily among Palestinian refugees, and UNRWA's diabetes care
provides NCD clinic for diabetes care in all health centers with diagnosis and treatment provided free of
charge and with health education and health information systems available. After a clinical audit, the
United Nations Relief and Works Agency (UNRWA) found that diagnosis, treatment, and staff are meeting
the necessary standards but there was a lack of widespread A1c testing as well as extensive obesity in the
population (90% in women). Dr. Seita worked on e-health to make EMR available at 120 healthcare centers
and created more than 3 million patient records. His group also created healthy lifestyle campaigns with
cooking classes, education programs, and exercise. The program was successful in providing stable primary
health care service delivery, giving integrated and sustainable diabetes care, using committed staff,
providing a regular supply of medicines, and creating innovations in family health team and e-health with
partnerships, a cookbook and an NCD handbook. However, challenges remain for the program: medication
costs continue to increase, as has patient load, and overall costs for diabetes and hypertension alone
account for 46% of medicine expenditures. Insulin is the single most costly medicine they provide, and while
services are covered, glycemic control is still difficult (only 28% of patients have A1c <7%). Furthermore
there is limited care for complicated conditions that require specialists or hospitals and prevention is limited
because of factors outside of UNRWA's control such as the determinants of health (e.g. sale of sugar and
tobacco). This was an inspiring but sobering case study on the feasibility of providing comprehensive
diabetes care in a refugee setting and an important call to better understand the social determinants of
health such as disability, loss of social support, and increased vulnerability due to social change that are
seen with refugees. Importantly, diabetes is an important issue to address for 21 century refugees, andst

there can be no humanitarian assistance without diabetes care.

Symposium: Diabetes Care for Older Adults

Hypoglycemia in the Older Patient with Type 1 Diabetes

Ruth Weinstock, MD (SUNY Upstate Medical University, Syracuse, NY)

Faced with studying hypoglycemia risk in older populations with type 1 diabetes, Dr. Ruth Weinstock
admitted that there is very limited data available. Most of her presentation focused on data from the T1D
Exchange and smaller trials, and she emphasized how multiple trials have shown that A1c is not the full
picture when it comes to evaluating hypoglycemia. Glucose variability may be a better measure for
glycemic control in older adults. However, using glycemic variability as a reliable metric will require more
accurate CGM data, trials demonstrating the benefit of CGM use in older adults (hopefully coming soon in
the WISDM study), and integration of data into the EMR. Dr. Weinstock advocated for CGM in older
patients with type 1 diabetes because it can be an effective strategy to minimize the risk of hypoglycemia.
Although raising the A1c goal in older adults may help decrease rates of hypoglycemia, it does not prevent
the complication, and other strategies are necessary to fully address the dangers of hypoglycemia in the
older patient with type 1 diabetes.

▪ The T1D Exchange Severe Hypoglycemia in Older Adults with Type 1 Diabetes Study
suggests that A1c is not a good predictor for hypoglycemia risk. The study featured a case-
control design that compared older patients who had experienced severe hypoglycemia in the past 12
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months vs. those self-reporting no severe hypoglycemia events in the past three years. The study
assessed glucose levels in 201 participants with blinded CGM for 14 days, and found no difference in
A1c, mean glucose, or time-in-range between people in the severe hypo vs. no severe hypo arms.
Notably, the key difference was glucose variability, where patients experiencing hypoglycemia
episodes also had high glucose variability. This cohort also had higher rates of hypoglycemia
unawareness, higher scores on the hypoglycemia fear survey, and poorer performance on tests of
general mental status, processing speed, and executive functioning.

▪ The WISDM study, run by the T1D Exchange, the Helmsley Foundation, and JDRF,
will be the first randomized trial of CGM use in older type 1 adults. Dr. Weinstock and
audience members were massively excited about the potential for CGM use to reduce hypoglycemia.
She discussed how older adults with type 1 could benefit from professional CGM to detect
unrecognized hypoglycemia, while patients struggling with hypoglycemia unawareness, frequent
hypoglycemia, or high glucose variability could find personal CGM helpful. Features such as
communication using remote monitors or sharing features are also important tools for older adults.

▪ Dr. Weinstock suggested several management strategies in older adults with type 1.
She called on CGM designers to consider features helpful to an older population - louder alarms,
larger fonts, more contrast on displays, minimizing alarm fatigue, and preventing data overload that
can feel particularly overwhelming for older adults. She expressed optimism for low glucose
threshold suspend and for hybrid systems. Dr. Weinstock also suggested other management
strategies like selecting insulin analogs with less risk of hypoglycemia, simplifying regimens when
possible, and increasing screening for cognitive, vision, and hearing impairments.

Benefits and Harms of More Aggressive Glycemic Treatment in Older Adults

M. Sue Kirkman, MD (University of North Carolina, Chapel Hill, NC)

Dr. Sue Kirkman presented a talk prepared by Dr. Medha Munshi, which reviewed the pros and cons of
intensive glucose control in older adults with diabetes. She discussed current paradigms of management
and outlined a treatment algorithm for how to optimize benefits and minimize harm. Older adults with
diabetes are a particularly heterogeneous population with different durations of diabetes, functional status,
life expectancy, comorbidities, and living situations that impact their optimal treatment plan. In this patient
population, Dr. Kirkman argued that many of the benefits of intensive management are given less mental
weight, whereas harms seem much more immediate in terms of increased risk for hypoglycemia, higher
costs, and greater treatment burden for patients. While there is limited data on the treatment of older
populations specifically and much of treatment is based on expert opinion, appropriate goal-setting should
focus on a glycemic strategy and not just a numeric goal. A1c is not the complete picture and needs to be
supplemented with an understanding of the patient's social support, hypoglycemia risk, living situation,
and life expectancy. Overall, Dr. Kirkman advocated for incorporating these factors into an individualized
glycemic strategy for older patients that can minimize the rate of hypoglycemia. She also pushed for using
glycemic variability instead of A1c as a better tool to evaluate glucose management, and we love this idea.

▪ Dr. Kirkman presented a framework of how to think about glycemic goals, with
treatment recommendations based on patient characteristics and health status.
Patients who benefit the most from intensive control are younger, have a shorter duration of
diabetes, have no macrovascular or microvascular complications, have low comorbidities, better
health, and a longer life expectancy, while patients most at risk of hypoglycemia and adverse events
from intensive control tend to be older and frail, have a long duration of diabetes, already have
macrovascular or microvascular complications, have comorbidities, or are unable to follow a more
complex regime.

▪ A1c is an average and should not be used as the only parameter of management,
particularly in older adults. A1c is affected by variables like age and race, and by conditions that
are more common in older patients like anemia, recent infection, transfusion, hemodialysis,
erythropoietin therapy, uremia, or anemia of chronic disease. Moreover, CGM tracings of patients
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with type 2 diabetes display huge differences in time spent in hypoglycemia even with the same A1c,
again pointing to the heterogeneity of the elderly diabetes patient population.

▪ There are limited data on the benefits of intensive glucose control in older patients
with diabetes. DCCT and UKPDS excluded adults >65 years old, so it wasn't until ACCORD,
ADVANCE, and VADT that there was data on elderly patients. These more recent studies all showed
increased microvascular benefit with no CV benefit in older adults randomized to intensive control,
and ACCORD found increased mortality in the intensive treatment arm. However, these trials still
didn't include frail older patients or those with cognitive impairment. There were higher rates of
severe hypoglycemia in older patients in both arms of ACCORD.

▪ There is evidence that older patients are currently being over-treated in their diabetes
management. Dr. Kirkman presented several studies that examined older patients in complex or
poor health who were still being managed intensively, where ~50% had an A1c <7% and 60% were
on sulfonylureas or insulin, which suggests overtreatment and the risk of hypoglycemia without
additional benefit. An Optum study in the US also found that only ~24% of frail patients with an A1c
<6% had their treatment de-intensified. This intensive regime is still used despite Medicare data
that shows hypoglycemia in type 1 and type 2 diabetes is a huge harm that causes more emergency
department admissions than hyperglycemia. In our view, this seems like a cry for better patient
education on managing hypoglycemia risk, since we don't want to discourage anyone from reaching
their A1c goal out of fear of hypoglycemia.

Symposium: Cognitive Functioning and Decision-Making in Diabetes

Long-Term Impact of a Lifestyle Intervention on Cognitive Outcomes among
Individuals with Diabetes - Findings from Look AHEAD

Mark Espeland, PhD (Wake Forest School of Medicine, Winstom-Salem, NC)

Dr. Mark Espeland presented cognitive outcomes data of Look AHEAD participants, demonstrating that
intensive lifestyle intervention in "mid-life" may result in less cerebrovascular disease and brain atrophy as
well as better late-life cognitive function in certain populations. Dr. Espeland opened by walking attendees
through the design and methods of the Look AHEAD trial and prefaced the discussion by noting the
increased risk of dementia associated with type 2 diabetes and obesity. Turning to the results, he showed
that, compared to a control condition, 10-years of lifestyle intervention in individuals with BMIs <30 kg/m2

was associated with better cognitive function, while for those with BMI ≥30 kg/m it was associated with2

slightly worse cognitive function. While the intervention had no overall impact on the prevalence of
cognitive impairment (p=0.93), there was a similar trend for reductions among individuals who were not
obese, but increased prevalence among those who were most heavy. Notably across BMI groups, intensive
lifestyle intervention was associated with significant benefits on markers of brain atrophy and
cerebrovascular disease. Compared to the control group, the lifestyle group had less ischemic lesion volume
(1.86 cc vs. 2.49 cc, p<0.03) and greater cerebral blood flow. Exploring mechanisms for these differences,
Dr. Espeland mentioned the possibility of that the intervention altered neurovascular response, cardiac
output, or brain energy metabolism. In conclusion, Dr. Espeland highlighted the various benefits (i.e.
cognitive function, cerebral blood flow) shown in patient populations who are "not too heavy" but noted
that those that are "very heavy" can interestingly experience slightly worse late-life cognitive function with
intensive lifestyle interventions - an area of personalized medicine that we believe will certainly prompt
further research. As discussion of neurodegenerative disorders in the context of diabetes and obesity grows,
we see the brain's role and cognitive outcomes becoming an increasingly hot topic in the field.

Questions and Answers

Q: I would guess that the heavier group has a higher likelihood of having sleep apnea. Did you
check if the groups had a difference in that comorbidity? So with more sleep apnea, you'd
expect more dementia?
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A: An ancillary study to Look AHEAD showed that the lifestyle intervention reduced the prevalence of sleep
apnea. This might be expected to benefit cognitive function, but we haven't yet examined how the sleep data
correlate with the cognitive data, so that's a great area to explore.

Q: I'm wondering about the legacy effects of cardiovascular disease - if the heavier participants
didn't benefit as much due to their lifetime exposure to excess body weight? If you've had a
BMI of 40, you were likely overweight at an earlier time in life.

A: What you're pointing out is that there may be a window of opportunity for lifestyle intervention to prevent
cognitive decline. It's very possible that some of these individuals might have been too far down the
neurodegenerative pathway for lifestyle intervention to provide benefit.

What Is Shared Decision Making and How Can It Improve Diabetes Care?

Kellie Rodriguez, MSN (UT Southwestern Medical Center, Dallas, TX)

Ms. Kellie Rodriguez (UT Southwestern Medical Center, TX) shared compelling evidence encouraging
healthcare providers to engage their patients in shared decision making. She defined shared decision
making as closely discussing clinical decisions, medication, and management, with a focus on extending the
conversation way beyond risks and benefits to more important considerations such as patient preferences
and values. She also detailed the need to keep patients' lived worlds in mind, highlighting that sometimes the
best patient decision is sometimes different than what would be the best decision on purely clinical terms.
From her perspective, optimal diabetes management is driven by an interdisciplinary team with the patient
as the captain. In order for patients to become equal players on this team, education will be critical. Shared
decision making tools offer a promising solution: the latest Cochrane review analyzed 105 studies
comprised of 31,043 patients and determined that implementation of decision aids can lead to improved
knowledge, more informed choices, higher participation in decision making, and, most importantly, greater
satisfaction. However, employment of shared decision making is not without its challenges. While the
review indicated that more research is needed to address efficacy with lower literacy populations, Ms.
Rodriguez discussed one study conducted in 2013 showing improved decisional, but not clinical, outcomes in
nonacademic and rural communities when decision aids were provided. Still, Ms. Rodriguez reported
several barriers, including limited research evidence for clinical effectiveness, a lack of providers with the
necessary skills and/or interest, and difficulties meeting diverse cultural needs - not to mention the
additional cost and time. At this point, the tools have been developed and the greatest opportunity and
responsibility, Ms. Rodriguez claims, lies in establishing the support required to effectively implement these
chosen decisions. We hope that research continues to probe these problem areas, addressing the ways in
which we can improve both patient and provider engagement moving forward.

Cognitive Functioning in Youth with Diabetes - Implications for Improving
Diabetes Management

Cynthia Berg, PhD (University of Utah, Salt Lake City, UT)

Dr. Cynthia Berg stressed the importance of high executive functioning in diabetes management, especially
in children and adolescents with type 1 diabetes. Diabetes puts a lot of responsibility on patients every day:
dosing insulin, monitoring blood glucose, being wary of hyper or hypoglycemia, scheduling regular
checkups with an endocrinologist or diabetes care provider, etc. For youth and adolescents, these tasks may
be especially difficult. Cognitive functioning during transitional stages of life (before puberty, between high
school and college, etc.) can be compromised in diabetes. Executive functioning is critical to maintain
patient engagement. Studies indicate that lower IQ correlates with higher A1c. Youth with limited or
compromised executive functioning are more prone to error in medication planning, following up with their
provider, or other aspects of diabetes management. At the core of her talk, Dr. Berg emphasized that
changes should be made in the treatment plan for these patients to offer additional support in chronic
disease management.
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Symposium: Pediatric Diabetes and Associated Comorbidities

Mental Health Comorbidities in Type 2 Diabetes-The Not-So Hidden Iceberg

Diana Naranjo, PhD (Stanford University, Stanford, CA)

Dr. Diana Naranjo of Stanford University discussed how mental health problems often accompany type 2
diabetes in youth, suggesting that these must be anticipated and managed from the onset of diabetes
diagnosis. Youth with type 2 diabetes are at increased risk (relative to both youth with type 1 diabetes and
counterparts without chronic disease) for depressed mood, concerns of isolation, and bullying. Psychosocial
risks include psychological and behavioral risks like depression and disordered eating, family risks like
conflict and miscarried helping, as well as environmental and systems disparities like poverty and lower
socioeconomic status, race, insurance, and access to healthcare. Obesity and binge eating are also
associated with type 2 diabetes and challenges with managing this can additionally lead to feelings of
inadequacy. These considerations are especially significant in light of the dramatically increasing
prevalence of type 2 diabetes in youth - the SEARCH for Diabetes in Youth Study projects up to a 4-fold
increase in youth-onset type 2 diabetes by 2050. Dr. Naranjo closed with a case study about a 16-year-old
Latino boy struggling to manage his type 2 diabetes, using this as a backdrop to highlight strategies to
overcome barriers and reinforce healthy habits.

▪ Binge eating in youth is an important predictor of type 2 diabetes. Youth with clinical
binge eating disorder are more likely to develop obesity and depression in addition to type 2
diabetes, and tend to have lower quality of life. Dr. Narnajo believes that reported binge eating
might represent an early behavioral marker upon which to focus interventions for obesity and
metabolic syndrome, especially since these behaviors in youth are associated with higher risk for
other health complications including kidney disease, nerve disease, eye disease, and heart disease,
hypertension, and retinopathy.

▪ Dr. Naranjo elucidated challenges to type 2 diabetes management that can lead to
feelings of frustration and loss of control, as well as worries for the future. These
barriers to managing type 2 diabetes include very demanding treatment regimes, stigma and shame,
psychological distress, intergenerational burden of type 2 diabetes, financial barriers minimizing
access to diabetes care, sharing of insulin prescriptions, and cross-cultural considerations.

▪ Though few effective treatments for type 2 diabetes and depression in youth currently
exist, Dr. Naranjo is optimistic about prevention efforts in this space. She expressed
particular enthusiasm for the potential of cognitive behavior therapy approaches to improve
mindset, and we hope to see more data on this in the future. Indeed, the unmet need for the care of
psychological comorbidities of diabetes is particularly stark in young people, and we are appreciative
that it is finally beginning to receive some attention.

Symposium: DA Diabetes Symposium - Emerging Therapeutic Targets and
Mechanisms of Action

Mining the Genome for Therapeutic Targets

Jose Florez, MD (Massachusetts General Hospital, Boston, MA)

Dr. Jose Florez argued that an increased understanding of genetics will eventually allow clinicians to make
more targeted decisions about drugs and therapies to pursue for the treatment of diabetes. He explained
that diabetes, type 2 in particular, is a heterogeneous disease best understood as a syndrome encapsulating
multiple forms of insulin resistance - a topic he elaborated on more broadly at last year's ADA. Dr. Florez
believes the next era of diabetes treatment will involve a personalized approach that addresses the subtypes
of the patients' diagnosis, in a manner similar to how oncologists treat patients with cancer. He then shifted
to an encompassing discussion of how researchers can use genetic markers to help target their research by:
stratifying populations to target, implicating metabolic pathways, identifying molecular targets, clarifying
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the direction of the effect, establishing causal inference and exploring off target consequences earlier in the
development process. As part of this, he highlighted the Accelerating Medicines Partnership Type 2 Diabetes
Knowledge Portal, a database of data around human genetic information linked to type 2 diabetes and
related traits, as a resource for researchers to understand existing research on a then ask if a particular
gene they are interested in.

▪ Stratifying patients by population is a broad way to predict risk for type 2 diabetes and
select more targeted treatments. Dr. Florez cited the example of a high-risk variant of the
TBC1D4 gene, which is present in about one fifth of the Inuit population in Greenland. Individuals
with this genetic variant tend to have higher concentrations of plasma glucose and serum insulin
two hours after oral glucose and lower concentrations of fasting plasma glucose when compared to
individuals with other genotypes. Based on this information, Dr. Florez noted that clinicians caring
for patients from the Inuit population may want to use an oral glucose tolerance test OGTT for
diagnosis, and insulin sensitizers for therapy.

▪ Dr. Florez also argued that a deeper genetics understanding will not only help identify
future drug targets, but will also help build a deeper sense of the nuances and
exceptions within those new drug classes. He used the example of SLC30A8, a gene that
encodes the zinc transporter ZnT8, which is needed for proper insulin processing, storage and
secretions. While a common missense variant in SLC30A8 is known to raise type 2 diabetes risk,
further research has also uncovered a less common loss-of function variant which has been proved
to protect against the development of type 2 diabetes.

Symposium: Can "Omic" and Genome-Wide Association Studies (GWAS)
Reveal Therapeutic Links between Type 1 and Type 2 Diabetes?

Metabolomic Links between Type 1 and Type 2 Diabetes

Flemming Pociot, MD (Herlev-Gentofte Hospital, Hellerup, Denmark)

Dr. Flemming Pociot highlighted the metabolomic links between type 1 and type 2 diabetes, underscoring
the potential of this field to reveal the contribution of genetic and environmental factors to the development
of complex diseases. People with type 1 diabetes tend to have lower levels of phospholipids at birth, as well
as increased triglycerides and decreased methionine levels. Certain signatures in the microbiome are also
characteristic of type 1 diabetes. On the type 2 diabetes front, the characteristic metabolomic factors include
branched chain amino acids, more acyl-carnitines (known to cause greater insulin resistance), tyrosine
alterations, and an excess of short chain fatty acids. People with type 2 diabetes also have low amounts of
butyrate-producing bacteria in their microbiomes. Clearly this research remains very early-stage, but
metabolomics has great potential in eventually helping us parse the genetic and environmental risk factors
for type 1 and type 2 diabetes, ultimately informingprevention and treatment strategies.

Symposium: If You Build It, They Will Come - But Will They Stay?
Recruitment and Retention in Diabetes Trials

Leveraging Technology in Lifestyle Intervention

Sherry Pagoto, PhD (University of Massachusetts Medical Center, Worcester, MA)

Dr. Sherry Pagoto presented a successful strategy of using technology to maximize reach, retention, and
adherence in clinical trials. Through the use of social media platforms like Twitter and Facebook, the Habits
app was used to engage individuals online in a study that tracked, monitored, and incentivized people to
exercise, eat, and sleep in healthier ways. Online engagement saw no drop-off during the duration of the
study. Participants were divided into users and super-users, and would post updates regarding their daily
exercise routine, caloric intake, and sleep hours. All study participants benefitted from the exchange that
occurred in these private social media groups, but the super-users experienced significantly more weight

www.closeconcerns.com 395

http://www.type2diabetesgenetics.org/home/portalHome
http://www.type2diabetesgenetics.org/home/portalHome


loss and better sleeping patterns than the users. Dr. Pagoto suggested that in a world where technology is
rapidly expanding and evolving, investigators should use it to their advantage and develop studies through
this engaging platform.

Financial Incentives for Patient Engagement

Robert Jeffery, PhD (University of Minnesota, Minneapolis, MN)

Drawing from a wide variety of studies targeting weight loss, smoking cessation, survey completion, and
substance abuse recovery, Dr. Robert Jeffrey analyzed the effectiveness of different financial strategies to
encourage positive health behaviors. Financial incentives were shown to be beneficial in the short term, with
monetary amount, frequency, pattern, and social context all contributing to outcome. Dr. Jeffery
commented that effective incentives for long-term maintenance of behavior warrant further study, since
current data indicates that the influence of financial incentives wanes over time.

▪ Financial incentives generally have more substantial effects on patient health
behaviors when they are larger (in monetary amount) and more frequent. Dr. Jeffery
established a dose-dependent relationship between incentive size and magnitude of weight loss,
where people on average are able to lose more weight if their monetary prize is of higher value.
Payment schedule can also invoke changes in overall weight loss. In one study, participants lost
more weight if they received award money irregularly vs. in a constant payment schedule.

▪ Specific target outcomes are better than those that target intermediate behaviors.
Direct rewards for weight loss result in greater decreases in body weight vs. incentive plans that
award participants for behaviors that may lead to weight loss, such as attending nutrition classes or
meeting daily calories goals. Dr. Jeffrey showed that offering a $50 lottery for attending exercise
classes increased participation (61% attendance with incentive vs. 52% attendance without
incentive), but there was no significant difference in weight loss between the groups.

▪ Social group dynamics can be leveraged. Structuring rewards based on the mean weight loss
of a group results in greater weight loss for each member of the group vs. incentive structures based
on individual weight loss alone.

▪ Financial incentives are more powerful than material incentives. Responses to rewards
such as coffee mugs, cookbooks, and t-shirts are weaker than those to pure financial gain,
confirming the power of money.

Questions and Answers

Q: I have one observation and a question. We did a review on financial incentives a few years
ago, which supported that financial incentives are most effective for specific periods of time
when individuals care about a behavior - for example, smoking during pregnancy. You can
invoke change during these periods, but it is very difficult once they end. I was also struck that
in many of the studies you discussed, the incentives worked for initial weight loss but not for
maintenance. What do you think is happening here?

A: Habituation. If you are paying people to change their behavior, at first it is fun, but then it gets boring.
That's when you lose people.

Q: I'm interested in the finding that social incentives for weight loss were more effective. What
do you make of this? Are there possible cultural differences?

A: I'm not sure if there are cultural differences. I did think it was a fascinating finding. It seemed that this
incentive did not improve the performance of those at the head of the class, but was most effective for those
who were struggling because of the fear of bringing the performance of the group down. It also highlights the
question of whether rewards are more effective for those of low socioeconomic standing. Most of our studies
were done on people with relatively high socioeconomic means, but my guess would be that the effect could be
greater for people who really need the money.
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Recruiting and Retaining Rural, Minority, and Underserved Populations in
Behavior Change Intervention

Doyle Cummings, PharmD (East Carolina University, Greenville, NC)

Given that the African American community is underserved and underrepresented in clinical research, Dr.
Doyle Cummings presented a compelling set of strategies to enhance inclusion of this demographic in
clinical trials. He captured the urgent need for this inclusion, remarking that the areas in the US with the
highest rates of diabetes prevalence are also those with the highest proportion of African Americans. Dr.
Cummings established that rural African American communities face the most challenges in diabetes
management, pointing to higher A1cs, higher rates of comorbidities, and greater self-reported stress and
depression symptoms vs. Caucasian patients. He then showed a dearth of ClinicalTrials.gov search results
for "rural," "African Americans," and "diabetes." Detailing the long history of legalized discrimination and
poor treatment of this demographic group in the medical sector specifically, Dr. Cummings asserted that
many of the issues surrounding the recruitment and retention of rural African Americans boil down to a
mistrust of the medical community (he cited examples such as the Tuskeegee Experiment). He argued that
the medical/research community should take a more direct approach to regaining this trust by building
teams with integrity and character, spending time in the target community to better understand how they
perceive diabetes, and engaging with the target community. He warned against simply creating committees
and suggested using more direct communication strategies to understand the perspective of the community.
As an example, Dr. Cummings explained that his team hired six members of the rural African American
community in North Carolina, and using their suggestions, switched to recruiting for clinical trials in
churches, resulting in 100% recruitment and 82% retention. His team made a concerted effort to understand
the daily difficulties of patients in this particular population and designed "a better study" that brought
research components to the community and to primary care offices. Dr. Cummings urged diabetes
researchers to look to other disease areas, explaining that cancer drug trials have found that there are
higher retention and completion rates when researchers employ patient navigators.

Maximizing Recruitment and Retention in Pediatric Randomized Control Trials
(RCTs)

Randi Streisand, PhD (Children's National Medical Center, Washington, DC)

Given that 45% of pediatric RCTs do not meet recruitment goals, Dr. Randi Streissand suggests that the
most important way to increase enrollment in such trials is to engage the young participants themselves.
Retention is also an issue with these trials, as only 70-80% of type 1 diabetes youth trial participants come
back for follow-up. When investigators design trials, Dr. Streisand suggests using informed consent,
managing expectations of parents, and increasing amounts for incentives. She advised that principal
investigators keep in mind travel distance, cultural relevance, out of pocket costs, and children's indifference
with regards to participation and follow up in RCTs. According to Dr. Streisand, investigators should also
consider having an Advisory Board to receive feedback from current and past trial participants periodically
and use their suggestions to modify and build new trials. With all these suggested changes, randomized
control trials may be met with more success.

Symposium: Cognitive Decline - Recognizing and Adapting Diabetes Care
Strategies

Adapting Diabetes Self-Management Efforts to Maximize Success

Deborah Hinnen, RN, CDE (University of Colorado, Colorado Springs, CO)

In this practical talk on adapting diabetes care strategies for patients undergoing cognitive decline, Ms.
Deborah Hinnen emphasized the importance of early, careful, and continual cognitive assessments for
aging patients. She pointed out that diabetes places extreme financial and cognitive demands on every
patient, and the difficulty of fulfilling those demands only increases as a patient ages, both mentally and
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physically. Cognitive decline is insidious and often masked by the patient for many reasons, but a HCP
needs to assess for memory loss and the maintenance of diabetes-related skills to ensure the safety of the
patient. That assessment should make it easy for the patient to bring up any trouble they've been having,
and it should occur early and often-early detection is essential to maintaining quality of life and of
treatment regimen. The conversation about potentially receiving daily living assistance in the future should
also begin early, and it should involve and engage the patient as much as possible. There are a variety of
personal and technology-based resources available to aging patients, and they should be implemented to
promote safety and independence.

▪ Ms. Hinnen reviewed all the factors that make diabetes challenging, from financial
constraints to cognitive demands. She used a case study to illustrate the practical barriers to
optimizing a diabetes treatment plan. She recalls discussing a variety of medications with lower
hypoglycemia risks with a patient, but none of these (GLP-1 agonist, SGLT-2 inhibitors, and basal
insulin/GLP-1 agonist coformulations) would qualify under the patient's insurance, and all insulins
available on this patient's plan would cost more than $100 out of pocket. As a result this patient
didn't take insulin, and was afraid to each lunch because he feared high BG readings. Against this
backdrop, Ms. Hinnen underscored that managing diabetes can be overwhelming: on a daily basis,
patients have to plan and follow meal plans, monitor glucose, follow medicine regimens, engage in
physical activity, recognize and treat highs and lows, engage in daily foot care, manage stress, and
handle a number of doctor and lab appointments.

▪ Cognitive assessment is now required as part of Medicare's annual wellness visit
algorithm, but more work needs to be done in proactive evaluation. The Behavioral Risk
Factor Surveillance System includes questions such as "During the past 12 months have you
experienced confusion or memory loss that is happening more often or is getting worse?" However,
Ms. Hinnen argued that the most important thing HCPs can ask patients is, "During the past 7 days,
did you need help from others to take care of things such as laundry, housekeeping, bathing,
shopping, using the telephone, food prep, transportation, or taking your own medications?" This
question targets the cognitive functions and physical coordination needed for taking care of
diabetes, and is easy to add to any assessment. Additionally, it provides an opportunity for patients
to bring up any problems they might be having. Then, they can be referred for more extensive
evaluation by geriatricians, geriatric psychiatrists, or neurologists.

▪ Early detection of cognitive decline is crucial to maintaining quality of life and
treatment; equally important is beginning the conversation about assistance early.
Early detection may help maintain independence, improve quality of care, lessen caregiver stress
and depression, and provide opportunity to plan for the future while affected individuals can still
participate. The CARES program of Colorado Springs brings together the fire department and two
hospitals: as 911 calls from a residence increase, paramedics proactively call on people to ask them
to sign up for the program. A HIPPA waiver allows officials to contact PCPs, and the primary
diagnoses in the program are diabetes and CV problems. Motivational interviewing is used to help
patients identify their own issues, and a navigation team bridges them with formal services.
Additionally, beginning the conversation surrounding cognitive decline early on provides the
opportunity to plan for the future while the affected individual can still participate. It should be
explained that cognitive disease progresses and put into common terms, such as "dementia" if
appropriate. Patients should be asked what services can help them at the moment, if they have
thought about how their lives will look in the near future, and how they can envision receiving
assistance.

▪ Support systems and strategies can be personal or technology-based, and there are different
strategies caregivers and HCPs can utilize to maximize the safety of a patients. Personal support can
come from family, friends, and outside caregivers, and the level of involvement should be
determined with the patient if possible. Often, it is helpful to escalate the time and extent of support
to allow trust and comfort between caregiver and patient to build; eventually, many patients will
move into skilled nursing facilities. Relevant assistive devices include CGMs with sharing
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capabilities, GPS tracking and emergency alert devices, and insulin pens with time and dose
memory-there are even outlet devices to help make sure that appliances like stoves get turned off.
HCPs should also verify knowledge and basic skills with their patients; rather than just asking if a
patient is having trouble, they should be asked to mimic injections or other medication
administration, explain what types of food they should be eating, and show how they check their BG
and explain what their goals are.

Symposium: Personalized Nutrition by Prediction of Glycemic Responses

Personalized Nutrition by Prediction of Glycemic Responses

Hagit Shapiro, PhD (Weizmann Institute, Rehovot, Israel)

Summarizing some of her research, Dr. Hagit Shapiro explained that in studies done with standard meals of
varying types - bread, bread with butter, or glucose - patients showed varied responses in postprandial
glucose. She attributed these varying responses to the microbiome, explaining that different microbiota
phyla show different responses to different diets. No other independent variable corresponded to the
differing responses. This insight led Dr. Shapiro to design a learning machine that would predict
postprandial glucose response based on the microbiome. While the correlation between increased
carbohydrate consumption and postprandial glucose response is only r=0.38, this learning machine showed
a correlation of r=0.68 between predicted response and actual postprandial glucose response. Another
study using a further refined version of the learning machine resulted in a correlation of r=0.70. Dr.
Shapiro advocated that this learning machine could help patients/providers develop a personalized diet
plan that optimizes outcomes. She explained her group's efforts to use the microbiome to address failure to
maintain weight loss: Microbiome changes in previously obese mice that lose weight show an intermediate
microbiome composition compared to the composition of obese or lean mice. Mice that cycle back to obesity
again show no change in microbiome composition and appear similar to obese mice in terms of microbiome
composition. Dr. Shapiro shared that her learning machine was used to predict obesity-based microbiome
composition, with a resulting correlation of r=0.72 between predicted and measured obesity levels. She
concluded by proposing that microbiota metabolites - particularly flavonoids - could be used to alter the
microbiome and ameliorate obesity relapse. We're intrigued by the learning machine and its potential to
personalize diet/lifestyle interventions for type 2 diabetes and obesity. The microbiome is certainly a
buzzword these days, and we're excited to note so much passion for microbiome-based approaches to
diabetes and obesity - that said, our enthusiasm is tempered somewhat by the fact that all this research
remains very early-stage and has yet to yield a new, concrete therapeutic option. But, this is an area of
research that we will continue to watch closely, with high hopes down the line near and far.

Symposium: Patient-Reported Outcomes (PROs) - Using Clinic-Based
Screening and Intervention to Inform Diabetes Care

To Screen or Not to Screen - Is That the Question?

Jeffrey Gonzalez, PhD (Yeshiva University, New York City, NY)

Dr. Jeffrey Gonzalez made a case for not routinely screening patients with diabetes for depression, arguing
that screening everyone has not been proven to yield better results to treatment, creates a high number of
false positive results, taxes the resources of mental health providers who are already stretched thin, and
ultimately distracts from addressing the patients more pressing issues. Dr. Gonzalez began by noting that
the US is one of the few countries to recommend screening patients regularly for depression, pointing out
that Canada and many western European countries do not do so. He then traced the causes of the high
number of false positives when patients with diabetes are screened for depression, observing that the
standard Patient Health Questionaire-9 (PHQ-9), which is used to screen patients for major depressive
disorder (MDD), is not able to distinguish between localized distress and MDD. The standard response for a
healthcare provider with patients whose answers to this questionnaire indicate they are at risk for MDD is
to refer them to a mental-health resource for initial screening and diagnosis, which Dr. Gonzalez believes
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risks placing an undo strain on mental-health workers. Instead, he recommends screening on an as-needed
basis, focusing on those who are already diagnosed with MDD and other mental-health issues, and
advocated health care providers talk to their patients about what's going on in their lives to help inform
their decisions to screen or not. We value this practical opinion and continue to hope for more resources in
mental healthcare, for people with diabetes and in general. Specifically, there is a pressing need for
improved diagnostic methods that avoid false positives, and a system which has adequate resources and
capacity to provide support for those in need of help.

▪ Dr. Gonzalez argued that standardized questionnaires yield a high number of false
positives for MDD. He rapidly worked through a number of studies showing the number of
patients whose answers to two common depression screening instruments, the PCHQ-9 and CES-D,
fell in the depressive range, but in general only around 30% of those in this range were found to have
MDD when diagnosed again in a clinical setting. This translates to a troubling average false positive
of 70% across studies.

▪ He also argued that semantics matter when discussing screening patients: stating that
questionnaires that focus on diagnosing MDD risk mislabeling what would be better identified as
Diabetes Distress. In particular, somatic symptoms such as trouble sleeping and loss of appetite are
all listed on these questionnaires, but are also highly likely to be associated with poor adherence to
diabetes treatment.

Questions and Answers

Q: In one of your other talks it sounded like you recommend screening. Can you clarify?

A: I said consider screening. I think if you have a system in place and a psychologist integrated with the staff/
resources available, in other words the resources for it are in-house, I think it is reasonable to screen. My fear
is that how this is being rolled out is give the PHQ-9 to everyone and then subsequently we over-diagnose and
over-treat.

Adult Psychosocial Screening and Intervention - What Providers Need to Know

Paul Ciechanowski, MD (University of Washington, Seattle, WA)

Dr. Paul Ciechanowski emphasized the positive impact on health outcomes associated with integrating
screening for psychosocial measures during health visits. Psychosocial screening can help identify which of
two styles of human interaction a patient prefers - interactive style and independent style. Different
behavioral styles may affect outcomes for people living with diabetes. Dr. Ciechanowski explained that both
type 1 and type 2 diabetes patients who belonged to the independent style group often had higher A1c levels.
Independent style individuals also missed more appointments, had less satisfaction with care, less
treatment adherence, and a 33% increase in mortality in 5 years. As a result, there is a great need to
understand what interventions might work best for individuals by understanding individual behavioral
styles. Dr. Ciechanowski concluded that integrating an understanding of psychosocial measures into
diabetes care will help to foster patient-provider connection and improve medication adherence and
outcomes.

▪ Dr. Ciechanowski explained the difference between interactive style and independent
style. He described interactive individuals as those who are comfortable with getting emotionally
close to others, find it easy to depend on other individuals, and enjoy emotional intimacy. On the
contrary, independent individuals are uncomfortable sharing their emotions, do not easily depend
on others, and worry that they will be hurt if they get too close to another individual.

▪ Dr. Ciechanowski identified several behavioral tests that may be helpful for better
understanding patients and identifying which behavioral style they may best align
with. He mentioned the Diabetes Distress Scale, the Problem Areas is Diabetes (PAID) test, PHQ-9,
which measures depression, and the Summary of Diabetes Self-care Activities (SDSCA) Measure.
Incorporating these behavioral evaluations into healthcare systems may allow providers to better
understand and help their patients.
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Symposium: Overtreatment in Diabetes Management

Supporting Personalized Patient-Centered Care Through Shared Decision-Making

Elbert Huang, MD (University of Chicago, IL)

Dr. Elbert Huang discussed a number of reasons we, as a community, have failed to personalize diabetes
care in practice despite the recent increase in discourse on this topic. He touched on a number of
explanations from psychological phenomena such as ego bias ("I'm doing well but others suck") and status
quo bias ("it's difficult changing anything when you've been doing it a certain way") to the perpetuation of
old recommendations (e.g., it takes a long time to re-teach an entire generation of providers) to the simple
fact that clinicians are tremendously busy and that weighing the risks and benefits of treatments is
cognitively challenging and time consuming. With that in mind, he concluded that digital tools are going to
be key in facilitating a true personalized decision-making revolution, noting that one big challenge is
developing a system that is true to the latest evidence-based reasoning and that takes into account
individual patient preferences. He drew a line as well between "shared decision-making" and "decision
support" software - noting that the later actually nudges patients and providers in a certain direction - and
encouraged attendees (both manufacturers and clinicians) to consider this difference when designing and
using such tools.

Symposium: The Neglected Delta Cell

The Difference Delta Cells Make in Glucose Control

Mark Huising, PhD (University of California, Davis, CA)

Dr. Mark Huising presented a compilation of several studies on the pancreatic delta cell, demonstrating
that it plays a vital role in human islets by maintaining the homeostatic set-point for glucose. Dr. Huising
began by placing the delta cell in context with human islet function: it is the third most common cell type in
the islet after the better-known glucose-secreting alpha cells and insulin-secreting beta cells, and is
responsible for the release of somatostatin, which maintains glucose homeostasis by coordinating glucagon
and insulin release from the alpha and beta cells. The release of somatostatin from delta cells is triggered by
urocortin3 (Unc3) from the beta cells and ghrelin from the GI tract. Dr. Huising believes that further study
of delta cell function will help pre-empt what he called "vicious cycle of hyperinsulinamia and
hyperglucagonemia," for people with diabetes, noting that even those with good glycemic control will
experience far more variation in glucose levels than those with fully functioning islets.

Questions and Answers

Q: Can you rescue SST secretion with ghrelin?

A: We haven't done it, I would guess you can.

Q: Do you think Unc3 is a necessary part of insulin secretion or just has a role in feedback
loop?

A: It is not required for beta cells to secrete insulin, but does regulate the levels of insulin.

Symposium: The Stigma of Diabetes - An Underappreciated Reality

Susan Guzman, PhD (Behavioral Diabetes Institute, San Diego, CA); Lindsay Jaacks, PhD
(Harvard University, Boston, MA)

ADA 2017 kicked off with a morning symposium on a critical but under-recognized and under-researched
topic: the stigma of diabetes. Dr. Susan Guzman, a clinical psychologist at the Behavioral Diabetes Institute
(founded by the great Dr. William Polonsky and the only nonprofit dedicated to psychological issues of
diabetes) led with a discussion of the feelings of guilt, shame, blame, embarrassment, isolation that too often
accompany living with diabetes. Drawing largely on data from diabetes market research firm dQ&A
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(outlined in detail at AADE 2016 by our very own Mr. Adam Brown), Dr. Guzman described how these
negative emotions are exacerbated in people with more intense therapeutic regimens, higher BMI, higher
A1c, and poorer self-reported "control" - in other words, those most in need of help are also the most
negatively impacted by diabetes stigma. She powerfully illustrated the judgment and misunderstanding
surrounding diabetes with a timely allusion to a statement made a month ago by Budget Director Mr. Mick
Mulvaney, who, when asked about how healthcare policy should handle pre-existing conditions, remarked
that the US government shouldn't have to "take care of the person who sits at home, eats poorly and gets
diabetes" in future iterations of healthcare reform. Against this troubling backdrop, Dr. Guzman reminded
the audience that diabetes is not a choice, and managing this disease is very hard work, underscoring the
crucial role healthcare professionals can play in replacing society's negative messaging surrounding
diabetes with facts and empathy. We're so glad that Dr. Guzman is drawing attention to this very important
topic. Further, we were impressed by the primetime positioning for psychosocial issues related to diabetes
care at ADA 2017.

▪ Harvard University's Dr. Lindsay Jaacks continued the discussion, delving into the
arguably even more severe diabetes stigma that exists in low- and middle-income countries (where
the majority of people with diabetes live). Her research on the experiences of living with diabetes in
China and India reveals a widespread phenomenon of people hiding their diabetes from friends,
family, and co-workers and uncovered several key structural issues that people with diabetes face in
emerging countries, such as difficulty finding a spouse due to extreme stigma, and a lack of
institutional policies to prevent the discrimination of people with diabetes.

▪ Though diabetes stigma is experienced differently across cultures, Dr. Jaacks argued
for a universal underlying framework: stigma leads to mutually reinforcing cycle of distress/
depression and suboptimal self-management practices, ultimately giving way to poor glycemic
control and elevated risk of diabetes complications. Thus, anywhere in the world, educating the
general public about diabetes could not only reduce the stigma that people with diabetes experience,
but also potentially improve self-management and health outcomes.

Special Lectures and Addresses: President, Medicine & Science Address
and Banting Medal for Scientific Achievement

Banting Medal for Scientific Achievement - The New Biology of Diabetes

Domenico Accili, MD (Columbia University, New York, NY)

In this year's inspiring Banting Medal for Scientific Achievement lecture, Columbia's Dr. Domenico Accili
presented his vision of a revamped toolkit for diabetes care in 2021, 100 years after the discovery of insulin:
Prevention of beta cell de-differentiation, a gut-targeted Foxo1 inhibitor to coax gut cells into producing
insulin in a glucose-dependent manner, and selective insulin sensitizers. These sound like ambitious goals,
but Dr. Accili conveyed confidence-inspiring narratives around each. The meat of his talk focused on
dispelling the perception that beta cell failure is a consequence of beta cell death. His data seem to suggest
that beta cell dedifferentiation, not necessarily death, is actually to blame. In the islets of individuals with
diabetes, beta cells are still alive, but they lose their expression of insulin and other beta cell-typical
hormones and come to resemble progenitors - in fact, the number of hormone-negative cells in human islets
can be as high as 30%, and the process of dedifferentiation is consistent with the clinical features of type 2
diabetes. Eventually, some of these even convert to glucagon-producing alpha-like cells. Dr. Accili sees a big
opportunity here: If beta cells are not dead, but just quiescent as dedifferentiated of converted cells, then
there's a chance to restore beta cell health even after the onset of hyperglycemia. For type 1 diabetes, Dr.
Accili's lab has set sights on coaxing gut cells into producing insulin in a glucose-dependent fashion. Early
studies found that knocking out FOX1 yields insulin positive cells in the gut, which exhibit glucose-dependent
insulin secretion ex vivo. The strategy of converting intestinal cells into insulin-producing cells may be
better suited to treat type 1 diabetes than stem cell-derived beta cells because the gut has "immune privilege"
(the cells are less likely to be targeted as invaders), endocrine cells have a short half life in the gut, and so
escape destruction, and gut cells continually regenerate, ensuring a renewable reservoir. In Dr. Accili's
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opinion, "there's no reason why this should not work." Lastly, for type 2 diabetes, Dr. Accili explained that it
is possible to modulate critical nodes of insulin signaling to dial up/down individual bio-responses, enabling
selective reversal of insulin resistance - any therapeutic agent in this vein could reduce the burden on
overwhelmed beta cells and preserve glycemia for extended periods of time. With a portfolio this lengthy
and deep, we can't think of anyone more deserving of this award than Dr. Accili - our only hope is that he
sticks with it and delivers 2021: A Diabetes Odyssey.

Special Lectures and Addresses: President, Health Care & Education
Address and Outstanding Educator in Diabetes Award Lecture

A Toast to Our History

Davida Kruger, MSN (Henry Ford Medical Group, Detroit, MI)

Upon receiving the Outstanding Educator in Diabetes Award, a humbled and passionate Ms. Davida Kruger
shared her work in diabetes over the past 35 years, as she provided insights on her role in the DCCT, as a
nurse practitioner in diabetes, and as an ADA volunteer. In an emotional opening, Ms. Kruger shared her
personal reasons for working in diabetes, as she touched on the diabetes diagnoses and complications she
watched her mother and other family members experience. Moving into the beginnings of her career, she
discussed her role in the DCCT, emphasizing the development and evolution of the role of trial coordinators
during this time and the emergence of different team member roles throughout the process. Notably, Ms.
Kruger continued by stressing the increasingly important role of the nurse practitioner, as diabetes
prevalence increases and the clinical endocrinologist workforce declines. Along these lines, she presented
data showing that nurse practitioners make equally accurate diagnoses as physicians and are also more
likely than physicians to provide health education and promotion, adapt medical regimens to the patient's
preferences, and listen more to the patient. Lastly, Ms. Kruger touched on her work as an ADA volunteer,
specifically pointing to the importance of fundraising for the Association's research foundation. In
conclusion, Ms. Kruger expressed appreciation for her family, mentors, and colleagues, as she closed by
stating that the field "must remain open to all team members" and keep the patient at the "head of the
team." Ms. Kruger left the podium with a standing ovation and our team joins the diabetes world in our
deepest gratitude and admiration for Ms. Kruger's incredible leadership and service to the field.

The Pillars of Prevention - Discover, Advocate, and Educate

Brenda Montgomery, RN, CDE (AstraZeneca, Bellevue, WA)

Ms. Brenda Montgomery, ADA President of Health Care & Education, discussed the ADA's efforts in the
fight against diabetes with a particular eye toward prevention. She organized her remarks in accordance
with the ADA's three strategic imperatives: (i) Drive Discovery, through research, partnership, and
innovation; (ii) Raise Voice, to intensify the urgency around the diabetes epidemic and mobilize action; and
(iii) Support People, to continually develop new and effective resources for people affected by diabetes. On
the prevention front, the ADA has driven discovery through its support of the original DPP trial and its
subsequent iterations in real world settings and in various international locations. In terms of raising voice,
Ms. Montgomery pointed out that the ADA has tirelessly advocated for the passage of the Diabetes
Prevention Act, legistlation to establish a national diabetes prevention at the CDC, and has worked with the
YMCA to advocate for the establishment and funding of the NDPP. Finally, in supporting people the ADA
has worked to broaden access to diabetes prevention services through Medicare coverage and has
facilitated the national scaling of prevention. All in all, Ms. Montgomery surmised the ADA's work in the
prevention space as a story of "small steps leading to big rewards." To illustrate this, she pointed out the
immense progress the field has made since 1993 when the DPP was first initiated: indeed, diabetes
prevention is now a field all its own.
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Special Lectures and Addresses: Kelly West Award for Outstanding
Achievement in Epidemiology (Sponsored by Merck)

Diabetes in Youth - Looking Backwards to Inform the Future

Dana Dabelea, MD (University of Colorado, Denver, CO)

Dr. Dana Dabelea underscored the need to look backwards to see the developmental origins of diabetes
before making decisions on how to treat it (and on a population level, how to prevent it). These
developmental origins include stress, nutrition, smoking, pollution, social environment, maternal condition,
and toxins. Dr. Dabelea highlighted gestational diabetes, reporting that exposure to diabetes in utero is the
strongest risk factor for type 2 diabetes in youth. She discussed the Healthy Start Study's findings that
increased gestational weight gain and maternal high-fat diet are associated with increased neonatal
adiposity. This same study also demonstrated that higher levels of late-pregnancy total energy expenditure
are associated with decreased neonatal adiposity, and that neonatal adiposity but not birth weight
significantly predicts obesity at age three. This and other studies highlight the need to focus on diabetes
prevention earlier in life. As Dr. Dabelea put it, the vicious cycle of diabetes and obesity needs to be broken
in several places.

Special Lectures and Addresses: National Scientific & Health Care
Achievement Awards Presentation and Outstanding Scientific Achievement
Award Lecture

Energy Sensing and Metabolism - Implications for Treating Diabetes

Gregory Steinberg, MD (McMaster University, Ontario, Canada)

In a fascinating summary of his award-winning basic science research, Dr. Gregory Steinberg shared how
his work on energy sensing and metabolic regulation could create exciting, novel therapies for diabetes
treatment. Steinberg centered his talk around AMPK, a ubiquitous protein that is activated by metformin,
and explained that this protein kinase is like a fuel gauge that tells the cell when to fill up with energy. He
continued by explaining that increased AMPK levels may increase insulin sensitivity and tolerance and
reduce lipid sensitivity. Simultaneously metformin also increases levels of GDF15, a protein that works in
similar ways to AMPK and is another cellular 'fuel gauge.' Steinberg explained that his most recent work
has been in finding pharmacological agents that could activate these fuel gauges. He further suggested that
AMPK can activate transformation of white adipose tissue into brown adipose tissue (BAT), based on
evidence in mice lacking AMPK demonstrating that they are not able to regulate their own body
temperature and develop insulin resistance despite eating the same diet as wild type mice. While there is no
established method for restoring BAT, Steinberg explained that norepinephrine can activate transformation
of BAT and also can inhibit serotonin production through a series of intermediary, rate-limiting enzymes.
He noted that reduction of peripheral serotonin protects against obesity in mice. Dr. Steinberg concluded his
talk by circling back to his research's relevancy to patients with type 2 diabetes, arguing that further
examination of how to manipulate these cellular fuel gauges could lead to important, groundbreaking
therapies in the treatment of type 2 diabetes.

Professional Interest Group Session: Joint Consensus Statement on the Use
of Language in Diabetes - Why Language Matters

Real-Life Examples

Jane Dickinson, PhD (Teachers College, Columbia University, New York, NY)

Dr. Dickinson gave an intensely personal talk on the power of language and the role that it plays in
diabetes. She opened with a story about an adolescent girl at diabetes camp with blood glucose above 200
mg/dl who hid in her cabin because she was too ashamed to tell anyone. These types of responses and
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stigma are a product of negative messaging and language around diabetes care. Dr. Dickinson also spoke
about her experiences in a clinic where patients were referred to by their disease (i.e. diabetics), which puts
the disease before the person in the eyes of the healthcare provider. One powerful way she suggested to
combat this type of thinking was asking patients the question "What do you want me to know about you?" to
humanize them. Dr. Dickinson addressed the widespread use of the word "control" in diabetes. One of the
patients she worked with put his head in his arms and sobbed when he found out his cannula had not
delivered his insulin, saying "I work so hard on this and I never get it right." In the past, he had received a
lot of criticism for being "poorly controlled" and it made him hesitant to seek education and support.
Another young man she worked with as an inpatient had PTS and had blood glucose numbers in the
400-500 mg/dl range for years. He was proud that he had brought his numbers down to 200 mg/dl but
then still received a lot of derision from healthcare providers and was extremely discouraged from
continuing. These stories so deeply communicate how the language and messages we send to patients are
important from the very first encounter because we might not get another chance with that person.

▪ Dr. Dickinson dedicated a lot of attention to the word "non-compliant," which
unfortunately still persists among healthcare providers. "Non-adherent," she argued, is
just a cousin of "non-compliant" that implies people are not doing what providers want them to do.
Instead, Dr. Dickinson urged providers to focus on what people are doing rather than judging them
and understand that words can be helpful or hurtful. As an example, a provider once asked Dr.
Dickinson, "How long have you suffered from diabetes?" She answered, "I've had diabetes for 20
years but I don't suffer." Providers have an opportunity to examine our language and make changes
so that we can help people live well with diabetes without stigma and misunderstanding.

Support from the Research

Susan Guzman, PhD (Behavioral Diabetes Institute, San Diego, CA)

Dr. Susan Guzman shared a more academic perspective of how language conveys and perpetuates stigma.
She shared her experience as a clinical post-doc, watching providers talking about their patients but not
talking to them. There are a lot of reasons that people struggle with diabetes, and calling the behavior
noncompliant does not make sense for why people decide to act certain ways. Providers can go into rooms
with expectations and not listen to their patients. Dr. Guzman discussed research that encourages health
care professionals to consider howlanguage influences expectationsthat can affect how people think about
themselves andtheir experience with diabetes. Expectancy theory can apply to diabetes as well; for instance,
when patients who are labeled as uncontrolled are less likely to be prescribed insulin. Dr. Guzman
highlighted a recent study by Dr. Bill Polonsky, which demonstrated that positive messages improved the
quality of communication between patients and providers and had a positive impact on health behaviors.
Importantly, language conveys meaning that can determine expectations that lead to bias, and messages
that convey stigma can lead to distress and disengagement. Healthcare providers have an important role in
defining this experience by communicating supportive and collaborative messages.

▪ In a study of words that negatively affect patients, Dr. Dickinson found that six themes
emerged: (i) Judgment (noncompliant, uncontrolled, don't care, failure); (ii) Fear/Anxiety
(complications, blindness, death, DKA); (iii) Labels/Assumptions (diabetic, all people with diabetes
are fat, suffering); (iv) Oversimplifications/Directives (lose weight, you should, you'll get used to it,
at least it's not…); (v) Misunderstanding/Misinformation/Disconnection (cure, reverse, bad kind,
you're fine); and (vi) Body Language and Tone (no eye contact, accusatory tone). If these words were
not used, patients said that they would feel respected and listened to, and reassured that their
providers care.

▪ The way we talk about diabetes also reflects diabetes stigma by reflecting the idea that
people with diabetes have done something wrong or that people with diabetes are perceived as
having a character flaw or a failure of personal responsibility, being a burden on the healthcare
system, or being weak, fat, lazy/slothful, overeaters, poor, bad, or not intelligent. Dr. Guzman
pointed out that this can lead to feelings of guilt, shame, blame, fear, and embarrassment and
negative health outcomes from disengagement, isolation, and depression.
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Recommendations for Practice

Melinda Maryniuk (Joslin Diabetes Center, Boston, MA)

▪ Ms. Maryniuk presented recommendations from an upcoming formal paper from the AADE and
ADA on the use of language in diabetes care and education. The paper's guiding principles are that
(i) diabetes is complex; (ii) stigma has been historically attached to diabetes diagnosis; (iii) the
healthcare team can serve people with diabetes more effectively through a respectful, inclusive,
and person-centered approach; and (iv) that better language can enhance motivation and health.
She emphasized that the paper is not about banning words, but more about becoming aware of
and changing words. Some examples include using "people living with diabetes" instead of
"diabetics," using "check" or "monitor" blood sugar instead of "test," "managing" diabetes instead
of "controlling" it, emphasizing "safe" or "target" goals instead of labeling patients or their
diabetes management as "good," "bad," or "poor," and using descriptions such as "a patient who
takes medicine about half of the time" instead of a label like "nonadherent" or 'noncompliant."
Overall, the paper is a call to action to have more open and honest discussions between patients
and providers. We eagerly await the paper's full publication and are optimistic that it will be
especially influential in making the next generation of health care professionals more sensitive to
the use of helpful language and effective communication in diabetes.

Generic Drugs

Symposium: Results of the JDRF Reducing with Metformin Vascular
Adverse Lesions in Type 1 Diabetes (REMOVAL) International Multicenter
Trial

Introduction, Study Rationale, and Design

Helen Colhoun, MD (University of Edinburg, UK)

The REMOVAL trial was published online in Lancet Diabetes & Endocrinology just as this symposium
began, and Dr. Helen Colhoun opened by outlining motivations for the trial and reviewing study design. She
highlighted a lingering and concerning problem in type 1 diabetes care - patients face a 2.5-4x risk for CV
disease compared to a background population, without adequate adjunct therapies to address it. Metformin
is prescribed for some type 1 patients and is recommended in ADA and other treatment guidelines. However
there have only ever been nine small studies, the largest of which studied was in 100 participants followed
for one year (a total randomized follow-up in all studies of 192.8 patient years). The evidence summarized
in a meta-analysis published in 201o by Dr Colhoun and Dr Petrie demonstrated insulin-sparing effects,
weight loss benefits, and possible A1c-lowering efficacy. There was a slight impact on LDL in one previous
study in which few patients were treated with statins. DCCT/EDIC, is the only study that has showed a
long-term benefit on macrovascular complications in type 1, stemming from intensive glucose-lowering, but
risk factors other than glycemia are correlated with CV outcomes, so metformin might lower frequency of
CV events by impacting other risk factors or by other pleiotropic effects as in type 2 diabetes. Ambiguity
surrounding metformin's mechanism of action means that much remains unknown about the molecule's
specific effects on different physiological systems. All of this possibility led the REMOVAL research team to
select this well-known generic drug for a CV study. The group decided to look at an intermediate marker of
CV risk, carotid intima media thickness (cIMT), as a proxy for potential long-term cardioprotection. Adults
≥40 years-old with type 1 diabetes (n=428) were randomized to twice-daily metformin at a 1,000 mg dose
(n=219) or to placebo (n=209), both on top of standard of care (which included insulin titration/
adjustments). Treatment and data collection continued for three years, following an initial three-month
run-in period of insulin optimization. The primary outcome was rate of progression of mean far wall cIMT
at baseline, 12 months, 24 months, and 36 months. Secondary outcomes included A1c, LDL cholesterol,
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albuminuria, weight loss, insulin dose, and endothelial function. Rate of progression to maximal cIMT was
a pre-specified tertiary endpoint.

Study Population

Alicia Jenkins, MD (University of Sydney, Australia)

REMOVAL studied 428 middle-aged adults with long-standing type 1 diabetes at high risk of cardiovascular
disease, as defined by three or more risk factors (including BMI >27 kg/m3, A1c >8%, known
cardiovascular or peripheral vascular disease, current smoker, high blood pressure, high cholesterol or
triglycerides, strong family history of cardiovascular disease, or diabetes duration >20 years). Baseline
characteristics were well-balanced between the metformin and placebo-treated arms in terms of age (55
and 56 years), diabetes duration (33 and 34 years), BMI (28 kg/m3), A1c (8.1% and 8.0%), total daily
insulin dose (0.63 and 0.68 units/day), frequency of prior cardiovascular disease (14% and 11%), blood
pressure (systolic: 130 and 129 mmHg; diastolic: 73 and 72 mmHg), and cholesterol (LDL=85 mg/dl and
HDL=62 mg/dl for both groups). Notably the study population had high rates of retinopathy: only 12% of
participants in the metformin arm and 8% of participants in the placebo arm had no form baseline
retinopathy, with the rest of the population showing high incidence of non-proliferative diabetic retinopathy
(64% and 63%), inactive proliferative diabetic retinopathy (16% and 19%), and proliferative diabetic
retinopathy (7% and 9%). On the renal front, the majority of participants in the metformin and placebo
arms alike had normal eGFR (58% and 62%), though there was some incidence of stage 1 CKD (11% in both
groups), stage 2 CKD (27% vs. 23%), and stage 3a CKD (3% and 4%). Furthermore, the study population
had high usage of statins (82%), antihypertensives (73%), and anti-platelet drugs (39%).

Glycemia

Irene Hramiak, MD (St. Joseph's Healthcare, Ontario, Canada)

Dr. Irene Hramiak took the stage to discuss the impact of metformin on A1c and insulin dose in the three-
year REMOVAL trial. From a baseline of 8%, patients on metformin experienced a mean A1c decline 0.24%
greater than patients on placebo after three months (p<0.0001). After 36 months, this treatment difference
was 0.13% in favor of metformin (p=0.006), though A1c had risen above baseline for both groups. Dr.
Hramiak characterized this effect as "small, but highly statistically significant," calling attention to the steep
slope of glucose-lowering in the first three months, even though the benefit appeared to dissipate with
follow-up.

▪ Average daily insulin dose grew for participants in the placebo arm but decreased for
participants in the metformin arm over three years, culminating in a "modest"
treatment difference of 1.9 units/day (p=0.0018). Of note, a majority of patients enrolled in
REMOVAL (58%) were on a background of basal bolus therapy, while 33% were on an insulin pump,
3% were on twice-daily basal insulin, and 5% were on some other insulin regimen.

▪ The hazard ratios for minor and severe hypoglycemia were 1.12 and 1.23 in favor of
placebo at the 36-month mark, but neither of these reached statistical significance
(p=0.259 and 0.442, respectively), leading Dr. Hramiak to conclude that metformin
did not increase risk for hypoglycemia. While this is important data to report from a safety
perspective, one of the reasons we're pushing for better adjunct therapies in type 1 diabetes is that
we want to lower a patient's insulin dose and thereby reduce hypoglycemia - a point estimate in the
"wrong direction" is somewhat disappointing in this context. We might've hoped for a significant
hypoglycemia benefit in REMOVAL, but we recognize that insulin dose wasn't drastically decreased
with the addition of metformin by any means (Dr. Julio Rosenstock argued during Q&A, a change of
~two units per day is "absolutely nothing"). All in all, these glycemia results were disappointingly
neutral. We're hesitant to give up on metformin's role in type 1 diabetes care and treatment
algorithms (see the Q&A section below for a deeper dive on this topic), but as acknowledged by the
REMOVAL investigators, and contrary to current guidelines, metformin did not offer a clinically-
meaningful benefit to A1c on top of insulin therapy.
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Primary Endpoint

Nishi Chaturvedi, MD (University College London, UK)

REMOVAL's primary endpoint was mean carotid intima media thickness (cIMT), a commonly-used
surrogate marker for cardiovascular risk. cIMT essentially reflects the thickness of the inner two layers of
the carotid arteries (atherosclerosis) and can be measured by careful and quality assured noninvasive
ultrasound techniques. Over the course of the three-year study, mean cIMT increased at a rate of 0.006
mm/year in the metformin-treated group vs. a faster 0.010 mm/year rate of increase in the placebo group,
though this trend did not reach statistical significance (p=0.1664). However, the related tertiary outcome of
maximal cIMT increased at a significantly slower pace in the metformin-treated group (0.012 mm/year)
than the placebo group (0.25 mm/year; p=0.0093). In biological terms, mean cIMT reflects overall
thickening of the wall of the artery, while maximal cIMT, favored by the DCCT-EDIC investigators, includes
areas of plaque and focal thickening.

Clinical and Metabolic Outcomes

John Petrie, MD (University of Glasgow, Scotland)

Dr. John Petrie, primary author of the study, presented secondary endpoint data. From a baseline 84 kg
(185 lbs), body weight decreased for patients on metformin and increased for patients on placebo, leading to
a treatment difference of 1.2 kg (2.6 lbs) sustained over three years (p<0.0001). Metformin also
demonstrated positive effects on LDL, which fell 5 mg/dl in the treatment group but remained flat in the
placebo group at year three (p=0.0117) and on eGFR - this measure of renal function rose sharply for people
on metformin in the first three months, and after 36 months showed a treatment difference of 4 ml/min/
1.73m in favor of metformin (p<0.0001). In less positive news, metformin was not associated with a2

statistically significant benefit to retinopathy or to endothelial function.

▪ The signals for weight loss and lipid-lowering efficacy support metformin's current
niche in type 1 diabetes care, in that many HCPs prescribe the generic drug to their
type 1 patients to mitigate insulin-induced weight gain in those with overweight or
obesity. During Q&A, Dr. Partha Karr shared that these findings provide some reassurance on how
he runs his practice and when he turns to metformin for type 1, which is most often for a patient who
also wants to lose weight or improve cholesterol. Looking at REMOVAL through this lens, the
results still spotlight metformin's value and utility in type 1 diabetes management, although they
don't bring to light any new benefits to CV biomarkers or glycemia.

Safety

Martijn Brouwers, MD (Maastricht University Medical Center, The Netherlands)

Dr. Martijn Brouwers stepped up next to discuss additional safety outcomes of interest. Treatment
discontinuation was significantly higher among participants treated with metformin (41 cases, amounting
to 27%) than placebo (19 cases, amounting to 12%; p=0.0002), and accordingly total adverse events
occurred significantly more frequently in the metformin-treated group (27% vs. 12%; p<0.001). As expected
with metformin, gastrointestinal issues were the most commonly reported adverse events, occurring in 16%
of metformin-treated patients versus 3% of those in the placebo group (p<0.001). Additionally, vitamin B12
deficiency occurred significantly more frequently in the metformin-treated group (12%) than the placebo
group (5%), translating to a significant elevation in vitamin B12 deficiency risk (HR=2.76; p=0.0094). Dr.
Brouwers noted that vitamin B12 deficiency is a known side effect of metformin; the long-term effects of this
kind of vitamin B12 deficiency are unclear but if undetected may include aggravation of sensory
neuropathy. The REMOVAL data add to a body of evidence that Vitamin B12 should be monitored during
long term metformin therapy: this is rarely done in routine clinical practice. Finally, there was no increase
in hypoglycemia between either treatment arm, and serious adverse events were equivalent between the
metformin group (16%) and placebo group (15%).

www.closeconcerns.com 408



Conclusions

Peter Rossing, MD (Steno Diabetes Center, Copenhagen, Denmark)

Dr. Peter Rossing provided a helpful summary of the conclusions from each presentation that came before
his. He emphasized that REMOVAL is the largest and longest trial of metformin in type 1 diabetes, and that
it's the first RCT to look at an intermediate variable for CV outcomes (this has to do with feasibility, since a
traditional CVOT for metformin in type 1 is currently considered too large an investment for diabetes
funding agencies). Despite an underwhelming result on the primary endpoint, Dr. Rossing positioned the
statistically significant benefit to tertiary endpoint (maximal cIMT) as an exciting piece of data, perhaps
one to explore further. He reiterated the significant benefits to metformin in terms of weight loss and
(modestly) reduced insulin dose. REMOVAL results do not support the assertion in current treatment
guidelines that metformin causes a clinically-meaningful improvement in glycemic control, Dr. Rossing
explained, but they do suggest that metformin could have a broader role in CV risk management due to the
weight loss, LDL-lowering, and slower progression to maximal cIMT. This latter point is a bold claim for
clinical trial purists, since metformin did not show statistical significance on the primary endpoint of rate of
progression to mean cIMT. That said, there have been no cardiovascular outcome trials to date in type 1
diabetes, so we agree with the Commentary in the Lancet Diabetes and Endocrinology that hope is still alive
for metformin in better management of type 1 diabetes/CV complications. For one, the generic drug is not
going anywhere anytime soon, and it's a widely-accessible therapy known to be effective in type 2 diabetes.
In addition, we'd love to learn more about how elements of trial design could have skewed or muted efficacy
findings. For example, a majority of participants were already well-treated with statins and blood
pressure-lowering medications at baseline (which will be hard to avoid in selecting a real-world patient
population), and this may have made it more difficult to demonstrate statistically significant benefit on a
CV biomarker. Dr. Bill Tamborlane, who chaired the symposium, hinted during Q&A that cIMT may not be
the ideal surrogate for CV outcomes, since it didn't appear after six years of DCCT follow-up and thus may
not be sufficiently "timely." Another point raised during Q&A was that cIMT was already quite "favorable"
at baseline, which may have made it more challenging to show an simprovement. These ideas are purely
speculative right now, and we'll leave it to the statisticians and other thought leaders to weigh in on
REMOVAL at future meetings. Dr. Petrie announced that there will definitely be another symposium
dedicated to this type 1 trial at EASD 2017 in Lisbon, Portugal.

Perspective

Naveed Sattar, MD (University of Glasgow, Scotland)

As commentator, Dr. Naveed Sattar set out to contextualize the REMOVAL results. He set the stage with a
discussion of cardiovascular disease in type 1 diabetes. Recent data from a Swedish registry study
demonstrates that individuals with type 1 diabetes and no CV risk factors have an 82% greater risk of a CV
event than their counterparts in the general population - and yet there are no CV disease primary outcome
studies in type 1 diabetes. Against the backdrop of this severe unmet need, the implications of the REMOVAL
trial are frustratingly unclear. In Dr. Sattar's view, a CV benefit is "suggestive but not conclusive" in
REMOVAL, making it very unclear whether metformin should be recommended to people with type 1
diabetes to slow the progression of CV disease. On whether further trials are warranted to assess metformin
for CV disease in type 1 diabetes, Dr. Sattar was torn. Though metformin is inexpensive and generally safe,
making for relatively easy logistics, it seems as though other adjunct therapies (such as SGLT-2 inhibitors
and GLP-1 agonists, which have demonstrated cardioprotective effects in type 2 diabetes) are better
positioned for this large-scale investment of time and resources (though we're less optimistic about the
future of GLP-1 agonists in type 1 diabetes, given the safety signals in the ADJUNCT trials for liraglutide -
though we believe some of this may have been due to trial design and dosing decisions). During Q&A,
SGLT-2 inhibitors in particular were highlighted for their potential in type 1 diabetes and the chance that
they may confer superior glycemic and CV benefits over metformin. We're intrigued by this possibility, and
we're closely following Lilly/BI's and AZ's and Lexicon's phase 3 programs for an SGLT-2 in type 1 and/or
an SGLT-1/2. Despite REMOVAL's somewhat underwhelming results, Dr. Sattar closed by reminding the
audience of the significance of this undertaking as the single largest and longest randomized trial ever to
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examine a CV parameter of any sort in type 1 diabetes. We certainly hope it isn't the last and to the point
raised in Q&A, big funds are needed to invest in this (but that are a pittance compared to funds spent each
year on avoidable complications).

Panel Discussion

Dr. Bill Tamborlane (Yale University, New Haven, CT): You talked a lot about LDL changing.
I'd like to think about what wasn't said. What happened to HDL?

Dr. Petrie: We saw very similar changes.

Q: One of the things that determines ability to see changes in cIMT is baseline cIMT. Your
patients, I have to say, were extremely well-treated at baseline. To what extent do you think
that messed up your power calculation? It's hard to show improvement in endothelial
function, as well, if at baseline you already have good endothelial function.

Dr. Hramiak: That's a good point, that baseline cIMT was favorable. These patients were actually surprisingly
well-treated on statins and blood pressure-lowering medications. Certainly, baseline values were lower than
expected, and then rate of progression for mean cIMT was lower than anticipated from data from younger
DCCT-EDIC patients and from other conditions.

Comment: Of course, because that's where the lesion is. I recall another study that had low
cIMT at baseline and the group made an incorrect negative conclusion about ezetimibe. You're
hurt by this in REMOVAL, I think.

Q: Are these participants a selected group of survivors? They have 32-33 years of T1D…what
fraction of people would have already died of CVD before this time point?

Dr. Colhoun: By definition all cohorts are survivor cohorts, unless you begin the study from birth. If you're
asking if this was a population that was depleted of events - I don't think so. A more interesting question is
why in a population where event rates are fairly substantial do we not see substantially abnormal cIMT.

Q: cIMT is like tree rings, so the effect should persist. Will there be a data registry for these
participants to see if the changes in cIMT we see at three years will become meaningful later?

Dr. Petrie: We have approval to follow these patients up in longer term. It will take a long time, but we
certainly got that approval. As you say, they're no longer on randomized treatment so we would be looking for
a "metabolic memory" effect.

Dr. Julio Rosenstock (UT Southwest, Dallas, TX): I want to commend all the investigators. It
takes a lot of work to do these kinds of studies, especially with a retinopathy component.
There's a real need for adjunct therapy in type 1 diabetes. But looking at the results of this
trial, I basically see a negative study from all perspectives, not just the primary endpoint.
You're being generous on a potential reduction in CV events based entirely on a tertiary
outcome. You're using the word "modest" too much - two units is absolutely nothing in terms
of reduced insulin dose. Yes, metformin is out there and it costs $2 at Walmart. But we need to
raise the bar. This study would have been promising 10 years ago, when we didn't have any
other options, but now the SGLT-2 class has potential in type 1 diabetes. I take your word that
a CVOT will one day be necessary for type 1. I hope this stimulates potential for a large
outcomes trial of SGLT-2 inhibitors in type 1 diabetes, but metformin was totally negative in
this trial.

Dr. Colhoun: Raise the bar? What we actually need to do is raise the money. There has never been a CVD
outcomes study in the type 1 diabetes population for this reason.

Dr. Rosenstock: I agree with that, but metformin is not the drug. An SGLT-2 inhibitor or GLP-1 agonist would
be the drug - certainly not metformin.

Dr. Colhoun: In our paper in Lancet we are certainly not claiming that this is a positive trial. We need a
sustained and substantial effort to really drive forward a much higher standard and larger trials with CVD
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endpoints in type 1 diabetes. We spent a lot of time trying to raise the money to do a CVD outcomes trial with
metformin, and it was extremely challenging. Let's hope it happens someday. What we have done in this trial
is create a very good network to show that trials with a cardiovascular focus can be done in T1D, which is
something people have been skeptical of.

Dr. Tamborlane: In the DCCT after six years of follow-up, cIMT differences were basically zero. This speaks to
an issue about choice of surrogate outcome. Carotid thickening may not be timely enough to be able to show
an effect.

Dr. Petrie: Ultimately, this is the study we designed after a lot of workshop with JDRF, and this is the outcome
we chose. Treatment guidelines in the US and UK say you should use metformin for people who have type 1
diabetes and obesity to try and improve their glycemic control. One message from REMOVAL is that you
should not - there's not much of an effect on glucose control. It's transient, though it's statistically significant.
So, REMOVAL changes our perspective on metformin for type 1 diabetes, pointing us to maybe investigate
more cardiovascular effects.

Q: Did you look at sex differences within the groups? I ask because in the T1D Exchange study,
the boys had an improvement but the girls did not (and the boys were more abnormal at
baseline so maybe had more room to change).

Dr. Petrie: We haven't looked into that, but we could do it easily. We need to prioritize a few key post hoc
questions so as not to over-interpret the subgroups - this could be a good one.

Q: From a clinician's perspective, why was metformin chosen and not an alpha-glucosidase
inhibitor?

Dr. Petrie: As you know there is a large CVOT involving alpha-glucosidase inhibitors going on in China right
now led by the Oxford group, with results expected reasonably soon. The study includes people with
prediabetes. In my view, there's not enough data on alpha-glucosidase inhibitors in type 1 diabetes to justify
this kind of trial. All these hypotheses are interesting and we'd love to see many trials for cardiovascular
outcomes associated with different agents in type 1 diabetes - in fact we'd like to see any trial assessing this in
type 1 diabetes - but if one trial is to be done it will likely be with an SGLT-2 inhibitor, if phase 3 data in type 1
diabetes is promising and shows adequate safety. (Editor's note - we'd love to see a CVOT with multiple
therapies.)

Dr. Partha Kar (Portsmouth Hospitals, UK): Based on these results, as clinicians, would you
prescribe metformin to your patients with type 1 diabetes at high CV risk?

Dr. Hramiak: Probably not. I'm more convinced that in adolescents who are more insulin-resistant and who
have weight issues, we should prescribe metformin because they'll see more benefit in terms of minimizing
insulin dose. Hypoglycemia is a huge limiting factor of insulin, which is why we're looking for adjunct
therapies in the first place. Weight loss is also ideal. But to Dr. Rosenstock's point: adjunct therapies in type 1
to-date have had trouble proving glycemic benefits beyond 0.2-0.3% A1c reductions, so we're looking for
something other than glycemic benefits. We have to combine outcomes as we did in this trial - it's not just
about glycemia, and it's not just about CV disease.

Dr. Sattar: What would you do?

Dr. Kar: I already use metformin in the way you describe, so I don't think REMOVAL will
change my practice. Right now, I use metformin in type 1 patients who are overweight, so this
just gives me more reassurance. I wasn't expecting a huge CV benefit per se, and I think cIMT
is an ambitious endpoint for a three-year study. But I won't say this is a completely negative
trial, because it confirms my use of metformin in the patients I've got.

Dr. Tamborlane: Metformin seems to have some effect, but its borderline. GLP-1 agonists are also being
studied in type 1 diabetes. You really get substantial weight loss with these agents which may have an
advantage that goes beyond just glycemic control. Another great hope is SGLT-2 inhibitors. It's been a
challenge to find drugs with cardioprotective effects for people with type 1 diabetes, but we're still hoping that
the holy grail is out there somewhere.

www.closeconcerns.com 411



Dr. Chaturvedi: Is cIMT a poor outcome since it's a surrogate? At the moment it is one of the best surrogates
we have for cardiovascular endpoints that both predicts endpoints and can be employed easily in large clinical
settings. We were not expecting an effect on cardiovascular risk through glycemia lowering alone, we were
anticipating pleiotropic effects. Lastly, the effects we saw in the cIMT measures in this trial were actually
greater than those shown in the DCCT trial. The DCCT trial saw modest effects on cIMT but quite striking
reductions in cardiovascular outcomes ultimately. This is to say that it's a bit unfair to criticize the endpoint
we used. The effects on cIMT we saw here aren't completely negligible.

Dr. Tamborlane: A lot of these patients were on statins, and a lot were on anti-hypertensive medications. We
saw very little use of these agents in the DCCT. It's hard to parse what the confounding effects of these other
drugs may be. I would also suggest that another mistake is calling this study "REMOVAL," because you didn't
remove anything. Maybe you should have called it the SLOW IT DOWN study.

Q: Did you compare the results between people who were obese vs. non-obese at baseline?

Dr. Petrie: These data are quite fresh, so we haven't looked into that yet. This could be one to prioritize for
post hoc analysis - we will present theses at EASD.

Dr. Calhoun: I take your point that DCCT-EDICT trial did in the end teach us about cardiovascular endpoints,
but we can't realistically wait 30 years to see if diabetes drugs have an impact on cardiovascular disease. The
take-home message is that we're trying to cut short answers to these big questions by doing small studies in
type 1 diabetes with surrogate outcomes like cIMT. This will probably not resolve our clinical equipoise
sufficiently, but it does tell us something. Perhaps Dr. Rosenstock is actually going to raise the money to do a
large CVOT.

Q: The 1,000 mg dose of metformin isn't particularly big, and it's a lot less than what was used
in DCCT and UKPDS. Is there any plan to do a protocol analysis on dose?

Dr. Petrie: I think we can do an analysis like that. We have an estimate of the dose of metformin taken by each
participant over their time in the study based on tablets distributed and returned. An important clinical
message: when you give people 2,000 mg of metformin, you're actually giving them less, because some
patients will experience gastrointestinal adverse effects. We could look at subgroups of patients who tolerate
metformin better. If you're not experiencing side-effects (especially GI), and metformin might improve your
CV risk profile and it might control your weight, why not take it?

Dr. Tamborlane: This has been a great discussion with terrific questions - one of the more
enjoyable sessions I've been at.

Symposium: Sulfonylureas-Should I Stay or Should I Go?

Do They Have a Role in the Contemporary Treatment of Type 2 Diabetes?

Kamlesh Khunti, MD (University of Leicester, UK)

Speaking to a packed room, Dr. Kamlesh Khunti offered a disappointing defense for the continued role of
sulfonylureas, highlighting heterogeneity within the class, potential therapeutic benefits at low doses, and
affordability. While we remain unconvinced that sulfonylureas are worth it given the associated weight
gain, substantially hypoglycemia risk, and potential for beta cell burnout and increased CV risk, Dr. Khunti
emphasized that these agents are still featured in the ADA's 2017 Standards of Care as an option for second-
line therapy after metformin, are still used by 31% of diabetes patients in the US, and - according to Dr.
Khunti - will likely maintain their role in diabetes practice until the GRADE study and CAROLINA report.
Dr. Khunti presented mixed evidence on the weight gain, hypoglycemia, and CV events stemming from
sulfonylureas. In the ADVANCE study, sulfonylureas appeared to be weight-neutral and demonstrated a
durable A1c-lowering effect. A collection of real-world data shows that 5% of patients taking a sulfonylurea
experience severe hypoglycemia vs. 21% of patients taking insulin and 5% of patients taking other non-
sulfonylurea drugs, though Dr. Khunti acknowledged that definitions of hypoglycemia were not standard
across these different trials. The CV outcomes data surrounding sulfonylureas is perhaps the most
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contentious - a recent randomized controlled trial (RCT) found a 32% greater risk for heart failure with
sulfonylurea treatment vs. metformin therapy (p<0.05), and a metaanalysis of RCTs found that
sulfonylureas confer a 46% greater risk for CV mortality and a 26% greater risk for all-cause mortality vs.
placebo. The big caveat here, Dr. Khunti underscored, is that all sulfonylureas were grouped and analyzed
together, whereas other research shows glimepiride to be CV safe at low doses and the sulfonylurea of
choice for diabetes patients with underlying coronary artery disease. Ultimately, the field lacks reliable
evidence on the CV effects of sulfonylureas, as studies so far have used a variety of comparators and have
been subject to selection bias. This is why GRADE and CAROLINA will be so valuable for the community,
and why we're eager for these trial results: GRADE will analyze diabetes therapies head-to-head to
determine the optimal combination treatment for long-term care, while CAROLINA is Lilly/BI's CVOT
comparing DPP-4 inhibitor Tradjenta (linagliptin) vs. glimepiride, expected to complete in March 2019. At
CMHC 2016, Dr. Robert Ratner suggested that GRADE and CAROLINA data could be just what ADA needs
to extract sulfonylureas from treatment algorithms once and for all. For now, cost considerations keep
sulfonylureas in rotation for diabetes care - though we have never found this argument particularly
convincing, given the substantial downstream costs of severe hypoglycemia and the availability of other,
generic, low-cost options now (including TZD pioglitazone). Dr. Khunti described how the controversy over
sulfonylurea use is perpetuating clinical inertia, to some extent, a topic he's well-versed in - instead,
providers should swiftly prescribe whatever glucose-lowering therapy a patient can afford in order to
reduce risk for long-term complications of hyperglycemia. The importance of affordability/access is not lost
on us, and we certainly appreciate that sulfonylureas are a viable therapeutic option for some - though we
vastly prefer metformin and pioglitazone as the "low-cost option." That said, we hope that as newer agents
approach generic status - including DPP-4 inhibitors, SGLT-2 inhibitors, and GLP-1 agonists like
liraglutide, which has already demonstrated a significant CV benefit - sulfonylureas will slowly but surely
fall out of practice, yielding to superior therapies that offer A1c-lowering, weight loss, and other advantages
to outcomes beyond A1c without any associated CV or hypoglycemia risks. We note that other thought
leaders, including Dr. Jay Skyler, are fierce supporters of eradicating sulfonylureas from treatment
algorithms, and this is the direction we wish for the diabetes field in the not-too-distant future.

Exhibit Hall and Product Theaters
This document contains our coverage of the exhibit hall and product theaters at ADA 2017. Immediately
below, we enclose our high-level thoughts on what was often a bustling hall, followed by detailed coverage
of company's booths and product theaters. Booths highlighted in yellow were among our favorites from
ADA 2017; titles highlighted in blue are new full report additions from our daily coverage.

Diabetes tech and therapy companies were out in full force at ADA 2017. Novo Nordisk's commanding booth
emphasized Tresiba (insulin degludec) and Victoza (liraglutide), with the combination product Xultophy
taking a back seat. Both the standalone Lilly and Lilly/BI booths - which each commanded space on
opposite ends of the exhibit hall - highlighted Jardiance's unique CV indication (the words "Only Jardiance"
repeatedly flashed within a heart shape). AZ's booth was dominated by Farxiga (dapagliflozin), consistent
with the company's positioning of the drug as a cornerstone of its new Cardiovascular and Metabolic
Disease unit. Janssen continued to highlight Invokana (canagliflozin) as the #1 prescribed SGLT-2 inhibitor
in the US. Sanofi's booth heavily featured the company's newest offerings Toujeo (insulin glargine U300)
and Soliqua (lixisenatide/insulin glargine) along with a popular virtual reality demonstration of severe
hypoglycemia. Both AZ and Sanofi displayed their diabetes and cardiovascular products side by side, a
testament to the blurring distinctions between those two fields.

We additionally enjoyed playing with several new devices in the exhibit hall (many for the first time!),
including Medtronic's MiniMed 670G hybrid closed loop (interesting takeaways on user interface nuances),
Insulet's OmniPod Dash PDM (major, major improvement!), Dexcom's G5 touchscreen receiver (very
durable - built like a tank to meet the Medicare requirement that it last three years), and LifeScan's One
Touch Via (manufacturing process cleared, and great to FINALLY see this in a hall). We also enjoyed
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visiting Abbott (FreeStyle Libre Pro), Ascensia, BD, and Tandem for a refresher on their latest offerings.
Read the exhibit hall section below for a company-by-company snapshot!

Diabetes Technology Product Theaters

What's Next for the Omnipod® System? Innovation at Work (Sponsored by
Insulet)

Trang Ly, MD (Insult Corporation, Bedford, MA)

In a packed product theater, Insulet provided an on-stage demo of the upcoming Bluetooth-enabled
Omnipod Dash PDM (FDA submission in 2H17) and a first-ever deeper look at the user experience for the
Horizon Automated Glucose Control PDM (pivotal trial next year, five-day, three-center hotel study starting
next month). We snapped many never-before-seen pictures, posted here (notable shots below). Insulet CEO
Patrick Sullivan actually opened the product theater, emphasizing the main topic: "meaningful innovation."
We first saw the new Bluetooth-enabled Dash PDM in the exhibit hall on Saturday, and this live on-stage
demo left us equally impressed with the Android device and much-upgrade user experience. The Horizon
demo was also strong, and it was actually done on an iPhone (perhaps for demo purposes only, or a sign
that direct pod-to-smartphone transmission is a possibility at launch). It surprised us to see how far along
the Horizon user interface is for the product - it looked quite polished, and even the Dexcom transmitter-
pairing process was integrated (pictures here). The company is still wrestling with what to call the different
device modes (e.g., manual vs. auto, closed loop vs. open loop, etc.), but the feedback-gathering process has
been impressive: the talk paused twice and asked attendees to take a few minutes and fill out an on-seat
survey to share thoughts on Dash and Horizon. (The last question on each related to willingness to prescribe
the product in MDIs - Insulet's clear target market.) Said Program Director of Advanced Technologies
Jason O'Connor, "It's so critical to not rush a product to market, just because it has functionality. It has to
have the right user experience to deliver a product that is going to integrate into people's lives. We may not
be the first to market, but it does mean we'll deliver an exceptional product." [He then showed a picture of a
lame, earlier-to-market smartwatch from Suunto vs. the far improved Apple Watch] Based on what we've
seen, the company's 110,000+ patients worldwide (65,000 in the US) will see very meaningful upgrades
with both products.

▪ Insulet has now tested its algorithm in 82 patients (3,384 hours of closed loop, 70
nights). VP & Medical Director Dr. Trang Ly summarized the cumulative data in a
useful table, including results from two new posters at ADA in 6-12 year olds (132-LB)
and adolescents (1055-P). She noted that mean glucose is coming down and time-in-range is
increasing as the studies go on, the latter now up to 85%. Dr. Ly said the algorithm is doing a
"fantastic job" of doing what a good closed loop controller should do: improve time-in-range and
lower mean glucose without causing more hypoglycemia. She did note that following the licensing of
UCSB's algorithm from Mode AGC, Insulet made "some substantial changes" to ensure safety.

Glycemic
Outcomes

IDE1
Adults
n=24

IDE1A
Adults
n=10

IDE1A
Adolescents
n=12

IDE1A
Pediatrics
n=12

IDE 2
Meals
n=12

IDE2
Exercise
n=12

Mean

Glucose

162

mg/dl

155

mg/dl

153

mg/dl

157

mg/dl

153

mg/dl

136

mg/dl

% Time in

70-180 mg/

dl

70% 73% 73% 70% 76% 85%

% Time <

70 mg/dl

0.7% 0.7% 2% 2% 0.6% 1.5%
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% Time

>180 mg/dl

30% 26% 25% 28% 24% 14%

▪ Insulet is about to launch into a longer duration, five-day hotel study next month at
three centers. Boy is the company lucky to have Dr. Trang Ly, who has done this rodeo many
times with other closed loop studies in the academic setting. Since really committing to this product
last year, the company has rapidly completed a number of studies!

▪ Horizon will offer some user control and customizability with the algorithm,
including the ability to change the target glucose. The correction factor and basal rates are
also inputs to the algorithm, unlike the MiniMed 670G - which automated insulin delivery unrelated
to the preprogrammed basal rates. (The only two things users can adjust in the 670G to affect basal
automation are the insulin:carb ratio and the insulin action time.) Interestingly, 35% of Insulet's
Glooko-using patients use extended wave boluses and temp basals, features Insulet will now plan to
incorporate into its closed loop controller - this shows the power of user data to drive important
product design choices!

▪ Said Dr. Ly: "The pediatric population is very important to us. We're not going to
market without having done pediatric studies...What people talk about is the incredible
improvement in quality of life. That's why people use Loop and OpenAPS - it makes them feel a lot
of safer at night."

▪ The brilliant Dash platform allows Insulet to update the PDM's software and add
automation and concentrated insulin, but keep the same pod. We see this as compelling
and quite differentiated, an approach Tandem has also taken with its t:slim X2 platform.

▪ Dr. Ly mentioned Insulet's "Incredible collaboration with Glooko, which now reaches
44,000 patients in the US - they have a mean age of ~30 years, an average glucose of
185 mg/dl (eA1c: 8.1%), take 4.3 fingersticks per day, and bolus about 4.9 times per day.
Presumably Insulet can start to stratify this data and learn what different centers or patients do
differently - what behaviors separate those doing really well from those struggling?
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MiniMed 670G System with SmartGuard HCL Technology: Driving Patient
Outcomes through Automation (Sponsored by Medtronic)

Richard Bergenstal, MD (International Diabetes Center, St. Louis Park, MN) and Jennifer
Sherr, MD (Yale University, New Haven, CT)

Medtronic's MiniMed 670G product theater was standing-room-only (five-deep!), offering clinicians best
practices for setting expectations, tweaking parameters, glimpses of CareLink reports, comments on
Guardian Sensor 3, and two impressive before-after case studies. IDC's Dr. Rich Bergenstal ran through the
rationale for the hybrid closed loop device, emphasizing that "Current therapies cannot adjust for intra-
patient variability. How can we expect one basal rate? There is no such thing as A basal rate. It's changing
every five minutes!" He joked that while he often thinks he is "clever" with complicated basal schemes, the
reality is basal needs change every night and throughout the night - sometimes, the 670G is delivering much
less than pre-programmed, and sometimes it delivers much more. This will be a change for HCPs!

▪ A slide headlined, "It is vital to set realistic expectations with patients," shared the
following advice for HCPs: Glucose levels will not be perfect - they will improve over the first
few weeks as the system learns the patient and the patient learns to use the device. Trust the system
and let it work as designed. The goal is to maximize time in Auto Mode. Focus on time-in-range
(70-180 mg/dl) using CareLink reports and sensor glucose review screen on the pump for
immediate feedback on progress. A higher degree of engagement is needed at first (i.e., respond to
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alerts and take action as guided) and there is a learning curve for patients and HCPs. CareLink data
review is essential. Encourage patients to simply read pump screen and follow instructions." (This
last one may be paternalistic for type-A patients, though for the vast majority it will almost certainly
improve outcomes.)

▪ Dr. Bergenstal reminded attendees that the preset Manual Mode basal rates have
nothing to do with Auto Mode. Only two settings that relate to Auto Mode can actually
be fine-tuned by an HCP or patient: the insulin-carb ratio and the insulin action time. As he
did at ATTD, Dr. Bergenstal said that tightening the insulin:carb ratio can help with postprandial
highs on the 670G. He mentioned in Q&A that the insulin action time doesn't "play a huge role," but
it can increase the size of the manual bolus correction doses. At his clinic, the team usually uses a
three-hour insulin action time, though sometimes they have moved down to 2.5 hours.

▪ Drs. Bergenstal and Sherr covered two fascinating MiniMed 670G case studies in
young patients with high A1c's, showing quite dramatic improvements in time-in-
range. In a 14-year-old teenager previously on Dexcom CGM, the 670G drove estimated A1c from
8.5% (Manual Mode) to 7.2% (Auto Mode), with time-in-range (70-180 mg/dl) improving from 44%
to 73%. "The only time you get a teenager at 93% wearing a device is if they believe the investment is
worth it," said Dr. Sherr. The second case, a 23 year-old with a baseline A1c of 8.8%, spent just 27%
time-in-range in manual mode. After switching to Auto Mode, time-in-range improved markedly to
75%. While these were obviously cherrypicked case studies, it will be interesting to see the spectrum
of improvement on this product - who will benefit the most? Who will not?

▪ Dr. Sherr praised the much-improved Guardian Sensor 3, though Medtronic is
definitely emphasizing "3-4 calibrations per day." As a reminder, two calibrations per day
are required at minimum, though the MARD improves to 9.6% on 3-4 per day - this also allows
Guardian to cross the "10%" MARD threshold. The paired Ascensia Contour Next Link 2.4's strong
accuracy was also a big selling point. Interestingly, Dr. Sherr said that the transmitter's on-board
chip that monitors sensor health "puts the onus back on technology" and seems to relieve her
patients of self-blame when the sensor isn't working: "Oh, I didn't do something wrong." This
feature also reduces outliers, which are one of the most frustrating parts of wearing CGM.

◦ Dr. Sherr mentioned that Medtronic's new "oval tape is like gold" and helps the
sensor stay on for seven days. This is the first we can recall hearing of this tape change.
Medtronic has of course retained the underwhelming clamshell transmitter, though we
expect this to be phased out eventually, per the FreeStyle Libre-like transmitter pictures
from the 2016 Analyst Day.

▪ Dr. Bergenstal showed several CareLink reports (see below), which highlight before-
after glucose-profiles in Manual (red) vs. Auto Mode (blue). Those he showed confirmed
data from the pivotal trial - less variability, especially overnight. We like that these reports place a
big focus on time-in-range, depicted with large colored bars on the bottom left side. The before-after
plots should also convince skeptical HCPs that the device is making a difference.

▪ Medtronic is positioning overnight use of the 670G in Auto Mode as "auto pilot," while
daytime use is "co-pilot." We like this analogy and find it much more intuitive than "Hybrid
Closed Loop."
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It's Time to Rethink Professional CGM: The New FreeStyle Libre Pro System
(Sponsored by Abbott)

Daniel Einhorn, MD (UCSD, San Diego, CA)

Speaking to an overflow audience ("overflow" is actually an understatement, as every seat was filled and
about 70 folks were left either sitting on the floor or standing), Dr. Daniel Einhorn espoused the tremendous
benefits he has seen in his own practice with Abbott's FreeStyle Libre Pro: "This technology is so good and
has had such enormous impact on my practice and my patients, I couldn't resist [speaking here today]." Dr.
Einhorn stressed a number of the classic arguments we hear in favor of Libre Pro (highly accurate after
Day 1, no calibrations, no effort on the part of patients, no disinfecting, easy start and download with a
single HCP-owned reader) and his enthusiasm was evident throughout his lecture: "Anybody worthy of
getting an A1c is worthy of getting this kind of monitoring because it provides that granularity that is
needed for therapy decisions"; "Patients with SMBG may be way off and may not know it because they don't
understand the nuances of BG testing … So if I care enough to have you come in and talk with me, then I'm
going to use Libre and look at that data." He also addressed attendees' angst about the real-time version of
Libre, noting that that is a "different animal" but stressing that retrospective data - in and of itself - can be
extremely valuable for patients and providers alike. Notably, a poll of the audience showed that only about
10-15% of the room was currently using Libre Pro in their practices (though we're not sure what percentage
of the audience were clinicians based where Pro is available). We see tremendous runway for this
technology to revolutionize the glycemic picture for those unwilling/unable to wear real-time CGM.

Diabetes Therapy Product Theaters

New Perspectives on Existing Concepts of Cardiovascular Risk

Harold Edward Bays, MD (Louisville Metabolic and Atherosclerosis Research Center, KY)

In an Amgen-sponsored but unbranded product theater, Dr. Harold Bays spoke broadly about
cardiovascular disease risk globally in the United States, its modifiable and non-modifiable risk factors, and
why so many patients have CVD despite available treatments to modify the risk. Dr. Bays first provided
some grounding statistics around ischemic heart disease (one of the number one causes of death in the US

www.closeconcerns.com 419



and around the world) and then framed the rest of the discussion around the modifiable and non-modifiable
factors which contribute to this high incidence rate, namely: lipid disorders, hypertension, type 2 diabetes,
obesity, genetics, age/race/sex, history of CV event, smoking, and physical activity and diet. He addressed
most of the risks individually, going through both the causes and some trends in treatment, and spending
the most time examining lipid disorders and physical activity and diet. Dr. Bays concluded by emphasizing
that though treatments that modify and reduce risk of CV events are available, a significant number of
patients still have the CV.

▪ Dr. Bay advocated using available statins to help bring patients closer to their pre-
specified LDL-C levels, while noting that they alone have not been sufficient to completely reduce
risk. He acknowledged that that if patients have a high baseline cholesterol statins can only lower it
so far (and in general, only lower it 50-60%), and that they often struggle with adherence to
medication, or can have adverse reactions to statins, or may not have not been screened for CVD risk
and do not know they need treatment. However, he attributed the trend of towards lower cholesterol
levels in the US to the wider use of statins, believing that it is unlikely to be have been caused by
improved nutrition or physical activity.

▪ Two in three Americans are overweight or obese and 80% of them are not reaching
physical activity goals, a trend Dr. Bays partially blames on poor nutritional guidelines from
experts. He asserted that common guides to nutrition (e.g. breakfast is the most important meal of
the day) are either vague or conflicting (e.g. what is a healthy breakfast?), and speculated that the
reason obesity rates in the United States are leveling off are not because we're beginning to reverse
the trend but rather because obesity rates have reached peak saturation. He recommended matching
physical activity recommendations to patients based on what they are likely to actually achieve, to
help create even incremental improvement, but ultimately concluded that it is very difficult to
sustain improvement in these risk factors.

Clinical Data Review - Comparing the Safety and Efficacy of Two Once-Daily Basal
Insulins in Patients with Type 1 and Type 2 DiabeteS (Sponsored by Novo Nordisk)

Carol Wysham, MD (University of Washington, Spokane, WA)

In this Novo Nordisk-sponsored product theater, Dr. Carol Wysham reviewed the data from the SWITCH 1
and SWITCH 2 trials demonstrating significant reductions in hypoglycemia with Novo Nordisk's Tresiba
(insulin degludec) vs. Sanofi's Lantus (insulin glargine). In SWITCH 1, Tresiba was associated with 11% less
severe and symptomatic hypoglycemia, 36% less nocturnal hypoglycemia, and 35% less severe
hypoglycemia than Lantus in patients with type 1 diabetes. In SWITCH 2, Tresiba was associated with 30%
less severe and symptomatic hypoglycemia and 42% less nocturnal hypoglycemia than Lantus in patients
with type 2 diabetes. Novo Nordisk announced in its 1Q17 update in May that the EMA has approved a label
update for Tresiba based on the SWITCH results; a corresponding FDA decision is expected by September
2017. Novo Nordisk has also submitted data from DEVOTE (which demonstrated an impressive 40%
reduction in severe hypoglycemia and 53% reduction in nocturnal severe hypoglycemia with Tresiba
compared to Lantus) to the FDA and the EMA. Novo Nordisk is clearly hoping that these label additions will
help give Tresiba an edge over its most direct competitor, Sanofi's Toujeo (U300 insulin glargine), which
has no hypoglycemia claim in its label.

Questions and Answers

Q: Why is Tresiba not recommended in pediatric patients needing less than five units?

A: It wasn't studied and I assume you couldn't use that pen for that amount of insulin.

Q: Why was the fasting plasma glucose goal so low?

A: Those were the goals used in several other basal insulin studies and they found that it was a safe goal.
Almost all the trials that targeted a glucose <100 mg/dl never achieved a level below 115-120 mg/dl, so the
goal was to get fasting glucose more consistent.
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Q: Why were the results taken at the end of the maintenance period?

A: We were looking not at what might happen during the time when we were rapidly changing the dose but
assuming that during the maintenance period the dose would be fairly consistent, so the groups would be
most comparable.

Q: What was the conversion for patients with type 2 diabetes on BID basal insulin?

A: Patients already on once-daily basal insulin were converted unit per unit. If they were on twice-daily
insulin, the recommendation was to decrease it, although it was individualized by A1c and frequency of
hypoglycemia.

Q: Why did the Tresiba trials not show A1c superiority to glargine?

A: Remember that the original trials of glargine against NPH didn't show superiority either. The investigators
had guidelines and were told to titrate to get to goal. They made the decision on whether to titrate based on
strict criteria, so this result was expected. In order for hypoglycemia rates to be compared, you had to have
equivalent A1c reductions. Otherwise you couldn't really meet the FDA requirements for understanding
hypoglycemia rates.

Q: Was there any difference in the types of oral medications in SWITCH 2?

A: No, the patients were pretty well balanced.

Q: In SWITCH 1, was there any difference in the timing of injections?

A: The recommendation was to give it at the same time every day but the investigators were given some
leeway. Because they were comparing Tresiba to glargine, they were asked to give it at the same time every
day.

Q: Was there a difference in dosage?

A: In SWITCH 1, in order to achieve the same A1c, a 3% lower dose of Tresiba was required. In SWITCH 2 it
was a 4% lower dose.

Praluent (Alirocumab) Injection-A Tailored Approach to Help Address an Unmet
Need (Sponsored by Sanofi-Regeneron)

Eliot A. Brinton, MD (The Atherometabolism Institute, Salt Lake City, UT)

As the link between cardiovascular disease and type 2 diabetes becomes ever more apparent, Dr. Eliot
Brinton presented a comprehensive overview of the indications and uses for Sanofi/Regeneron's PSCK9
inhibitor Praluent (alirocumab) in this product theater. Overall, he emphasized the role of atherosclerotic
cardiovascular disease (ASCVD) in the current indication for Praluent and other PCSK9 inhibitors. ASCVD
is characterized by a series of conditions that include acute coronary syndrome, myocardial infarction,
stable or unstable angina, ischemic stroke, transient ischemic attack, coronary or arterial
revascularization, and peripheral arterial disease (ankle brachial blood pressure test result less than 90% of
arm brachial test). Along with heterozygous familial hypercholesterolemia, Dr. Brinton emphasized that
treatment of ASCVD combined with abnormal LDL levels is an appropriate on-label use for Praluent. That
said, Dr. Brinton acknowledged that patients should not use Praluent as a first-line option and patients
considering Praluent therapy should already be on maximally-tolerated statin therapy (which can be lower
than the highest marketed dose in patients with statin intolerance). He then reviewed the best options to
increase Praluent accessibility to patients, explaining that MyPraluent system at Sanofi-Regeneron will, in
addition to providing a nurse to help the patient learn how to administer the injection, provide co-pay
coverage so that commercially insured patient's Praluent co-pay goes down "zero or virtually zero." Dr.
Brinton added that those patients on Medicare/Medicaid would need to be referred to a specialty pharmacy
that can work with private foundations to provide co-pay assistance.
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Exhibit Hall

Abbott

Abbott's trademark yellow booth highlighted its blinded, retrospective FreeStyle Libre Pro. The product
launched in the US last fall, meaning that this was the first ADA where Libre Pro could be demoed … and,
boy, were attendees taking advantage! This was one of Abbott's bigger booths in recent memory, and still, it
was PACKED. Clearly, the high enthusiasm we saw earlier this year at ENDO has yet to abate. As expected,
no update was shared on the US launch of FreeStyle Libre consumer, which remains under FDA review for
both an adjunctive claim and a non-adjunctive (replacement) claim following submission in 3Q16. (The last
timing update in January suggested a 2H17 US launch, though FDA is hard to predict.) On the global front,
reps highlighted the recent acquisition of national reimbursement for FreeStyle Libre in France, sharing
that the company ended up fielding "thousands of calls" on the very first day of the announcement. Abbott
also confirmed it currently markets FreeStyle Libre consumer in 35 countries (previously "30+" as of a few
weeks ago), with more than 300,000 global users.

Alere

At the Alere booth, we viewed the Afinion As100 Analyzer, a high-performing, rapid (only three minutes!)
point-of-care A1c measurement device. An FDA Advisory Committee was held last July to vote on a 510(k)
application for the As100 to be used for diabetes diagnosis - as a reminder, current ADA guidelines specific
that only lab A1c tests may be used. The Alere rep stated that the company is still working with the FDA to
obtain clearance, but are optimistic and hope to have good news in the next year. If cleared, Afinion would
be the first point-of-care A1c test used for diabetes diagnosis, making it easier and faster to diagnose
diabetes and prediabetes in the clinic or perhaps at other more convenient locations like pharmacies. Given
the ease of use of this device, we believe this instrument could have enormous potential to aid in prevention -
we eagerly await an FDA decision. It was good to see Alere at ADA, reaffirming its commitment to at least
A1c diagnostics.

Amgen

Amgen in a big booth is new for ADA. Amgen's booth was relatively small and placed in the corner of the
exhibit hall, with all of its attention dedicated to its PCSK9 inhibitor Repatha (evolocumab). In its red/
white/blue color scheme, Amgen promoted Repatha's unique dosing option, as wording included "maximize
LDL-C reduction in one move" and "the first and only PCSK9 inhibitor with a single monthly injection."
Other promotional material focused on the drug's "two dosing options" and how it doesn't require titration
("no titration necessary"). Additionally, the company seemed to focus in on the drug's earlier challenges
with determining coverage, as touch screens highlighted resources including in-office insurance support
and emphasized that "91% of adults are covered" (Repatha is on the formulary of 91% of adults with
prescription drug coverage). The booth also featured videos on Repatha's clinical data and safety
information, a medical info section, and cookies for attendees (we wish they had offered something a bit
healthier!). Please see our Amgen 1Q17 update for more on the company's latest.

Ascensia

Ascensia boasted a sizable booth near the rear of the exhibit hall. The company has come to ADA on the heels
of a couple big partnership announcements (Insulet, Voluntis), which were both featured on handouts
within the booth. Reps wouldn't divulge any new details on either announcement, but were more than
happy to chat at length about the Bluetooth-enabled Contour Next One meter and Contour app. These two
products were far and away the focus of the booth, with signage prominently highlighting the ability of the
Next One to light up to indicate in-range (green), low (red), and high (yellow) results. Just like at ATTD, the
motif of the booth played on this association with "illumination" using slogans that read: "Seeing how
everyday activities affect blood glucose. That's illuminating"; "Their diabetes. Illuminated". Notably, the
company also exhibited the Contour Next Link 2.4 meter (though to a lesser extent vs. the Next One), which
is available with Medtronic's MiniMed 640G internationally and in the US with the 630G and 670G.
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AstraZeneca

AstraZeneca's booth was dominated by SGLT-2 inhibitor Farxiga (dapagliflozin), with only a small corner
dedicated to the GLP-1 agonist Bydureon (exenatide once-weekly) pen. This emphasis is consistent with the
company's positioning of Farxiga as a cornerstone of its new Cardiovascular and Metabolic Disease unit in
its 1Q17 update. The new company structure was also evident in the significant real estate devoted to
cardiovascular drug Brilinta (ticagrelor); it was clear from this booth and others that the line between
diabetes and cardiovascular drugs is becoming increasing blurred. AZ's booth also included a fairly
substantial research section with handouts on ongoing clinical trials, a video demonstration of the
Bydureon autoinjector (currently under FDA review and a poster on the autoinjector will be presented at
ADA on Sunday), and a very realistic dummy patient that apparently gave one of the security guards quite
a scare this morning!

BD

We were hoping to see the MiniMed Pro infusion set with BD FlowSmart technology back on display in the
exhibit hall after a hiatus relating to a halted launch, but no dice. A rep told us that BD is still "figuring it out
with Medtronic … it'll be another slow launch, we want it to go well," confirming what we heard at AACE a
little over a month ago - we agree that proceeding with caution in order to optimize patient experience is
absolutely the right move. See our test drive of the set - we still believe that it has tremendous potential once
the training process is optimized and manufacturing works out the kinks some experienced. Elsewhere in
the booth, BD was, as one rep put it, "preaching what we've always preached: short needle length." An
adjacent (unbranded) BD booth called "Type 2.0 Lab" invited participants to select their top three most
important features for a device to have - at the top of the leaderboard when we walked through were:
flexible dosing (adjustable basal/bolus dosing), dose capture, and reduced number of injections through
pump therapy. We'd note that BD is already developing products in all three of these areas!

DarioHealth

DarioHealth was present in the exhibit hall, detailing its all-in-one BGM device equipped with a headphone-
jack plug-in meter, strip cartridge, and lancing device, priced at $49.99 for a starter bundle or as a monthly
subscription at three tiers ($16.50-$50/month for 50-200 strips). A company rep told us that customers love
the subscription model, the size of the meter ("if it's not the world's smallest meter, it's close"), and parents
especially love the built-in hypoglycemia alert feature, which sends messages paired with an automatic
geolocation to a list of emergency contacts. Unfortunately, users still have to hit a button to send the alert,
but they hope to resolve this issue in the future. The rep also touted the ongoing work to move from the
current cash-pay model and obtain reimbursement (see more here). There were no updates on US Android
app FDA clearance (expected in the next few months) or a German launch ("by September"), nor the
company's long term goals - AI guidance, getting into the prevention market, and other additional
biomolecular tests.

Dexcom

Dexcom's welcoming booth proudly showed off the just-approved and quickly launched Android version of
G5 - already available on the Google Play store following the approval announcement earlier this week.
(According to Google Play, G5 Android already has 1,000-5,000 downloads, though a somewhat harsh 3.3/
5.0 rating (n=66 reviews) - many users seem to be complaining about lost signal alerts or incompatibility
with their particular Android phone. Wow is this platform hard for a company to develop for, even one as
experienced as Dexcom!) We also got to hold and play with the very rugged new touchscreen G5 receiver for
the first time following FDA approval in March. We would describe the new receiver as "built like a tank" -
it's bigger than the current option, and the touchscreen is more resistive than one found on a consumer-
grade phone. This thing looks like it could be thrown at the wall and not break, fixing the reliability issues
that have challenged Dexcom's current receiver. In addition, it meets the Medicare requirement that the
durable receiver last three years to be reimbursed, a key design consideration. On the other hand, this
receiver feels like much more of a medical device than the current (kind of cool) iPod-nano like receiver. The
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user experience is now in line with the G5 app, though using the receiver next to the iPhone or Android apps
makes the choice pretty obvious for those able to use a smartphone - the G5 app is miles better than the new
receiver. Of course, the phone app benefits Dexcom and users too, as Android/iPhone bring continuous data
upload to Clarity/Dexcom's cloud, continuous over-the-air app updates, integration with other apps, etc.
Plus, with direct Apple Watch-to-G5 transmitter communication coming (no phone needed; see our
coverage from just before ADA), there will be another phone-agnostic option for viewing Dexcom data
hopefully soon.
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▪ The booth also showed the major new additions to Dexcom Clarity, most notably
adding an AGP report and the (new to us) massively improved Dexcom Clarity mobile
app. See the screenshots below from the new Clarity mobile app, a spectacular improvement over
the previous basic PDF-download version. It now feels like a real app! We love that time-in-range is
so prominent and ALL reports are immediately accessible in a couple taps, including AGP - indeed,
the standard of care continues to evolve for patients and we saw this as a major win. A rep told us
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that Dexcom has removed the "estimated A1c" metric from Clarity at the request of the FDA -
apparently the discrepancy between CGM-derived estimated A1c and lab values was confusing, and
all companies have reportedly been asked to examine this metric. Clarity also recently added a more
detailed day-by-day and hour-by-hour statistics recap, which we deem incredibly valuable for
patients.
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▪ Otherwise, Dexcom marketed several handouts on non-adjunctive use of CGM,
Medicare coverage of CGM ("now available" - though the ongoing talks with CMS about local
coverage decisions were not mentioned), and shared printouts of the DIaMonD study testing CGM
in MDI.

Diabnext

Diabnext presented its comprehensive A.I. platform (see website here) aimed at tracking multiple diabetes
metrics. Clipsulin, an insulin injection recorder, is capable of clipping onto any insulin pen externally and
transferring dose info to the Diabnext smartphone app - see the company's webpage here. We saw this at
CES and had pretty low confidence that this would be accurate enough to do anything meaningful. The
platform also incorporates glucose monitoring, as the Gluconext device, a bulky attachment that plugs into
Abbott, J&J, Ascensia, Trividia and Roche BGMs and transmits glucose readings to the Diabnext app
(basically like Glooko's original MeterSync cable). Lifestyle programs include Snapcarbs, which evaluates
the carbohydrate content of a meal from a mere photograph (is it accurate?) and Vigicap, a smart cap for
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medications, providing reminder notifications, as well as facilitating avoidance of double doses. The
Vigiscale analyzes body composition, and the Vigifit is a smart coin, smaller than a US quarter, which
monitors activity when carried in a pocket. All of these products are integrated on a secure digital interface
accessible by both patients and providers, who can communicate via text, call, or video appointment. Each
individual program is offered at $4/month, with the Gluconext device included for free. Presales have
started and are slated for rollout September 1. This company was very popular among potential investors
at CES, where we last saw them - a rep at that meeting told us that about 10 venture capital firms, as well as
the government of Singapore, had expressed interested in funding Diabnext. We're definite skeptics at this
point but like the idea of a fully integrated device ecosystem. Still, this seems like a LOT of devices for one
small company to tackle in-house.

Eoflow

Korea-based EOFlow was present on the Exhibit Hall floor in a surprisingly sizable booth. We first came
across this company at EASD 2016 and, much like we saw on the Exhibit Hall floor there, the company's
booth showed off its disposable patch pump, EOPatch (reservoir size = 200U). Reps shared confidence in a
first commercial product launch "later this year" (consistent with prior guidance), though the product is
under regulatory review in Korea. Other new news included: (i) their goal of making a regulatory
submission in the US in 2018; (ii) a recent partnership with China-based CGM manufacturer Zhejiang
POCTech Medical and plans to create a next-gen CGM-enabled pump; (iii) the recent completion of Series B
financing ($5.5 million in the round); and (iv) long-term hopes to commercialize an automated insulin
delivery system (reps ambitiously laid out a ~2020 timeline). As we've noted previously, the booth and
website are not confidence inspiring, so it's hard to take this seriously at this stage.

Insulet

Insulet's busy booth showed off the new Bluetooth-enabled OmniPod Dash PDM for the first time. Reps
gladly took us through the PDM's brand new user interface on the locked down, consumer-grade Android
phone (see picture below) - and boy is it a major improvement in form factor and user experience over the
current PDM, and a definite upgrade over the "prototype" from ADA two years ago. We're glad to see IOB
prominently displayed on the home screen, clear display of last blood glucose and last bolus, easy access to
take a bolus (center button on the bottom), a simple swipe to display the current basal profile graphically
and key pod status, a nicely laid out bolus calculator (click to see all the math in detail), and great use of a
side-bar menu to put less-used functions and settings. The off-the-shelf Android phone is very slim and
retains the touchscreen quality and consumer-grade hardware that we've all come to expect out of modern
devices. This does not feel like a medical device - that is for sure! After the demo, booth-goers filled out a
market research survey soliciting opinions and feedback. We noticed several survey questions on
expectations for battery life, and it will be interesting to see what longevity Insulet comes to market with -
as a locked down Android phone not running cellular (micro USB charge), we assume it would last multiple
days on a single charge (this is our speculation). As a reminder, an FDA submission for this product is
expected in 2H17, enabling a possible late 2017/early 2018 launch. Along the perimeter of the booth,
attendees could also demo the pod and get a free copy of our own Adam Brown's bestselling diabetes guide,
Bright Spots & Landmines.

▪ Ascensia's Bluetooth-enabled Contour Next BGM was situated next to each Dash PDM
- we didn't get to demo the integration, but it was great to see this on display so soon after the
integration announcement just two days ago! Users can also enter a BG manually using an on-
screen scroll wheel (like the One Drop app) or via typing the number.
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▪ Other UI/UX features in Dash: It's easier to view and change basal segments, a feature placed
quite prominently in the app's user flow (one swipe from the main home screen). (Arguably this
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does not warrant being so upfront, given how infrequently patients and HCPs are changing basal
profiles. We agree that Dash has made it much easier to do so!) The food library has also been
revamped and expanded, and Dash has a nice "Shopping Cart"-like feature to add multiple foods
into one meal. Users can also see a progress bar as a bolus is delivered and cancel it while in
progress. We did notice the phone has a camera, which in a future version of the UI/UX could
possibly enable pictures of meals overlaid with CGM and insulin data.

Intarcia

Intarcia had a smaller presence at the exhibit hall this year, with only a small medical information booth,
presumably due to the fact that it's ITCA 650 device has been submitted to the FDA and the company must
be very careful about pre-marketing. Notably, Intarcia sponsored its very first corporate symposium at this
year's ADA, and it is clearly focused on reaching and educating providers about ITCA 650 through new and
alternative channels.

J&J - Janssen

The Janssen section occupied approximately two-thirds of J&J's booth and devoted about equal attention to
standalone Invokana (canagliflozin) and Invokamet (canagliflozin/metformin). The booth had attracted a
decent amount of foot traffic when we stopped by, with people lining up to sample sugar-free iced vanilla
lattes and "donate a photo" (you get your picture taken, J&J donates $1 to the ADA). As at recent
conferences, the Invokana materials featured data showing superiority vs. Merck's Januvia (sitagliptin)
and banners trumpeting the product's status as the #1 prescribed SGLT-2 inhibitor in the US. While
Invokana continues to lead the class for now, the trend lines do not look great for J&J: US Invokana sales
dropped 17% YOY in 1Q17. We expect that future within-class competition among SGLT-2 inhibitors will
depend heavily on the CANVAS results that will be reported on Monday. If the results suggest an SGLT-2
inhibitor class effect on cardiovascular outcomes, Invokana's first-in-class status should serve it well in the
US. On the other hand, if the results are substantially less impressive (or feature a more mixed safety
message) than those from EMPA-REG OUTCOME, we would expect Lilly/BI's Jardiance (empagliflozin) to
make significant market share gains.

J&J - OneTouch

Crowds flocked to the OneTouch portion of the J&J booth - fresh green makeover and all - to see the
OneTouch Via bolus-only insulin delivery patch device in the flesh for the first time in an exhibit hall. Reps
disclosed that the product's updated manufacturing process (submitted in November) received FDA 510(k)
clearance on Wednesday, but did not give any specifics on the launch timing front. We truly appreciated the
logic behind the lack of timing updates, despite guidance from ADA 2016 calling for an "early 2017" launch
and a December email exchange indicating a 1H17 launch: "We are focused on ensuring a perfect launch for
patients. That means getting reimbursement and training down. Our goal is that no patient will start on Via
and not continue." Contrary to what we were told in the December email, the rep indicated that the launch,
when it does happen, will not be focused, but "filled to capacity." We assume J&J will start with a limited
release to learn from early users, make sure manufacturing and access is in place, build inventory, etc. We
do expect strong patient demand for this product, given what we've seen on social media. It was great to
finally get to hold the device, and it was clear that booth-goers were intrigued - we overheard one who was
amazed by the patch's small form factor, and another who was complaining about the limited basal options
of other patch pumps (of course, OneTouch Via doesn't have basal capabilities - this device requires a
separate prescription for insulin and pen/syringe delivery device). We believe the supreme discretion
offered by the Via will make it a very viable asset for a J&J diabetes business that is currently exploring
strategic options, including sale.
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▪ The inspired OneTouch reps were also detailing a new and improved version of the
OneTouch Reveal app (Apple Store, Google Play) for its Bluetooth-enabled BGMs,
complete with a timeline feature, a logbook, and sharing capabilities. The timeline tracks
important blood glucose events, calling attention to patterns - it also features weekly content with
general diabetes information, though the goal is to make the content more personalized. The
logbook makes it easy to visualize blood glucose readings with contextual information. The "share"
feature allows users to share their last reading or a report a email or text, or even over the cloud,
with a clinician. The upgrade also includes the introduction of physician- and patient-facing web
apps.

▪ There was no launch timing update on the OneTouch Vibe Plus integration with
Dexcom G5 (approved for ages two and up in December), but the company is "moving
toward commercialization." This would be a nice stepping-stone on the way to a hypoglycemia-
hyperglycemia minimizer closed loop system.

▪ We were glad to see that WellDoc once again represented at the OneTouch booth,
marketing the BlueStar/OneTouch Verio Flex BGM integration allowing passive blood
glucose data transmission into the type 2 diabetes management software. A WellDoc rep
told us that the integration hasn't quite rolled out to patients yet, but she was over the moon about
this partnership as well as others (namely Samsung).

Lilly

The Lilly-only booth at ADA 2017 was essentially an enlarged version of its recent booths at AACE 2017 and
ENDO 2017. The front and center of the booth cleared a wide path for caffeine-deprived attendees to make a
beeline for the espresso stand - Lilly has quickly achieved a reputation for best espresso in exhibit halls, in
our humble (but very expert) opinion. The first line of product information, flanking either side of the
espresso bar, featured SGLT-2 inhibitor Jardiance (empagliflozin), biosimilar Basaglar (insulin glargine),
and GLP-1 agonist Trulicity. The signage for Jardiance was particularly eye-catching - in addition to
touting the new CV indication for Jardiance, Lilly really drove the point home with animations of the words
"Only Jardiance" coming together to form a heart shape. Directly, behind the Jardiance signage, Lilly
strongly highlighted the rest of the empagliflozin franchise (Synjardy and Glyxambi), debuting the tagline
"Meet more of your patients' needs with the rest of the Jardiance family" for the first time. Once-weekly
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Synjardy XR (empagliflozin/metformin) won the label "partnered for convenience," while Glyxambi
(empagliflozin/linagliptin) was headlined with "partnered for power." Additional square footage in the
booth was also devoted to the Humulin U500 KwikPen, Humalog U200 KwikPen, and the DPP-4 inhibitor
Tradjenta (linagliptin) franchise. We were also pleased to see the continued presence of the Patient Access
and Affordability section - which is now newly promoting the new InsideRx partnership, in addition to
Lilly's Blink Health collaboration.

Lilly/BI

Capturing the attendees at the very other end of the exhibit hall, the partnered Lilly/BI booth featured a
huge, outer swath of the booth devoted to Jardiance, with the product's signature teal coloring (a departure
from the minimalist white and gray tones of the rest of the booth). Most notably, a giant, teal plastic heart
sculpture commanded the attention of passerby. Upon placing a hand on the display in front of the heart,
upbeat music and a steady heartbeat sound began to play, while facts about the CV indication for Jardiance
flashed on the heart ("Only Jardiance," and statements highlighting the ADA Standards of Care inclusion,
the size of the EMPA-REG OUTCOME trial, and more). According to a Lilly representative, the displayed
messages change with each 38 person that interacts with the display - representing the 38% risk reductionth

for CV death in EMPA-REG OUTCOME that supported the indication.

Mannkind

MannKind's small booth for inhaled mealtime insulin Afrezza was centered on the same playful message we
saw at AACE 2017 last month: INsulin, 12-15 minutes; OUTsulin, three hours. The company is clearly
focused on the faster onset/offset of Afrezza, which leads to lower hypoglycemia risk and improved patient
quality of life, though an "ultra-rapid-acting" label claim for the product is still under FDA review (a
decision is expected by September). We do hope Afrezza receives this designation, at which point we imagine
MannKind's marketing around this theme will ramp up. We truly believe in the value of faster onset/offset
for prandial insulins, a therapy area that is currently lagging behind patient need, since available options
aren't good enough and still cause far too much hypoglycemia. A blown-up model of the inhalation device
was mounted on the booth's back wall, and conference attendees could read additional information about
Afrezza on a video monitor or on printed handouts.

Merck

Merck presented with a relatively large booth near the center of the exhibit hall, with the majority of the
marketing focused on its Januvia (sitagliptin) franchise. Most of the booth's boards promoted Januvia,
while a couple promoted its combination product Janumet (sitagliptin/metformin); and approximately one-
fifth of the booth's real estate was dedicated to the company's vaccine Pneumovax 23 (pneumococcal vaccine
polyvalent). As usual, Merck brought a patient-centric atmosphere, with large table touch screens, in which
attendees could choose to follow different patients and review their medical histories and labs. Additionally,
the boards featured named patients, alongside clinical trial data showing strong FPG and PPG reductions
and artistic explanations of the DPP-4 inhibitors' mechanism of action. In addition to a medical affairs
section, the booth had its fair share of interactive activities including the opportunity to create a customized
wall chart, a virtual reality station, and a puzzle challenge - not to mention the company's popular frozen
yogurt parfait offerings. To learn about Merck's latest updates, please see our 1Q17 update.

Medtronic

Medtronic's bustling, expansive booth was filled along the perimeter with the company's latest products,
including the MiniMed 670G hybrid closed loop (finally - in the US not under glass!) and the Bluetooth-
enabled standalone Guardian Connect Mobile CGM available outside the US (under FDA review and
currently in human factors testing, per today's Analyst Day). We got to demo the MiniMed 670G pump for
the first time and found several things interesting about the user interface. First, automated basal dosing
actually appears as pink dots on the 670G's trend graph screen and is denoted as a "micro bolus" (e.g., 0.15
units) - we wonder if this terminology discrepancy between a "micro bolus" and "automated basal delivery"
could be confusing for some patients. On the other hand, it is semantics and they are the same thing in

www.closeconcerns.com 433

https://www.closeconcerns.com/knowledgebase/r/f158e40e#Lilly
https://www.closeconcerns.com/knowledgebase/r/f158e40e#Lilly
https://www.closeconcerns.com/knowledgebase/r/161eb68b
https://www.closeconcerns.com/knowledgebase/r/f31bfafd
https://www.closeconcerns.com/knowledgebase/r/2d36c833#Symposium:_Results_of_the_EMPA-REG_OUTCOME_Study
https://www.closeconcerns.com/knowledgebase/r/4b6ef2a9#MannKind
https://www.closeconcerns.com/knowledgebase/r/7670cb90#FDA_Decision_on_Ultra-Rapid-Acting_Label_Expected_September_30
https://www.closeconcerns.com/knowledgebase/r/50bd2720


practice - a basal rate is simply a series of micro-boluses. We were also reminded of the tough balance
between transparency (what is the algorithm doing?) and simplicity (keep the under-the-hood nuances to a
minimum) - from what we saw, the 670G errs on the side of less clarity about what the system is doing at
any given time to keep glucose in range. For instance, if glucose is trending high, the 670G would increase
basal insulin delivery, but it's hard to know as a user how much additional basal insulin the system has
delivered to keep blood glucose in range (unless one scrolls to every pink dot and tallies them up). The
"active insulin" metric on the 670G home screen also does not include increased basal insulin delivery from
hybrid closed loop (it's only from manual boluses), and there is no CGM "projection" - in our view, this could
make it hard to know if additional bolus insulin is needed. We'll be interested to see how patients feel about
this, since some might like any insulin that is delivered over the pre-programmed basal to be considered
"active insulin." (This could be useful for decision making, but could also be confusing and unnecessary for
most non-type-A users.) We're also not clear on how aggressive the 670G's auto-basal can be - can it deliver
2x or 3x or 4x the pre-programmed basal? Reps reminded us that the Guardian Sensor 3 recommends 3-4
calibrations per day and has shown an MARD under 10% with that scheme - "the only sensor FDA approved
to power a hybrid closed loop system." Attendees could examine the sensor through a popular virtual reality
experience, though we didn't have a chance to try it ourselves.

Nightscout

As always, we enjoyed our visit to the Nightscout booth and are still amazed and hugely appreciative of
their massive accomplishments. One volunteer at the booth stated that the DIY CGM display has "gotten rid
of a lot of my lows and highs… It's been life-saving." Nightscout founders hope their efforts will urge
industry and FDA to expedite the process of opening up data (in a secure fashion) by sending a strong
message clearly demonstrating what the diabetes patient community wants and the lengths they will go to
achieve it.

Novo Nordisk

Novo Nordisk's bright, modern booth was hard to miss as one of the largest displays in the exhibit hall -
with people lining up to have their A1c measured, as is ADA tradition. A bustling social space filled with
sleek low-slung white couches and light wood tables, the booth was focused largely on Tresiba (insulin
degludec) and Victoza (liraglutide), with a lesser amount of signage promoting the newly-launched
combination product Xultophy (insulin degludec/liraglutide). Tresiba materials featured a skydiving/
parachute motif with the slogan "a proven A1c descent" - complete with a corresponding virtual reality
headset experience (these seem to be popping up everywhere in exhibit halls!) in which visitors could
simulate skydiving from an airplane. Data featured in the booth focused especially on the flexible dosing
indication on Tresiba's label and the fact that it is the only basal insulin pen with a max injection dose up to
160 units - this latter point is clearly part of Novo Nordisk's efforts to position Tresiba for patients with type
2 diabetes and higher insulin requirements. Victoza materials highlighted the drug's "3-for-1 benefits" - A1c
efficacy, weight loss, and low rate of minor hypoglycemia - and emphasized that it is the #1 prescribed
GLP-1 agonist globally (perhaps a nod to the increasing competition in the GLP-1 agonist space). Demo
stations were interspersed within the booth where company representatives guided visitors through the use
of each product's corresponding pen. Aside from products, we were thrilled to see a sizable portion of the
booth devoted to encouraging visitors to join the company's annual ADA 5K run, and a sizeable presence
from members of Team Novo Nordisk - bikes and all.

A separate, smaller booth was devoted entirely to obesity medication Saxenda (liraglutide 3.0 mg),
beckoning providers to "help your patients with obesity get the reductions they need." The booth featured a
photo of a women holding a larger pair of jeans - the classic "before and after" weight loss pose - with the
phrases "excess weight," "high cholesterol," "large waistline," and "high blood pressure," emblazoned on the
pants. Notably, the promotional materials referred to Saxenda as "the first and only GLP-1 agonist for
chronic weight management" - we got the sense that Novo Nordisk is very much trying to drive home the
message that obesity, like diabetes, requires ongoing therapeutic management, unlike the "diet pills" of the
past. The presence of an exclusively obesity-focused booth further underscores Novo Nordisk's fairly recent
strategic commitment to increasing R&D in this challenging space.
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Panasonic

The Panasonic booth showed off reusable auto-injectors enabled with dose capture and equipped with single
and dual cartridges - the focus was on the general device category, presumably as the company aims to
move into diabetes on the therapy side. (Separately, it owns Ascensia Diabetes Care.) The injectors seem
well-suited for children and those with needle-phobia, as the needle is not exposed, and the system includes
rewards and music aimed at engagement. A rep said that elderly patients who tend to have a hard time self-
injecting also find these automated devices easier, further reducing burden. Dose information is tracked
electronically and sent to an app. The rep added that Panasonic is still in talks with potential partners and
that he believes insurance companies will eventually provide reimbursement given demonstrated reduction
in healthcare costs. We'll be interested to follow this and were quite surprised to see Panasonic showing
injection devices here. Could it eventually become a supplier for once-weekly GLP-1s or perhaps even basal/
bolus insulin, much like Ypsomed?

Sanofi

Sanofi occupied a commanding booth at the center of the bustling exhibit hall, featuring both its diabetes
and cardiovascular franchises. Newly-launched Soliqua (insulin glargine/lixisenatide) was the clear focal
point (dominating the booth's main overhead banner) with signage also dedicated to Toujeo (insulin
glargine U300) and the PCSK9 inhibitor Praluent (alirocumab). Demarcated by the product's signature
dark blue, purple, and gold color scheme, Soliqua materials emphasized the combination product's ability to
"help patients put high A1c behind them." Amidst a giant statue of a percentage sign, presumably
representing the notion of an A1c goal, Sanofi representatives ran through touchscreen displays of clinical
data on Soliqua and how to initiate this in therapy in patients. This messaging was largely centered on how
to initiate for people hoping to intensify existing Lantus therapy ("continue current therapy, or start
something different?"). These displays were quite popular, indicating a growing interest among physicians
in this long-awaited new drug. Toujeo materials focused on a patient vignette of Ray, "a musician and
father living with type 2 diabetes," and applauded Toujeo's ability to "play to stay in range" and "get
patients in tune with their goals." Amidst touchscreens displaying the clinical data, further signage
reminded the booth's visitors that Toujeo has a "more stable and prolonged action profile than Lantus,"
perhaps subtly encouraging physicians to switch their patients from the dominant (and off-patent) Lantus
to a regimen involving the similar but more advanced Toujeo. In the Praluent corner stood two giant
statues of blue and green arrows, crashing down toward the ground to parallel the drug's LDL cholesterol-
lowering action. Signage here emphasized Praluent's efficacy and ease of use, posting large statistics
boasting the drug's "more than 60% LDL reduction" and the fact that "up to 80% of patients achieved their
goal" when taking Praluent. As at recent conferences (and in stark contrast to previous years), there was
hardly a mention of former star product Lantus (insulin glargine). Giant SoloStar pens for Toujeo, Lantus,
and Soliqua were interspersed within the booth, and an engrossing virtual reality experience depicting
"hypoglycemia at 30,000 feet" that drew an eager crowd. In a separate location, Sanofi's unbranded
Glycemic Explorer booth made a reappearance - this is becoming somewhat of a fixture, present at the
exhibit halls of AACE, ENDO, and last year's ADA.

Tandem

Following a successful Media Day earlier at ADA, Tandem didn't have much more to divulge in its booth:
One employee lamented that the t:slim X2-Dexcom G5 approval hasn't yet come through - we hear it could
happen any day now; it would've been nice for the company to be able to detail it at ADA, especially right
across the aisle from Medtronic's booth. In line with the predictive low glucose suspend data presented in an
oral at ADA, a rep hinted that Tandem's PLGS device with Dexcom's G5 simply "does its job." The pivotal
study, which is preparing for enrollment, will have 90 patients and could "hopefully" be approved by FDA
early in 2018. As usual, Tandem reps were extremely complimentary of all interactions that they have with
the FDA CDRH division.
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Trividia

The Trividia booth displayed their diverse assortment of BGMs. The True Metrix is the most basic, but
boasts the most contextual event tags, while the True Metrix Go is smaller, twists onto a vial of True Metrix
test strips and has download capacity to the True Manager PC program. The True Metrix Air is the most
advanced and, per the Trividia rep, the most popular, equipped with Bluetooth connectivity to the True
Metrix Air app and capable of storing 1000 results with time and date. The app provides charts, graphs and
customizable notes to facilitate actionable engagement. Users can also share data with healthcare
providers, friends, and family. All three meters are covered by most private insurance plans, Medicare Part
B, and most Medicaid plans. As a reminder, Trividia is formerly Nipro Diagnostics.

TCOYD/The diaTribe Foundation 11th Annual Diabetes Forum
The 11th annual diabetes forum, co-hosted by TCOYD and The diaTribe Foundation, featured an
outstanding panel of thought leaders: Drs. Bruce Buckingham, Vanita Aroda, Ralph DeFronzo, and John
Buse. The great Dr. Steve Edelman and our very own Ms. Kelly Close moderated the discussion, which
flowed from highlights of ADA 2017, to progress on closed loop systems, to combination therapy (which the
panelists tended to agree is a no-brainer), to access issues surrounding diabetes drugs, to next steps for the
GLP-1 class, to adjunct therapies for type 1 diabetes - and covered so much more in between. Below, we
include some of the most memorable quotes from the forum, followed by a full transcript for those of you
who couldn't make it but wish you had!

Innovation in diabetes therapy and technology will make no impact at the population level unless access
and affordability are prioritized - this theme emerged quickly during the panel discussion, and permeated
all the insights and perspectives that were shared throughout the evening. As one example, Ms. Close
pointed out that GLP-1 agonists have been a topic of conversation at the TCOYD/diaTribe forum for many
years in a row, Dr. Buse called GLP-1 agonist/basal insulin formulations "the most powerful glucose-
lowering agents on the planet" (whoa!), and Dr. Aroda suggested that the story of GLP-1 agonists in type 1
diabetes may not be over quite yet. All that said, Dr. Buse acknowledged that at best, only 10% of type 2
diabetes patients in the US are currently on a GLP-1 agonist product (and this estimate is even higher than
the 5% in 2013 reported in a recent Diabetes Care publication). This is plainly "outrageous," according to
Dr. Buse (and we certainly agree). On the technology side, Dr. Buckingham gave credit where credit is due
on Medtronic's 670G system, explaining that it does very well overnight even though more can be done to
reduce the burden on patients during the day. In almost the same breath, however, he drew attention to the
global populations with type 1 diabetes that can barely afford one glucose test per day, let alone advanced
sensors and pumps.

Other themes from the evening included lots of support for outcomes beyond A1c (and optimism from Dr.
Aroda, who noted clear momentum in the field away from a singular focus on A1c), advocacy for earlier
intervention with combination therapy (both Drs. DeFronzo and Aroda underscored the wasted time
associated with clinical inertia), and positive commentary on the next-generation of therapies for type 1
diabetes. Drs. Buse and Edelman shared favorable feedback from patients on sotagliflozin (Sanofi/Lexicon's
SGLT-1/2 dual inhibitor) and Afrezza (MannKind's inhaled prandial insulin), respectively. As Dr. Edelman
put it, faster onset/offset for boluses is a sizeable unmet need in type 1 diabetes therapy given the risk for
hypoglycemia, and Afrezza rises to the occasion. Ms. Close positioned Novo Nordisk's Fiasp (faster-acting
insulin aspart) similarly, as a better option to what's currently on the market for mealtime insulin (as a
reminder, Fiasp is approved for use in Europe but still awaits FDA approval).

And lastly, we'd be remiss if we failed to mention that the Golden State Warriors clinched their victory in the
NBA Finals against the Cleveland Cavaliers during this already-exciting event, just as Dr. Irl Hirsch
approached the podium to ask about CGM for type 2.

www.closeconcerns.com 436

https://www.closeconcerns.com/knowledgebase/r/085d79aa


Quotable Quotes

On Outcomes Beyond A1c

▪ "In this new era, you have to choose drugs that not only have glycemic benefits, but
also cardiovascular benefits. We need to reduce heart attacks and strokes; we need to reduce
death (it's always good to be alive). I'm encouraged by the CV data we have today." - Dr. DeFronzo

▪ "What does getting to 'goal' even mean? We say A1c <7% achieves a goal, but in reality that
patient may have a lot of hypoglycemia and it may overstate success and well-being." - Ms. Close

▪ "I can feel the change happening year by year. We're getting away from the singular view of
diabetes, and we're instead viewing diabetes more holistically. I'm excited about it. In a few years, I
don't know if it will be all about A1c." - Dr. Aroda

▪ "It's amazing that Outcomes Beyond A1c is getting to be a movement, and that's
because of all of you. Because what you have developed has amazing news on the hypoglycemia
front, and on the weight front, and so much more than one metric." - Ms. Close

On Access and Afforability

▪ "This is an outrageous story. There are drugs out there that save lives, and yet only 5%
of type 2 patients in the US are on SGLT-2 inhibitors, at best? Only 10% are on GLP-1
agonists, at best? Major reasons for this low uptake are the prior authorizations, the high co-pays,
the Medicare donut hole which makes it challenging to get a prescription filled. It's insane." - Dr.
Buse

▪ "The most waste in type 2 diabetes is to continuously put people on metformin and
sulfonylureas. These drugs have no protective effect on the beta cell, and by the time you figure
out what you're doing, there are no beta cells left to save. We need to get away from using these
drugs. They're very cheap, but they're not the best drugs to use in these patients." - Dr. DeFronzo

▪ "If the FDA is going to mandate that companies do trials that cost tens of millions of dollars and
require thousands of hours from patient volunteers, they need to put similar constraints on PBMs
making medical decisions in America. They also need to mandate that payers pay for evidence-based
therapies for people with diabetes." - Dr. Buse

▪ "It's also about the global picture of type 1 diabetes. When you go outside the US, people are
still on regular - not particularly helpful - NPH insulin. They don't have enough money for more
than one blood sugar reading per day - forget about a sensor or a pump or anything else. I'd love to
be able to see kids everywhere get anything they want: sensors, pump ..." - Dr. Buckingham

On Combination Therapy and Clinical Inertia

▪ "You cannot start with a single drug, and then wait till you fail to start another drug.
You can't have drugs all on one line and say they're all equivalent - that's not helpful to providers,
and they're not all equivalent. Sulfonylureas should not be on that line." - Dr. DeFronzo

▪ "We've done a lot of trials on combination therapy of a GLP-1 agonist with a long-
acting basal insulin analog, which I think are without a doubt the most powerful
glucose-lowering agents on the planet." - Dr. Buse

▪ "At a minimum, in type 2 diabetes, we have to correct beta cell dysfunction and insulin
resistance. There's no way you can get by with fewer than two drugs." - Dr. DeFronzo

▪ My reaction when I heard the question [of what's the biggest waste in diabetes] was
time. I truly feel that we have all the tools, all the resources, and yet we all kind of putz around with
diabetes. We, meaning the healthcare system. The true waste is time. As we know from the concept
of clinical inertia, HCPs all-too-often go three-four years before making any changes to treatment
that could actually make a long-term difference. - Dr. Aroda
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On Adjunct Therapies for Type 1 Diabetes

▪ "Many patients with type 1 diabetes are also very insulin resistant, once they get above
30-40 units of daily insulin. If you're above 30-40 units per day, you should think about adding
an insulin sensitizing agent." - Dr. DeFronzo

▪ "Our experience with sotagliflozin has been quite positive. The patients who do well do
exceptionally well." - Dr. Buse

▪ "I think it would be worthwhile to go back and see if a pure prandial GLP-1 agonist
agent would work well for a type 1 diabetes population." - Dr. Aroda

▪ "The whole SGLT-2 train has left the station. So, the FDA will ideally approve these for type 1
because if it doesn't, patient aren't going to stop taking them off-label and you need to get the
education out there. dQ&A did a lot of great work last year on ketone meters - people don't even
have them or know how to use them or know what their goals should be - the good news is that these
are solvable problems." - Ms. Close

Panel Discussion

Dr. Bruce Buckingham (Stanford University, CA), Dr. Vanita Aroda (MedStar Health Research
Institute, Hyattsville, MD), Dr. Ralph DeFronzo (University of Texas Health Science Center,
San Antonio, TX), Dr. John Buse (University of North Carolina, Chapel Hill, NC); Dr. Steve
Edelman (UCSD, TCOYD, Del Mar, CA); and Kelly Close (The diaTribe Foundation, San
Francisco, CA)

Dr. Steve Edelman: You all have your different areas of interest. What are the highlights of
this year's ADA meeting for you?

Dr. Bruce Buckingham: I had the opportunity to talk to Dr. Judith Fradkin, head of NIDDK, and there's so
much work she's supporting for closed loop with major trials going on right now. There was about $20 million
in the NIDDK budget for this at the beginning of this year, though she can't guarantee much beyond one year
because they're running on a one-year budget. I realized how tenuous healthcare has become.

Dr. Edelman: Are you impressed or satisfied by the progress of all the different artificial
pancreas programs that we have out there now?

Dr. Buckingham: Well, are they in everyone's hands right now? No. But a year ago, we didn't have a
commercial product, and now we have 25,000 people signed up to go on the Medtronic system. It's a
landmark. It's a story change. I want expectations to be met. It's great overnight: you get a great night's sleep,
you don't get lows, you're probably not going to get seizures at night. But there's a lot more work to be done to
decrease burden during the day. We're still inserting things in people, from infusion sets to sensors. We're still
wearing a lot of stuff. Some of this stuff has Bluetooth connectivity problems. It needs to be made more user-
friendly. We need to be able to handle a meal. We need better rapid-acting insulin. There's a lot of work that's
going to keep people busy - at least for another six months.

Dr. Vanita Aroda: I'm impressed that we're starting to approach diabetes more holistically, by looking at more
than just a single blood glucose or A1c value. We're adopting approaches that deal with glucose throughout
the day (both fasting and postprandial), that deal with blood pressure, weight, and underlying physiology. I
can feel the change happening year by year. We're getting away from the singular view of diabetes, and we're
instead viewing diabetes more holistically. I'm excited about it. In a few years, I don't know if it will be all
about A1c.

Dr. Edelman: Kelly's leading our second conference in July (Outcomes Beyond A1c - Standardization and
Implementation) regarding this exact topic.

Ms. Kelly Close: It's amazing that "outcomes beyond A1C" is becoming a movement, and that's because of all
of you. Because what you have developed has amazing impact on the hypoglycemia front, and on the weight
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front, and on so much more than one metric. A1c will continue to be very necessary but with the value of other
tools and outcomes, it is no longer sufficient.

Dr. Ralph DeFronzo: I'll mention a couple of things that were discussed at this ADA annual meeting. There
was a lot of new information presented on beta cell regeneration and on small molecules that stimulate beta
cells to proliferate. We have a lot of interest in this - being able to take cells in the pancreas that are not beta
cells and turn them into insulin-secreting cells. What Dr. Domenico Accili talked about in his Banting lecture
about differentiation from alpha to beta cells is pretty exciting for both type 1 and type 2. I enjoyed the
canagliflozin data today (CANVAS), which showed results similar to empagliflozin, suggesting that this is now
a class effect for CV protection. In type 2, we now have three classes with associated CV benefit: SGLT-2
inhibitors, GLP-1 agonists, and pioglitazone, which people forget about, but which I think has the most
impressive data. In this new era, you have to choose drugs that not only have glycemic benefits, but also
cardiovascular benefits. We need to reduce heart attacks and strokes; we need to reduce death (it's always
good to be alive). I'm encouraged by the CV data we have today.

Dr. Edelman: I want to acknowledge that Ralph has won the Hamm Award, where he picked up $250,000. So,
he's paying for the after party. Congratulations!

Dr. John Buse: I'm in a strange place now in the way I've been thinking about diabetes drugs. It's based on
almost 15 years of doing CVOTs in diabetes. We've come a long way since the ACCORD study, but I do think
we're starting to see some evidence of differentiation between drugs within the same class. I got into a lot of
trouble starting in 1999 trying to differentiate between drugs, but now there's getting to be substantial
evidence that not all drugs are the same. And if the FDA is going to mandate that companies do trials that cost
tens of millions of dollars and require thousands of hours from patient volunteers, they need to put similar
constraints on PBMs making medical decisions in America. (Applause) They also need to mandate that payers
pay for evidence-based therapies for people with diabetes. I don't hear enough outrage about this, Kelly. This
is an outrageous story. There are drugs out there that save lives, and yet only 5% of type 2 patients in the US
are on SGLT-2 inhibitors, at best? Only 10% are on GLP-1 agonists, at best? A major reason for this low
uptake is the prior authorizations, the high co-pays, the Medicare donut hole which makes it challenging to
get a prescription filled. It's insane.

Ms. Close: It is insane. McKinsey had amazing data early this week showing that prior authorizations are
getting more and more challenging to fill out, for example, and getting worse. How payers view combination
therapy is also insane. It's great that these products are approved (as John just talked about the GLP-1/basal
insulin class), but that people can't start on them is ridiculous. It also has to do with how doctors are trained, I
imagine. How are you thinking about combination therapy?

Dr. Buse: We've done a lot of trials on combination therapy of a GLP-1 agonist with a long-acting basal insulin
analog, which I think are without a doubt the most powerful glucose-lowering agents on the planet. I'd go
even further to say that these combinations vs. insulin in head-to-head trials showed dramatically lower A1c
and dramatically lower risk of hypoglycemia. They also showed weight loss as opposed to weight gain or
weight neutrality. The point being, perhaps we're at a place where we should be thinking about starting
patients on GLP-1/basal insulin together instead of insulin alone as second-line or third-line therapy. That's
what I think.

Ms. Close: It was two years ago here that you were exclaiming about the basal insulin/GLP-1
combinations. I want to see people get those! And it doesn't seem like that's happening yet.
What needs to happen to make sure payers pay for it?

Dr. Buse: It is a complicated story still. The GLP-1 might arguably be an even better choice for a first injected
therapy, as these fixed-ratio products are brand new on the marketplace. I don't know enough about how
things filter through PBMs. For patient care, if it was really a choice left to the patient between the combo
drug or basal insulin, it would be a very easy choice to make because the combo product is clearly superior.
We have about five million patients on insulin and not on GLP-1.
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Ms. Close: I think Steve and I would both love to hear more - we've been talking about GLP-1
for a bunch of years on this panel. Things are getting exciting. Where do you all see GLP-1 itself
going as applications advance?

Dr. Edelman: I'll make a quick comment. If you remember ~11 years ago, Byetta (AZ's
exenatide twice-daily) was launched. Still only 10% of patients at best are on this important
class of medications. Safety has withstood the test of time. Then, take the 10% of patients lucky
enough to get a GLP-1 agonist prescription, but if you look at adherence and persistence that
number goes down even more in the real world. Ralph, comments on that?

Dr. DeFronzo: I think John and I both agree that combination therapy is quite reasonable from the beginning.
We'd probably differ in terms of how we start. In my opinion, I'd pick three drugs - one of them is a bit
unusual. We always start triple combination in people newly-diagnosed with type 2 diabetes. I'd agree with
John that GLP-1 should be first-line therapy. We have LEADER and SUSTAIN 6 showing significant
decreases in CV events. You also lose weight and whole lot of other things improve. You have to be insane not
to make that drug first-line therapy. I'd put it at a tie with pioglitazone. The PROACTIVE study and IRIS are
very positive. We have five studies with pioglitazone and it's now relatively inexpensive. I'd also start with an
SGLT-2 inhibitor. We have two very good studies now - EMPA-REG OUTCOME and CANVAS - showing a
decrease in CV events. I did the entire drug development for metformin. There was no other person involved
in the original studies. I'd put metformin no. 4 on my list of the good drugs. And quite frankly, I wouldn't be
putting any other drugs on the list. At a minimum, in type 2 diabetes, we have to correct beta cell dysfucntion
and insulin resistance. There's no way you can get by with fewer than two drugs. Because GLP-1 receptor
agonists and SGLT-2 inhibitors are not going to impact insulin sensitivity, I favor pioglitazone. I think the
ADA approach is archaic. You cannot start with a single drug, and then wait till you fail to start another drug.
You can't have drugs all on one line in the treatment algorithm and say they're all equivalent - that's not
helpful to providers, and they're not all equivalent. Sulfonylureas should not be on that line.

Ms. Close: I don't necessarily think doctors are taught adequately how to make use of
combination therapy. Dr. Aroda, I know you train a lot of younger doctors - can you talk about
that?

Dr. Aroda: If we keep approaching diabetes with glucose-lowering drugs, we are doing a disservice. What
distinguishes some drugs is that they are disease-modifying. We have anti-glucose agents, but we can also
have disease-modifying agents. There are two main classes that have shown benefit in disease modification -
pioglitazone (a TZD) and GLP-1 agonists. At a training level, diabetes management is still thought of as
glucose-lowering alone.

Dr. Edelman: Adding one comment, I think a lot of things that have been said relate to being more aggressive
with treatment earlier on. A lot of times, we catch people too late. Dr. Albright's been talking about prevention
for years, but we really have to pick up people earlier. Then these therapies have a much greater effect than if
we tag on these therapies later.

Ms. Close: Going forward, Dr. Buckingham, what would you most love to see happen on the
closed loop front?

Dr. Buckingham: I would like to see one device inserted that measures glucose, delivers insulin, and maybe
has an accelerometer on it so it can tell when you're eating. Then I can put a watch on and tell it when I'm
eating or drinking, and initiate insulin without counting carbs. You integrate this with lifestyle modification,
and the burden of disease would be greatly decreased. All the elements are out there - it's just a matter of
putting them together.

Dr. Buse: Bruce, I don't know if you were there, but the ADA has this pathway program and a number of the
companies here are the major donors for it. They fund five-six projects a year from someone new to the field.
There's an engineer from Santa Barbara, Dr. Sumita Pennathur, who got one of the Pathway awards this year.
She has a daughter who has type 1 diabetes, and she's just focused on fixing it. Her vision is to have a device
the size of a penny that includes a glucose sensor and an insulin pump driven on electrolysis, pushing insulin
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out of the machine. There are no moving parts, and it works for 24 hours and then you throw the thing away.
She says she wants to have it done in four years.

Dr. Buckingham: It sounds like we should support her work.

Dr. Buse: Absolutely. For all of you here, the Pathway program has picked some great people over the past
three or four years who have brought great things to the community.

Dr. Edelman: Can you comment on alternative therapies for type 1? What are the prospects for
SGLT-2 inhibitors, for sotagliflozin, for GLP-1 agonists? Only about 25%-30% of type 1 diabetes
patients have A1c at goal.

Ms. Close: What does getting to 'goal' even mean? We say A1c <7% achieves a goal, but in
reality that patient may have a lot of hypoglycemia and it may overstate success and well-
being.

Dr. Buse: I think there are a lot of people with type 1 diabetes on SGLT-2 or GLP-1 agents, maybe even more
than type 2 diabetes, at least in North Carolina. The SGLT-2 inhibitor really caught on there. In people who
can do it carefully, I think it can be quite safe. Our experience with sotagliflozin has been quite positive. The
patients who do well do exceptionally well. There was a study reported here about use of metformin in type 1
(the REMOVAL trial) - my personal experience with that hasn't been that great. There was data on tertiary
endpoints on carotid intima media thickness and the Canadian investigator was quite enthusiastic.

Dr. DeFronzo: Many patients with type 1 diabetes are also very insulin resistant, and they can be recognized
because they are taking more htan 30-40 units of insulin per day. If you're above 30-40 units per day, you
should think about adding an insulin sensitizing agent. Combinations of GLP-1, SGLT-2, pioglitazone, or
metformin are all options to be added to insulin in these people.

Dr. Edelman: But once the DKA risk associated with SGLT-2 inhibitors came out, a lot of
providers shied away from it.

Dr. DeFronzo: The reason for developing DKA was that the studies were done inappropriately. If you have an
A1c of 8%, you can't cut back on insulin to give the SGLT-2 inhibitor. Please do not be cutting back on insulin
to get people on SGLT-2 inhibitors.

Dr. Aroda: Regarding GLP-1 drugs, I think we've started to learn that not all GLP-1 agonists are the same.
There are some very prandially-focused GLP-1 agents that can flatten the postprandial curve. I think it would
be worthwhile to go back and see if a pure prandial GLP-1 agonist agent would work well for a type 1 diabetes
population.

Dr. Buse: I heard from Dr. Matthew Riddle on premixed combinations of pramlintide and insulin, and he felt
that the performance in a relatively short study was quite positive. So that would be another area where we
could see advancement.

Dr. Edelman: What do you think about the glucagon receptor agonist data in type 1 that's being
presented by my colleague Dr. Jeremy Pettus? Impressive?

Dr. DeFronzo: Switching over to glucagon secretion, that's very effective. If you're a patient with type 2
diabetes, by definition you're going to have elevated glucagon. The data says it does work.

Ms. Close: I'm excited to get questions from the audience, and I invite you to get up and ask a
question and hear from all the amazing panelists. As we wait for people to come up, I'll ask all
of you - where do you think there is the most waste in diabetes? Where would you like to see
less spending?

Dr. DeFronzo: You want us to answer that question? We're all going to get fired! I'm the shy, quiet guy on the
panel, but I think the most waste in type 2 diabetes is to continuously put people on metformin and
sulfonylureas. These drugs have no protective effect on the beta cell, and by the time you figure out what
you're doing, there are no beta cells left to save. We need to get away from using these drugs. They're very
cheap, but they're not the best drugs to use in these patients.
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Ms. Close: What are the trials that are going to show that, so patients can go to their doctors
and payers with data?

Dr. Buse: GRADE might - I think it's likely to. We have other trials that kind of have already shown it, but
GRADE will show it more robustly. One paper from our group randomized type 2 diabetes patients not on
insulin to no glucose monitoring, to Medicare-style glucose monitoring (one strip/day), or to Medicare-style
glucose monitoring with tailored messaging through the meter. It demonstrated no difference in A1c. I do
think that if you use the therapies Ralph has been talking about, not sulfonylureas, and if you start on
combination therapy right from the get go, you may not need to know what glucose is other than measuring
A1c because there's no risk for hypoglycemia. There was a new paper published in JAMA Internal Medicine
yesterday on that regard.

Dr. Aroda: My reaction when I heard the question was time. I truly feel that we have all the tools, all the
resources, and yet we all kind of putz around with diabetes. We, meaning the healthcare system. The true
waste is time. As we know from the concept of clinical inertia, HCPs all-too-often go three-four years before
making any changes to treatment that could actually make a long-term difference.

Dr. Edelman: And the time you mentioned is time in the clinic, when primary care providers have 15 minutes
to get through perfunctory checkmarks, and to do what they can to maximize billing. There's just no way you
can see someone, get their trust, and see everything in the time allotted. There's not enough time to really
discuss care with patients. Ralph, your study with pioglitazone was excellent. But here's the problem. Look
how entrenched metformin is in our clinics. Pioglitazone is unfortunately never going to make it to the people
who really could use it.

Dr. Buse: For our colleagues here in the room, I do think there are opportunities in drug development and
licensing. Saroglitazar is a drug prescribed in India that comes with no weight gain and less edema.

Dr. Edelman: In terms of medications, we have a great toolbox now. I never thought I would say this, but we
have enough drugs right now. We need to get the right drug to the right person, and we need to motivate
patients so they want to take their medications over the long term (must improve adherence and persistence).
The information on diaTribe.org regarding these medications is incredible. Knowledge is power. We haven't
used the drugs we have to their fullest extent.

Ms. Close: We haven't used them to their fullest extent because a lot of people still can't access them.

Dr. Edelman: Kelly, what do you think about these other drugs for type 1?

Ms. Close: It's so nice of you to ask. I listen to all of you thought leaders from all over the world and I
definitely sense a lot of enthusiasm for them. The whole SGLT-2 train has left the station. So, the FDA will
ideally approve these because if it doesn't, patient aren't going to stop taking them and you need to get the
education out there and they need to be regulated. dQ&A did a lot of great work last year on ketone meters -
people don't even have them or know how to use them or know what their goals should be - the good news is
that these are solvable problems.

Dr. Buckingham: I'm the pediatric guy. We have time to have a great visit, and we have a team that takes care
of young patients. When I go to a TCOYD conference and someone comes from a rural area who knows
nothing - that's the day when they really learn type 1 diabetes. There's a huge maldistribution of good
healthcare and inadequate healthcare. It's also about the global picture of type 1 diabetes. When you go
outside the US, people are still on regular - not particularly helpful - NPH insulin. They don't have enough
money for more than one blood sugar reading per day - forget about a sensor or a pump or anything else. I'd
love to be able to see kids everywhere get anything they want: sensors, pumps, what have you.

Dr. Edelman: Shoutout to Phil Sutherland, who took me to Rwanda, where they get one glucose test a month.
Lots of folks out there need help, but you're right, there's inequality. Shoutout, also, to Kelly - what you do in
advocacy is second to none, and that's what we need more of.

Ms. Close: We really do care about the Beyond A1c movement, because we have to get patients to a point
where they know where they are and know where they want to be. And we need FDA in order to then get these
therapies paid for. That next meeting on Outcomes Beyond A1c is on July 21. Go to diaTribe.org/
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consensusconference. We're really glad for your help. If you have the names of FDA reviewers who you would
like to see there, please text them to me.

Comment: I really appreciate that Steve and TCOYD come to Hawaii every year. We have to
learn from our patients. Every time I sit down with a patient, I ask them to teach me about
their diabetes. To get patients to download their data, I need to tell them to teach me
something about their upload or download. Only then can I teach them something or give a
comment about their diabetes. That interaction is very important, and I learn a whole lot from
it, too.

Dr. Buse: I do think these downloads are a classic example of something that's not being adequately used,
even by the people who have the sensors and the providers who provide the sensors. There's so much
information that's not used.

Ms. Close: Shoutout to Dr. Rich Bergenstal and all the people working to make data easier to understand.
That changed dramatically earlier this week when those lucky enough to have CGM could look at AGP
(ambulatory glucose profile). This is huge!

Dr. Buckingham: We still download patient data when they come into clinic a lot of the time. But if we have a
call, the patient will upload. We're in an area with patients using Tidepool, Carelink, and a lot of things like
that. The share feature has really been amazing. I'm amazed that you found five people to share your data with
- congratulations, Steve! Some of the greatest benefit to the share feature appears for children <six years-old
and their families. There's real-time use by families in addition to download use by HCPs.

Ms. Close: We hope that big data is collected so we can see the benefit of share features.

Comment: A quick interruption to say that the Golden State Warriors just won the NBA finals!
(Cheers from everyone in the room - go Warriors!)

Dr. Irl Hirsch (University of Washington, Seattle, WA): What do you guys think about the
future of CGM in type 2? Ralph, you're one of the old timers in the type 2 world, so what do you
think about this? You've never touched a laptop yet, so I'm not sure where you stand.

Dr. DeFronzo: First, all type 1 patients should be on CGM. For a majority of type 2 patients, due to cost, it's
going to be difficult to get them on CGM and I'm not sure it's indicated. On the other hand, if you're a type 2
diabetes patient on insulin therapy, I absolutely think you should be on CGM, even if you're well-controlled.
But that's more of a wish than what's actually going to happen.

Dr. Hirsch: It will depend on the accessibility. John, Vanita, Bruce - any comments?

Dr. Buse: I personally think the utility is really in intermittent use. Most of these patients don't have the tools
to do something with the information in real time like patients with type 1 have. Type 1 diabetes patients make
several adjustments to pumps, etc., but the vast majority of patients with type 2 diabetes don't have that
capability with the kind of drug therapies they're using.

Ms. Close: But they do have the capability to eat differently, or to exercise differently, or to manage stress
differently. Intermittent CGM use gives them a window.

Dr. DeFronzo: We agree that if you're on insulin, the more you need an ability to properly adjust insulin.

Dr. Buse: Particularly if you're on MDI, then yes. With advanced insulin resistance, however, I'm not sure
CGM is as effective.

Dr. Edelman: I say it could be used at all stages. But John's right, it takes time.

Dr. Aroda: One population we haven't talked about is the person who is pregnant with type 2 diabetes. You
really need to have that 24-hour understanding of what's going on with your glucose, regulation, and instant
biofeedback adjustment for the life inside of you. It's amazing how quickly people change when it's for
someone else. If you could capture that for the self, then it would be indicated.

Ms. Close: We'd love to see more investment for gestational diabetes, now that we have the tools.
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Dr. Hirsch: I wanted to go back and answer your question, Kelly. We have a poster here where
the question has to do with, what's the biggest waste of our time? It's all the stuff that happens
after the patient goes home: 46% of a provider's time was spent dealing with meds - 15 minutes
for prior authorization (range from one minute to 90 minutes for a single prior
authorization). This is incredible. If you extrapolate out to a year, one doctor in our clinic
might spend 1,500 hours in 365 days. Our bureaucracy is the biggest waste - dealing with our
dysfunctional system. (Poster 174-LB).

Comment: Irl just really set me up. Ralph and I have something in common - we are from the
developing country of Texas. We have the highest maternal death rate in the country, the
highest uninsured rate in the country, and the highest Medicare-preferred drug rate. I've lived
in the primary care world, the diabetes world, the managed care world. To address this whole
issue about time spent on prior authorizations: What we have done is put into force with our
endocrine providers and our registered diabetes providers that they can bypass the entire
prior authorization process with a gold card. We're in the Medicaid space. We're really
thinking about all these things, and we're trying to reduce that bureaucracy.

Q: Kelly, one thing that hasn't been mentioned is inhaled insulin. What are your thoughts?

Ms. Close: I'm going to give a really quick answer. I like that you're asking patients, but I also
want to know what all the doctors think. It's super fast. Seventy percent of people on prandial
insulin aren't doing optimally - so yes, I want better options. A lot of stuff happens behind
closed doors with PBMs, and it's distressing, and more options would be great. Of course, it's
all about the data and we need to work on that end. Dr. Atul Butte writes that the tragedy in
healthcare is that big data is out there but we're not actually putting our hands on it. We don't
have insulin that is good enough, and we can't get what we have out to everyone. Look what I
have: I can't tell you where I got this, but it's a cool set of pens called Fiasp. People need
options that are faster. What does the panel think?

Dr. DeFronzo: Inhaled insulin works, and it's incredibly effective in type 2 patients. Many type 2 diabetes
patients can be controlled with just three times/day administration, and it can be added onto basal insulin.
Cost is a big barrier. Will it work? Yes. Do patients like it? Yes. Is it convenient? Yes. But cost is big barrier.

Dr. Buse: The PBM thing is catastrophic in North Carolina.

Dr. Edelman: I use it, and I'll tell you what - for type 1 diabetes, the rapid on/rapid off is an unmet need.
Afrezza helps improve time-in-range, it helps reduce the need for postprandial correction boluses. It reduces
exercise-induced hypoglycemia. You can't put it in a pump or artificial pancreas system, but for people I give
samples to, at least 80% of type 1s come back and want a prescription.

Ms. Close: I would love to see all insulin manufacturers help each other get people access to insulin that works
for them.

Q: I have had type 1 diabetes for ~19 years. I'm about to finish medical school, and I want to go
into pediatric endocrinology. (Applause.) I want to say thank you because I've been following
diaTribe since 2008 or 2009. The research and information that's come through you guys has
kept me excited, and it's made me dedicated to the notion of doing endocrinology. Now I'm in
a room with giants of industry, research, and more. In your position, if you could go back and
talk to people who are newly being trained, what are some of your pearls of wisdom? If I end
up in an antiquated training system, what pearls of wisdom should I offer?

Dr. Buse: The world is your oyster. If you want to be at this table in 20 years, there's nothing that can stop
you. There are two reasons for that: (i) three of the four of us won't be here, and (ii) there hasn't been a great
number of people who have come into the field of endocrinology, particularly pediatric endocrinology. I have
never had a trainee that quit the academic path because they failed. I've had trainees that didn't really get
burned out, but got concerned that they weren't good enough. You have to have thick skin and keep going.
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You are good enough. What differentiates us is not that we're smarter - we just kept going. We liked doing it,
so we kept going.

Dr. Edelman: Find a mentor that gives you time.

Dr. Buckingham: You're qualified because you're passionate. Listen to your patients. Offer something that's
really going to make a change in someone's life.

Dr. Aroda: In looking at programs, look at the people. Connections to the right people will groom you and
mold you, and I say this having been cared for by likes of Steve Edelman, Bob Henry, and others. You need a
mentor as passionate as you are.

Dr. Edelman: You'd be really lucky to work with anyone up here.

Ms. Close: What's one thing you want to have happen between this year and next year, when
we're all in Orlando for ADA 2018?

Dr. Edelman: For me personally and for the type 1s I represent, I'd like a functioning artificial pancreas
system that's easy to use and doesn't take over your life, not only for current pump users but also for folks on
multiple daily injections.

Dr. Buse: I want leadership in Washington that's going to create reasonable healthcare for all Americans.

Dr. Edelman: At least mine's realistic.

Dr. DeFronzo: I have no hopes to be a politician - I'm too honest. So, I'd vote for a serious program in beta cell
regeneration, because this would be a cure for type 1 and would take care of half the problem for type 2.

Dr. Aroda: I want to see more of an effort to train primary care providers and endos to have focus and passion
in diabetes.

Dr. Buckingham: I'm going to be realistic. One year from now, we can make a lot of positive change in an
artificial pancreas system. I think beta cell replacement may take two years. Changing the political landscape
will take another 3.5 years. But I really do see a wide-open area: take people on multiple daily injections and
give them smart pens, incorporate that into treatment algorithms. It doesn't always need to be a pump.

Ms. Close: How amazing are these leaders? (Applause!) I want a lot more care given to our
clinicians, and to all of the people who take care of me every day. They absolutely deserve it,
and it's absolutely what we need to attract more people into our world. Please join me in
thanking this wonderful panel

The diaTribe Foundation's Second Annual Musings Under the
Moon: Discussion on Digital Health
The diaTribe Foundation hosted its second annual Musings Under the Moon event at ADA 2017, gathering
attendees in an intimate setting to hear perspectives on digital health and diabetes technology. For the
second year in a row, panelists included Bigfoot CEO Mr. Jeffrey Brewer and Dexcom CEO Mr. Kevin Sayer.
The returning pair were joined by Qualcomm Life President Mr. Rick Valencia, Lilly Innovation Center's Dr.
Howard Wolpert, Abbott's Mr. Jared Watkin, and BD's Mr. Ryan Lakin. Close Concerns' Head of Diabetes
Technology & Digital Health, Adam Brown, co-moderated the discussion with diaTribe Foundation founder
Kelly Close.

Optimism for the potential impact of new and forthcoming technology took center stage in this discussion.
Right off the bat, both Mr. Sayer and Dr. Wolpert suggested that CGM is really coming of age. We agree
that the technology, and our understanding of how to use it, is just about ready for the prime time, but are
mindful that only roughly ~15% of US type 1s currently wear one - as CGM becomes even easier to insert
and use, and as it moves toward becoming the standard of care, we expect this to change. Multiple panelists
were equally enthusiastic about the advent of smart, connected devices, especially insulin pens. Mr. Brewer
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highlighted Bigfoot's acquisition of Timesulin, an important step announced earlier in the week designed to
improve insulin dosing in those not on pumps.

At a higher level, Mr. Valencia and Mr. Brewer pointed to smartphones as game changers in healthcare and
diabetes - so many people in the world have and use them as "the remote control of [their] lives." Namely,
they hold more computing power than medical devices, stream data passively, enable individuals to interact
with their diabetes discretely, and can drive new healthcare models and communication.

Decision support also received enormous enthusiasm on this panel. Dr. Wolpert, the lone physician on stage,
seemed the most excited, and understandably so - in the 25 years he spent at Joslin Diabetes Clinic, he
realized that "we essentially practice medicine like 18 century craftsmen." Once the industrial revolutionth

hit, masters' capabilities were built into machines and scaled. The applications in diabetes are many,
including insulin dosing advice and helping clinicians choose the right therapy at a given time. Mr. Lakin
similarly envisioned a future where even more device and pharma companies work side-by-side to deliver
outcomes. This is already happening to some degree though most of these partnerships don't have very
much that is public about the plans: Novo Nordisk (Glooko, IBM Watson), Lilly (Companion Medical, Beta
Bionics), Sanofi (Verily), and other companies are blurring the lines between drugs and devices.

We were pleased to hear other recurring themes from the evening pertaining to de-siloing data (Mr. Brewer
and Mr. Sayer shared the sentiment that "we can't all do everything better than someone else," so it's
important to collaborate), cost/access, and patient-centric design. Mr. Watkin and Lakin both discussed
their respective companies' goals of bringing affordable technology to wide swathes of people (BD aims to
double its reach to 60 million patients over time). On human factors, Mr. Brewer's "all-consumerization-all-
the-time" approach showed through: "Consumers don't read manuals. We need to accept messiness, and cut
off stupid things that patients can't do. A consumer approach is needed for patients - they're not trained
professionals. They need fewer things to do." The point, with which the other panelists agreed, is that
simplicity is key and is easier said than done.

In Q&A, Mr. Chris Stiehl raised an interesting question: Are we using mallets to kill ants? In other words,
where should the field be investing (and not investing) resources to dramatically improve care at a
population level? The prior night, Mr. Brown asked this same question at the JDRF/NIH Closed Loop
Research Meeting - if cost/value will be a critical driver of diabetes technology adoption, shouldn't the
ecosystem be even more focused on it? Mr. Sayer wittily replied that there are a lot more ants than mallets
in the world - we think this is an important point of discussion, and one that these panelists all seemed to
address in various ways. As products continue to improve in design and functionality, every incremental
improvement gets harder and the opportunity cost rises. In our opinion, it's going to be all about
subtracting burden from patients' lives and making devices easier to access. The field would certainly like to
see less expensive as well - if the move toward value-based healthcare is made and the value can be shown,
it's not clear the degree to which prices need to go down. We continue to be concerned that doctors'
administrative burden continues to rise - they should be given more time and compensated better.

Below, we show some of our favorite quotes from the panel discussion, followed by a detailed recap of
panelists' remarks.

The diaTribe Foundation thanks the sponsors tremendously - Abbott Diabetes Care, BD Diabetes Care,
Bigfoot Biomedical, Dexcom, Eli Lilly, and Qualcomm Life, for making this event possible and for
strengthening diaTribe so enormously.

Quotable Quotes

On Access

▪ "If it doesn't work for payers, it's not going to work for anyone. So I'm going to make it
work for them - focus on outcomes that meet their timelines. I wish they could care about
diabetic retinopathy, diabetic nephropathy, but current models don't allow them to focus on that. So
let's focus on short term cost. We have a good one to remediate, severe hypoglycemia and ER
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hospitalizations. Save a $35,000 visit, and you get the payers' attention. It's not about the device,
but about treatment and achieving outcomes not historically thought of." - Mr. Brewer

▪ "From a patient perspective, everyone is an individual - you can't classify all of them
together. We try to imagine someone in Alabama, who is very different from most of the people in
this room. That's most likely the patient we're trying to reach - how do we bring tech to the masses
and make it affordable and accessible?" - Mr. Lakin

▪ "We like to think that we spend a lot of our efforts at Abbott trying to take cost out of
the system. Where do you prioritize the dollars spent so they improve outcomes across the world
and not just in small wealthy populations?" - Mr. Watkin

On What's New and Next in Diabetes Tech

▪ "We've said for a long time that CGM should be the standard of care, and it appears
that that's not a dream anymore. That's happening. Patients, clinicians, payers, all moving in
the right direction, though we'd like to move them a little faster." - Mr. Sayer

▪ "What I'm excited about is CGM is coming of age, connected devices, and cloud
computing - we have the potential to change diabetes care. Three years ago, there was not a
single presentation on digital health, but now we are presenting data and RCTs and the field is
coming of age." - Dr. Wolpert

▪ "The ice is breaking - FDA, payers, clinicians used to be getting in each other's way -
it's not true anymore. People are open for change. I'm excited. In change, when assumptions and
constraints are let down, you can do amazing things." - Mr. Brewer

▪ "Who in the room doesn't have a smartphone? This has become the remote control of
our lives. If you need to hail a car, order food, calculate a bill, get a date. The phone and the
connected things around us should also be the remote control of our health and help us better
manage conditions we have, get diagnosed faster and better, get well and have a better quality of life.
In five years - maybe not the entire world - but I hope we make a dent in getting more connected to
care." - Mr. Valencia

▪ "Unless we have tools to assist with use of tech and having infrastructure to support
adoption, we won't have widespread adoption and not as many people can benefit. We
need to address that." - Dr. Wolpert

▪ "I talked to someone with type 2 diabetes on 26 prescriptions the other day! You don't
learn anything this way, but you learn a whole lot on CGM. The feedback has been remarkable, but
it's at the patient level: "I had no idea a 10-minute walk after a meal lowers my glucose that much." -
Mr. Sayer

▪ "We agree, I think, given the overall population, the outcome improvements you'll get
from smart pens and artificial intelligence is the biggest difference across the ballfield
that you'll see in next few years." - Mr. Watkin

▪ "Lots of drugs have come to market but outcomes haven't improved. We need to
demonstrate outcomes to bring value. There's no way you'll see device companies on one side and
pharma companies somewhere else in a few years." - Mr. Lakin

▪ "One of the issues in type 2 therapies is how many different classes there are. Think
about the burden on the clinician - we need decision support tools linked to CGM and flash glucose
monitoring to make rational treatment decisions. That's the direction things need to go." - Dr.
Wolpert

On Human Factors

▪ "Will people turn around to go home if they forget their device? That's the kind of
engagement we need." - Mr. Valencia
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▪ "I think it's important to understand what consumerification actually means.
Sometimes it's used superficially - a nicer surface, colors, pink for women, that's superficial. When
we're making devices historically, we might be thinking about compliance: "You need to do exactly
what I tell you, and if you don't, you need to try harder." The consumer approach says if you aren't
doing it, then I need to change the process or remove it. I was talking with someone who apologized
for not being able to train patients to do something repetitively - he thought he was failing.
Consumers don't read manuals. We need to accept messiness, and cut off stupid things that patients
can't do. A consumer approach is needed for patients, they're not trained professionals. They need
fewer things to do." - Mr. Brewer

▪ "From a clinical perspective, the issue in diabetes isn't about patients wanting to have
good glycemic control. They don't need a sermon about that. The issue is about developing
tools to reduce burden, in terms of a tradeoff, they can focus less on their diabetes. The other
distinction we need to draw here - it's great that we have consumer electronics helping to shape
medical electronics. In the consumer world, you measure success based on how much people engage
with tools, but it's reversed in healthcare, where you want people to interact with tools less." - Dr.
Wolpert

▪ "If you force someone to take out a medical device to administer insulin, a certain
number of people won't do it or will do it less often - it brings attention to a disease
they don't want to talk about. So the consumer solution would be to take it to the phone - then
they don't have to take anything out of their pocket or talk about it. We could change where things
take place. - Mr. Brewer

▪ "A lot of the focus now in digital health is digitizing paper-based algorithms. When you
deconstruct what diabetes care is about, it's more than dosing instructions. How do you
engage the patient? It needs to be a bigger focus: how to leverage these tools around care and
consumption. We need more than prescriptive tools about insulin dosing. - Dr. Wolpert

▪ "There are so many apps out there, but how many people continue to play Pokémon
Go? Maybe for a year, but a year out of 60 years of diabetes won't do much good. We need to
incentivize them the same way Amazon incentivizes my wife to place orders every day." - Mr. Lakin

▪ "Libre was perceived as a type 2 product. That's not true at all - uptake is nearly all type 1s
now. You can never get it too simple and straightforward." - Mr. Watkin

On De-Siloing Data

▪ "I would say the thing people are missing is many of us focus on our own little silo and
forget that things are systems - the only thing that matters is the patient's safety and
that their lives are easier. That's what's important. If you're talking about doctors, can they
actually prescribe a therapy that works without hurting the patient? And can payers deliver an
outcome that's measurable? An insulin pump for instance, you can keep adding features, 24 basal
rates across day, then 48, but that makes absolutely no difference - it actually makes peoples' lives
more difficult. Glucose, insulin, supplies - it's not just about how they're developed, but even the
prescribing forms and how they're written. This needs to be thought of together or it won't work. We
need to collaborate, and that's the only way we can advance." - Mr. Brewer

▪ "We've tried to be as open architecture as we can and really started this in the field - it
was kind of hard because we have this little device and, 'woohoo we're the greatest.'
It's hard to open up and share with others. Things get wasted as a company - we can't all do
everything better than someone else, so it's important to have connectivity." - Mr. Sayer

▪ "We're not all working together yet, but one thing that will help are IT systems for the
payers and health systems. We literally didn't know how much money we spent sending people
to the hospital, and now we see that it's such a huge problem. That provides an incentive for Becton
Dickinson to make a needle that captures insulin dose and then provides decision support." - Mr.
Brewer
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Panel Discussion

Panelists: Jeffrey Brewer (CEO, Bigfoot Biomedical, Milpitas, CA), Ryan Lakin (VP, R&D, BD,
Franklin Lakes, NJ), Kevin Sayer (CEO, Dexcom, San Diego, CA), Rick Valencia (President,
Qualcomm Life, San Diego, CA), Howard Wolpert, MD (VP, Medical Innovation, Lilly
Innovation Center, Cambridge, MA), and Jared Watkin (President, Abbott Diabetes Care,
Alameda, CA).

Moderators: Adam Brown and Kelly Close (Close Concerns and The diaTribe Foundation, San
Francisco, CA)

Ms. Kelly Close (Founder, The diaTribe Foundation; President, Close Concerns, San
Francisco, CA): Welcome everyone! Thank you so much for coming this evening to support the
second annual Musings Under the Moon. And, thank you tremendously to our sponsors for
helping us so enormously this year - Let's start by having the panelists introduce themselves
and comment on what part of ADA you are most excited about.

Mr. Rick Valencia (President, Qualcomm Life, San Diego, CA): We work on building connective tissue
between patients and their caregivers to keep them well and hopefully bend the cost curve. What am I most
excited about? The free alcohol! [Laughter] And it was donated by my friends Steve and Lisa Altman, whose
family lives with type 1 diabetes (father, brother, and two out of three children). Both of them are very
dedicated to the cause, and I'm very proud of them.

Mr. Kevin Sayer (CEO, Dexcom, San Diego, CA): I'm President and CEO of Dexcom. I've been with Dexcom
for six years. I showed up at ADA six years ago, in my third week, and tried to figure out what was going on in
diabetes. My favorite thing about ADA is that it's here in San Diego. I'm excited about the progress we've
made, and how the perception of CGM has changed. We've said for a long time CGM should be the standard
of care, and it appears that that's not a dream anymore. That's happening. Patients, clinicians, and payers are
all moving in the right direction, though we'd like to move them a little faster.

Dr. Howard Wolpert (VP for Medical Innovation, Lilly Innovation Center, Cambridge, MA): What I'm excited
about is CGM's coming of age, connected devices, and cloud computing - we have the potential to change
diabetes care. Three years ago there was not a single presentation on digital health, but now we are presenting
data and RCTs and the field is coming of age. With all these connected devices we can really transform
things…when you look at where things are today, the current care model doesn't work for people with
diabetes. I think we're at an exciting point where we're putting all these pieces together; diabetes care will be
transformed.

Mr. Jeffrey Brewer (CEO, Bigfoot Biomedical): Bigfoot has been going about 2.5 years now, and my journey in
diabetes is going on 16 years since my son was diagnosed. I spent the first 14 years in an "apprenticeship" with
many people in this room, who have taught me what the challenges were in healthcare and devices. It's much
more complicated than a consumer technology business. I'm excited that there's a lot of opportunity because
the ice is breaking - FDA, payers, clinicians used to be getting in each other's way - it's not true anymore.
People are open for change. I'm excited. In change, when assumptions and constraints are let down, you can
do amazing things.

Mr. Jared Watkin (President, Abbott Diabetes Care, Alameda, CA): Other than the Warriors winning the
finals, I'm most excited about standardization in reporting on glucose monitoring with AGP. It's very
important - it will float all boats and it's a fantastic journey we've been on.

Ms. Close: This was so cool to see, and it's beyond collaboration - it is collective impact. I love that patients
can see where they are and their HCPs can too.

Mr. Ryan Lakin (VP of Research & Development, BD, Franklin Lakes, NJ): I represent BD as the VP of R&D
for Worldwide Diabetes. BD has been in diabetes for 92 years, and we serve over 30 million patients per year
through insulin and other medications. This is my second ADA - it's a massive learning environment and
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awesome to see how sensors are taking hold. But it also identifies such a big gap when we think about how we
collect insulin dose data - we're excited to collect irrefutable dose data from connected pens.

Mr. Adam Brown: I lead diabetes technology and digital health at Close Concerns. Leaving this ADA, I'm
excited that this field is moving faster from a higher base. That's awesome…looking back it's a totally different
field from even one year ago, and we're seeing consumer electronics infiltrate diabetes tech - this was not the
case when I joined Close Concerns in 2010. Companies are also getting the message that consumers should
have input in design, and that input should occur very early and often. Industry is also increasingly realizing
that the value of devices must improve - it's more than just incremental features that will drive this field.

Ms. Close: There are so many excellent places to start. What do you hope your company will
look like in five years?

Mr. Brewer: The vision we have for our company is to provide solutions to people who live with diabetes, to
clinicians, and to payers who make it available. And when I say solutions, those are going to be not just
devices, but business models and operations that make it easier, reduce friction, and solve problems. We want
to make insulin safer and make care less expensive. We acquired a connected injection technology (Timesulin)
because a lot of people need pens, and those solutions need to be targeted to them. We look like a consumer
company, and we want to make sure we understand the customer and make their lives easier.

Mr. Valencia: The vision for our company is to connect the world to healthcare anytime, anywhere. Who in the
room doesn't have a smart phone? This has become the remote control of our lives, if you need to hail a car,
order food, calculate a bill, get a date. The phone and the connected things around us should also be the
remote control of our health and help us better manage conditions we have, get diagnosed faster and better,
get well and have a better quality of life. In five years - maybe not the entire world - but I hope we make a dent
in getting more connected to care.

Ms. Close: I so love this Rick. Adam says all the time that he wants the healthy choice to be the
right choice.

Mr. Lakin: At Becton Dickinson, we want to be on the journey to double our people served from 30 million to
60 million people worldwide, going from simple delivery devices to more interconnected delivery solutions.
That's based on managing insulin dosing in a simple way. There's been a lot of progress, and we've heard
about all the great things going on in US - more than half of our patients are from outside the US. There's as
much an opportunity, if not more, to reach that population and help them manage their diabetes. Maybe not
in five years, but we should be on our way by then.

Mr. Watkin: Our philosophy is that all of this is meaningless unless you have access. We are focused on
designing approachable products for patients that are affordable so they spread across the world. The Libre
platform is in 35 countries and growing. I see us continuing down that philosophy of making technologies
approachable and accessible so we can deliver affordable technology to people with diabetes, to make the
world a healthier and more worthwhile place to be.

Mr. Brown: Where is this field wasting the most effort? What's missing that people just aren't
getting?

Mr. Watkin: I saw Adam ask a question at the NIH/JDRF Closed Loop session about where R&D should be
focused, and his philosophy was that we should be thinking more about cost. Of all the things in the artificial
pancreas world, it was clear that it wasn't on the agenda of the researchers. It was a full-hearted question. We
like to think that we spend a lot of our efforts at Abbott trying to take cost out of the system. Where do you
prioritize the dollars spent so they improve outcomes across the world and not just in small wealthy
population?

Mr. Brewer: I would say the thing people are missing is many of us focus on our own little silo and forget that
things are systems - the only thing that matters is the patient's safety and that their lives are easier. That's
what's important. If you're talking about doctors, can they actually prescribe a therapy that works without
hurting the patient? And can payers deliver an outcome that's measurable? An insulin pump for instance, you
can keep adding features, 24 basal rates across the day, then 48, but that makes absolutely no difference - it
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actually makes peoples' lives more difficult. Glucose, insulin, supplies - it's not just about how they're
developed, but even the prescribing forms and how they're written. This needs to be thought of together or it
won't work. We need to collaborate, and that's the only way we can advance."

Ms. Close: Yes! It needs to be quantified how challenging it is to be a doctor, nurse, community
health worker…

Dr. Wolpert: A lot of the focus now in digital health is digitizing paper-based algorithms. When you
deconstruct what diabetes care is about, it's more than dosing instructions. How do you engage the patient? It
needs to be a bigger focus: how to leverage these tools around care and consumption. We need more than
prescriptive tools about insulin dosing.

Ms. Close: He said "how to engage and motivate" patients. This is my 20 ADA, and for 10 years at Closeth

Concerns we've had this contest of how many times we hear the word "compliance" from the podium. The
language we're using - engaging and motivating the patient and clinicians - is so much better.

Mr. Brown: Kevin, how do you think about systems, and Rick, how does Qualcomm work in
propelling this system forward and making things "magical"?

Mr. Sayer: The systems question is a good one. We've tried to be as open architecture as we can and really
started this trend in the field - it was kind of hard because we have this little device and, "woohoo we're the
greatest." But it's hard to open up and share with others. Things get wasted as a company - we can't all do
everything better than someone else, so it's important to have connectivity. I go back to the cost comment -
the fact is our customers are increasingly becoming the people who pay the bills. We need to make sure the
system is cost effective - we're all about connectivity and working with others, but also about focusing on our
space. We want to be a component of systems, but this whole thing isn't going to look the same several years
from now.

Mr. Valencia: I don't want to be overly repetitive. It's about open systems, better integration, interoperability
between devices and solutions, and usability. Not just from a patient standpoint but also a clinical standpoint.
How do you get people to engage on a continuous basis? How do you get them to want to be fully engaged in
managing their own care and own condition as much as Pokémon Go can get engagement - people running
around tripping each other trying to catch invisible things? It's the great thing about consumer brands getting
into healthcare. There are problems - things get big press for hiring two people or buying some nascent
technology, and this can be a big distraction - but their ability to engage consumers and think about how a
consumer thinks about and sticks with things…this type of knowledge needs to come into healthcare. Fitbit is
a good example. It's lost its luster a bit - the craze of competing with friends has worn off a bit. But they're
really starting to engage in health care, and really understand how to motivate consumers and create the
kinds of user interfaces that bring people back on a continuous basis - will people turn around to go home if
they forget their device? That's the kind of engagement we need.

Mr. Brewer: I think it's important to understand what consumerification actually means. Sometimes it's used
superficially - a nicer surface, colors, pink for women, that's superficial. When we're making devices
historically, we might be thinking about compliance: "You need to do exactly what I tell you, and if you don't,
you need to try harder." The consumer approach says "If you aren't doing it, then I need to change the process
or remove it." I was talking with someone who apologized for not being able to train patients to do something
repetitively - he thought he was failing. Consumers don't read manuals. We need to accept messiness and cut
off stupid things that patients can't do. A consumer approach is needed for patients, they're not trained
professionals. They need fewer things to do.

Mr. Valencia: Incentives work too. If you incentivize someone to do something in a certain way - there is a
decent chance they'll follow the rules. We have a partnership with UnitedHealthcare, the Motion Program,
and you earn money for being active. People wear their devices and get steps because they want the money!
This isn't the end-all, but incentives do work.

Mr. Brown: Rick do you see that applying to diabetes tech? Do you envision a day where a user
would get paid for wearing CGM and staying in range, capturing insulin doses, etc.?
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Mr. Valencia: This Motion Program is available to the masses. It's not just for overweight people or people
with diabetes. The outcomes are going to be good enough that the company can put that kind of cash at play.
Their marketing team actually came out to film us, and they asked me about this. I didn't expect this to make
it into the final film because we're just starting with this program, but UnitedHealthcare left it in - signaling
that they want to continue with something broader.

Dr. Wolpert: From a clinical perspective, the issue in diabetes isn't about patients wanting good glycemic
control. They don't need a sermon about that. The issue is about developing tools to reduce burden, in terms
of a tradeoff, so they can focus less on their diabetes. The other distinction we need to draw here - it's great
that we have consumer electronics helping to shape medical electronics. In the consumer world, you measure
success based on how much people engage with tools, but it's reversed in healthcare, where you want people
to interact with tools less.

Mr. Brewer: Or interact with them in the right place. If you force someone to take out a medical device to
administer insulin, a certain number of people won't do it or will do it less often - it brings attention to a
disease they don't want to talk about. So the consumer solution would be to take it to the phone - then they
don't have to take anything out of their pocket or talk about it. We could change where things take place.

Mr. Brown: Everyone mentions patients, providers, and payers - three groups to figure out.
But a lot of times the design considerations might conflict or drive different priorities. Which
is the hardest for you, and which will drive tech in the next five years?

Mr. Sayer: Always go for the patient first, Adam. We always have at Dexcom and we always will. What's
required is more though on the back end. You have to drive data engines behind it to drive the expense of the
device and user interfaces behind them. We've learned things as the first Bluetooth connected CGM device.
We launched Android this week and we're excited but a bit terrified - what if a 12-year-old Android phone
won't pick up the sensor, and people wonder what's wrong with it, and no one believes the problem could
possibly be their phone. I focus on the patient first. We've made real mistakes on both sides…if you don't
engage physicians or payers enough, you get a black eye. But patients are always first.

Mr. Lakin: I think Becton Dickinson would think the same thing. From a patient perspective, everyone is an
individual - you can't classify all of them together. We try to imagine someone in Alabama who is very
different from most people in this room. That is most likely the patient we're trying to reach - how do we bring
tech to the masses and make it affordable and accessible? Start with patients first, and data on backend will
ultimately help on the payer side.

Mr. Watkin: I think that, whereas clearly you focus on the patient first, affordability and accessibility also
matters. It's clear that there are upfront things you can do that will help you in the end. The smartphone will
be the greatest digital device ever created because it collects data so quickly, provides this information to
patients, providers, payers, and acts as a hub for other products. The applicability to disease management,
diabetes being the most obvious example, is huge. Getting smartphones on the regulatory pathway was a key
step.

Mr. Brewer: The one thing you can count on is that someone in Alabama has a smartphone. That is the
hardest design problem for us, the patient - we have some patients who can't read, and some who are highly
numerate and engaged. The spectrum is very broad. For payers, you have to prove to them it works. Can you
get patients to use it effectively across income, education, and insurance? All those things really make that a
complicated challenge.

Mr. Brown: Kevin, when you were talking I was just thinking of when you updated the G5 app
with the mute override. And then you got harsh app store reviews for providing something
people were asking for! Can you comment on that?

Mr. Sayer: The story there is that the FDA expressed to us, with a non-adjunctive claim, it's important to have
alerts and alarms in the system. With the mute button on the phone, people couldn't hear them. Apple
allowed us to override, and the only other app at the time with that capability was the Apple alarm clock. And
yes, we got killed in the app store, and not just by young people, but by business people - "I'm in a meeting! I
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know my glucose is low, but I can't get the thing to shut up." So we built a case, allowing people to override the
mute button. Life will go on.

Mr. Brown: That, to me, was such an eye opener. You listened to the patient in that case and
got their feedback. But expectations are crazy. How do you please everyone!?

Ms. Close: "The patient" - what does that even mean given such a heterogeneous patient community?

Mr. Sayer: 80% of the emails we got were positive. You all saw the others, and that's how it works.

Mr. Brown: Rick, do you have thoughts from a Qualcomm perspective? Your technology
underlies some of these technologies.

Mr. Valencia: I'm very, very optimistic about where this is headed. Think about it. Any industry, any process
that has digitized, moved from manual or paper-based and digitized itself. Remember how amazing the first
fax machine seemed? It was unbelievable. And what's happened since! It's gotten better and better - things fly
over the ether and we don't know how it happens. When the digital genie is let out of the bottle it never goes
back. Things get better and better and it never stops. We need to work harder to get better experiences for
patients and caregivers, but I'm optimistic it will happen.

Ms. Close: Can you talk about the right kinds of experiences for the different cohorts of
patients? We're really interested in type 2s and how to make them successful. They span a
much bigger range than type 1s.

Mr. Valencia: If I can answer that question really well, I'd be doing really well, and doing something a little
different probably! I don't know the answer quite yet, and there is probably no answer. Incentives are going to
be key. Basic usability. Fun, interest will be important. With this Motion Program, someone uses his wearable
and it's real money at play, but money that's at play because the benefit to the payer is greater than the
expense of the reward to the consumer. The honest truth is I don't know the answer, but consumer oriented
companies getting into healthcare needs to happen once we get over the hype that distracts things.

Mr. Lakin: We need to find ways to personalize it for the customer - you can't take a one-size-fits-all for whole
type 2 population. What are they on? You need to catch them early, take them on that journey and keep them
engaged the whole time. There are so many apps out there, but how many people continue to play Pokémon
Go? Maybe for a year, but a year out of 60 years of diabetes won't do much good. We need to incentivize them
the same way Amazon incentivizes my wife to place orders every day.

Mr. Valencia: Think about what a great example that is of "stickiness" and engagement of consumers. Amazon
has done such a great job. It's out there, but we haven't done a good job integrating into healthcare. The
bottom line is that each generation of new technology is faster. Of course. For instance, 5G technology, which
we've been working on, is about mission-critical things - automatic (self-driving) cars, healthcare, etc. You
need a network that can support that. It will enable a move…it was first built to make phone calls, now it's
about data, playing games, using smartphones. Next-gen, 5G, will be about connecting everything else. The
self-driving car isn't an automatic car, it's a data-driven car using information to know how fast to go, where
to turn. That's what's coming and it will enable new solutions.

Dr. Wolpert: To motivate type 2s, it has to be both the consumer and the physician. It won't just be driven by
technophile patients. Decision support tools will have to be prescribed as part of the care process. We need to
get data through the system and to the provider, and then reinforce insights from tools. If you're dealing with
a population that's not intrinsically motivated, it will have to come from the clinic.

Ms. Close: If I were really challenged and had no time to think about this, I would love a
system to help me think not so much about what my doctor is saying but how this makes me
feel. How some apps make me feel very good. The whole engagement thing, and how
successful doctors feel, is so important too. I'd love to hear more about transformation on that
end.

Dr. Wolpert: I think the challenge is with the introduction of EMRs being such a disaster. I think that's one of
the things, also there was a fascinating presentation about one of the barriers around CGM for clinicians, and
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one of them is clinic time. Unless we have tools to assist with use of tech and having infrastructure to support
adoption, we won't have widespread adoption and not as many people can benefit. We need to address that.

Mr. Brewer: Customization and individualization are critically important to serve different kinds of patients
(data savvy vs. not) and different kinds of providers (specialist vs. PCP). You can't make different devices for
different populations, but you can make different apps because they have different physiology, understanding
of the disease, etc. This individualization is very easy in software, but not hardware.

Mr. Watkin: Libre was perceived as a type 2 product. That's not true at all, and uptake has nearly been all type
1s now. You can never get it too simple and straight forward. As we think about dosing, engagement of type 2,
we need to make it simple, reduce the burden, and make it as straightforward as possible. As we go through
this, we're learning lessons about simplicity and approachability for patients. That is crucial.

Ms. Close: Arrows have been a complete game changer for CGM. There are so many therapies for type 2, but
there is a point where beta cells don't work anymore and alerts become necessary. There's more than enough
room for all of you.

Mr. Brown: In the CGM in type 2 debate yesterday, Dr. Polonsky made a comment about
'perceived treatment efficacy' - "Do I perceive that my therapy is effective?" In type 2 diabetes,
people don't get feedback that it's effective. A1c may be taken twice a year, and that's not good
enough. But with FreeStyle Libre or Dexcom, or even the UHC Motion program, it gives people
a sense that what they do matters.

Mr. Sayer: We've talked about this and interviewed type 2 patients when they're done wearing CGM. You have
years before complications begin, and you're told three things: you eat too much, you don't exercise enough,
and you have to take your meds. I talked to someone with type 2 diabetes on 26 prescriptions the other day!
You don't learn anything this way, but you learn a whole lot on CGM. The feedback has been remarkable, but
it's at the patient level: "I had no idea a 10-minute walk after a meal lowers my glucose that much."

The challenge is to develop a proper model that the system could pay for. This is going to be a different
program. At Dexcom our thought used to be that everyone should wear a sensor all the time. Now we know
that patients engage with our product differently. But it needs to be an engagement and it has to be
motivating. We're talking about tools; as you're walking into McDonald's, "last time you ate a quarter
pounder, glucose rose to 350 - LEAVE." This won't work, but we know that patients love live feedback. We
also learned that if patients don't see how they do, they won't change and know how to better. In five years I
hope the type 2 discussion is wildly different.

Mr. Brown: In the past year, we've seen an era of progress in insulin dosing titration - several
FDA clearances from big pharma, small companies, and even stealth companies. How are you
thinking about dose capture and dose titration?

Mr. Brewer: First of all, there needs to be a variety of solutions; different companies will have different
solutions and that's good because things will be complicated in the world of healthcare. Ours is to simplify and
remove work as much as possible. For people on shots with PCPs, I want to do auto-titration the same as we
use for automated insulin delivery. It's the same problem, but with less data and an injection vs. an infusion.
It's not as powerful in terms of preventing hypoglycemia, but what are people doing today? Writing
prescriptions and people do whatever they do and end up in the hospital. One person told me that a patient
treated with CGM or pump shouldn't be with a PCP because no one will teach them to use it. Given the unmet
need this seems unlikely. Automation brings fewer consideration parameters. The system doesn't currently
exist to address it.

Mr. Lakin: Passive collection of dose information is important. The other aspect is being universal - we
collaborate with all drug companies, and it's important to ensure access and increase access for everyone.
Also, we're working on a type 2 patch pump with adjustable basal rates as well, which will help on titration
side. Combining that with glucose monitoring companies and bringing that data together is an easy way to
push therapy forward.
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Dr. Wolpert: Certainly, with connected devices and widespread CGM and artificial intelligence there is
potential in the next few years to transform the way we dose insulin. This is part of what we're doing. The
current approach doesn't work, and patients are being set up to fail with an approach that, even when you're
fastidious about it, doesn't give desired results.

Mr. Watkin: We agree, I think, given the overall population, outcome improvements you'll get from smart
pens and artificial intelligence is the biggest difference across the ballfield that you'll see in next few years.
This is a very positive step for the population of people with diabetes across the world. There are challenges,
but this industry has shown it could take those on and move those forward.

Mr. Brown: I wonder, does this create difficult conversations with payers? For instance, if you
have an insulin delivery service with a pump and then another one with a pen, how does the
market segment? Do payers drive it or do patients?

Mr. Brewer: If it doesn't work for payers, it's not going to work for anyone. So I'm going to make it work for
them - focus on outcomes that meet their timelines. I wish they could care about diabetic retinopathy, diabetic
nephropathy, but current models don't allow them to focus on them. So let's focus on short term cost. We
have a good one to remediate, severe hypoglycemia and ER hospitalization. Save a $35,000 visit and you get
the payers' attention. It's not about the device, but about treatment and achieving outcomes not historically
thought of.

Ms. Close: On retinopathy, it's also cool. To have a machine figure out that I have retinopathy (see IBM
Watson) and tell me instead of my doctor. My doctor doesn't want to ever tell me if I do. So some of the
human element isn't good. I go every eight months because I want to catch it, and I'd rather have IBM Watson
tell me and then have the doctor be able to spend more time helping me!

Mr. Brewer: People work better with cartoons than with real faces - because they're not concerned about being
judged. Dexcom is now training people to insert sensors by video - you could watch that 20 times and not feel
stupid vs. doing it with a diabetes educator once.

Mr. Valencia: In other words it's not just retinopathy, but there are lots of things the computer can do better
than real people. (Sorry all you real people).

Mr. Lakin: The aspect of a device is only so good, but the business model is wrapped around a service. Digital
solution is ultimately how we get access to payers, and how we compare to existing cost of multiple daily
injection patients vs. type 1 costs on a pump and sensor.

Ms. Close: A big part of that is showing value.

Audience Q&A

Q: What a great panel. We're focused on trying to find ways to establish value with some of the
products and devices out there. It feels like the tale of two worlds…pharma companies
focusing on therapy innovation, tech companies focused on how to optimize the analysis of the
blood. What we need is personalization down to the medication. If the issue is that type 2 is
such a big problem…Where is the innovation in genome sequencing?

Mr. Brown: Actually, I think pharma has got the message. Even on the Close Concerns team, we're trying to
figure out who should cover different news stories: "Is this a pharma story, a device story, or both?" Sanofi has
dose titration cleared and stealth launched (My Dose Coach), there's a Novo Nordisk-Glooko partnership and
connected pen, Lilly is investing in Companion and Beta Bionics and has an Insulet partnership. In oncology,
Watson can read entire histories and give recommendations. We will see that in diabetes.

Ms. Close: I totally agree. The Merck Amazon Alexa partnership is another example. It's why everyone was
competing to hire Dr. Wolpert! Other comments? Perhaps on perception vs. reality of these partnerships?

Mr. Lakin: The benefit we have is collaborating with pharma in terms of delivery of insulin. As we look at
bringing solutions to market, it becomes population health data, very specific to drug company's data. We
have an opportunity to manage not just population health but to also create value in outcomes. Lots of drugs
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have come to market but outcomes haven't improved. We need to demonstrate outcomes to bring value.
There's no way you'll see device companies on one side and pharma companies somewhere else in a few years
from now.

Ms. Close: Some of it is how regulators perceive value. A1cs don't change, but these therapies
have way less hypoglycemia and weight gain. You couldn't possibly get a drug approved today
that causes hypoglycemia, the bar is higher. Other thoughts on this question?

Mr. Brewer: I want to address the data. Look at the whole picture and solution. It's one thing to understand
the genome, but sometimes you need to get any data, not all the data. For most people on insulin, we literally
don't know how much they take. Genome information and faster acting insulin after poor carb counting won't
help me if I don't know how much insulin they're taking. It might not be big data, but very small data - five
numbers per day, that's not a lot.

Mr. Sayer: How do guys at big pharma get promoted? They sell more drugs. There is an inherent conflict.
We've done some basic type 2 work and we have a good sense of which populations don't work well with CGM
and where we're spending unnecessarily in the system. You don't learn how drugs work by taking a finger
stick at 7:15 every morning. It's an inherent conflict - if insurance cover it, let's prescribe it - but we don't
know how well they work. I think these systems will change, and it won't be simple.

Mr. Wolpert: One of the issues is if you look at type 2 therapies, there are many different drug classes. Think
about the burden on the clinician - we need decision support tools linked to CGM and flash glucose
monitoring to make rational treatment decisions. That's the direction things need to go.

Mr. Watkin: The challenge is in marrying those two industries…We need scalable ways to deploy this evidence
and do real-world evidence collection, where we've only scratched the surface. We're finding out fundamental
things that can make this better in the future - even just looking at real-world data in many countries and
bringing it all together. We're all in the infancy as well, and this pharma+tech will happen soon.

Tom Karlya: For the people who need the most help…there's a wide gap between them and the
people we're reaching. How do we make sure the modern technology isn't widening that gap
instead of making it smaller?

Mr. Lakin: We serve 30 million people a year who are insulin-dosing patients. And I think what Becton
Dickinson does best is democratization of healthcare and devices. During this hour, probably almost 750,000
devices injected insulin around the world. Our goal is to find affordable solutions to get to the masses, be it
rural China or San Diego, California, we will find ways. As consumer solutions get more affordable, we need to
continue to do that at a scale.

Tom Karlya: Just a follow up - everyone up here is going to have an individual statistic on how
much their companies are helping those people, but I think it's a disaster right now. We need
to make sure it's not just "look what we're doing," but working together to really help this
group of people that can't afford care.

Ms. Close: I don't feel like I hear myself or other patients complaining about the high cost of heart attacks or
dialysis or strokes. A1c was cool for a while and while everyone doesn't have access to sensors yet, we're
working on showing the value of sensors so everyone can get access. It is a marathon.

Mr. Brewer: It's happening. We're not all working together yet but one thing that will help are IT systems for
the payers and health systems. We literally didn't know how much money we spent sending people to the
hospital and now we see that it's such a huge problem, that provides an incentive for Becton Dickinson to
make a needle that captures insulin dose and then provides decision support. For those struggling in these
businesses in many areas, the ice is breaking and things are maturing, but this is hard, hard stuff. Those who
have been trying deserve our appreciation. There are much, much easier ways to make money.

Mr. Valencia: There is no easy answer. Digital and mobile are going to have a big impact - think of Moore's
law and how the cost of technology decreases on an annual basis, while digital increases, and there's more
data to analyze every year. This is going to drive cost down, but again, there are no easy answers.
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Mr. Watkin: That's why Adam's question was so important about the fundamental research allocation - will
we deploy resources for incremental improvements or disruption? We need the brainpower focused on how to
make things more affordable and accessible. So, Adam, keep asking that question to all of us in the industry.

Ms. Close: Thanks for bringing this up - we should all be thinking about that all the time.

Q: Moving past cost - I have a pump, I have my CGM, carb counter, logbook, I have my Fitbit,
I'm happily married, so no Tinder - these individual pieces of equipment make up a holistic
view of what's going in in my life, and not something I can easily share with my provider. I'd
love a single app that's mobile and that entire integrated view of it. Even if that existed, how
does that affect individual industry business models, and your goals toward interoperability?
This is a rapidly-changing field. I just learned of a new CGM in Asia yesterday, and there will
be more. It needs to continually evolve. How does a business model support what I'm
describing?

Mr. Valencia: It is difficult. We as device companies are successful when we sell more devices, so the focus was
traditionally products, but it has shifted to software. Who owns that app and how does the business model
work for that company? Do we pay them royalties if their app is better? All of us make our own and hold them
and not let anyone else see, and I don't think this will work going forward.

Mr. Sayer: There's yet another block with the regulators. It used to be that cell towers were going to be part of
the class III device! That's where we started before we got to connected devices, and now things are going
much, much faster and you'll see the same kind of innovation Rick was talking about. Not all will survive, but
we as device manufacturers will have to decide whether to share our data or hide it, or abandon it all. There's
not a right or wrong formula, but we think about all these things and have these discussions all the time.

Mr. Brewer: Thanks for plowing the way on this stuff, Kevin. Where the FDA is, is a result of a lot of work
from people up here. It's been a community effort.

Mr. Brown: I heard someone say the other day that "data is the new oil - it's all about how you refine it." This
panel is going to use data to improve products the way Google does to improve their products. You hear a lot
in consumer tech press that the most successful companies collect more data about their users, use it improve
their products, draw more users, collect more data, and so on in a cycle. I think that applies here too.

Mr. Valencia: That's our business model. Get devices connected everywhere, and being able to use that data.
What will really influence business models is payment reform. Business model around selling outcomes,
rather than drug or device.

Mr. Chris Stiehl (President, StiehlWorks, San Diego, CA): My endocrinologist characterizes
what you guys do as killing an ant with a mallet. The other thing I wanted to comment on -
Kelly, you mentioned earlier that 86 million people have prediabetes. How do we get HCPs to
test those people and diagnose them so they don't get diabetes like the rest of us?

Ms. Close: The prediabetes question is part of the next panel - we'll have Virta there! What do you all think?

Mr. Sayer: I think the ants are running uncontrolled - we may be making mallets to kill ants but there are a lot
more ants than mallets. For prediabetes, I don't think we as an industry have come up with something to help
patients, caregivers, and payers engage. We need to take all technologies we have as a group and try them.

Mr. Wolpert: There are opportunities with data analytics and risk stratification. It will be a matter of finding
who is at risk.

Ms. Close: How do you make people feel more responsible for their own health? For instance,
with gestational diabetes, you feel responsible for someone else. Think about epigenetics and
what could be possible - every pregnant woman should have CGM. Thoughts on this?

Mr. Lakin: To me it seems like an awareness issue to a large extent. We can't watch TV on a weeknight
without seeing a diabetes drug commercial, but if you travel around the world its much, much less. People
don't even know about diabetes. The prediabetes issue is about awareness and digital has a huge opportunity
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to increase this. It's not a penalty to have diabetes -type 2s get only penalized and never rewarded. Awareness
is one of the biggest challenges that we see.

Mr. Brown: I think this notion of "perceived treatment efficacy" is even bigger in prediabetes - do my actions
yield a difference? With real-time CGM, we finally have a tool to give people across the spectrum a sense that
what they do matters. A business model in prediabetes is a harder question. I'd also comment that the food
environment is a minefield - even the ADA conference center has a Mrs. Fields stand around every corner. I'm
a huge fan of giving people real-time feedback so we can all see the impact of our decisions.

Ms. Close: Thank you to these incredible companies for the amazing work they do on the
cutting edge and for supporting diaTribe. And for all of you for also supporting us. As a closing
questions, what's the hardest and best parts of your jobs?

Mr. Brown: The best part of my job are the emails we get from people with diabetes, knowing that coming to
work makes a difference in their lives. The hardest part for me is actually keeping up, and that is literally my
full-time job every day! The pace has rocketed so fast, that keeping up and separating the signal from the
noise gets harder every day.

Mr. Lakin: The best is working in healthcare. To get paid to create things that improve and advance the world
of health. At Becton Dickinson specifically, it is a passionate group of 50,000 people who are trying to do
better. It keeps us up; we want to go faster and we want to keep up. But this is a 24/7 disease and there are a
lot of people. Every day that goes by that we haven't made your life simpler is a challenge. We're a driven
group that wants to do this, and at an unprecedented mass and volume.

Mr. Watkin: The best part is when we get the feedback that the products we work on make a difference in the
real world. When we have a choice of investments from an R&D perspective, the hardest part is making the
right choice. That keeps me up at night - this is an exploding disease, and it's exploding in areas where people
can do the least about it.

Mr. Brewer: The hardest thing is to get people to believe that the world can change and be different than it is.
People have been burned by trying to be patient-centric and getting bopped on the head. But it's different
now. We carry supercomputers in our pocket and can store unlimited data for pennies and can measure
anything. This has opened doors. If you push on them they'll open - they're not locked and bolted anymore.
Don't be depressed that it was impossible two years ago - its possible now.

Mr. Wolpert: After 25 years at Joslin, we essentially practice medicine like 18 century craftsmen - we goth

through career, fellowship, and apply skills over the course of a lifetime, but we might only touch a few people
like a master craftsmen of the last centuries. In the industrial age, we built capacities into machines, scaled it
up, and we're getting there in diabetes care. Connected devices, smartphones, and cloud computing. My
concern here is prioritizing my activities. Where we are is where the retail industry was 20 years ago when
Amazon came along. We have all the building blocks, it'll probably be 20 years until we get where we need to
be. I've enjoyed working with some super smart PhD engineers now who can translate some of my thoughts
into products.

Mr. Sayer: The hardest parts are (i) balancing investment in the community; (ii) scaling a business ten times
bigger than it was five years ago while (iii) making sure we do the right thing to reinvent ourselves and not do
the same thing over and over again. The greatest part? That's simple. While this conference is fun, when I go
to Children with Diabetes and people want to take my picture because I'm the CEO of Dexcom, it makes me
really feel great about what I do.

Mr. Valencia: I work for a $25 billion tech company - I have a separate business model and a different vertical.
When they develop new technology, it could be inside hundreds of millions of devices within a year. Not so
much in healthcare, with the pace and complexity of change and legitimate regulatory issues. Reluctance to
embrace healthcare worries and frustrates me the most. What excites me is that I'm so optimistic about what
we will be able to do with this data and connectivity to patients. To relate to something we remember, think of
the gaming industry. Today in healthcare, we're at the pong stage. The possibilities are endless of where we'll
be in a few years, just like very sophisticated virtual reality gaming.
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Mr. Brown: And Kelly, what about you?

Ms. Close: The best part of my job is working with our incredible teams. What's hardest in this era is that
there has never been this much wealth creation and health inequity at the same time. It's wrong and shameful,
but I'm thankful for what all of you are doing about it. It would be wonderful to see more support for
healthcare providers in particular and of course more resources for research.

Mr. Brewer: Thank you Kelly for bringing us together. We wouldn't even know what each other was doing
without you! [Applause]

The diaTribe Foundation's Musings Under the Moon: After
Hours
The diaTribe Foundation hosted Musings Under the Moon: After Hours at ADA 2017, a more intimate and
informal discussion following the earlier Musings Under the Moon event. Attendees were treated to
perspectives on digital health and diabetes technology from an all-star panel: Bigfoot Biomedical Chief
Engineer Mr. Lane Desborough, WellDoc CEO Mr. Kevin McRaith, Virta Health Head of Commercial &
Policy Mr. Mike Payne, and Beta Bionics VP of Public Benefit Development & Corporate Strategy Mr.
Edward Raskin. Mr. David Lee Strasberg, Creative Director of the Lee Strasberg Institute and, Adam
Brown, Close Concerns' Head of Diabetes Technology & Digital Health, moderated the 75-minute discussion,
which was introduced by Bigfoot CEO Jeffrey Brewer and our very own Ms. Kelly Close. The diaTribe
Foundation thanks Bigfoot Biomedical, Beta Bionics, WellDoc, Boston Consulting Group, and Glooko for
providing the funds to bring these visionaries together for a night of fun and learning.

One of our absolute favorite topics from this panel touched on what is overrated/underrated in digital
health: press releases, short-term outcomes, which algorithm is better, and locked down systems
(overrated) vs. long-term outcomes, clinical psychology, the patient experience, and human factors.

The terms "scalable," "cost-effective," and "patient-centric" were also at the heart of this wide-ranging
conversation. Two separate camps seemed to emerge regarding how patients should be expected to interact
with a product: WellDoc and Virta seem to be geared toward engaging the patient further, making them
more aware of their decisions - Mr. McRaith pointed out that WellDoc users engage with BlueStar (the type
2 diabetes management app) ~24 times per week, and the Virta model, according to Mr. Payne, is to help
users figure out why they make certain decisions, and ultimately change their behavior. Meanwhile, the two
automated insulin delivery industry representatives emphasized the utter importance of minimizing patient
burden. At Bigfoot, Mr. Desborough aims for technology that allow diabetes to "fade into the background"
ad let the user get on with life. Similarly, Mr. Raskin shared that Beta Bionics actively tries to structure the
bionic pancreas to encourage patients to "put it away in their pocket." Indeed, as Mr. Strasberg and Adam
indicated from personal experience wearing DIY systems, hybrid closed loop systems usually work best
without constant patient tinkering.

At the same time, given that none of these devices are fully autonomous, panelists noted that it's crucial for
patients, providers, and technology companies to understand their responsibilities and value-add. Mr.
Desborough likened the process of unloading diabetes burden to technology to baseball players who are not
sure if the other one is going to catch a fly ball - they either coordinate and one catches the ball or they
collide and the ball falls to the ground. Who is responsible in what scenarios? Mr. Brown also raised the
point that responsibility, in a different sense, is crucial to parse out for Virta Health's online diabetes
reversal clinic, as well as WellDoc's BlueStar - what are the roles of the patient, remote provider (for Virta),
and payer? With these relatively new care paradigms, who takes on risk and management burden? In order
for these programs to be successful, this must be clear to all stakeholders.

Panelists agreed on the importance of developing with scale in mind - but again, this takes different forms
for the software- and hardware-based products. For Virta Health and WellDoc, anyone with a smartphone
can have access, but scaling up on the back end may involve invoking machine learning/AI to figure out
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how different types of patients can derive the most benefit. According to Mr. McRaith and Mr. Payne, value-
based contracting will be the way to entice the most employers/payers to enlist their services in the future.

Below, we enclose some of our favorite quotes from the panel discussion in several categories, followed by
more detailed discussion with our favorite quotes highlighted in yellow.

Quotable Quotes

What Is Overrated and Underrated In Digital Health?

▪ "The most overrated is short term outcomes, companies/organizations who are
getting 60 day A1c or engagement results and saying that this proof the intervention
will work in the long term… [On the other hand], the influence of clinical psychology on the
lives of diabetes patients is so underappreciated. We need to get clinical psychology and
endocrinology together." - Mr. Payne

▪ "In my little corner of automated insulin delivery, the most overrated trend is the
academic jihad of "what algorithm is better than the other," focusing on exactly the
wrong problem - algorithms all work, and the real challenge is how to incorporate
them with pesky humans. What happens when a human needs to diagnose or troubleshoot an
infusion site problem? On the flipside, what are we not spending enough time on - how do we
integrate the human - how to supervise an algorithm so you know to take action? We need to build
skill and shift to human factors approach, which is what we're missing." - Mr. Desborough

▪ "I think the most overrated trend is the number of press releases that don't mean
anything. What even happened three to six months later? The most underrated thing is
that people aren't talking about patient experiences with products and engagement with health
providers that is actually driving outcomes. Step back and ask, "What is the patient perspective?"
Are they engaging enough with tools to drive outcomes? That whole thread isn't being talked about. -
Mr. McRaith

▪ "In our space, you've got this recurring theme where folks ignore whether a particular
system is closed down and locked into one kind of insulin or CGM or any other way to
lock down a device - we need to understand why that happens, what the market forces at play are,
and how to stop that because it's not good for patients. We also hear a lot about big data and big data
analysis, and it's good - we can store loads of it and collect it - but I think one of the questions is
what you do with it…We have an algorithm that's adjusted to individuals, and we need to develop a
device that's patient centric rather than trying to extrapolate to the masses." - Mr. Raskin

On Innovation

▪ "There's lots of different types of innovation and people normally think about a
product, but we're about process innovation at Bigfoot. When Toyota came out of the ashes
of WWII, they realized they couldn't compete on a product basis - they're weren't going to make a
better vehicle - so they chose to innovate the process of developing and manufacturing cars. How do
we innovate the process and business models and engineering processes? My particular role is that I
lead engineering of products and of insulin modification and delivery algorithms. These things are
behind the scenes, and you don't see much until you get the results." - Mr. Desborough

▪ "The choices people make to reverse diabetes happen minute-by-minute, not just
when you see provider. The first thing we want to do is put a coach in your pocket 24/7. Second,
we use a low-carb, high-fat nutritional approach, to put as many people into nutritional ketosis.
Three, is pure performance-based pricing, if we don't get A1c down significantly, then we don't get
paid. In general, that is very innovative. - Mr. Payne

▪ "We did clinical trials when nobody thought about doing them in digital health,
published in peer reviewed journals, and followed a different path until a doctor prescribed our
product." - Mr. McRaith
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▪ "I think one of the hard things about innovation is that innovative things always sound
crazy or stupid when you hear the idea first. Imagine you're going to rent a room in a
stranger's house and book it online. You have never met them and don't know if they're reliable or
completely nuts. That sounds crazy, but it's Airbnb. Innovative ideas always sound crazy and are
often criticized at first. Then they become commonplace." - Mr. Brown

▪ "One of the surprises to me coming to the world of diabetes from the world of
chemical engineering and very data-heavy industries when my son was diagnosed
eight years ago, was this: I realized all of the data-intensive foundational experiences of
simulation and development could be immediately applied to this new role. There are a lot of
opinions in diabetes. But what we're doing at Bigfoot is generating as much data as you can imagine.
The phone sends it through the cloud, and informs decisions by key stakeholders like payers,
parents, and providers. - Mr. Desborough

On Payers

▪ "I think value-based care is the reason for us that glucagon becomes a reality - that's how
you make the argument that this added cost is worth it." - Mr. Raskin

▪ "If we have a discussion, a payer needs to have data showing we will increase cost
savings. I feel like we're just at the beginning of digital health, the space is just evolving where the
payers are already getting some fatigue because so many digital health companies are coming in. I
think the questions now are all about outcomes. As Mike said, are you willing to take a value-based
contract? The payer landscape is evolving just as digital health is evolving." - Mr. McRaith

▪ "You need to price outcomes and also you need to bring outcomes. I run the research
team in addition to the sales team at Virta, and we were similar to WellDoc - spending the first two
years running a clinical trial - that's what it's taken to gain credibility." - Mr. Payne

On Engagement, Adoption & Patient-Centered Tech

▪ "Lilly came in and took our initial round of investment, in this model where we're
putting the type 1 community first. That really means that we're patient-centric rather than
money-centric, and that probably means that we can't enter into exclusive relationships, which we
don't. Hey, can't we talk to Novo Nordisk as well? Don't we want as many insulins in our platform as
possible?" - Mr. Raskin

▪ "I think engagement may be the wrong metric in digital health - more engagement
often means more burden." - Mr. Brown

▪ "There's no Yelp on digital health, and I wonder how this industry is going to start to
regulate itself and how the marketplace will figure out what consumers want as new
systems hit the market. We'll have to wait and see." - Mr. Strasberg

▪ "The key thing to remember is diabetes technology is reaching a fraction of the people
who can benefit from it. CGM is here and it's amazing, but an estimated one in seven type 1s use
it in the US. An estimated one in three type 1s wear pumps in the US. I think we have a really long
way to go, which means we need a ton of options. We need people pushing the envelope with all
kinds of novel solutions." - Mr. Brown

On Scaling & Automation

▪ "I also think that we as a society have to get over the idea that every bit of healthcare
needs to be available for everybody right at the start. Price points gradually come down,
but right now we're at a high price point - several thousand dollars for a year because of the
physician time, coach time, engineers, designers, machine learning. But we justify this by getting
people off of SGLT-2's and decreasing costs that way. - Mr. Payne

▪ "We just heard some amazing speakers and I used the metaphor of two fielders and a
fly ball, and one is the human and the other is automation. They can coordinate their
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activities, they can both think the other is going to do it and do nothing, or they can both try to treat
and get rebound hyperglycemia. We need to support safe experimentation and the journey from
performing tasks one's whole life to sharing tasks with other fielders in the game." - Mr. Desborough

▪ "I think there's a learning curve…of all the mistakes I make looping, it's just because I
won't let it do its thing and I always get into trouble. I just don't tell my wife." - Mr.
Strasberg

▪ "The scale challenge for automated insulin delivery is complexity, the difficulty in
configuring the system so that its individualized to where you currently are and where you will be
tomorrow when you decide to run a marathon or become pregnant. It's a moving target all the time,
and scale depends on the extent to which we can reduce that complexity and make the clinician's job
easier. If you have a bunch of knobs on the stereo, you're not going to scale it - nobody has those
anymore, they have an iPhone with one button. We need to understand what the knobs are, figure
out what the settings should be, and then remove them from the stereo and configure with a single
number." - Mr. Desborough

▪ "You want to forget about it. When you talk about scale, and you can talk about not
involving user intervention besides keeping it charged, then you have the ultimate scalable
solution - because it doesn't depend on socioeconomic status or education or ability to carb count.
You have the ability to bring everyone into a better therapy and that's ultimate scalability." - Mr.
Raskin

Panel Discussion

Panelists: Lane Desborough (Chief Engineer, Bigfoot Biomedical, Milpitas, CA), Kevin
McRaith (CEO, WellDoc, Columbia, MD), Mike Payne (Head of Commercial & Policy, Virta
Health, San Francisco, CA), Edward Raskin (VP, Public Benefit Development & Corporate
Strategy, Beta Bionics, Boston, MA)

Moderators: David Lee Strasberg (Creative Director & CEO, the Lee Strasberg Institute, West
Hollywood, CA) and Adam Brown (Head of Diabetes Technology & Digital Health, Close
Concerns, San Francisco, CA)

Ms. Close: Jeffrey, what do you think of tonight so far?

Mr. Brewer: I think there's a meaningful difference in the things we've been thinking about in terms of data,
and thinking about how we can do things differently. There's an opportunity that wasn't there previously -
that's my role. A lot of the folks have a lot of scars from when they did try to do things with the FDA, with
payers, trying to convince people to do things differently and they were gun shy. And for those of us who don't
have the scars, it's easier because we don't have the baggage. Those folks have the expertise required to pull it
off but you need to challenge the assumptions. In a couple years it will be unrecognizable.

Mr. Strasberg: We're going to talk about innovative things in healthcare, and in order to do
that, midnight rules are in effect - no corporate talking points. This is really an opportunity to
hear from really amazing people breaking new ground in a personal way. This is the one
question I'd like all four of you to answer: What are you doing that is innovative and what
exactly are you doing in your own job to contribute to that?

Mr. McRaith: WellDoc is a digital health company that's been around for about 10 years. It followed a
different model that has made it easier for some people behind us - I was talking to guys from mySugr giving
them credit for reaching one million users. We did clinical trials when nobody thought about doing them in
digital health, published in peer reviewed journals, and followed a different path until a doctor prescribed our
product. My background has nothing to do with tech; this is only my second ADA and first time attending
Kelly's events and meeting Adam. My innovation is from spending 25 years in biotech and pharma where I
was able to learn how to launch different products in the healthcare setting.
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Mr. Strasberg: From an innovation perspective, what have you brought into WellDoc - why is
someone prescribing your service?

Mr. McRaith: I think the innovation was from having been in healthcare for so long, but at WellDoc we had to
make everything. We recently announced we're doing a consumer version of our products that will be
launching on Samsung phones later this year. We hit a lot of walls and fell down so I probably brought the
ability to constantly pivot.

Mr. Strasberg: At Beta Bionics, tell us a little about what you consider the innovation there
and what do you contribute? What can we learn from you?

Mr. Raskin: I lead our public benefit development, a little bit different from your money model that you see
frequently in tech or device - when you're trying to raise money or start something new. My background is law
and I don't know how to build a pump, so when you think about what Beta Bionics has done on the tech side,
on the business and corporate side, and how we relate to patients and customers, it's trying to match that
innovation with a business solution that made sense. So a model that was driven less on short term gains was
important to us, and we wanted to build a company structured for the long term rather than building a device,
selling it, moving on to a new company and watching the bionic pancreas wither on the vine. When you think
about innovation on the business and corporate side, innovation looks more like ambition. Lilly came in and
took our initial round of investment, in this model where we're putting the type 1 community first. That really
means that we're patient-centric rather than money-centric, and that probably means that we can't enter into
exclusive relationships, which we don't. Why can't we talk to Novo Nordisk as well? Don't we want as many
insulins in our platform as possible? We thought that would be really crazy, so we did it. An ambitious
mindset between business and meeting the market.

Mr. Strasberg: So you're a public benefit corporation - what does that mean?

Mr. Raskin: A public benefit corporation is a relatively new structure by which a corporation gets formed, it's
not a non-profit, usually non-profits are structured so that they reinvest all money back into company. What a
public benefit corporation allows you to do is move away from the default rule, that as a corporation you're
required to make money and every decision you make requires you to follow that rule, otherwise you might
get sued and your shareholders get angry. We can move away from the dollars while still meeting the legal
mission. It hasn't been tested in the med device space that we know of - we're the first doing that and its
where a lot of innovation comes from. We are also a certified B corporation, meaning an outside body comes
in and audits and makes sure we're meeting general metrics like environmental conditions and treatment of
employees.

David: Lane, what about Bigfoot?

Mr. Desborough: Good morning everyone, I think we're standing between you and sleep. There's lots of
different types of innovation and people normally think about a product, but we're about process innovation
at Bigfoot. When Toyota came out of the ashes of WWII, they realized they couldn't compete on a product
basis - they're weren't going to make a better vehicle - so they chose to innovate the process of developing and
manufacturing cars. How do we innovate the process and business models and engineering processes? My
particular role is that I lead engineering of products and of insulin modification and delivery algorithms.
These things are behind the scenes, and you don't see much until you get the results. We founded the
company and had our first products ready to go in a clinical trial in 18 months with only three people.

Mr. Strasberg: Mike, you're the Head of Policy and Commercial at Virta. What is innovation to
you?

Mr. Payne: Virta Health is probably the youngest company up here. It's a medical practice that treats type 2
diabetes, an online diabetes reversal clinic - a telemedicine practice licensed in 42 states, and licensed in all 50
by the end of the year. Our goal is to get as many people reversed in their diabetes as possible, largely by a
lifestyle approach. The choices people make to reverse diabetes happen minute-by-minute, not just when you
see provider. The first thing we want to do is put a coach in your pocket 24/7. Second, we use a low-carb,
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high-fat nutritional approach, to put as many people into nutritional ketosis. Three, is pure performance-
based pricing, if we don't get A1c down significantly, then we don't get paid. In general, that is very innovative.

Mr. Brown: I think one of the hard things about innovation is that innovative things always
sound crazy or stupid when you hear the idea first. Imagine you're going to rent a room in a
stranger's house and book it online. You have never met them and don't know if they're
reliable or completely nuts. That sounds crazy, but it's Airbnb. Innovative ideas always sound
crazy and are often criticized at first. Then they become commonplace. What is the biggest
criticism that your products face, and then how do you respond to it?

Mr. Payne: I think that for Virta, there's a few objections we get: Don't you have to see your care provider or
endocrinologist on a regular basis? But if you're actually tracking metrics on a regular basis and they're
available, we can take care of you just as well remotely. Another thing we do is put people on a ketogenic diet,
and isn't it difficult to sustain a low carb approach to a diet? But they eat plenty of carbs, they just don't eat it
in excess. Avocado and chicken on a salad and steak for dinner is actually quite sustainable.

Mr. Strasberg: What challenges or criticisms do you face at Beta Bionics? Isn't there always
critique, especially in a risky industry where you start changing the business model?

Mr. Raskin: I think when there are challenges to, say, stop our approach to the bionic pancreas side, I
generally say, "see the NEJM or the Lancet" and that's generally the end of the discussion, because the data is
widely available and I can't summarize it any better. On the business side, there are fewer data points, but one
I like to cite - after Lilly, we were able to do something new: crowdfunding, as a result of the JOBS Act we had
the opportunity to raise $1 million from the community. It was a ton of work, but we ended up being the
fastest crowdfunding offering - the max by law is $1 million. It surprised us. Quite frankly, part of what we do
is to run the experiment on the business side, and I think there's a benefit to running with it and I think
people are surprised by the benefit corp model.

Mr. Strasberg: The first thing you said, as soon as you said data points, I immediately thought
of you Lane. How do you use data? How does that fit into your thinking?

Mr. Desborough: Data is what I live in every day - all of our algorithms are developed empirically from data
sources.

Mr. Strasberg: You said something the other day talking about opinions versus data - can you
remind me of that?

Mr. Desborough: One of the surprises to me coming to the world of diabetes from the world of chemical
engineering and very data-heavy industries when my son was diagnosed eight years ago, was this: I realized
all of the data-intensive foundational experiences of simulation and development could be immediately
applied to this new role. There are a lot of opinions in diabetes. But what we're doing at Bigfoot is generating
as much data as you can imagine. The phone sends it through the cloud, and informs decisions by key
stakeholders like payers, parents, and providers.

Mr. Strasberg: What if I have an opinion about that data - who wins at Bigfoot?

Mr. Desborough: Jeffrey. [Laughter]

Mr. Strasberg: His opinion or his data?

Mr. Desborough: Yes. [Laughter]

Mr. Strasberg: Kevin, I know you guys have been forging a strong payer relationship as part of
the business - how is data impacting that?

Mr. McRaith: I think we heard a lot about that in the previous session - if we have a discussion, a payer needs
to have data showing we will increase cost savings. I feel like we're just at the beginning of digital health, the
space is just evolving where the payers are already getting some fatigue because so many digital health
companies are coming in and I think the questions now are all about outcomes. As Mike said, are you willing
to take a value-based contract? The payer landscape is evolving just as digital health is evolving.
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Mr. Payne: You need to price outcomes and also you need to bring outcomes. I run the research team in
addition to the sales team at Virta, and we were similar to WellDoc - spending the first two years running a
clinical trial - that's what it's taken to gain credibility.

Mr. Strasberg: It makes me think about what you're actually testing for - to run a clinical trial,
as Jeffrey mentioned, with consumerization you have the patients, physicians, and payers who
all have to agree on a product and get all the things they want. How do you even measure what
you're delivering? I think of lowering burden and ease; how do you measure that?

Mr. Payne: I would say one is cost impact - in diabetes the question is hard outcomes like mortality vs. other
outcomes like A1c and usability. Will they recommend your product to others? There are multiple metrics and
the key is that you have clinical trial design experts for protocols that will be put in front of all three players
before doing research - don't guess.

Mr. Desborough: One of the challenges with automated insulin delivery is you're reducing the burden through
the transition of a human making all the decisions to the algorithm, and it is difficult to quantify the number
of decisions you are making about diabetes through the day. I think some get caught up measuring what they
do - how many button presses or steps to perform calibration? But the real burden is the mindfulness - you
and Adam can tell me - but that is a huge challenge. How do you design for that? The technology succeeds
when it fades into the background and allows you to get on with your life. There are clinical measures like
time in range, which are easily trackable when you have a system designed in the beginning to collect data and
not be hand automated. But it has to be automatic.

Mr. Strasberg: Raise your hand if you use a logbook…Okay, I see one hand. You mentioned
button presses - there's some standardized conventional measure, but I'm curious since you're
changing the space, how do you measure success?

Mr. McRaith: I think it's a broad question and different for different stakeholders. Right now, in digital health
people are using words like engagement very differently. But among a dozen diabetes digital health websites,
there's almost complete overlap in terms of words used and drivers of outcomes - we try to focus on clinical
results and outcomes in engagement. We focus on the story there, rather than trying to compete on all the
noise.

Mr. Brown: What do you think is the most overrated trend in digital health? What is the most
underrated trend?

Mr. Payne: The most overrated is short term outcomes, companies/organizations who are getting 60 day A1c
or engagement results and saying that this proof the intervention will work in the long term. When I talk to
friends in Silicon Valley funding, I encourage them to boost these to two-to-three year studies.

Mr. Desborough: In my little corner of automated insulin delivery, the most overrated trend is the academic
jihad of "what algorithm is better than the other," focusing on exactly the wrong problem - algorithms all
work, and the real challenge is how to incorporate them with pesky humans. What happens when a human
needs to diagnose or troubleshoot an infusion site problem? On the flipside, what are we not spending enough
time on? How do we integrate the human - how to supervise an algorithm so you know to take action. We
need to build skill and shift to a human factors approach, which is what we're missing.

Mr. McRaith: I think the most overrated trend is the number of press releases that don't mean anything. What
even happened three to six months later? The most underrated thing is that people aren't talking about
patient experiences with products and engagement with health providers that is actually driving outcomes.
Step back and ask, "What is the patient perspective?" Are they engaging enough with tools to drive outcomes?
That whole thread isn't being talked about.

Mr. Raskin: I've got two quick answers: In our space, you've got this recurring theme where folks ignore
whether a particular system is closed down and locked into one kind of insulin or CGM or any other way to
lock down a device - we need to understand why that happens, what the market forces at play are, and how to
stop that because it's not good for the patients. We also hear a lot about big data and big data analysis, and it's
good - we can store loads of it and collect it - but I think one of the questions is what you do with it. We don't
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understand what the value is and we collect it in the hopes that we'll figure out how to analyze it. We have an
algorithm that's adjusted to the individuals, and we need to develop a device that's patient centric rather than
trying to extrapolate to the masses.

Mr. Strasberg: What data would you would like? "Yay big data," and all this data exists, but my
impression is we see a lot of people grasping in the dark - what would help inform decisions?

Mr. Desborough: Everything! There used to be constraints on collection of data, on our ability to transport,
store, and analyze data. Those barriers are gone. We'll take any data that's available.

Mr. Strasberg: But what would help your job? Because you don't care what book I buy on
Amazon - you care about certain data sets.

Mr. Desborough: The way we look at it, diabetes is a place where blood glucose is a constant stream of
variability, so its the sources of that variability that are interesting to us. There might be activity data, eating
pattern data, but what's the variability in meal size and timing? We want to understand what is contributing
to blood glucose.

Mr. Payne: To build on that, I would say you're describing the data that's "what" you did, e.g., from an
exercise view. We want to address the "why" behind decisions, and at the end of the day we want to influence
patients' decisions. We've reversed diabetes in over 50% of our patients with this approach.

Mr. Strasberg: And what are your measures for that?

Mr. Payne: One year data is coming soon, but at six months we have 60% sub-diabetic based on A1c and
fasting plasma glucose, and we have health professionals in the patients' pockets addressing "why" they're
doing what they're doing. The influence of clinical psychology on the lives of diabetes patients is so
underappreciated and we need to get clinical psychology and endocrinology together.

Mr. Strasberg: There tends to be a trend in type 1 diabetes towards automation and not having
to think, whereas type 2 is much more about getting more thought into the process.

Mr. Brown: I'm going to take a slightly counterpoint there. I feel with automation, it's very
easy to rollercoaster if you're overreacting to the trends you're seeing - especially if you're type
A. How do you think about behavior and the ways people interact with your product. Have you
had any "a-ha" moments or thought something was amazing but it crashed and burned?

Mr. Raskin: I think you see it in the way our device is structured, trying to eliminate those opportunities and it
becomes impossible for patients to overact to those trend lines because after being amazed at how it works
they put it away in their pocket unless they're totally fascinated by it. We want all of those variabilities to go
out the window. We don't want that to be in your thought process or affect the outcome; we want people to be
doing whatever it is they do and wind up at the same endpoint, eliminate all that nonsense-that's why this
disease sucks.

Mr. Strasberg: I think there's a learning curve…of all the mistakes I make Looping, it's just because I won't let
it do its thing and I always get into trouble. I just don't tell my wife.

Mr. Desborough: We just heard some amazing speakers and I used the metaphor of two fielders and a fly ball,
and one is the human and the other is automation. They can coordinate their activities, they can both think
the other is going to do it and do nothing, or they can both try to treat and get rebound hyperglycemia. We
need to support safe experimentation and the journey from performing tasks one's whole life to sharing tasks
with other fielders in the game.

Mr. Brown: I guess the point you're bringing up, Lane, is responsibility. This is really relevant
for Virta too - what's the patient responsible for, what's the provider in remote care
responsible for, and what's the payer responsible for? What about at WellDoc?

Mr. McRaith: Our product was developed by clinicians and scientists and initially prescribed by physicians
but now does not require a prescription, except for the insulin calculation feature. But one of the questions I
heard in the previous session was enlightening. How do you address different stakeholders? For us it's how to
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drive engagement with the actual user. We just measured 3,300 patients and wanted to understand how long
they stay on our product, how often they're engaging - what outcomes are driven by engagement. It cuts
through some of the noise and we learned on average patients engage with BlueStar 24 times a week, which is
quite high.

Mr. Strasberg: What does that look like?

Mr. McRaith: We define engagement as inputting data or engaging with a certain feature of the product.
We're tied into sensors and wearables so the question is not just what is your glucose data, but also how you
make the decisions, and we provide real time data and feedback.

Mr. Payne: Virta is a care provider first and foremost, and our providers and coaches lead, but we're investing
heavily in machine learning - if we're going to help people in the Medicare space and other countries we need
the price point to come down, and we need algorithms to read messages and biometrics to provide
suggestions on a daily and hourly basis. And so you put together product and engineering organizations, plus
a data and AI team, to build rules that in some cases learn and provide info to patients.

Mr. Strasberg: I'm channeling Kelly here, but the first question I've learned to ask is, "How
much that will scale?"

Mr. Raskin: For scale, I think for us the answer that everyone wants is to have the device automate glucose
and you do nothing. Our philosophy is you take care of the device and then the device does everything else.
That's what I want for my son; I'm sure everyone is looking to do as little as possible.

Mr. Brown: I think engagement may be the wrong metric in digital health - more engagement
often means more burden.

Mr. Raskin: Yes, you want to forget about it - so when you talk about scale, and you can talk about not
involving user intervention besides keeping it charged, then you have the ultimate scalable solution. It doesn't
depend on socioeconomic status or education or ability to carb count. You have the ability to bring everyone
into a better therapy and that's ultimate scalability.

Mr. Strasberg: Then you talk about cost. As a public benefit corporation - does that allow you
to scale more effectively?

Mr. Raskin: That's a good question. I haven't approached the problem in terms of scalability. We've
approached it in terms of who can we work with, and the answer is everybody. This allows us not to get stuck
in exclusivity corners because we made a decision that only one size insulin cartridge will work. When you
approach the problem from "let's see how vast we can make it," it does affect scalability.

Mr. Brown: How will you reach scalability goals for Virta? What do you say to skeptics who
point out, "Virta aims to reverse type 2 diabetes in 100 million people with by 2025?! That's
half of the global diagnosed population."

Mr. Payne: One is the machine learning and automating the role of the healthcare coach and physician. I also
think that we as a society have to get over the idea that every bit of healthcare needs to be available for
everybody right at the start. Price points gradually come down, but right now we're at a high price point -
several thousand dollars for a year because of the physician time, coach time, engineers, designers, machine
learning. But we justify this by getting people off of SGLT-2's and decreasing costs that way.

Mr. Desborough: The scale challenge for automated insulin delivery is complexity, the difficulty in configuring
the system so that its individualized to where you currently are and where you will be tomorrow when you
decide to run a marathon or become pregnant. It's a moving target all the time, and scale depends on the
extent to which we can reduce that complexity and make the clinician's job easier. If you have a bunch of
knobs on the stereo, you're not going to scale it - nobody has those anymore, they have an iPhone with one
button. We need to understand what the knobs are, figure out what the settings should be, and then remove
them from the stereo and configure with a single number.

Mr. Strasberg: I think we'll take some audience questions now.
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Q: People have shown that when a normal person begins to think about cake, the pancreas and
brain react to start producing insulin to deal with cake - how do you deal with that?

Mr. Desborough: You can't. I'm always amazed when people claim you can automate insulin delivery without
any anticipation - meal announcement for the conceivable future before faster insulin and faster delivery, is
necessary. You can achieve much of this by pre-meal bolusing, but it comes down to what kind of time-in-
range control are we willing to trade off for meal announcement burden.

Mr. Raskin: I think the other half of the equation is you can get really good control without doing meal
announcement but you're not going to respond the same way an individual who can secrete insulin natively
will. Ultimately, it's a tradeoff and you keep the patient safe if you can get meal announcement in just to get
some insulin going.

Mr. Desborough: Most people think about feedback control, but we're talking about feedforward control
where the human gives insight into future and because the insulin is so slow it needs to

Mr. Raskin: There are also some very exciting things happening - Fiasp is probably coming to the US very
soon and you see some nice effects from that.

Ms. Close: I was wondering if you could talk about - from the inner circle, off the record - what
kind of responses are you getting from employers? How much do they care? I've heard people
say they don't even care what people are eating because with Virta, they're seeing providers
once a month. How big of a deal is it to the employers that they're making public health better?

Mr. Payne: I would say pretty much every HR lead would say that diabetes is on their top five health concerns
because the patient with diabetes is costing more, missing days, and seeing cultural impact that diabetes-
related obesity has on their population. The real question they're asking is why isn't the healthcare system
doing a better job of finding HCPs to work with this? We have a model where we can put physicians in
patients' pocket on a daily basis.

Mr. Strasberg: On value-based models, I've seen a lot of things that regardless of what the
legislative bodies do, all four of you can exist running around in the land of the giants - you
have an ability to deliver real value. What do you think about that?

Mr. Payne: In value based care, largely thus far in this country, it has been attached to episodes - you see it for
knee and hip replacements where you can identify the cost related to an episode, but diabetes is chronic and a
whole bunch of stuff can affect the costliness. Can you attach value to the bundle of things associated with
chronic disease?

Mr. McRaith: I was going to echo everything Mike said and also share that we should realize Livongo is going
with the employer route and has created a lot of awareness in digital health in diabetes, paved the way
through the noise. I think employers are very concerned and very interested. However, there is some
confusion about what is the difference between the different solutions.

Mr. Raskin: I think value-based care is the reason for us that glucagon becomes a reality - that's how you
make the argument that this added cost is worth it.

Q: To Lane's point about reducing complexity in automated insulin delivery, in what segment
of the population do you think we can justify the added complexity of the dual hormone set
up?

Mr. Raskin: I guess I'd have to take a little issue with adding a hormone as added complexity - the reality is
that everybody would agree driving an automatic transmission is less complicated for the user, even if the
underlying technology is more complicated.

Mr. Strasberg: I think the question is really about the data and what benefit can it yield and the user
experience - there's no Yelp on digital health and I wonder how this industry is going to start to regulate itself
and how the marketplace will figure out what consumers want as new systems hit the market. We'll have to
wait and see.
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Q: What I'm trying to get to is that I do believe that dual hormone is a valued solution - I've experienced
microdosing with glucagon and I see it as a valuable alternative, and I do think it needs to be there. But there
is more to it than that…

Mr. Brown: The key thing to remember is diabetes technology is reaching a fraction of the people who can
benefit from it. CGM is here and it's amazing, but an estimated one in seven type 1s use it in the US. An
estimated one in three type 1s wear pumps in the US. I think we have a really long way to go, which means we
need a ton of options. We need people pushing the envelope with all kinds of novel solutions.

Mr. Strasberg: In this moment in digital health, we don't know in five years who would be
sitting on this panel. With that, I'd like to thank everyone for coming to this first ever Musings
After Hours panel! Thank you to Kelly and Adam and the diaTribe team for putting on such a
fantastic event!

-- by Melissa An, Adam Brown, Ann Carracher, Abigail Dove, John Erdman, Helen Gao, Varun Iyengar,
Stephanie Kahn, Brian Levine, Nancy Liu, Marissa Lynn, Payal Marathe, Emily Regier, Lisa Rotenstein,

Maeve Serino, Pearl Subramanian, Lisa Vance, Emily Yang, Yrenly Yuan, and Kelly Close
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