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Executive Highlights

In this final report, we provide our full coverage of the 76 Scientific Sessions of the American Diabetesth

Association (ADA), held at the New Orleans Ernest N. Morial Convention Center from June 10-14, 2016. This
very successfully organized ADA gathering drew over 16,000 attendees, including 13,265 clinicians in
attendance. Total attendance was down noticeably from the attendance of over 18,000 last year in Boston,
presumably due to location. This year, a striking 58% of registered attendees were from outside the US in
2016, with over 120 countries represented - the international audience is getting broader and broader.

We worked harder than ever for you this year, covering the most compelling updates in the five-day
Scientific Sessions, which included 95 symposia sessions, over 50 oral presentation sessions, and 2,026
poster presentations. ADA received over 2,500 abstracts this year.

Major drug highlights included the full LEADER (Novo Nordisk's GLP-1 Victoza [liraglutide]) results
showing a 13% risk reduction for the primary MACE endpoint, renal outcome results from EMPA-REG
OUTCOME (Lilly/BI's Jardiance [empagliflozin]) demonstrating a 39% risk reduction for new-onset or
worsening kidney disease, favorable A1c results from SUSTAIN 2 and 3 (Novo Nordisk's semaglutide), and
impressive hypoglycemia reductions for Novo Nordisk's Tresiba (insulin degludec) in SWITCH 1 and 2. We
also heard plenty on the future directions for type 2 drugs, particularly the GLP-1 class, and the use of
SGLT-2 inhibitors in type 1 diabetes.

In technology, we were impressed to see positive results from three important studies for the field:
Medtronic's MiniMed 670G pivotal trial, Dexcom's DIaMonD study testing CGM in MDI, and Abbott's
FreeStyle Libre IMPACT study. We got a very deep dive on automated insulin delivery at this ADA, just as
the field is on the cusp of commercialization. It was also great to see much more progress made on making
diabetes data actionable, specifically making insulin easier to use.

In this final report, we include 43 themes immediately below, followed by detailed commentary from 304
talks and discussions (orals, symposia, lectures, panels, corporate symposia, and press conferences), 77
posters, and 28 exhibits.

Below, we have organized our writing into 20 specialized reports:

Diabetes Drugs: (1) GLP-1 Agonists; (2) SGLT-2 Inhibitors; (3) Insulin Therapy; (4) DPP-4 Inhibitors; (5)
Novel Therapies; (6) Type 1 Diabetes Cure Therapies and Pathophysiology;

Diabetes Technology: (7) Closing the Loop and Insulin Delivery; (8) Glucose Monitoring; (9) Digital
Health;

Additional Topics: (10) Obesity and Prediabetes Care; (11) Diabetes Complications; (12) Treatment
Algorithms and Strategies; (13) Policy and Reimbursement; (14) Epidemiology, Education, and Additional
Topics, (15) Generic Drugs; and (16) Exhibit Hall.

Events: (17) TCOYD/The diaTribe Foundation Forum; (18) Musing Under the Moon

Historical Visits in the New Orleans Area: (19) Whitney Plantation; (20) National WWII Museum

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 and Insulin Therapy categories).
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We send along our most sincere appreciation to all our Closer Look readers for their support and for what
they do for diabetes and obesity everyday and a special shout out from Kelly and John to Adam Brown and
Sarah Odeh and all the Close Concerns alums and friends of Close Concerns who added so much to this
conference - and whom we owe the world to make so much learning happen for us all. Onward!
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GLP-1 Agonists
Symposium: Results of the Liraglutide Effect and Action in Diabetes - Evaluation of
Cardiovascular Outcome Results (LEADER) Trial

Introduction, Study Rationale, and Design John Buse, MD, PhD (University of North Carolina,

Chapel Hill, NC)

Study Population Neil Poulter, FMedSci (Imperial College London, London, UK)

Clinical and Metabolic Outcomes Bernard Zinman, MD (Lunenfeld-Tanenbaum Research Institute,

Toronto, Ontario, Canada)

Cardiovascular Outcomes Steven Marso, MD (UT Southwestern, Dallas, TX)

Microvascular Outcomes Johannes Mann, MD (Friedrich Alexander University of Erlangen, Erlangen,

Germany)

Safety Michael Nauck, MD, PhD (Diabeteszentrum Bad Lauterberg, Germany)

Conclusion John Buse, MD, PhD (University of North Carolina, Chapel Hill, NC)

Discussant Laurie Baggio, PhD (Lunenfeld-Tanenbaum Research Institute, Toronto, Ontario, Canada)

Oral Presentations: Treatment Choices after Orals in Type 2 Diabetes

Efficacy and Safety of Once-Weekly Semaglutide vs. Sitagliptin as Add-on to Metformin
and/or Thiazolidinediones After 56 Weeks in Subjects with Type 2 Diabetes Bo Ahrén,

MD, PhD (Lund University, Sweden)
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Efficacy and Safety of Once-Weekly Semaglutide vs. Exenatide ER in Subjects with Type 2
Diabetes (SUSTAIN 3) Andrew Ahmann, MD (Oregon Health & Science University, Portland, OR)

Superior Efficacy of ITCA 650 vs. Sitagliptin in Uncontrolled Type 2 Diabetes on
Metformin: The FREEDOM-2 Randomized, Double-blind, 1-Year Study Julio Rosenstock,

MD (Dallas Diabetes and Endocrine Center, Dallas, TX)

Efficacy and Durability of Exenatide in Combination with Pioglitazone vs. Basal-Bolus
Insulin in Poorly Controlled Type 2 Diabetic Patients: The QATAR Study Muhammad

Abdul-Ghani, MD, PhD (UT Health Science Center, San Antonio, TX)

Clinical Impact of Titratable Fixed-Ratio Combination of Insulin Glargine/Lixisenatide
vs. Each Component Alone in Type 2 Diabetes Inadequately Controlled on Oral Agents:
LixiLan-O Trial Julio Rosenstock, MD (Dallas Diabetes and Endocrine Center, Dallas, TX)

Oral Presentations: Beyond Basal Insulin in Type 2 Diabetes - Treatment Intensification
Options

Efficacy and Safety of the Insulin Glargine/Lixisenatide Fixed-Ratio Combination vs.
Insulin Glargine in Patients with T2DM: The LixiLan-L Trial Vanita Aroda, MD (MedStar

Health Research Institute, Hyattsville, MD)

Patients with T2D Treated with Insulin Degludec/Liraglutide (IDegLira) Have a Greater
Chance of Reaching Glycemic Targets without Hypoglycemia and Weight Gain than with
Insulin Glargine (IG) Ildiko Lingvay, MD, MPH (University of Texas Southwestern Medical Center,

Dallas, TX)

Improved Glycemic Control and Weight Loss with Once-Weekly Dulaglutide vs. Placebo,
Both Added to Titrated Daily Insulin Glargine, in Type 2 Diabetes Patients (AWARD-9)

Paolo Pozzilli, MD (University Campus Bio-Medico, Rome, Italy)

Oral Presentations: Obesity and Related Conditions

Semaglutide Reduces Appetite and Energy Intake, Improves Control of Eating, and
Provides Weight Loss in Subjects with Obesity John Blundell, PhD (University of Leeds, UK)

Dapagliflozin + Exenatide QW Reduced Body Weight and Improved Glucose Tolerance in
Nondiabetic Obese Adults: A Randomized, Placebo-Controlled, Phase 2 Study Jan

Eriksson, MD, PhD (Uppsala University, Uppsala, Sweden)

Oral Presentations: Hypoglycemia Potpourri

Effects of GLP-1 Infusion on Endothelium and Atherothrombotic Balance During
Hypoglycemia in Healthy Individuals Stephen Davis, MD (University of Maryland, Baltimore, MD)

Posters

SWITCH 1: REDUCED HYPOGLYCEMIA WITH INSULIN DEGLUDEC (IDEG) VS.
INSULIN GLARGINE (IGLAR), BOTH U100, IN PATIENTS WITH T1D AT HIGH RISK
OF HYPOGLYCEMIA: A RANDOMIZED, DOUBLE-BLIND, CROSSOVER TRIAL (87-LB)

T Bailey, G Gerety, J Gumprecht, A Philis-Tsimikas, C Hansen, T Nielsen, and M Warren

SWITCH 2: REDUCED HYPOGLYCEMIA WITH INSULIN DEGLUDEC (IDEG) VS.
INSULIN GLARGINE (IGLAR), BOTH U100, IN PATIENTS WITH T2D AT HIGH RISK
OF HYPOGLYCEMIA: A RANDOMIZED, DOUBLE-BLIND, CROSSOVER TRIAL
(90-LB)
Effect of Exenatide Once Weekly on Glycemic Fluctuations in Patients with T2D (1014-P)

J Frias, J Ruggles, S Zhuplatov, S Nakhle, E Klein, R Zhou, L Shi, and P Strange

Consistent Outcomes Across Dose Ranges with Titratable LixiLan, Insulin Glargine/
Lixisenatide Fixed-Ratio Combination, in the LixiLan-O Trial (1017-P) R Henry, B Ahrén,

M Davies, Y Wu, Y Handelsman, E Souhami, E Niemoeller, and J Rosenstock
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Impact of Baseline HbA1c, BMI, and Diabetes Duration on the Efficacy and Safety of
LixiLan (Insulin Glargine/Lixisenatide Titratable Fixed-Ratio Combination) vs. Insulin
Glargine and Lixisenatide in the LixiLan-O Trial (1028-P) M Davies, L Leiter, G Grunberger,

FJ Ampudia-Basco, B Guerci, C Yu, W Stager, E Niemoeller, E Souhami, and J Rosenstock

Efficacy and Safety of LixiLan vs. Insulin Glargine According to Baseline Characteristics
in Patients with Type 2 Diabetes from the Lixilan-L Trial (1018-P) C Wysham, R

Bonadonna, V Aroda, MP Domingo, C Kapitza, W Stager, C Yu, E Niemoeller, E Souhami, and R Bergenstal

Liraglutide Protects Diet Induced Obesity Through Induction of Brown Adipogensis in
Mice (1966-P) J Zhou, P Chandramani-Shivalingappa, and L Li

IDegLira is Efficacious Across Baseline HbA Categories in Subjects with Type 2 Diabetes1c
Uncontrolled on SU, GLP-1RA or Insulin Glargine: Analyses From Completed Phase 3b
Trials (925-P) C Sorli, S Harris, E Jódar, I Lingvay, K Chandarana, J Langer, and E Jaeckel

ITCA 650: A Novel Therapeutic Approach to Treating Type 2 Diabetes (1027-P) A

Whitson, R Azeem, T Alessi, and M Baron

DURATION-1 Extension in Patients with T2D: Efficacy and Tolerability of Exenatide
Once Weekly (QW) Over 7 Years (1041-P) CH Wysham, A Philis-Tsimikas, EJ Klein, P Öhman, N

Iqbal, J Han, and RR Henry

Symposium: Heart Failure and Diabetes

GLP-1 RA and Cardiovascular Physiology - Will the Clinic Ever Confirm the Mechanistic
Studies? Mansoor Husain, MD (University of Toronto, Toronto, Canada)

Summary Lawrence Blonde, MD (Ochsner Medical Center, New Orleans, LA); Juan Pablos Frias, MD

(National Research Institute, Los Angeles, CA); Lawrence Leiter, MD (St. Michael's Hospital, Toronto, Canada);

Julio Rosenstock, MD (Dallas Diabetes and Endocrine Center, Dallas, TX)

Panel Discussion

SGLT-2 Inhibitors
Symposium: Update from the EMPA-REG OUTCOME Trial

Introduction, Context, and Cardiovascular Outcomes Bernard Zinman, MD (Mount Sinai

Hospital, University of Toronto, Ontario, Canada)

Update on Microvascular Outcomes Christoph Wanner, MD (University of Würzburg, Germany)

Further Insight into the Findings - Mediation Analysis (Results) Silvio Inzucchi, MD (Yale

School of Medicine, New Haven, CT)

Discussant William Herman, MD (University of Michigan, Ann Arbor, MI)

Panel Discussion

Oral Presentations: Novel Therapeutics in Type 1 Diabetes

Canagliflozin (CANA) Improves Glycemic Control and Reduces Glycemic Variability in
Patients with Type 1 Diabetes Mellitus (T1DM) Inadequately Controlled with Insulin

Maria Alba, MD (Janssen R&D, Raritan, NJ)

Dapagliflozin as Additional Treatment to Liraglutide and Insulin in Patients with Type 1
Diabetes: A Randomized Clinical Trial of 12 Weeks Paresh Dandona, MD, PhD (University of

Buffalo, NY)

Oral Presentations: Beyond Basal Insulin in Type 2 Diabetes-Treatment Intensification
Options

Comparison Between SGLT-2 Inhibitors and DPP-4 Inhibitors Added to Insulin Therapy
in Type 2 Diabetes: A Systematic Review with Indirect Comparison Meta-Analysis Se

Hee Min, MD (Seoul National University Hospital, South Korea)
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Efficacy and Safety of Ipragliflozin, an SGLT-2 Inhibitor, Add-on to Insulin in Japanese
Patients: Results of a Double-Blind, Placebo-Controlled Study Hisamitsu Ishihara, MD, PhD

(Nihon University School of Medicine, Tokyo, Japan)

Oral Presentations: Treatment and Management of Complications-Can a Dog Really Smell
Hypoglycemia?

Canagliflozin (CANA) Slows Progression of Renal Function Decline Independent of
Glycemic Effects Hiddo Heerspink, PhD, PharmD (University Medical Center Groningen, Groningen,

Netherlands)

Efficacy of Dapagliflozin-Saroglitazar Combination for Treatment of NAFLD in Young
Diabetics Kiran Pal Singh, MD (Fortis Hospital, Mohali, India)

Oral Presentations: Treatment Choices after Orals in Type 2 Diabetes

Empagliflozin Compared with Glimepiride as Add-On to Metformin for 4 years in
Patients with Type 2 Diabetes Afshin Salsali, MD (Boehringer Ingelheim, Fremont, CA)

Linagliptin (LINA) as Add-on to Empagliflozin (EMPA) and Metformin in Patients with
Type 2 Diabetes (T2DM): Two 24-Week Randomized, Double-Blind, Parallel-Group
Trials Baptist Gallwitz, MD (Eberhard Karls University, Tubingen, Germany)

Oral Presentations: Obesity and Related Conditions

Dapagliflozin + Exenatide QW Reduced Body Weight and Improved Glucose Tolerance in
Nondiabetic Obese Adults: A Randomized, Placebo-Controlled, Phase 2 Study Jan

Eriksson, MD, PhD (Uppsala University, Uppsala, Sweden)

Oral Presentations: Modulators of Adipose Tissue Inflammation

SGLT2 Inhibition by Empagliflozin Attenuates Obesity-induced Insulin Resistance and
Inflammation by Enhancing Fat Utilization and Macrophage Alternative Activation

Tsuguhito Ota, MD, PhD (Kanazawa University, Japan)

Posters

Ertugliflozin Effectively Improves Glycemic Control as Monotherapy in Patients with
T2DM (130-LB) S Dagogo-Jack, M Davies, J Frias, G Derosa, A Darekar, K Focht, G Golm, J Johnson, D

Saur, and S Terra

Effect of Ertugliflozin plus Sitagliptin on Glycemic Control vs. Either Treatment Alone in
Subjects with T2DM Inadequately Controlled with Metformin (125-LB) R Eldor, R Pratley,

G Golm, S Huyck, Y Qiu, S Sunga, J Johnson, S Terra, J Mancuso, S Engel, and B Lauring

Effect of Empagliflozin (EMPA) on Bone Fractures in Patients with Type 2 Diabetes
(T2DM)(126-LB) S Kohler, S Kaspers, A Salsali, C Zeller, and H Woerle

Effect of Empagliflozin on Diabetic Ketoacidosis in Patients with Type 2 Diabetes: Pooled
Clinical Trial Data (127-LB) S Lund, F Solimando, S Kohler, C Zeller, and S Kaspers

Coadministration of Canagliflozin (CANA) and Phentermine (PHEN) for Weight
Management in Overweight and Obese Adults (319-LB) PA Hollander, HE Bays, J Rosenstock,

ME Frustaci, A Fung, and N Erondu

Dapagliflozin Induces Ketosis in Patients with Type 1 Diabetes (949-P) H Ghanim, N

Kuhadiya, S Khan, M Garg, K Green, S Abuaysheh, and P Dandona

Empagliflozin and Microvascular Outcomes in EMPA-REG OUTCOME (1086-P) C

Wanner, C Lee, HJ Woerle, M Mattheus, SE Inzucchi, B Zinman

Impact of Exposure to SGLT2 Inhibitors on Incidence of Diabetic Ketoacidosis Among
Danish Type 2 Diabetes Patients (1098-P) M Linnemann Jensen, B Carstensen, G Anderson, F

Persson, J Nolan, M Ridderstråle, and M Jørgensen
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Improved Treatment Satisfaction in People with Type 1 Diabetes Mellitus (T1DM) Treated
with Canagliflozin (CANA) (1184-P) AL Peters, HW Rodbard, A Slee, and S Traina

Symposium: The Good Heart, the Bad Bone, and the Ugly Alpha Cell - What About them
SGLT2 Inhibitors?

Potential Benefits of SGLT-2 Antagonists in Prevention and Safety of Use in Patients with
Heart Failure David Aguilar, MD (Baylor College of Medicine, Houston, TX)

Understanding the Risk of DKA when Hyperglycemia is Treated with SGLT-2 Inhibitors
Simeon Taylor, MD, PhD (University of Maryland, Baltimore, MD)

ADA Diabetes Care Symposium: Lagniappe - A Little Something Different

The EMPA-REG Outcome Study Enigma: Are Fuel Energetics the Answer?
Cardioprotection in EMPA-REG: A Thrifty Fuel Hypothesis Ele Ferrannini, MD (University

of Pisa, Italy)

The EMPA-REG Outcome Study Enigma: Are Fuel Energetics the Answer? Ketone Bodies
in Diabetic Heart Failure and Kidney Disease: Friend or Foe? Sunder Mudaliar, MD (UCSD,

San Diego, CA)

Insulin Therapy
Oral Presentations: Treatment Choices after Orals in Type 2 Diabetes

Clinical Impact of Titratable Fixed-Ratio Combination of Insulin Glargine/Lixisenatide
vs. Each Component Alone in Type 2 Diabetes Inadequately Controlled on Oral Agents:
LixiLan-O Trial Julio Rosenstock, MD (University of Texas Southwestern Medical Center, Dallas, TX)

Oral Presentations: Beyond Basal Insulin in Type 2 Diabetes - Treatment Intensification
Options

Efficacy and Safety of the Insulin Glargine/Lixisenatide Fixed-Ratio Combination vs.
Insulin Glargine in Patients with T2DM: The LixiLan-L Trial Vanita Aroda, MD (MedStar

Health Research Institute, Hyattsville, MD)

Faster-Acting Insulin Aspart vs. Insulin Aspart as Part of Basal-Bolus Therapy Improves
Postprandial Glycemic Control in Uncontrolled T2D in the Double-Blind onset 2 Trial

Keith Bowering, MD (University of Alberta, Edmonton, Alberta, Canada)

Adding Faster-Acting Insulin Aspart to Basal Insulin Significantly Improved Glycemic
Control: The Onset 3 Trial Helena Rodbard, MD (Endocrine and Metabolic Consultants, Rockville,

MD)

Oral Presentations: Novel Therapeutics in Type 1 Diabetes

Double-Blind Mealtime Faster-Acting Insulin Aspart vs. Insulin Aspart in Basal-Bolus
Improves Glycemic Control in T1D: The Onset-1 Trial David Russell-Jones (Royal Surrey

County Hospital, University of Surrey, UK)

Efficacy and Safety of MK-1293 Insulin Glargine Compared with Originator Insulin
Glargine (Lantus) in Type 1 Diabetes (T1D) Philip Home, DPhil (Newcastle University, Newcastle

Upon Tyne, UK)

BioChaperone® Combo (BC Combo) Improves Postprandial Glycemia vs. Humalog®
Mix 75/25™ (HMx) in People with Type 1 Diabetes Mellitus (T1DM) Steve Edelman, MD

(UCSD, San Diego, CA)

Ultra-Rapid BioChaperone Lispro Ameliorates Postprandial Blood Glucose (PPG) Control
Compared with Humalog in Subjects with Type 1 Diabetes Mellitus Tim Heise, MD (Profil

GmbH, Neuss, Germany)
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Nocturnal Glycemic Control with Glargine Titration Based on Bedtime in Addition to
Fasting Plasma Glucose in Type 1 Diabetes Francesca Porcellati, MD, PhD (University of Perugia,

Italy)

Oral Presentations: Treatment and Management of Complications - Can a Dog Really Smell
Hypoglycemia?

Glycemic Control and Hypoglycemia Benefits with Insulin Glargine 300 U/mL (Gla-300)
Extend to People with Type 2 Diabetes (T2DM) and Mild-to-Moderate Renal Impairment

Javier Escalada MD, PhD (Clinica Universidad de Navarra, Spain)

Oral Presentations: Management of Hyperglycemia in the Hospitalized Patient (with State-
of-the-Art Lecture)

Efficacy and Safety of U500 Insulin Use in Hospitalized Patients at VA Pittsburgh Health
Care System (VAPHS) Ha Nguyen, MD (University of Pittsburgh Medical Center, PA)

Posters

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) SK Garg, K Wernicke-Panten, M Rojeski, S Pierre, and K

Jedynasty

Efficacy and Safety of LixiLan vs. Insulin Glargine According to Baseline Characteristics
in Patients with Type 2 Diabetes from the Lixilan-L Trial (1018-P) C Wysham, R

Bonadonna, V Aroda, MP Domingo, C Kapitza, W Stager, C Yu, E Niemoeller, E Souhami, and R Bergenstal

Efficacy and Safety of MK-1293 Insulin Glargine Compared with Originator Insulin
Glargine (Lantus) in Type 2 Diabetes (T2D) (926-P) P Hollander, G Golm, W Carofano, R

Eldor, M Crutchlow, M Marcos, M Rendell, P Home, B Gallwitz, and J Rosenstock

IDegLira is Efficacious Across Baseline HbA Categories in Subjects With Type 21c
Diabetes Uncontrolled on SU, GLP-1RA or Insulin Glargine: Analyses From Completed
Phase 3b Trials (925-P) C Sorli, S Harris, E Jódar, I Lingvay, K Chandarana, J Langer, and E Jaeckel

Impact of Baseline HbA1c, BMI, and Diabetes Duration on the Efficacy and Safety of
LixiLan (Insulin Glargine/Lixisenatide Titratable Fixed-Ratio Combination) vs. Insulin
Glargine and Lixisenatide in the LixiLan-O Trial (1028-P) M Davies, L Leiter, G Grunberger,

FJ Ampudia-Basco, B Guerci, C Yu, W Stager, E Niemoeller, E Souhami, and J Rosenstock

Consistent Outcomes Across Dose Ranges With Titratable LixiLan, Insulin Glargine/
Lixisenatide Fixed-Ratio Combination, in the LixiLan-O Trial (1017-P) R Henry, B Ahrén,

M Davies, Y Wu, Y Handelsman, E Souhami, E Niemoeller, and J Rosenstock

Symposium: The New Face of Injectable Options

Benefits and Limitations of Concentrated Insulin Wendy Lane, MD (Mountain Diabetes and

Endocrine Center, Asheville, NC)

Swallowing Your Biologics and Not Your Pride Chandra Sharma, PhD (Sree Chitra Tirunal

Institute for Medical Sciences and Technology, Thiruvananthapuram, India)

Smart Insulins and Nanotechnology for Diabetes Management - Reality or Myth?
Daniel Anderson, PhD (MIT, Cambridge, MA)

Inhaled Insulin - Where are we Going From Here? Stefano Del Prato, MD (University of Pisa,

Pisa, Italy)

Symposium: Inpatient Management of Diabetes and Hyperglycemia - Novel Insights and
Effective Approaches

Effective Transition from IV to SQ Insulin Therapy - Best Practices and Tricks of the
Trade David Baldwin, MD (Rush University Medical Center, Chicago, IL)
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Corporate Symposium: A Case-based Approach to Understanding a Once-Daily Basal Insulin
Option for Your Patients (Sponsored by Novo Nordisk)

Summary Davida Kruger, MSN (Henry Ford Health System, Detroit, MI), Anne Peters, MD (USC, Los

Angeles, CA), Christopher Sorli, MD, PhD (Billings Clinic, MT), Todd Hobbs, MD (North America CMO, Novo

Nordisk, Plainsboro, NJ)

Product Theaters

A Treatment Option for Patients who are Severely Insulin Resistant (Sponsored by
Sanofi) Timothy Gilbert, MD (Texas Diabetes & Endocrinology, Dallas, TX) and Jeremy Pettus, MD

(University of California San Diego, San Diego, CA)

Options in Basal Insulin: Basaglar (Sponsored by Lilly/BI) Tom Blevins, MD (Texas Diabetes

& Endocrinology, Austin, TX)

Toujeo: A Once-daily Basal Insulin (Sponsored by Sanofi) Bruce Bode, MD (Atlanta Diabetes

Associates, Atlanta, GA), Bill Polonsky, PhD (University of California San Diego, San Diego, CA) Steven Edelman,

MD (TCOYD, Del Mar, CA), Debbie Hinnen, APRN, CDE (Touro University California, Vallejo, CA)

DPP-4 Inhibitors
Posters

Sitagliptin and Risk of Fractures in Type 2 Diabetes: Results from the TECOS Trial
(587-P) R Josse, S Majumdar, J Buse, J Green, K Kaufman, C Westerhout, Y Zheng, E Peterson, R Holman,

P Armstrong, and TECOS Study Group

Hypoglycemia Is Associated with Increased Risk of Cardiovascular Events: Results from
the EXAMINE Trial (1091-P) W White, R Bergenstal, C Cannon, S Kupfer, C Wilson, and S Heller

Renal Outcomes Associated with Alogliptin vs. Placebo in Patients with Type 2 Diabetes
Mellitus and Recent Acute Coronary Syndrome: Results from the EXAMINE Trial
(1203-P) M Vaduganathan, W White, D Chartyan, C Wilson, S Kupfer, L Lei, Y Liu, F Zannad, C Cannon,

and G Bakris

Mortality Findings from the EXAMINE Trial (1090-P) WB White, S Kupfer, CP Cannon, CR

Mehta, SR Heller, C Wilson, GL Bakris, WC Cushman, SE Nissen, RM Bergenstal, P Fleck, and F Zannad

Hypoglycemia Is Associated with Increased Risk of Cardiovascular Events: Results from
the EXAMINE Trial (1091-P) WB White, RM Bergenstal, CP Cannon, S Kupfer, C Wilson, and SR

Heller

Renal Outcomes Associated with Alogliptin vs. Placebo in Patients with Type 2 Diabetes
Mellitus and Recent Acute Coronary Syndrome: Results from the EXAMINE Trial
(1203-P) M Vaduganathan, WB White, DM Charytan, C Wilson, S Kupfer, L Lei, Y Liu, F Zannad, CP

Cannon, and GL Bakris

Once-Weekly Treatment with Omarigliptin, a DPP-4 Inhibitor, Improves Glycemic
Control in Patients Not At Goal on Metformin (1120-P) R Shankar, S Inzucchi, I Gantz, V

Scarabello, P Ceesay, S Suryawanshi, and E Lai

Effect of Ertugliflozin Plus Sitagliptin on Glycemic Control vs. Either Treatment Alone in
Subjects with T2DM Inadequately Controlled with Metformin (125-LB) R Eldor, R Pratley,

G Golm, S Huyck, Y Qiu, S Sunga, J Johnson, S Terra, J Mancuso, S Engel, and B Lauring

Effects of Linagliptin on Glycemic Control and Albuminuria in Type 2 Diabetes - THE
MARLINA-T2D TriaL (17-LB) P Groop, M Cooper, V Perkovic, B Hocher, K Kanasaki, G

Schernthaner, K Sharma, R Stanton, R Toto, J Cescutti, M Gordat, T Meinicke, A Koitka-Weber, H Woerle, and M

Eynatten

Oral Presentations: Treatment Choices after Orals in Type 2 Diabetes
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Superior Efficacy of ITCA 650 vs. Sitagliptin in Uncontrolled Type 2 Diabetes on
Metformin: The FREEDOM-2 Randomized, Double-blind, 1-Year Study Julio Rosenstock,

MD (University of Texas Southwestern Medical Center, Dallas, TX)

Linagliptin (LINA) as Add-on to Empagliflozin (EMPA) and Metformin in Patients with
Type 2 Diabetes (T2DM): Two 24-Week Randomized, Double-Blind, Parallel-Group
Trials Baptist Gallwitz, MD (Eberhard Karls University, Tubingen, Germany)

Oral Presentations: Beyond Basal Insulin in Type 2 Diabetes - Treatment Intensification
Options

Comparison Between SGLT-2 Inhibitors and DPP-4 Inhibitors Added to Insulin Therapy
in Type 2 Diabetes: A Systematic Review with Indirect Comparison Meta-Analysis Se

Hee Min, MD (Seoul National University Hospital, South Korea)

Oral Presentations: Management of Hyperglycemia in the Hospitalized Patient

Safety and Efficacy of Saxagliptin for Glycemic Control in Non-Critically Ill Hospitalized
Patients Rajesh Garg, MD (Brigham and Women's Hospital, Boston, MA)

Oral Presentations: Tissue Lipids and Lipoproteins and their Consequences

DPP-4 Inhibitor, Anagliptin, Ameliorates Fasting and Postprandial Hypertriglyceridemia
Masami Sairyo, MD (Osaka University, Osaka, Japan)

Symposium: Management of Hyperglycemia in the Hospitalized Patient

Randomized, Controlled Trial on the Efficacy of Sitagliptin Therapy for the Inpatient
Management of General Medicine and Surgery Patients with Type 2 Diabetes: Sita-
Hospital Trial Francisco Pasquel, MD (Emory University, Atlanta, GA)

Novel Therapies
Posters

MEDI4166: A PCSK9 Ab-GLP-1 Fusion Molecule That Elicits Robust Antidiabetic and
Antihyperlipidemic Effects in Rodents and Non-Human Primates (35-LB) J Trevaskis, A

Suckow, T Hummer, M Chodorge, A Celeste, D Hornigold, J Naylor, L Jenkinson, M Feigh, D Fairman, M

Agoram, C Lee, S Coats, J Grimsby, C Rondinone, and A Konkar

MEDI0382, a GLP-1-Glucagon Dual Agonist, Meets Safety and Tolerability Endpoints in a
Single-Dose Study in Healthy Volunteers (107-LB) P Ambery, S Klammt, M Petrone, W Pu, S

Dicostanza, L Jermutus, and C Rondinone

A Leucine, Metformin, and Sildenafil Combination Regresses Nonalcoholic
Steatohepatitis (NASH) in Mice (260-LB) M Zemel, A Bruckbauer, and O Flores

Antidiabetic Effects of Novel, Long-Acting Amylin Analogue ZP4982 in ZDF Rats
(283-LB) J Skarbaliene and R Just

Potent Cholesterol Lowering Effect of the Novel Long-Acting GLP-1/Glucagon Dual
Agonist HM12525A (1026-P) SY Jung, YJ Park, JS Lee, EJ Kim, YM Lee, YH Kim, M Trautmann, and

S Kwon

Long-Acting GLP-1 and Glucagon Receptor Dual Agonists for the Treatment of Type 2
Diabetes (1049-P) S You, M McDonald, M Case, D Steiner, T Tat, C Jenkinson, R Pick, J Hart, V Moreno,

J Parise, W Yan, R Camacho, R Swanson, E Chi, K Demarest, and J Leonard

Effects of Leucine-Metformin Combinations on Glycemic Control in Type 2 diabetes
(1144-P) K Niswender, O Kolterman, M Kosinski, and M Zemel

Oral Presentations: Obesity and Related Conditions
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Safety, Pharmacokinetics, and Pharmacodynamics of the Novel Dual GLP-1/Glucagon
Agonist SAR425899 in Healthy Subjects and Diabetes Patients Joachim Tillner, PhD (Sanofi,

Paris, France)

Oral Presentations: Preclinical Therapeutic and Signaling Regulation of Insulin Sensitivity

Acute Metabolic Effects of MEDI0382, a GLP-1/Glucagon Dual Agonist, in Wild Type and
GLP-1 Receptor Knockout Mice Sarah Will (MedImmune, Gaithersburg, MD)

Oral Presentations: Lipid Mediators

Treatment of Type 2 Diabetes Through Hepatic Insulin Signaling Rongya Tao, PhD

(Harvard Clinical and Translational Science Center, Cambridge, MA)

Oral Presentations: Clinical Therapeutic and Signaling Regulators of Insulin Sensitivity

Duodenal Mucosal Resurfacing Improves Metabolic Measures in Type 2 Diabetes: First-
in-Human Study, 6 Month Data Alan Cherrington, PhD (Vanderbilt University, Nashville, TN)

Oral Presentations: Treatment and Management of Complications - Can a Dog Really Smell
Hypoglycemia?

Superior Efficacy of a Dual GLP-1/Glucagon Receptor Agonist in Reversing Steatosis and
Improving Indices of Nonalcoholic Steatohepatitis (NASH) Compared with GLP-1
Receptor and FXR Agonists in a Mouse Model of NASH James Trevaskis, PhD (MedImmune,

Gaithersburg, MD)

Symposium: Fifty Winks of Diabetes

Circadian Timing of Metabolism in Mouse Models and Humans Charna Dibner, PhD

(University of Geneva, Switzerland)

Symposium: Novel Experimental and Therapeutic Strategies to Target the Central Nervous
System (CNS)-induced Regulation of Metabolism

Multi-agonism Therapeutic Strategies to CNS Regulation of Energy Homeostasis Brian

Finan, PhD (Novo Nordisk, Indianapolis, IN)

Symposium: Genetic Analysis of Gut Flora in Diabetes and Metabolic Diseases

The Human Microbiome George Weinstock, PhD (The Jackson Laboratory for Genomic Medicine,

Farmington, CT)

Symposium: Diabetes and Precision Medicine - What Can We Learn about Diabetes with
"Omics"?

Microbiomics: Understanding the Role of Nutrition in Vascular and Metabolic
Dysfunction Nathalie Delzenne, PhD (Université Catholique de Louvain, Brussels, Belgium)

Symposium: Microbiota, Inflammation, and Diabetic Cardiovascular Disease

Probiotics and Microbiota Modulation Max Nieuwdrop, MD, PhD (University of Amsterdam,

Netherlands)

Joint ADA/ASN Symposium-Innovations in Treating Inflammation for Diabetic Kidney
Disease

The MCP-1 Inhibition Story for Diabetic Kidney Disease Hermann Haller, MD (Hannover

Medical School, Hannover, Germany)

Pathway to Stop Diabetes Symposium

Summary

Type 1 Diabetes Cure Therapies and Pathophysiology
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Oral Presentations: Transplantation - Basic

Tissue Engineering of An Intra-Abdominal Endocrine Pancreas Using a Biologic Scaffold
David Baidal, MD (University of Miami, FL)

Oral Presentations: Mechanistic Insights into Genetic Risk for Diabetes

Enhanced Early Proliferation of Beta-cells Prevents Progression of Type 1 Diabetes
Ercument Dirice, PhD (Joslin Diabetes Center, Boston, Massachusetts)

Oral Presentations: Update on Cell Sources for Beta-Cell Replacement

Pig Iglet Xenotransplantation David Cooper, PhD (Thomas E. Starzl Transplantation Institute,

Pittsburgh, PA)

Symposium: ADA Pathway To Stop Diabetes Symposium

Autoreactive CD4 T Cells Target Hybrid Insulin Peptides in Type 1 Diabetes Thomas

Delong, PhD (University of Colorado, Aurora, Colorado)

Symposium: Immunobiology of Type 2 Diabetes

Dendritic Cells, Inflammation, and Diabetes Kristin Tarbell, PhD (National Institutes of Health,

Bethesda, MD)

Symposium: Genetic Analysis of Gut Flora in Diabetes and Metabolic Disease

The Environmental Determinants of Diabetes in the Young (TEDDY) Project Joseph

Petrosino, PhD (Baylor College of Medicine, Houston, TX)

Symposium: Issues Facing Clinical Beta Cell Replacement - Now and Later (Supported by a
grant from the Leona M. and Harry B. Helmsley Charitable Trust)

Islet Autotransplantation After Pancreatectomy for Chronic Pancreatitis - Mixed
Blessings R. Paul Robertson, MD (University of Washington, Seattle, WA)

Why Are So Few Islet Transplants Currently Being Done for Type 1 Diabetes? Camillo

Ricordi, MD (University of Miami, Florida)

Symposium: More than a Gut Instinct - Potential of the Microbiome from Pregnancy through
the Life Cycle

The Early Microbiome and Risk for Development of Type 1 Diabetes Mark Atkinson, MD

(University of Florida, Gainesville, FL)

Symposium: Genetic Analysis of Gut Flora in Diabetes and Metabolic Diseases

Gut Microbiota and Type 1 Diabetes Aleksandar D. Kostic, PhD (Broad Institute of MIT and

Harvard, Cambridge, MA)

Symposium: Joint ADA/EASD Symposium - Beta-Cell Heterogeneity - Are Some Cells More
Equal than Others?

Beta-Cell Surface Molecules Reveal Different Subpopulations Philip R Streeter, PhD (Oregon

Health & Science University, Portland, Oregon)

Symposium: Update on Cell Sources for Beta-Cell Replacement

Beta-Cell Replacement in Type 1 Diabetes - Consideration in Design of Clinical Trials
Bruce Schneider, MD (FDA, Silver Spring, MD)

Symposium: Protecting the Beta Cell

Encapsulation Girish Chitnis, PhD (Harvard Medical School, Boston, MA)

Human Leukocyte Antigen Matching/Immunosuppression Bashoo Naziruddin, PhD (Baylor

University, Waco, TX)
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Next-Generation Islet Grafts Jose Oberholzer, MD (University of Illinois, Chicago, IL)

Scaffolding Lonnie Shea, PhD (University of Michigan, Ann Arbor, Michigan)

Symposium: What is the Future of Immunotherapy for Type 1 Diabetes?

IL-2 Immunotherapy Thomas Malek, PhD (University of Miami, Miami, FL)

Overview of Prevention/Reversal Trials in Type 1 Diabetes Jay Skyler, MD (University of

Miami, FL)

Repurposing Imatinib for Type 1 Diabetes Stephen Gitelman, MD (UCSF, San Francisco, CA)

Closing the Loop and Insulin Delivery
Posters

Pivotal Trial of a Hybrid Closed-Loop System in Type 1 Diabetes (99-LB) R Bergenstal, B

Buckingham, S Garg, S Weinzimer, R Brazg, J Ilany, B Bode, T Bailey, S Anderson, R Slover, J Shin, S Lee, F

Kaufman

Real-World Use of Open Source Artificial Pancreas Systems (104-LB) D Lewis, S Leibrand,

and the #OpenAPS Community

Patient User Experience Evaluation of Bolus Patch Insulin Delivery System (995-P) V

Zraick, D Dreon, R Naik, D Shearer, S Crawford, J Bradford, and B Levy

Glucommander Outpatient, a Cloud-based Insulin Management Solution Adjusted
Insulin Doses and Achieved 2.7% Drop in A1c Percentage Points (84-LB) John G. Clarke,

Bruce W. Bode

Do Type 1 Diabetes Patients Really Want An Artificial Pancreas? (1005-P) S Franc, I

Xhaard, L Orlando, M El Makni, M-H Petit, C Randazzo, and G Charpentier

Barriers to Device Uptake in Adults with Type 1 Diabetes (914-P) M Tanenbaum, S Hanes, K

Miller, D Naranjo, and K Hood

Closed-Loop Control Reduces Hypoglycemia during Extended Winter-Sport Exercise in
Youth with T1D: The AP Ski Camp (103-LB) Daniel R. Chernavvsky, Mark Deboer, Jessica Robic,

Boris P. Kovatchev, Marc D. Breton

Oral Presentations: Closing the Loop on Insulin Management - Are We There Yet?

Automated Artificial Pancreas System in Type 2 Diabetes in the General Ward: A
Randomised, Controlled, Parallel-Design Study (84-OR) Hood Thabit, MD (University of

Cambridge, UK)

Similar Estimated A1c Results Reported between Patients with Diabetes Using CGM
whether on Multiple Daily Injection (MDI) or Continuous Subcutaneous Insulin Infusion
(CSII) (81-OR) David Price, MD (Dexcom, San Diego, CA)

Home Use of a Bihormonal Bionic Pancreas vs. Conventional Insulin Pump Therapy in
Adults with Type 1 Diabetes-A Multicenter, Randomized Clinical Trial (77-oR) Ed

Damiano, PhD (CEO, Beta Bionics / Boston University, Boston, MA)

Outpatient Glycemic Management in Type 1 Diabetes with Insulin-Only vs. Bihormonal
Configurations of a Bionic Pancreas (79-OR) Laya Ekhlaspour, MD (MGH, Boston, MA)

Randomized Crossover Clinical Trial Comparing MPC and PID Control Algorithms for
Artificial Pancreas (80-OR) Frank Doyle, PhD (Harvard, Cambridge, MA)

Quantitative Evaluation of a Predictive Low-Glucose Management (PLGM) System
(83-OR) Bruce Buckingham, MD (Stanford University, Palo Alto, CA)

Overnight Closed-Loop (OCL) at Home Compared with Sensor-Augmented Pump with
Low-Glucose Suspend (SAP-LGS) Improves Time in Target Range in Adults and Reduces
Hypoglycemia in Adolescents (78-OR) David O'Neal, MD (University of Melbourne, Melbourne,

Australia)
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Predictive Hyperglycemia and Hypoglycemia Minimization: In-Home Evaluation of
Safety, Feasibility, and Efficacy in Type 1 Diabetes (82-OR) Trang Ly, MD (Stanford

University, Stanford, CA)

Oral Presentations: ADA Presidents Oral Session

Closed-Loop Glucagon Administration for the Automated Prevention and Treatment of
Hypoglycemia in Type 1 Diabetes (378-OR) Courtney Balliro, RN, CDE (MGH, Boston, MA)

Oral Presentations: Management of Hyperglycemia in the Hospitalized Patient (with State-
of-the-Art Lecture)

Sensor-Augmented Pumps vs. Multiple Daily Injections for Achieving Glycemic Goals in
Hospitalized Patients with Type 2 Diabetes in China (18-OR) John Shin, PhD (Medtronic,

Northridge, CA)

Efficacy, Safety, and usability of A Clinical Decision Support System for Basal-Bolus
Insulin Therapy in Hospital Routine Care (15-OR) Katharina Neubauer, BSc, MSc (Medical

University of Graz, Austria)

JDRF/NIH Closed-Loop Research Meeting

Pivotal Study Design Steven Russell, MD, PhD (MGH, Boston, MA)

Outcome Measures for Artificial Pancreas Clinical Trials: A Consensus Report David

Maahs, MD (Barbara Davis Center, Aurora, CO)

Driving Access to Artificial Pancreas Systems Amanda Bartelme (Director, Avalere Health,

Washington, DC)

Psychosocial Outcome Assessment Korey Hood, PhD (Stanford University, Stanford, CA)

Brief Summary of AP Highlights from the Past Year Vincent Crabtree, PhD (JDRF, New York,

NY); John Lum, MS (Jaeb Center for Health Research, Tampa, FL)

Opening Remarks Aaron Kowalski, PhD (JDRF, New York, NY)

Panel Discussion

Joint ADA/JDRF Symposium: Optimizing Use of Technology and Therapeutics in Pediatric
Diabetes

Automated Insulin Delivery and Bihormonal Artificial Pancreas in Pediatrics―Coming
Soon! Trang Ly, MD (Stanford University, Stanford, CA)

Status of Insulin Pump and Continuous Glucose Monitoring Use in Pediatric Diabetes
Jenise Wong, MD, PhD (UCSF, San Francisco, CA)

DiabetesMine D-Data Exchange

Themes
FDA on Interoperability & Artificial Pancreas Progress: Where Guidance Can Take Us

Courtney Lias, PhD (FDA, Silver Spring, MD)

Academic artificial pancreas update Trang Ly, PhD (Stanford University, Palo Alto, CA)

#OpenApS and the Drive to DIY Diabetes Technology Mark Wilson (OpenAPS, Freelance

Software Developer, San Francisco, CA)

Symposium: Inpatient Management of Diabetes and Hyperglycemia - Novel Insights and
Effective Approaches

Automating Insulin Dosing Decisions - Benefits, Limitations, and Cost Effectiveness
Thomas Pieber, MD (Medical University of Graz, Austria)

Corporate Symposium: Partnering to Improve Patient Care: A Technological Evolution in
Insulin Delivery (Sponsored by Johnson & Johnson)
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Addressing the Unmet Needs in the Diabetes Space John Wilson (Worldwide VP, Insulin

Delivery, J&J Diabetes Care Companies, Wayne, PA)

Artificial Pancreas: What More Do We Need To Succeed? Brian Levy, MD (Chief Medical

Officer, J&J Diabetes Care Companies, Wayne, PA)

Pathways to the Artificial Pancreas Satish Garg, MD (University of Colorado, Aurora, CO)

The Artificial Pancreas Roadmap: Finding the Ways to Keep Glucose in a Safe Zone
Eric Renard MD, PhD (Montpellier University, France)

Partnering for a Patient-Centric Approach to Innovation Krishna Venugopalan, PhD

(Worldwide Director, Research & Development, Insulin Delivery, J&J Diabetes Care Companies, Wayne, PA)

Glucose Monitoring
Symposium: The Value of Continuous Glucose Monitoring in Patients with Type 1 Diabetes
Using Multiple Daily Injections - DIaMonD Study

Results Elena Toschi, MD, PhD (Joslin Diabetes Center, Boston, MA)

Discussion Howard Wolpert, MD (Joslin Diabetes Center, Boston, MA)

Panel Discussion

Posters

Using Novel Flash Glucose-Sensing Technology Reduces Hypoglycemia in Individuals
with Type 1 Diabetes (868-P) Jan Bolinder, Ramiro Antuna, Nel Geelhoed-Duijvestijn, Stephan

Matthaei, Raimund Weitgasser

Accuracy of a Fourth-Generation glucose Sensor Throughout Its functional Life (897-P)
R Brazg, M Christiansen, B Bode, T Bailey, S Garg, R Slover, S Huang, J Shin, S Lee

Fifth Generation Continuous Glucose Monitoring Sensor System with Extended Wear and
Fewer calibrations (905-P) J Ulloa, A Varsavsky, R Gautham, I Premakumar

Accuracy and Longevity of an Implantable Continuous Glucose Sensor in the PRECISE
Study: A 180-Day, Prospective, Multicenter, Pivotal Trial (892-P) J Hans Devries, Jort

Kropff, Pratik Choudhary, Sankalpa Neupane, Stephen C. Bain, Christoph Kapitza, Thomas A. Forst, Manuela

Link, Andrew D. Dehennis

Glucommander Outpatient, a Cloud-based Insulin Management Solution Adjusted
Insulin Doses and Achieved 2.7% Drop in A1c Percentage Points (84-LB) John G. Clarke,

Bruce W. Bode

Barriers to Device Uptake in Adults with Type 1 Diabetes (914-P) M Tanenbaum, S Hanes, K

Miller, D Naranjo, and K Hood

Comparison of the New Factory Calibrated Sensor with Existing CGM Sensor (896-P)
J Kesavedev, P Pillai, A Shankar, A Ashok, G Sanal, R Iyer, G Krishnan, S Jothydev

Oral Presentations: Closing the Loop on Insulin Management - Are We There Yet?

Similar Estimated A1c Results Reported between Patients with Diabetes Using CGM
whether on Multiple Daily Injection (MDI) or Continuous Subcutaneous Insulin Infusion
(CSII) (81-OR) David Price, MD (Dexcom, San Diego, CA)

Oral Presentations: Hypoglycemia Potpourri

Risk Assessment of Using the New Continuous Glucose Monitoring (CGM) System for
Treatment Decisions (Patients 2 YO+) (349-OR) Tomas Walker, DNP (Director of Clinical

Project, Dexcom, San Diego, CA)

Oral Presentations: Management of Hyperglycemia in the Hospitalized Patient

State-of-the-Art Lecture - The Future of Technology in the Management of Inpatient
Diabetes David Klonoff, MD (Mills Peninsula Health Services, San Mateo, CA)
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Symposium: The Role of Continuous Glucose Monitoring in Diabetes Management

Is There a Racial Difference in the Mean Continuous Glucose Monitoring Glucose in
Relation to the A1c? - Study Background Rose Gubitosi-Klug, MD (Case Western Reserve

University, Cleveland, OH)

Is There a Racial Difference in the Mean Continuous Glucose Monitoring Glucose in
Relation to the A1c? -Design, Methods, and Baseline Demographics Robin Gal, MSPH (Jaeb

Center for Health Research, Tampa, FL)

Is There a Racial Difference in the Mean Continuous Glucose Monitoring Glucose in
Relation to the A1c? - Results and Conclusions Roy Beck, MD, PhD (Jaeb Center for Health

Research) and Richard Bergenstal, MD (International Diabetes Center, Minneapolis, MN)

Panel Discussion

Symposium: Digital Health in Diabetes - Hope or Hype?

Is Transforming Diabetes Possible? Lessons from Participatory Design of Digital Health
Solutions Joyce Lee, MD (University of Michigan, Ann Arbor, MI)

Symposium: Technology and Diabetes Care - Your Patients Are Moving Forward. Are You
Observing or Moving?

Make the Data Work for You―Increasing Accessibility, Integration, and Usability of
Ambulatory Glucose Profiles Deborah Mullen, PhD (Park Nicollet Health Services, Minneapolis, MN)

Symposium: Inpatient Management of Diabetes and Hyperglycemia - Novel Insights and
Effective Approaches

Glucometrics for Measuring Inpatient Glycemic Outcomes - Definition, Implementation,
and Benchmarks Curtiss Cook, MD (Mayo Clinic College of Medicine, Scottsdale, AZ)

Joint ADA/JDRF Symposium: Optimizing Use of Technology and Therapeutics in Pediatric
Diabetes

Status of Insulin Pump and Continuous Glucose Monitoring Use in Pediatric Diabetes
Jenise Wong, MD, PhD (UCSF, San Francisco, CA)

Industry Updates

Victory For Data Standardization: Roche, Abbott, Diasend, Glooko Say Yes To AGP

Corporate Symposium: Two Years of Flash Glucose Monitoring: The Global Clinical
Experience (Supported by Abbott)

FreeStyle Libre T1DM Clinical Outcomes Trial Results (IMPACT) Raimund Weitgasser, MD

(Paracelsus Medical University, Salzburg, Austria)

Clinical Utilization of the FreeStyle Libre Flash Glucose Monitoring System in Europe
Ramiro Antuña DeAlaiz, MD (Asturias Medical Center, Oviedo, Spain)

Review of FreeStyle Libre Pro Glycemic Variability Study Results Eugene Wright, Jr., MD

(Cape Fear Valley Health Affairs, Fayetteville, NC)

Clinical Utilization of the FreeStyle Libre Pro Flash Glucose Monitoring System in India
KM Prasanna Kumar, MD (Bangalore Diabetes Hospital, Bengaluru/India)

Panel Discussion Ramiro Antuña DeAlaiz, MD (Asturias Medical Center, Oviedo, Spain), KM Prasanna

Kumar, MD (Bangalore Diabetes Hospital, Bengaluru/India), Raimund Weitgasser, MD (Paracelsus Medical

University, Salzburg, Austria), Eugene Wright, Jr., MD (Cape Fear Valley Health Affairs, Fayetteville, NC)

Joint ADA/JDRF Symposium - Optimizing Use of Technology and Therapeutics in Pediatric
Diabetes

Information Overload―Or Is It? Saleh Adi, MD (Madison Clinic for Pediatric Diabetes, San

Francisco, CA/USA)
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Digital Health
Posters

Glucommander Outpatient, a Cloud-based Insulin Management Solution Adjusted
Insulin Doses and Achieved 2.7% Drop in A1c Percentage Points (84-LB) John G. Clarke,

Bruce W. Bode

eHealth-Assisted Lay Health Coaching for Diabetes Self Management Support (725-P)
P Tang, M Peeples, J Duni, S Peskin, J MacLeod, S Kowitt, and E Fisher

Oral Presentations: Management of Hyperglycemia in the Hospitalized Patient (with State-
of-the-Art Lecture)

Efficacy, Safety, and usability of A Clinical Decision Support System for Basal-Bolus
Insulin Therapy in Hospital Routine Care Katharina Neubauer, BSc, MSc (Medical University of

Graz, Austria)

Oral Presentations: Diversifying our Portfolio of Self-Management Intervention Approaches

HypoAware, a Brief and Partly Web-based Psychoeducational Intervention for Adults
with Type 1 and Insulin-treated Type 2 Diabetes and Problematic Hypoglycemia: A
Randomized, Controlled Trial Frank Snoek, PhD (VUMC, Amsterdam, Netherlands)

Symposium: Digital Health in Diabetes - Hope or Hype?

Lessons Learned - A Clinician's Perspective on Digital Diabetes Care Howard Wolpert, MD

(Joslin Diabetes Center, Boston, MA)

Digital Health and Diabetes Chris Bergstrom (Associate Director, Digital Health, Boston Consulting

Group)

Is Transforming Diabetes Possible? Lessons from Participatory Design of Digital Health
Solutions Joyce Lee, MD (University of Michigan, Ann Arbor, MI)

Symposium: Technology and Diabetes Care - Your Patients Are Moving Forward. Are You
Observing or Moving?

Make the Data Work for You―Increasing Accessibility, Integration, and Usability of
Ambulatory Glucose Profiles Deborah Mullen, PhD (Park Nicollet Health Services, Minneapolis, MN)

Is There a Need and What Can Be Learned from Online Diabetes Communities? Anna

Floreen (Glu, T1D Exchange, Boston, MA)

Telemedicine - An Engine for Team Activation Jodi Krall, PhD (University of Pittsburgh,

Pittsburgh, PA)

Don't Let Technology Slow You Down - What You Need to Know When Your Patients Use
Apps Jennifer Smith (Integrated Diabetes Services, Wynnewood, PA)

Symposium: Inpatient Management of Diabetes and Hyperglycemia - Novel Insights and
Effective Approaches

Automating Insulin Dosing Decisions - Benefits, Limitations, and Cost Effectiveness
Thomas Pieber, MD (Medical University of Graz, Austria)

Symposium: Inpatient Management of Diabetes and Hyperglycemia - Novel Insights and
Effective Approaches

Remote Monitoring of and Support for Inpatient Diabetes Management through the
Inpatient EMR Robert Rushakoff, MD (UCSF, San Francisco, CA)

Industry Updates

Victory For Data Standardization: Roche, Abbott, Diasend, Glooko Say Yes To AGP
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Medtronic Announces Next-Gen CareLink Reports to Optimize Pump Settings, Glooko
Compatibility, IBM Watson App Named SugarWise, Food App Partner: Nutrino
Glooko Shows Off Mobile Insulin Dosing Software, New Pump/CGM Personal Advisor

Obesity and Prediabetes Care
Posters

Coadministration of Canagliflozin (CANA) and Phentermine (PHEN) for Weight
Management in Overweight and Obese Adults PA Hollander, HE Bays, J Rosenstock, ME

Frustaci, A Fung, and N Erondu

Liraglutide Protects Diet Induced Obesity Through Induction of Brown Adipogensis in
Mice (1966-P) J Zhou, P Chandramani-Shivalingappa, and L Li

Oral Presentations: Obesity and Related Conditions

Semaglutide Reduces Appetite and Energy Intake, Improves Control of Eating, and
Provides Weight Loss in Subjects with Obesity John Blundell, PhD (University of Leeds, UK)

Subcutaneous Exendin (9-39) Effectively Treats Postbariatric Hyperinsulinemic
Hypoglycemia Colleen Craig, MD (Stanford University, Stanford, CA)

Dapagliflozin + Exenatide QW Reduced Body Weight and Improved Glucose Tolerance in
Nondiabetic Obese Adults: A Randomized, Placebo-Controlled, Phase 2 Study Jan

Eriksson, MD, PhD (Uppsala University, Uppsala, Sweden)

Oral Presentations: Weight Loss Intervention Methodology

Gastric Bypass vs. Medical/Lifestyle Care for Type 2 Diabetes in South Asians with BMI
25-40 kg/m : The COSMID Randomized Trial2 Shashank Shah (Laparo-Obeso Centre, Pune,

India)

Short-Term Effectiveness of Low Dose Liraglutide in Combination with Metformin vs.
High Dose Liraglutide Alone in Treatment of Obesity Andrej Janež, MD, PhD (University

Medical Center Ljubljana, Slovenia)

The Effect of 1-Year's Endoscopic Proximal Intestinal Exclusion Using Endobarrier on
10-Year Cardiovascular Risk in Type 2 Diabetes Robert Ryder, MD (City Hospital, Birmingham,

UK)

Improvements in Impact of Weight on Quality of Life-Lite (IWQoL-Lite) with Liraglutide
3.0 mg (LIRA) vs. Placebo (PBO) for Weight Management: 3-Year Data Ronnette Kolotkin,

PhD (Obesity and Quality of Life Consulting, Durham, NC)

The American Heart Association Ideal Cardiovascular Health and Incident Type 2
Diabetes Mellitus among African Americans: The Jackson Heart Study

Oral Presentations: What's New in Pediatric Type 2 Diabetes?

Birth Weight and Cardiometabolic Risk in Children: The National Health and Nutrition
Examination Survey (NHANES), 1999-2014 Dianjianyi Sun, PhD (Tulane University, New

Orleans, LA)

The Shape of the Glucose Response Curve During Oral Glucose Tolerance Test (OGTT)
and Biomarkers of Type 2 Diabetes Risk in Obese Youth Joon Young Kim, PhD (University of

Pittsburgh, PA)

Oral Presentations: The Prediction and Prevention of Diabetes

Excess Body Mass Index: A Modifiable Risk Factor for Type 1 Diabetes Development?
Christine Ferrara, MD, PhD (University of California, San Francisco, CA)

Oral Presentations: Cellular Responses to Exercise in Insulin-Targeted Tissues
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Next Generation Sequencing MEthylation Profiling in Lean and Obese with a Single Bout
of Exercise Samantha Day, BS (Arizona State University, Tempe, AZ)

Oral Presentations: Modulators of Adipose Tissue Inflammation

SGLT2 Inhibition by Empagliflozin Attenuates Obesity-induced Insulin Resistance and
Inflammation by Enhancing Fat Utilization and Macrophage Alternative Activation

Tsuguhito Ota, MD, PhD (Kanazawa University, Japan)

Oral Presentations: Nutrition Research on Diet, Supplements, and Eating Patterns in
Diabetes and Prediabetes

Carnosine: Novel Therapy for Prediabetes Barbora de Courten, MD, PhD (Monash University,

Melbourne, Australia)

Dietary Influences on Insulin Sensitivity: A Randomized, Crossover Study Kim Yoona,

PhD (University of Australia, Adelaide, Australia)

Symposium: FTO Brought Up-to-Date - The FTO Gene Locus in Obesity

The Role of the FTO Obesity Risk Locus in Browning of Human Fat Melina Claussnitzer,

PhD (Harvard Medical School, Boston, MA)

Symposium: The "Imitation Game" for Biology - Can We Break the Codes of Inter-Organ
Cross Talk and Win the War Against Diabetes?

Intervening with Inter-Organ Cross Talk - The Next Frontier in Therapeutics? Randy

Seeley, PhD (University of Michigan, Ann Arbor, MI)

Symposium: Microbiota, Inflammation, and Diabetic Cardiovascular Disease

Interaction Between Diabesity Genes and the Gut Microbiome C. Ronald Kahn, MD (Joslin

Diabetes Center, Boston, MA)

Symposium: More than a Gut Instinct - Potential of the Microbiome from Pregnancy through
the Life Cycle

Overview of the Human Microbiome and Mechanisms for Mediating Metabolic Risk
Michael Rosenbaum, MD (West End Pediatrics, New York, NY)

Bioactive Components of Breast Milk and Evolution of the Infant Microbiome Lars Bode,

PhD (UCSD, San Diego, CA)

The Microbiome Phenotype in Obesity and Type 2 Diabetes Mellitus and Potential
Therapeutics Annick Hartstra, PhD candidate (University of Amsterdam, the Netherlands)

Symposium: Addressing Obesity and Metabolic Disturbances in a Meaningful Way - Are We
There Yet?

Understanding the Mechanisms Underlying Appetite and Obesity Hans-Rudolf Berthoud,

PhD (Louisiana State University, Baton Rouge, LA)

Drug Interventions Arya Sharma, MD (University of Alberta, Edmonton, Canada)

Special Lectures and Addresses

Banting Medal for Scientific Achievement - Adipose Tissue, Inter-Organ Communication,
and the Path to T2D Barbara B. Kahn, MD (Beth Israel Deaconess Medical Center and Harvard

Medical School, Boston, MA)

Hunger-Promoting Hypothalamic Neurons Control Systemic Metabolism and Drive
Complex Behaviors and Longevity Tamas Horvath, PhD (Yale University, New Haven, CT)

Symposium: ADA Pathway to Stop Diabetes Symposium
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The Sense of Smell Impacts Metabolic Health and Obesity Celine Emmanuelle Riera, PhD

(University of California, Berkeley, CA)

Shared Genetic Determinants of Glycemic Traits In and Outside of Pregnancy Marie-

France Hivert, MD (Harvard Pilgrim Health Care Institute, Boston, MA)

Targeting LMPTP for Obesity-Associated Diabetes Therapy Stephanie Stanford, PhD (La

Jolla Institute for Allergy and Immunology, La Jolla, CA)

Symposium: Genetic Analysis of Gut Flora in Diabetes and Metabolic Disease

The Microbiome and Metabolic Disease Rémy Burcelin, PhD (University of Toulouse, France)

Symposium: The Experts "Weigh-In" on Low-Calorie Sweeteners

The Impact of LCS on Weight Management John Peters, PhD (University of Colorado, Aurora,

CO)

Are We Giving People with Diabetes Evidence-based, Practical Advice for Using LCS?
Hope Warshaw (Hope Warshaw Associates, Alexandria, VA)

Symposium: Fifty Winks of Diabetes

The Molecular Clock as a Metabolic Rheostat Joseph Bass, MD, PhD (Northwestern University

Feinberg School of Medicine, Chicago, IL)

Symposium: Metabolic Surgery - Is it Ready for Prime Time?

What is the Cost Effectiveness of Metabolic Surgery for the Treatment of Type 2 Diabetes?
William Herman, MD (University of Michigan, Ann Arbor, MI)

What is the Evidence in Support of Metabolic Surgery for the Treatment of Type 2
Diabetes? Philip Schauer, MD (Cleveland Clinic, Cleveland, OH)

Symposium: Exercise as the Afterburner for the Post-Bariatric Surgery Patient

Metabolic Adaptations that Alter Bioenergetics and Body Composition Kevin Hall, PhD

(NIDDK, Bethesda, MD)

Symposium: When Food Access Is the Problem - Improving Diabetes Care and Outcomes in
Low-Income Populations in the US

Diabetes Nutrition Messaging and Educational Strategies for Low-Income Populations
Kate Hilliard (Food Bank of Corpus Christi, Corpus Christi, TX)

Symposium: Immunobiology of Type 2 Diabetes

NK/NKT Cells in Obesity Mark Esley, PhD (Brigham and Women's Hospital, Boston, MA)

Mini-Symposium: The Feasibility of Doing High-Intensity Interval Training (HIIT) in Persons
with Diabetes

To HIIT or Not to HIIT? Sheri Colberg-Ochs, PhD (Old Dominion University, Virginia Beach, VA)

Corporate Symposium: Options and Outcomes - Individualizing Therapy To Help Your
Patients With T2DM Successfully Achieve Their Weight Loss Goals (Sponsored by the
Institute for Medical and Nursing Education, Inc. and supported by Novo Nordisk)

Summary W. Timothy Garvey, MD (University of Alabama, Birmingham, AL); Davida Kruger (Henry

Ford Health System, Detroit, MI); Donna Ryan, MD (Pennington Biomedical Research Center, Baton Rouge,

Louisiana)

Panel Discussion

Diabetes Complications
Oral Presentations: Hypoglycemia Potpourri
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Severe Hypoglycemic Episodes Are Associated with Falls and Fractures in ACCORD
Ann Schwartz, PhD (UCSF, San Francisco, CA)

Cardiac Effects of Sulfonylurea-Related Hypoglycemia: Increased QT Dynamicity and
Ectopy Timothy Middleton, MBBS (Royal Prince Alfred Hospital, Sydney, Australia)

Oral Presentations: Clinical and Translational Studies in Atherosclerosis of Diabetes

Genetic Predictors of Cardiovascular Mortality During Intensive Glycemic Control in Type
2 Diabetes Hetal Shah, MD (Joslin Diabetes Center, Boston, MA)

Blood Pressure and 25-Year Risk of Coronary Artery Disease (CAD) in Type 1 Diabetes
(t1d): The Pittsburgh Epidemiology of Diabetes Complications (EDC) Study Tina

Costacou, PhD (University of Pittsburgh, Pittsburgh, PA)

Differential Effect of ACEIs and ARBs in Cardiovascular Outcomes in Patients with
Diabetes Louis Potier, MD, PhD (Hôpital Bichat, Paris, France)

Oral Presentations: ADA Presidents Oral Session

Novel Genetic Determinants of Diabetic Kidney Disease Jennifer Todd, MD (Boston Children's

Hospital, MA)

Symposium: Heart Failure and Diabetes

Impact of Specific Antiglycemic Therapies on Heart Failure Risk Steven Marso, MD (UT

Southwestern, Dallas, TX)

Symposium: Microbiota, Inflammation, and Diabetic Cardiovascular Disease

Intestinal Microbiota and Cardiovascular Disease Risk W. H. Wilson Tang, MD (Cleveland

Clinic, Cleveland, OH)

Symposium: Sticks and Stones Can Break My Bones, But What About Diabetes?

Effects of Diabetes Therapeutics on Bone Health John Buse, MD, PhD (University of North

Carolina, Chapel Hill, NC)

Symposium: Hypoglycemia in Special Situations in Diabetes

Factors Affecting Hypoglycemia in Children William Tamborlane, MD (Yale University, New

Haven, CT)

Symposium: Management of Cardiovascular Disease in the Patient with Diabetes -Basic
Cardiology for the Diabetologist

Management of Hypertension in the Patient with Diabetes William Cushman, MD (Memphis

Veterans Affairs Medical Center, Memphis, TN)

Management of Unstable Angina and Myocardial Infarction in the Patient with Diabetes
Yochai Birnbaum, MD (Baylor College of Medicine, Houston, TX)

Symposium: Targeting PCSK9 for Treatment of Hyperlipidemia - Progress and Controversies

Targeting PCSK9 for Treatment of Hyperlipidemia - Progress and Controversies Jay

Horton, MD (University of Texas, Dallas, TX), Evan Stein, MD (Metabolic & Atherosclerosis Research Center,

Cincinnati, OH), Naveed Sattar, MD (University of Glasgow, UK)

Symposium: Paradigm Shifts in Diabetic Kidney Disease

How Much of End-Stage Renal Disease is Attributable to Diabetes? Kevin Abbott, MD

(National Institute of Diabetes and Digestive and Kidney Diseases, Bethesda, MD)

Diabetic Kidney Disease Goes Global - Impact on Health in Latin America Robert Nelson,

MD, PhD (NIDDK, Phoenix, AZ)

Symposium: Epidemiology of Kidney Disease in Diabetes
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Biomarkers of Chronic Kidney Disease - Implications For Use in Diabetes Ian de Boer,

MD (University of Washington, Seattle, WA)

Epidemiology of Acute Kidney Injury in Diabetes Morgan Grams, MD, PhD (Johns Hopkins

University School of Public Health, Baltimore, MD)

Symposium: Innovations in Treating Inflammation for Diabetic Kidney Disease

The Rise of Serum Amyloid A in Diabetic Complications Kevin O'Brien, MD (University of

Washington School of Medicine, Seattle, WA/USA)

Nrf2 Signaling in the Diabetic Kidney: Lessons Learned Carlamaria Zoja, PhD (Mario Negri

Institute for Pharmacological Research, Bergamo, Italy)

The Impact of JAK Inhibitors in Diabetic Kidney Disease Frank Brosius III, MD (University of

Michigan, Ann Arbor, MI)

ADA Diabetes Care Symposium: Lagniappe - A Little Something Different

Best of Diabetes Care 2015: Novel Translational Strategies in the Management of
Diabetes - Persistent Effect of Intensive Glucose Control on Diabetic Retinopathy in Type
2 Diabetes: The ACCORD Follow-on Study Emily Chew, MD (National Eye Institute, Bethesda,

MD)

Symposium: New Advances in Diabetic Retinopathy - What Wikipedia Can't Tell You

What Have We Learned from the Anti-VEGF Clinical Trials? Arup Das, MD, PhD (University

of New Mexico, Albuquerque, NM)

Lipid-Lowering Treatments and Diabetic Retinopathy: A Lipocentric Approach to a
Glucocentric Problem Emily Chew, MD (National Eye Institute, Bethesda, MD)

Symposium: Recent Advances in the Genetics of Diabetic Neuropathy

Genetics of Diabetic Kidney Disease in Type 1 and Type 2 Diabetes - Insights from the
SUMMIT Project Mark McCarthy, MD (Oxford Centre for Diabetes, United Kingdom)

Treatment Algorithms and Strategies
Posters

Change in A1c One Year Following the American Diabetes Association's 2014
PEDICATRIC A1C Guideline Update (164-LB) G Alonso, B Frohnert, and L Pyle

Oral Presentations: The Prediction and Prevention of Diabetes

Intensification of Therapy and Time until A1c Goal Attainment among Patients with New-
Onset Type 2 Diabetes (T2D) Who Fail Metformin Monotherapy within a Large
Integrated Health System Kevin Pantalone, DO (Cleveland Clinic, OH)

Oral Presentations: Beyond Basal Insulin in Type 2 Diabetes - Treatment Intensification
Options

Comparing Treatment Intensification Approaches in Patients with T2D Uncontrolled on
Basal Insulin: Adding Glucagon-like Peptide-1 Receptor Agonists vs. Adding Rapid-Acting
Insulin or Increasing Basal Insulin Dose Philip Levin, MD (Greater Baltimore Medical Center,

Baltimore, MD)

Oral Presentations: Diversifying Our Portfolio of Self-Management Intervention Approaches

Lifestyle Improvement Through Food and Exercise (LIFE): Randomized Trial of a Self-
Management Intervention for Underserved African Americans With Type 2 Diabetes

Elizabeth Lynch, PhD (Rush University, Chicago, IL)
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Oral Presentations: Measuring the Value of Diabetes Care - The Current Epidemiology of
Diabetes-related Health and Well-being

Trends in Medication Use in Patients with Type 2 Diabetes Mellitus (T2DM): Long-Term
View of Real-World Treatment between 2000 and 2015 Victoria Higgins (Adelphi Real World,

Cheshire, UK)

Symposium: This Is How You Do It - Medication Options, Sequence, and Combinations for
Optimal Management of Type 2 Diabetes

Using Combination Approaches - Incretin Plus SGLT2i when Metformin is No Longer
Sufficient Ildiko Lingvay, MD (University of Texas Southwestern, Dallas, TX)

Bringing It All Together - What the Objective Clinician Should Do Christopher Sorli, MD,

PhD (Billings Clinic, MT)

Symposium: Behavioral Intervention Trials - Who Doesn't Respond and Why (Supported by
a grant from The Leona M. and Harry B. Helmsley Charitable Trust)

Theoretical Considerations Around Nonresponse to Interventions David Marrero, PhD

(Indiana University, Indianapolis, IN)

Symposium: Disparities and Social Epidemiology of Diabetes - A Multi-level Approach

Interpersonal Factors in Diabetes Disparities - The Role of the Family, Peers, and
Communication Michele Heisler, MD (University of Michigan, Ann Arbor, MI)

Symposium: Cutting Through the Controversies in Fat, Protein, and Carb Counting in Type 1
Diabetes

The Truth Behind the Scenes: The Physiology of How and Why Fat and Protein Matter
Amir Shafat, PhD (National University of Ireland, Galway, Ireland)

Symposium: Children with Type 1 Diabetes are not Little Adults - Differences in
Pathophysiology

Summary
Differences between Pediatric and Adult Onset Type 1 Diabetes - Pathophysiology
Prediagnosis Peter Gottlieb, MD (Barbara Davis Center, Aurora, CO)

Differences between Pediatric and Adult Onset Type 1 Diabetes - C-Peptide Loss
Postdiagnosis Carla Greenbaum, MD (Benaroya Research Institute, Seattle, WA)

Differences in Development of Disease - Modifying Strategies in Children with Type 1
Diabetes Diane Wherrett, MD (University of Toronto, Ontario, Canada)

Complications - Morbidity/Mortality in those Diagnosed as Children Maria Craig, PhD

(Children's Hospital, Westmead, Australia)

Symposium: Peeling Back the Layers-Addressing Diabetes in the Context of Sub-cultural
Influences

Addressing Diabetes in American Indian and Alaska Native Communities Yvette

Roubideaux, MD, MPH (Elson S. Floyd College of Medicine, Spokane, WA)

Mini Symposium: Patient-Centered Care - Is There Too Much of a Good Thing

Advantages Rene Rodriguez-Gutierrez, MD (Mayo Clinic, Rochester, Minnesota)

Challenges Philip Raskin, MD (UT Southwestern, Dallas, TX)

Panel Discussion Moderator: Patrick O'Connor, MD, MA, MPH (HealthPartners Institute, Minneapolis,

MN) Panelists: Philip Raskin, MD (UT Southwestern, Dallas, TX) and Rene Rodriguez-Gutierrez, MD, MSc

(Mayo Clinic, Rochester, MN)

Policy and Reimbursement
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President, Medicine, and Science Address and Banting Medal for Scientific Achievement

Diabetes at 212° - Confronting the Invisible Disease Desmond Schatz, MD (University of

Florida, Gainesville, FL)

Oral Presentations: Measuring the Value of Diabetes Care - The Current Epidemiology of
Diabetes-related Health and Well-Being

Cost-Effectiveness of the New US Preventive Services Task Force Recommendation on
Screening for Abnormal Blood Glucose and Type 2 Diabetes Thomas Hoerger, PhD (RTI

International, Research Triangle Park, NC)

Oral Presentations: At What Cost? Assessing the Financial Impact of Care Models, Co-Pays,
and Complications in Disease

Effect of High-Deductible Insurance on Acute Diabetes Complications James Wharam,

MB (Harvard Medical School, Boston, MA)

Increases in Expenditures on Glycemic Control Drugs among U.S. Adults with Diabetes,
1987-2013 Xilin Zhou, PhD (CDC, Atlanta, GA)

Trajectory of Excess Medical Expenditures Nine Years Before and After the Onset of
Diabetes Among Adults, 2001-2013 Sundar Shrestha, PhD (Center for Disease Control and

Prevention, Atlanta, GA)

Results from the Natural Experiments for Translation in Diabetes Study: Comparing
Medical and Prescription Costs in Disease-specific and Standard Benefit Plans Over Time

Tannaz Moin, MD (University of California, Los Angeles, CA)

Comparing Direct and Indirect Costs of Type 2 Diabetes across Three Age Ranges in the
US Volker Foos, MSc (IMS Health, Basel, Switzerland)

Out-of-Pocket Medical Expenses for Children and Young Adults with Diabetes: The
Search for Diabetes in Youth Cohort Study Lina Merjaneh, MD (Seattle Children's Hospital,

Seattle, WA/USA)

Chronic Care Model in an Integrated Primary Care Clinic Improves Financial Outcomes
Athena Philis-Tsimikas, MD (Scripps Whittier Diabetes Institute, La Jolla, CA)

Rio Grande Valley's ACO Quantitative Achievements with Type 2 Diabetes Mellitus
Program Jose Peña, MD (Rio Grande Valley Accountable Care Organization, Donna, TX)

Oral Presentations: Weight Loss Intervention Methodology (with Vivian Fonseca Scholar
Award Presentation)

Can Financial Incentives Prevent Diabetes in a Low-Income Population? Jay R. Desai

(HealthPartners Institute for Education and Research, Bloomington, MN)

Symposium: Follow the Money - How Costs and Payments Impact Diabetes Care

Diabetes Care - The Price is Right? Neda Laiteerapong, MD (University of Chicago, IL)

Drug Pricing: How High is too High? David Howard, PhD (Emory University, Atlanta, GA)

Value-Based Reimbursement Robert Gabbay, MD, PhD (Joslin Diabetes Center, Boston, MA)

Symposium: Risk-based Contracting - Preparing for the Inevitable

Policy Rationale and Implications Zirui Song, MD (Harvard Medical School, Boston, MA)

Preparing with Data and Innovation: Making Better Decisions Daneen Vojta, MD

(UnitedHealth Group, Minneapolis, MN)

Symposium: Clinical Models of Improving Kidney Outcomes within the Setting of Diabetes
Care

Population Health Approaches to Improving Care in Underserved Settings Yoshio Hall,

MD (University of Washington, Seattle, WA)
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Symposium: Peeling Back the Layers-Addressing Diabetes in the Context of Sub-Cultural
Influences

Addressing Diabetes in American Indian and Alaska Native Communities Yvette

Roubideaux, MD (Elson S. Floyd College of Medicine, Spokane, WA)

Is "Asian" a Meaningful Category for Studying and Reporting Disparities? Nadia Islam,

PhD (NYU School of Medicine, New York, NY)

Symposium: Real-life and Realistic Evidence from Pragmatic Studies and Natural
Experiments in Diabetes Expansion (or Contraction) of Health System and Insurance Models
that Impact Diabetes Care

Novel Approaches to Assess Policy Interventions Sanjay Basu, MD, PhD (Stanford University,

Palo Alto, CA)

Symposium: Disparities and the Social Epidemiology of Diabetes - A Multi-Level Approach

Neighborhood Factors in Diabetes Disparities Seth Berkowitz, MD (Massachusetts General

Hospital, Boston, MA); Marshall Chin, MD, PHD (University of Chicago, IL)

Food Insecurity, Housing Instability, and Material Deprivation: The Epidemiology of
Unmet Basic Needs in Diabetes John Billimek, PhD (University of California, Irvine, CA)

Current State of Racial and Ethnic Disparities in Diabetes Leonard Egede, MD (Medical

University of South Carolina, Charleston, SC)

Symposium: When Food Access Is the Problem - Improving Diabetes Care and Outcomes in
Low-Income Populations in the U.S.

What We Know about Diabetes Care in Low-Income and Food-Insecure Populations
Seth Berkowitz, MD (Massachusetts General Hospital, Boston, MA)

Professional Interest Group Sessions: Navigating the Drug Development and Approval
Process - Bringing a New Drug to Market

Navigating the Drug Development and Approval Process - Bringing a New Drug to Market
Francis Kalush, PhD (CDER, FDA, Silver Spring, MD)

Medication Error Considerations for Diabetes Medications Ariane Conrad, PharmD (Division

of Medication Error Prevention and Analysis, FDA, Silver Spring, MD)

Professional Interest Group Sessions: Diabetes in Youth

Getting to Goal in Pediatric Type 1 Diabetes - Why and How Lori Laffel, MD, MPH (Harvard

Medical School, Boston, MA)

Getting to Goal in Pediatric Type 1 Diabetes - Why and How Steven Willi, MD (Children's

Hospital of Philadelphia, PA) Panel Discussion Lori Laffel, MD, MPH (Harvard Medical School, Boston,

MA); Sarah Corathers, MD (Cincinnati Children's Hospital Medical Center, OH); Steven Willi, MD (Children's

Hospital of Philadelphia, PA); Linda DiMeglio, MD, MPH (Indiana University School of Medicine, Indianapolis,

IN)

Professional Interest Group Sessions: Behavioral Medicine and Psychology

Integrating Behavioral Health in Diabetes Care - The Thrill of Victory Kimberly Driscoll,

PhD (University of Colorado, Boulder, CO), Michael Harris, PhD (Oregon Health & Science University, Portland,

OR), Neda Laiteerapong, PhD (University of Chicago, IL), Larry Fisher, PhD (UCSF, CA)

Epidemiology, Education, and Additional Topics
ADA Diabetes Care Symposium - Lagniappe - A Little Something Different

Precision Medicine and its Impact on Diabetes Research and Care - The NIH Precision
Medicine Initiative - Implications for Diabetes Research Judith Fradkin, MD (NIDDK,

Bethesda, MD)
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Special Lecture: President, Health Care, & Education Address

Circles of Diabetes Care - From Complexity to Clarity Margaret Powers, PhD (American

Diabetes Association, Alexandria, VA)

Special Lectures and Addresses: Kelly West Award for Outstanding Achievement in
Epidemiology Lecture

The Changing Tides of the Diabetes Epidemic - Smooth Sailing or Troubled Waters
Ahead? Edward Gregg, PhD (Centers for Disease Control and Prevention, Atlanta, GA)

Oral Presentations: Race/Ethnic Differences Matter

Hemoglobin A1c Underestimates Glycemia in African Americans with Sickle Cell Trait:
Results from the Jackson Heart Study and CARDIA Mary E. Lacy, MPH (Brown University,

Providence, RI)

Prevalence of Diagnosed Diabetes and its Risk Factors in the Asian and White Adult
Populations of the United States, 2013-2014 Linda S. Geiss, MS (Centers for Disease Control and

Prevention, Atlanta, GA)

Oral Presentations: Measuring the Value of Diabetes Care - The Current Epidemiology of
Diabetes-related Health and Well-being

Validating the UKPDS Outcome Model 2 Using Data of 94,946 Type 2 Diabetes Patients
in Israel Xiaohui Zhuo, PhD (CDC, Atlanta, GA)

Appropriate Time Horizons for Modelling in Type 2 Diabetes May Improve the Precision
of Economic Evaluation Volker Foos (IMS Health, Danbury, CT)

Oral Presentations: The Prediction and Prevention of Diabetes

Predictors of Hemoglobin A1c Trajectories in Youth with Type 1 Diabetes Christina Shay,

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

Oral Presentations: Across the Ages - Tailoring Intervention to Meet the Need

The Role of Proper Insulin Injection Technique Training in Achieving Good Glycemic
Control Brian Pflug, PharmD (BD, Franklin Lakes, NJ)

Diabetes Self-Management Education: Bridging The Policy-Practice Gap Muili O. Lawal,

PhD (University of West London, UK)

Oral Presentations: Diversifying Our Portfolio of Self-Management Intervention Approaches

Skype-Based Interventions for Teens with Poorly Controlled Diabetes: A Family Affair
Michael Harris, PhD (Oregon Health & Science University, Portland OR)

Oral Presentations: New Genes for Diabetes, Related Traits, and Complications

Deep Sequencing in Multiple-Affected Sibships Identified Rare Variants Contributing to
Risk of Type 1 Diabetes Yan Ge, PhD (University of Florida, Gainesville, FL)

Large-Scale Exome Array Meta-Analyses Identify Numerous Novel Common, Low
Frequency, and Rare-Coding Variants Associated with Glycemic Traits Jennifer Wessel,

PhD (Indiana University Fairbanks School of Public Health, Indianapolis, IN)

Coding Variation and Type 2 Diabetes Risk in 435,386 Individuals Anubha Mahajan, PhD

(University of Oxford, UK)

Posters

Recent Trends in the Prevalence of Type 1 Diabetes (T1D), Type 2 Diabetes (T2D), and
Prediabetes in the US H Caspard, JJ Sheehan, P Fenici, and N Hammar
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Symposium: Beyond A1c - Why Quality of Life Matters (with Richard R. Rubin Award
Lecture)

Developing a Measure of Diabetes Health-related Quality of Life Across the Lifespan -
Preliminary Qualitative Findings Marisa Hilliard, PhD (Baylor College of Medicine and Texas

Children's Hospital, Houston, TX)

Quality of Life - Issues of Conceptualization and Measurement Lawrence Fisher, PhD (UCSF,

San Francisco, CA)

NDEP Symposium: Moving Beyond Lip Service - Getting Serious about Diabetes Self-
Management Education and Support

The Future of Self-Management - What's Emerging from NIH Research? Judith Fradkin,

MD (National Institutes of Health, Bethesda, MD)

Is Diabetes Education Broken? If So, How Do We Fix It? Jodi Krall, PhD (University of

Pittsburgh Diabetes Institute, Pittsburgh, PA)

Symposium: Diabetes Self-Management Education and Support in Type 2 Diabetes - Joint
Position Statement of the ADA, AADE, and AND

Diabetes Self-Management Education and Support - Benefits, Challenges, and Achieving
Performance Measures Amy Hess-Fischl (The University of Chicago Medicine Kovler Diabetes Center,

Chicago, IL)

Guiding Principles and Key Elements of Initial and Ongoing Diabetes Self-Management
Education and Support Martha Funnell (Michigan Diabetes Research and Training Center, Ann Arbor,

MI)

Symposium: How to Succeed at Diabetes Self-Management Education (DSME)

Tapping Internal and External Resources Strengthens DSME Reach Kathryn Parker

(University of Florida Health Shands, Gainesville, FL)

Advancing Diabetic Care from Hospital to Outpatient DSME Using Innovation and Cross-
Departmental Collaboration Nancy Talio, RN (Boca Raton Regional Hospital, FL)

Increasing Access to Diabetes Self-Management Education in Low Resource and
Undeserved Populations Dietrich Taylor, RN (Mississippi State Department of Health, Jackson, MS)

Symposium: The Future of Quality Measurement - Metrics that Matter

Patient-Reported Outcomes Andrea L. Cherrington, MD, MPH (University of Alabama, Birmingham,

AL)

Comprehensive Diabetes and Cardiovascular Quality Measures Patrick O'Connor, MD

(HealthPartners Institute, Minneapolis, MN)

Symposium: New Challenges in Adolescents and Young Adults with Type 2 Diabetes

New Insights on Genetics of Type 2 Diabetes Jose Florez, MD, PhD (Center for Human Genetic

Research, Boston, MA)

Symposium: Moving On Up - Transition to Adulthood and Adult Care for Young Adults with
Type 1 Diabetes

Risk Behaviors Related to T1D Management in Adolescents and Young Adults Diana

Naranjo, PhD (Stanford University, Palo Alto, CA)

Design and Validation of a Transition/Preparation Readiness Skills Measure Joyce Yi-

Frazier, PhD (Seattle Children's Research Institute, Seattle, WA)

Symposium: Impact of Intrauterine Environment on Beta-Cell Dysfunction and Diabetes

Developmental Programming of Type 2 Diabetes Susan E. Ozanne, PhD (University of

Cambridge, UK)
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Symposium: Diabetes and Precision Medicine-What Can We Learn about Diabetes with
"Omics"?

The Promise of Omics for Clinical Care Robert Gerszten, MD (Harvard Medical School and Beth

Isreael Deaconness Medical Center, Boston, MA)

Professional Interest Group Session on Epidemiology and Statistics

Falling Diabetes Incidence in the US - Should We Believe the Data? Mohammed Ali (Emory

University, Atlanta, GA), Elizabeth Selvin, PhD (Johns Hopkins Bloomberg School of Public Health, Baltimore,

MD)

Corporate Events: Insulet Presents - PsychoSocial Management in Diabetes

Summary Barbara Anderson, PhD (Baylor College of Medicine, Houston, TX), Riva Greenberg

(Huffington Post, New York, NY), Lori Laffel, MD (Joslin Diabetes Center, Boston, MA), Gary Scheiner

(Integrated Diabetes Services, Wynnewood, PA)

Generic Drugs
Oral Presentations: ADA Presidents Oral Session

Diabetes Prevention with Pioglitazone in Insulin Resistant Patients with Cerebrovascular
Disease Silvio Inzucchi, MD (Yale School of Medicine, New Haven, CT)

Oral Presentations: Treatment Choices after Orals in Type 2 Diabetes

Efficacy and Durability of Exenatide in Combination with Pioglitazone vs. Basal-Bolus
Insulin in Poorly Controlled Type 2 Diabetic Patients: The QATAR Study Muhammad

Abdul-Ghani, MD, PhD (UT Health Science Center, San Antonio, TX)

Oral Presentations: Hypoglycemia Potpourri

Cardiac Effects of Sulfonylurea-Related Hypoglycemia: Increased QT Dynamicity and
Ectopy Timothy Middleton, MBBS (Royal Prince Alfred Hospital, Sydney, Australia)

Oral Presentations: What's New in Pediatric Type 2 Diabetes?

Initial Presentation of Type 2 Diabetes (T2D) in Adolescents Predicts Durability of
Successful Treatment with Metformin Monotherpy: Insights from the Pediatric Diabetes
Consortium (PDC) T2D Registry Fida Bacha, MD (Baylor College of Medicine, Houston, TX)

Oral Presentations: Treatment and Management of Complications - Can a Dog Really Smell
Hypoglycemia?

The Effect of Metformin Exposure on Neurodegenerative Disease Among Elder Adult
Veterans with Diabetes Mellitus Qian Shi (Tulane University, New Orleans, LA)

Efficacy of Dapagliflozin-Saroglitazar Combination for Treatment of NAFLD in Young
Diabetics Kiran Pal Singh, MD (Fortis Hospital, Mohali, India)

Posters

Coadministration of Canagliflozin (CANA) and Phentermine (PHEN) for Weight
Management in Overweight and Obese Adults (319-LB) PA Hollander, HE Bays, J Rosenstock,

ME Frustaci, A Fung, and N Erondu

Symposium: Metformin Revisited 2016 - New Insights, New Directions

Metformin and the Heart - What Do We Know? Rury Holman, FRCP, FMedSci (University of

Oxford, UK)

Clinical Controversies - Use of Metformin in Patients with Reduced Kidney Function -
Current Data Kasia Lipska, MD (Yale University, New Haven, CT)
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Metformin and the Gut - New Insights into Gut-Based Mechanisms of Metformin -
Physiology and Therapeutic Implications Clifford Bailey, PhD (Aston University, Birmingham,

United Kingdom)

Repurposing Metformin - Metformin and Cancer Risk and Mortality Michael Pollak, MD

(Jewish General Hospital McGill University, Montreal, QC, Canada)

Symposium: Insulin Resistance, Statin Treatment, and Exercise - Incompatible Partners?

Interactions Between Statins, Exercise, and Muscle Symptoms Beth Taylor, PhD (University

of Connecticut, Storrs, Connecticut)

Exhibit Hall and Product Theaters
Exhibit Hall - Devices

Abbott
Alere
Ascensia
BD
Dexcom
Glooko
Insulet
InSpark Technologies
J&J/Animas
J&J/LifeScan
LabStyle
Medtronic
Tandem
Valeritas

Exhibit Hall - Drugs

AstraZeneca
GSK
Intarcia
J&J/Janssen
Lilly
Lilly/BI
MannKind
Merck
Novo Nordisk
Sanofi
Takeda

Exhibit Hall - Obesity

Novo Nordisk (Saxenda)

Exhibit Hall - PCSK-9 Inhibitors

Amgen
Sanofi-Regeneron

Product Theaters
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The Efficacy Mirage in T2D - Why Do Clinical Trial Results Disappear in Clinical Practice
(Sponsored by Intarcia) Steven Edelman, MD (University of California, San Diego, CA); William

Polonsky, PhD, CDE (Behavioral Diabetes Institute, San Diego, CA)

A Treatment Option for Patients who are Severely Insulin Resistant (Sponsored by
Sanofi) Timothy Gilbert, MD (Texas Diabetes & Endocrinology, Dallas, TX) and Jeremy Pettus, MD

(University of California San Diego, San Diego, CA)

Options in Basal Insulin: Basaglar (Sponsored by Lilly/BI) Tom Blevins, MD (Texas Diabetes

& Endocrinology, Austin, TX)

Toujeo: A Once-daily Basal Insulin (Sponsored by Sanofi) Bruce Bode, MD (Atlanta Diabetes

Associates, Atlanta, GA), Bill Polonsky, PhD (University of California San Diego, San Diego, CA) Steven Edelman,

MD (TCOYD, Del Mar, CA), Debbie Hinnen, APRN, CDE (Touro University California, Vallejo, CA)

TCOYD/The diaTribe Foundation 10th Annual Diabetes Forum
Anne Peters, MD (USC, Los Angeles, CA), Jeremy Pettus, MD (UC San Diego, CA), John Anderson, MD (Frist Clinic,
Nashville, TN), Rury Holman, FMedSci (University of Oxford, UK), Steve Edelman, MD (Founder and Director,
TCOYD, Del Mar, CA), and Kelly Close, MBA (Director, The diaTribe Foundation, San Francisco, CA)

Summary

Quotable Quotes

The Most Exciting Areas in Diabetes?
Biggest Concerns and Needs?
What about Adherence?
Advice for the FDA?

Panel Discussion

The diaTribe Foundation's Musings Under the Moon
Jeffrey Brewer (CEO, Bigfoot, Milpitas, CA), Hooman Hakami (President, Medtronic Diabetes, Northridge, CA), James
Mault, MD (Qualcomm Life, Denver, CO), Kyu Rhee, MD (Chief Health Officer, IBM, New York City, NY), Jakob Riis,
PhD (EVP, Novo Nordisk, Copenhagen, Denmark), Kevin Sayer (CEO, Dexcom), Adam Brown (Head of Diabetes
Technology & Digital Health, Close Concerns, San Francisco, CA), and Kelly Close, MBA (Director, The diaTribe
Foundation, San Francisco, CA)

Summary

Quotable Quotes

On the Biggest Opportunity
On the Biggest Challenges
On Business Models

Introductions

Panel Discussion

Our Trip to the Whitney Plantation
Our Trip to the National WWII Museum

Themes

Diabetes Technology

AUTOMATED INSULIN DELIVERY

▪ The AID (Automated Insulin Delivery) field is now moving into the commercialization
stage. Will the first hybrid closed loop system, Medtronic's MiniMed 670G/Enlite 3, be
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on the US market by ADA 2017?! Medtronic reported strong 670G pivotal study results at ADA
(see below), and an FDA submission is planned before the end of this month (June 2016). FDA's Dr.
Courtney Lias even expressed hope during ADA that the review will be quick, and the company's
pre-ADA Analyst Meeting maintained the US launch timing by April 2017. Usability will be key - one
never knows exactly what the difference will be between using a technology "in the wild" (also
known as real life) vs. in a very well managed clinical trial without a parallel control group. Hopes
are high … key opinion leaders are also talking about 2017 commercialization for the 670G, meaning
next year could be the year it all starts.

◦ Meanwhile, commercial systems from 6+ companies are gearing up for
pivotal studies in the next ~6-18 months. Six! Animas, Tandem, TypeZero/
International Diabetes Closed Loop Consortium (IDCL), Beta Bionics, Bigfoot Biomedical,
Insulet, and others have all announced pivotal study plans with commercial devices
(roughly in pivotal trial order), which will make the next couple of years very competitive
and exciting for this field. (See our competitive landscape here.) It's been a fast turnaround
from ADA 2015, where the 670G pivotal study was only beginning, and a transformative
leap from ADA 2014, where the AID discussion focused nearly exclusively on academic
systems.

▪ Medtronic headlined the AID discussion at ADA, presenting very positive results from
the first pivotal study of a commercial system, the MiniMed 670G/Enlite 3 hybrid
closed loop. The single-arm, three-month study in 94 adults and 30 adolescents
compared a two-week open-loop run-in period to 90 days on the 670G, showing a 0.5%
reduction in A1c from a low study baseline of 7.4%; time <70 mg/dl declining 44%
(from 6% to 3%); and time <50 mg/dl declining 40% (1% to 0.6%). It was impressive to see the
impact on A1c, given the strong reduction in hypoglycemia and the very well-controlled population
of pumpers. (We note that the pumpers were spending only 7% of the time below 70 mg/dl - that's
pretty great control to begin with.) Notably, those with a baseline A1c >7.5% actually saw a 1%
reduction after three months on the 670G. Time-in-range (71-180 mg/dl) improved from 67%
during the baseline run-in to 72% during the study, with time >180 declining moderately (27% to
25%). That improvement does not sound so significant, but it was clear from the glucose profiles
that the MiniMed 670G made extreme highs (e.g., 300 mg/dl) more moderate (e.g., ~200 mg/dl) - a
highly valuable improvement, but not showing up as a change to time in 70-180 mg/dl. The glucose
profiles (see below) show how the 670G really tightened the range of glucose values throughout the
entire day in both populations, with particularly strong efficacy overnight and in adolescents. The
new Enlite 3 sensor is a definite improvement, with an overall MARD of 10.3% in this study and
10.5% in its separate pivotal accuracy study.

◦ Overall, we see the 670G pivotal data as meaningful for the entire field of
automated insulin delivery. This single-arm, uncontrolled study was clearly designed
for speed and to prove safety to the FDA, so it's hard to read too much into the efficacy
results, where there were not pre-specified endpoints. Still, reducing A1c 0.5% in well-
controlled patients at the same time hypoglycemia declining 44% is a huge win - and the
results were consistent in adolescents and adults. It's clear that automated insulin delivery
can make a difference even with first-gen hybrid closed loop products, and even in those
doing pretty well. Of course, the hope is it can really improve outcomes for those with
much higher A1cs as well (for example, over >10%) or at high risk of severe hypoglycemia,
groups that were both excluded from this study.

◦ Stanford's Dr. Trang Ly characterized the 670G results as "outstanding," and
said that the biggest challenge will be managing expectations: "This is not going
to cure you," she noted, as the first-gen 670G algorithm is still somewhat conservative, and
hybrid systems like the 670G will still require patient effort - to be specific, carb counting,
manual corrections, infusion set changes, sensor wear and calibrations, etc. The 670G
algorithm itself has ten years of work behind it, but since it only modulates basal insulin
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delivery, it will be most efficacious overnight, and it will clearly not remove all patient
burden during the day. We expect to hear more on the 670G's usability and user-
friendliness as it gets closer to market.

▪ Like so many other products, we expect those automating insulin delivery will
improve with time, and the key will be in consistently improving the benefit-burden
balance to expand the market. What will AID add onto patients' and providers' plates,
and what will it remove? How will this balance vary based on what patients are already using -
e.g., current pump-CGM users vs. MDI-SMBG users - and how will it change as insulins continue to
improve, Bluetooth pens emerge, and standalone CGM sees better value with enhanced apps?

◦ First-gen AID technology will likely be an upgrade for many current pump-
CGM users, though the bar will be high for MDI-SMBG users - going from zero to
two devices on the body will increase burden and cost, which means the corresponding
improvement in outcomes needs to be big. For how many will that be worth it with gen
one, gen two, etc.? What percentage of MDIs will ultimately wear AID systems?

◦ What will most differentiate closed loop systems in a few years: outcomes/
reimbursement, form factor, user interface, algorithms, other hormones,
etc.? What will the adoption curve look like in five or ten years? What feature(s) will be
the killer app(s) for AID that drive adoption - Full automation without meal
announcement? Factory calibrated CGM? Smaller on-body devices? Integrated CGM/
pump infusion sets? Will AID ever become standard of care in type 1? Will this technology
appeals to MDIs that are struggling to manage blood glucose?

▪ The nuances of pivotal study design, standardizing outcome metrics, the
reimbursement landscape, and the psychosocial impact are now top of mind in the
field. Though these have always been in the discussion, all emerged as themes at JDRF's annual
Closed-Loop Research Meeting as well as in countless Closed Loop discussions, and all reminded us
that the commercial side of closing the loop presents awesome design opportunities and nuanced
challenges. Which system(s) and companies will nail these aspects in the coming years?

◦ Pivotal Study Design: MGH's Dr. Steven Russell summarized a soon-to-be-published
Diabetes Care paper he co-authored with Dr. Roy Beck, sharing pivotal study design
recommendations for AID systems - this will be fantastic to see! Drs. Beck and Russell
recommend broad study inclusion criteria (MDIs included, wide age and A1c ranges), use
of A1c and time <60 mg/dl as primary endpoints, a parallel group design (faster), 6-12
months in length, and compared to usual care. Pivotal AP studies have several goals
besides regulatory approval - advantageous labeling, reimbursement, prescribing by
practitioners, and adoption by patients - meaning study design decisions now will be
critical down the road.

◦ Reimbursement: Avalere Health's Amanda Bartelme gave a fascinating overview of AID
reimbursement, highlighting some of the key challenges: too much payer focus on A1c,
hard-to-predict contracting negotiations, data needs that differ from FDA approval
requirements, and more. Ms. Bartelme cautioned that "if a payer thinks every type 1
patient wants to go on this tomorrow, that's huge dollar signs and huge panic." It served as
a reminder that nothing is a given with payers in this environment - even AID devices that
reduce A1c, hypoglycemia, and patient burden will have to demonstrate return-on-
investment, and ideally, short-term. Q&A sessions throughout the conference also
expressed worry about AID reimbursement, as many clinicians are still battling payers to
even cover CGM. From what we can tell, Medtronic will pursue the existing reimbursement
channels for the MiniMed 670G (i.e., sensor-augmented pump reimbursed via DME),
though this field seems ripe for a new business model (e.g., AID for $75 a month).

◦ Standardizing Outcomes Metrics: Barbara Davis Center's Dr. David Maahs (soon to
be at Stanford) summarized another upcoming Diabetes Care paper focused on
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standardizing a short set of basic, easily interpreted outcomes in artificial pancreas studies.
The paper has 24 authors, many of whom are considered leading thinkers in the field. The
goal is for the entire field to report study outcomes the same way, easing interpretation,
enabling basic comparison between studies, and accelerating adoption via regulators,
HCPs, payers, and patients. We love this move!

◦ Psychosocial impact: Stanford's Dr. Korey Hood shared that a full set of validated
questionnaires will be available by Fall 2016 to assess the psychosocial impact of
automated insulin delivery. There are high expectations that AID will help manage
glycemia and improve quality of life, but the field is still in need of tools to help regulatory
approval bodies, payers, HCPs, and patients assess systems' full benefit-risk balance. How
do we measure better quality of life due to less diabetes-related stress or better sleep? As
insulin delivery becomes automated, how do we protect against deskilling and human-
machine interaction failures and confusion? What is the stigma associated with carrying
extra devices in those not currently using a pump or CGM? Experiences will fall along a
spectrum, of course, but these are critical questions as AID systems are on the cusp of
commercialization. We hope these new questionnaires can help add context to the non-
glycemic benefits of AID systems, and perhaps identify those that are optimal candidates
for the technology. Our greatest hope is that AID massively improves outcomes and quality
of life in those struggling on current therapies, whether they are using MDI, pump, SMBG,
or CGM.

▪ Many called for closed-loop devices to include algorithms with customizable glucose
targets. A patient panel at Diabetes Mine's D-Data Exchange was clear that adjusting an
algorithm's aggressiveness is very key - some patients want more control, particularly in early-
generation systems that will err on the conservative side. Indeed, Stanford's Dr. Trang Ly pointed to
this as an area for improvement in the Medtronic MiniMed 670G, which targets 120 mg/dl and does
not allow the user to lower the target. The Bionic Pancreas team's work comparing insulin-only to
bihormonal control at different glycemic targets echoes the same point - an algorithm's target does
influence mean glucose and hypoglycemia, sometimes significantly so. Of course, there is a tough
balance between customizability and simplicity - tweaking every parameter might be ideal for early
adopters, but will add too much complexity that could hinder adoption. It's a very delicate
equilibrium, though targets will certainly go down over time as insulins get faster, sensors improve
further, and the FDA and companies get more comfortable with these systems. It will be interesting
to compare different commercial systems' algorithms once they are available, as there may be
meaningful differences in aggressiveness, meal announcement burden, initialization and training
requirements, alarms, level of adaptation, and more.

▪ ADA 2016 shed the most light yet on OpenAPS, the DIY automated insulin delivery
system created by Ben West, Dana Lewis, and Scott Leibrand. The community now has
80 users and has over 150,000 hours of AID use outside any clinical trial setting. An
illuminating late-breaking poster presented fascinating data from 18 out of the first 40
OpenAPS users. Self-reported outcome measures showed median A1c dropped from 7.1% to 6.2%,
an impressive 0.9% reduction in a well-controlled and motivated population. Self-reported median
percent time-in-range (80-180 mg/dl) increased from 58% to 81%. Fourteen out of 15 respondents
reported some improvement in sleep quality, and 56% reported a large improvement. Respondents
were "extremely satisfied with the "life changing" improvements associated with using an APS," even
if they "require significant effort to build and maintain" and "cannot be considered a technological
cure." Though such "hacked together" DIY systems are often perceived as unsafe, the OpenAPS
design considerations posted here show how it is designed for safety (e.g., only temporary basals, no
automatic correction boluses, etc. - much like the 670G hybrid closed loop).

◦ The "unapproved" OpenAPS concerned some clinicians at ADA. Overall, the small
community left us with positive takeaways for the field: (i) automated insulin delivery can
make a huge glycemic and quality of life difference, even for well-controlled patients; (ii)
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even though this DIY system is burdensome to set up and wear, patients would not do it
and use it unless the benefits were worthwhile (hopefully a good sign for fully integrated
commercial systems); (iii) lots of learning is occurring in the OpenAPS community that
could be leveraged for commercial systems; (iv) OpenAPS could push the FDA and
industry to move faster, and that is a good thing; and (v) the relative risks here seem low,
given the involved burden of setup, the solid design for safety, and the real-world dangers
of insulin therapy.

▪ Some of the most compelling AID data came from the Cambridge team, who tested
their system in inpatient type 2 diabetes - the first of this kind of closed-loop study
ever done. The study shared striking improvements in efficacy and safety vs. the truly
grim standard of care achieved with open-loop in the hospital. The parallel-arm study
randomized 24 patients to receive either closed-loop therapy (n=12) or conventional subcutaneous
insulin therapy per clinical guidelines with masked CGM (n=12) for a period of 72 hours. The data
looked outstanding and terrifying at the same time - closed-loop control significantly improved
time-in-target from 38% to 61% for the 100-180 mg/dl range (p<0.001). Mean glucose improved
from 182 mg/dl to 161 mg/dl, just shy of statistical significance (p=0.065). The study used the
Cambridge algorithm with unannounced meals, which made control much harder in the closed-loop
arm. There was absolutely no difference in hypoglycemia (0% in both groups), and no severe
hypoglycemia or adverse events were observed. We left the presentation reminded yet again of the
very negative state of current inpatient glucose management. Indeed, we were downright
disheartened by the standard of care overnight (mean glucose = 202 mg/dl), and the findings served
as a striking reminder of: (i) the need for glucose management education in the hospital setting; and
(ii) the great potential for inpatient technology to improve diabetes management and resulting
outcomes. The tendency to accept hyperglycemia in inpatients is truly wrong, and we look forward
to more studies of AID in this population.

▪ This ADA featured less insulin-only vs. bihormonal debate than at ATTD 2016 or last
year's Scientific Sessions. The need for a stabilized glucagon with chronic exposure
data has pushed the Bionic Pancreas' bihormonal timing to 2019-2020. Dr. Ed
Damiano, CEO of Beta Bionics, revealed that Zealand's liquid stable glucagon analog
will be tested in clinical trials with the fully integrated iLet bionic pancreas in 2H16.
The pivotal studies of the insulin-only iLet are still expected to start in 2Q17, with an FDA
submission planned for the end of 2017. The bihormonal pivotal trial, which will begin after the start
of the insulin-only pivotal trial, will require that a subset of the study cohort use the iLet for 12
months in order to gain chronic glucagon exposure for a new indication for use of glucagon in a
bihormonal bionic pancreas. That puts the bihormonal FDA submission timing into ~early 2019,
putting potential approval around late 2019 or 2020.

◦ Timing aside, glucagon does allow more patients to reach a mean glucose <154
mg/dl without increasing hypoglycemia. The Bionic Pancreas team again shared
their fascinating insulin-only vs. bihormonal glycemic target studies, first discussed at
ATTD. The randomized, crossover study (n=20) compared usual care to insulin-only and
bihormonal versions of the Bionic Pancreas at different glycemic targets (insulin-only: 130
and 145 mg/dl; bihormonal: 100, 115, 130 mg/dl) over three-day experiments. The insulin-
only and bihormonal systems were actually very similar with a glycemic target of 130 mg/
dl: a mean glucose of 161 vs. 156 mg/dl and time <60 mg/dl of 0.8% vs. 0.5%. As the
bihormonal target dropped to 115 and 110 mg/dl, mean glucose improved to 146 and 136
mg/dl without increasing hypoglycemia. The team is now exploring an insulin-only target
of 110 mg/dl, as the use of 130 mg/dl was intentionally conservative.

GLUCOSE MONITORING

▪ ADA 2016 was a BIG meeting for sensor outcomes data: Dexcom's DIaMonD study
(testing CGM in MDI) and Abbott's IMPACT study (testing FreeStyle Libre in well-
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controlled type 1s) both impressed. Both studies represented strong and positive results for
Dexcom, Abbott and the entire field, and a signal of how far industry has come and where things are
going in the future: proving outcomes.

◦ Dexcom's DIaMonD study randomized MDI users to six months of CGM
(n=105) or six months of usual care (n=53). A1c declined a strong 0.9% with
CGM at six months vs. -0.4% with usual care (baseline: 8.6%), for an adjusted
mean difference of -0.6% in favor of CGM (p<0.001). The advantage for CGM was
impressively consistent across age, baseline hypoglycemia, education, and diabetes
numeracy - 60+ year-old CGM users saw the same benefit as 25-60 year-old users in this
study. At the same time A1c declined, hypoglycemia significantly improved with CGM: a
30% improvement in time <70 mg/dl (-23 mins/day; p=0.006) and a strong 50%
improvement in time <50 mg/dl (-11 mins per day; p=0.005), both outperforming 17% and
21% improvements with usual care (-15 mins, -6 mins). While the absolute reductions are
not huge here, the high A1c baseline patients were not experiencing an overwhelming
amount of hypoglycemia at baseline. On the high end, CGM users were spending 83 fewer
minutes per day above range (>180 mg/dl) at 24 weeks, while the usual care group was
spending nine more minutes per day above range (p=0.04). That translated to CGM users
spending an hour more per day in range (70-180 mg/dl) at 24 weeks, while the usual care
group spent 15 fewer minutes per day in range (p=0.006). CGM trended towards less
severe hypoglycemia: a 2% rate (two out of 105 patients) vs. a 4% rate in usual care (two
out of 53 patients). Glycemic variability also improved a bit with CGM (median CV: 42% to
38%), but did not change in usual care (42% to 42%) (p<0.001). Daily SMBG tests declined
as expected in the CGM group (from 5.1/day to 3.6/day), but stayed roughly similar in the
usual care group (5.1/day to 4.6/day) (p<0.001). CGM wear >6 days per week was seen in
an impressive 89% of patients at six months, a testament to the better technology and the
tight adherence criteria (>85% wear) patients had to demonstrate during the blinded CGM
phase before randomization.

◦ DIaMonD shows that MDI users not at glycemic target can definitely
benefit from CGM - getting a meaningful reduction in A1c (-0.9% from
baseline), shaving off highs, cutting their time in mild and dangerous
hypoglycemia, and improving variability. We hope this large randomized
study can help influence more CGM prescribing in MDIs, countering the "pump
first" mentality that Dexcom has always battled. More importantly, we hope
DIaMonD can influence professional guidelines and further improvement CGM
reimbursement. DIaMonD is also a milestone for Dexcom, who has never run an
outcomes study, and will need to do more to keep up with Medtronic's and
Abbott's growing lists. Phase 2 of the study will cross some of the MDI patients
over to pumps, so we'll eventually see if insulin delivery method makes a
difference. We want to see tools driving therapeutic change and creating "higher
quality" A1cs and this certainly seemed to happen here.

◦ Abbott's IMPACT study compared FreeStyle Libre to SMBG in type 1 patients
in very good control (baseline A1c: 6.7 %). The study met its primary endpoint
at six months - relative to the control group, patients using FreeStyle Libre
spent a striking ~74 minutes fewer per day <70 mg/dl (a 38% reduction;
p<0.001). Pre-specified secondary endpoints were particularly compelling - patients using
Libre spent ~49 minutes fewer per day <55 mg/dl (a 50% reduction; p<0.0001) and ~33
minutes fewer per day <45 mg/dl (a 60% reduction; p<0.0001). Measures of nocturnal
hypoglycemia were also significantly lower with FreeStyle Libre as patients spent ~28
minutes fewer per night (a 40% reduction; p<0.0001) in hypoglycemia. Patients using
Libre spent ~22 minutes fewer per day in extreme hyperglycemia > 240 mg/dl (p=0.02)
and spent ~60 minutes greater/day between 70-180 mg/dl (p=0.0006). There was not a
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significant difference in A1c between the groups, and both saw a marginal ~0.15% increase
by the end of the study - a positive given that these patients were spending three hours per
day in hypoglycemia at baseline! In other words, FreeStyle Libre prompted a higher quality
A1c, with one hour less hypoglycemia per day. The factory-calibrated sensor pretty much
completely replaced fingerstick testing, suggesting a high level of confidence in its
accuracy: SMBG frequency with FreeStyle Libre fell from a mean of ~5.5 tests/day at
baseline to 0.5 tests/day (one every two days) at six months, a testament to the real-world
accuracy in patients on insulin therapy. This is very good news as it seeks FDA approval,
with now two large RCTs (REPLACE at ATTD and now IMPACT) backing up this finding.

◦ IMPACT highlights the truly scary amount of hypoglycemia type 1s on
insulin therapy are experiencing every day, and the tremendous
challenges of dosing insulin as A1c approaches goal - all patients at
baseline were spending ~200 minutes per day <70 mg/dl!!! The hypoglycemia
data discussed above is very clinically meaningful (-74 minutes per day), and
there is still room to improve therapeutic approaches: patients on Libre were still
spending two hours <70 mg/dl per day at six months. Was the residual
hypoglycemia driven by over-treating hyperglycemia while on FreeStyle Libre
(so-called "hyper avoidance" in intensively managed patients)? Could that be
managed with better education? Meanwhile, standard of care patients were still
spending over three hours <70 mg/dl per day, no big change from baseline. In
that sense, the results tell us as much about FreeStyle Libre's ability to reduce
hypoglycemia as they do about the real-world dangers of insulin therapy,
especially in "well controlled" patients skating close to the edge; three hours per
day in hypoglycemia is downright dangerous, at the same time these patients
would be congratulated for getting below 7%. Avoiding lows on insulin therapy is
truly difficult as A1c gets below 7%, and we're not sure that delicate balance is
appreciated enough. Libre and other sensors can help quantify that, and we hope
clinical decision support software will help HCPs and patients start to titrate
insulin in a data-driven way.

▪ Where are glucose sensors going? Accuracy and reliability remain absolutely
necessary, but they are no longer sufficient in this cost competitive, outcomes-driven,
increasingly digital healthcare environment. It was just three years ago that ADA 2013
featured an entire oral session devoted to CGM accuracy and reliability. With multiple companies
boasting available or upcoming sensors with MARDs of ~9-12%, the entire field has clearly picked
up its game. Now, accuracy and reliability are the minimum criteria for any new sensor, as there is
much more to consider: cost; clinical outcomes data to drive reimbursement; fingerstick
calibrations; on-body size; prescribing hassle; connectivity, mobile apps, and clinical decision
support software; etc. There is still tremendous room to expand the market, but the race is on to
offer the most cost-effective and clinically impactful sensor system and to convince payers and
patients of the added value. What will payers think of Dexcom's DiaMond and Abbott's REPLACE/
IMPACT studies? Will they see this technology as very positive return-on-investment and standard-
of-care therapy in type 1 diabetes? Will they make it less of a hassle to get on CGM, even in the US
(e.g., no more prior authorizations, appeals, documentation)? Will outcomes and healtheconomic
studies be the key frontier on which sensor battles are fought?

◦ Automated insulin delivery will be a net positive for the CGM field, though
with strong standalone sensor outcomes, will payers do a double take? "Wait,
do we really need to cover an automated insulin delivery system (pump and CGM) if
patients can get good outcomes with a sensor on MDI?" In that sense, do IMPACT and
DIaMonD represent a threat to automated insulin delivery reimbursement? It's hard to
know, but these studies put some pressure on AID systems to show an additional,
incremental advantage over best-in-class standalone sensors - particularly because
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improved apps, pattern recognition, and decision support software are going to make
standalone sensors much better.

▪ Will the FDA approve a non-adjunctive (BGM replacement) claim for CGM? Dexcom
gave a persuasive preview of what we might expect at the July 21 FDA meeting. In short,
the risk of an insulin overdose with Dexcom CGM was very low (~0-3%) based on the frequency of
erroneously reading 20% or more above YSI in its pivotal trials. The retrospective risk analysis
analyzed the two accuracy trials of the G4 Platinum + Software 505 (the same algorithm as in G5) in
patients 2-17 years old (n=79) and 18+ years (n=51) vs. YSI. Dr. Walker concluded that G5 mobile is
safe for diabetes decision-making, the risk for overdosing is likely minimal, and alerts and alarms
further reduce the risk associated with non-adjunctive use of CGM. By contrast, patients using BGM
for decision making get point in time snapshots, with no reference to direction, rate of change, or
alerts and alarms, plus numerous interfering substances (not to mention hand washing and
questionable meter accuracy in the post competitive bidding era). We thought it was a persuasive
presentation and look forward to the full case Dexcom presents in a few weeks. Insulin dosing isn't
included on any BGM label, and we wonder how the FDA will approach that irony on July 21.

DATA AND DIGITAL HEALTH

▪ The International Diabetes Center signed agreements to license its one-page,
standardized Ambulatory Glucose Profile (AGP) report to Roche, Abbott, Diasend,
and Glooko. This news marks an important step towards device-agnostic BGM/CGM download
report standardization, which should improve clinical efficiency, hopefully drive less overwhelm and
greater therapeutic change, and perhaps even expand adoption of CGM. Dr. Rich Bergenstal told us
three other device companies and aggregators are expected to sign similar agreements in "the next
month" - the big glucose monitoring players that have not signed on yet include Ascensia, Dexcom,
J&J/LifeScan, and Medtronic. Ultimately, the vision for AGP is to become the EKG report of glucose
data - something every clinician understands how to interpret and use - and we hope this creates
momentum and pressure for every device company to sign on. Not every company is going to get
what they want with a standardized report, but the field will benefit significantly from consensus,
and companies can obviously innovate on top of AGP. This has been a long time in the making, as
the IDC/Helmsley Charitable Trust expert panel on this topic convened in 2012, and the follow-up
joint publication appeared in DT&T/JDST in 2013. Kudos to IDC, the Helmsley Charitable Trust,
and so many advocates for pushing this forward, and we cannot to see how AGP is implemented and
what impact it has on the field.

◦ The partnerships give the companies the right to use the AGP in all their
diabetes devices and existing software; the agreement with Abbott extends the
groups' existing partnership to other devices, since AGP is already used to visualize
downloaded FreeStyle Libre glucose data. The Glooko agreement to use AGP will
presumably allow Medtronic and Dexcom CGM data to be displayed in the one-page
standardized format, though we wonder if both players will formally sign on. Presumably
this expansion also means Roche's CGM may use AGP when it launches.

▪ Medtronic was extremely active on the diabetes data front at ADA, announcing
summer updates to CareLink to help optimize pump settings, summer launches of the
Glooko and IBM Watson partnerships, and a new food app partnership with Nutrino.
It's such a far cry from the siloed, proprietary Medtronic of three years ago, who simply did not
partner and share data, and did not have a pipeline of mobile apps.

◦ Next-gen CareLink Pro reports to optimize basal and bolus settings: These will
launch this summer and identify optimal insulin:carb ratio, insulin sensitivity factor, and
basal rate change. CareLink will suggest which time of day and direction pump settings
should change (Increase basal rate from 8am - 12pm). These are step short of the exact
recommendations DreaMed will provide with Glooko ("change basal rate to 0.75 u/hr from
8am-12 pm"), but a clear improvement over the status quo!
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◦ Glooko compatibility: Medtronic pump/CGM devices will (finally!) be compatible with
Glooko's web-based software, kiosk, and mobile app in July. This integration has been
more than a year in the making (Medtronic invested in Glooko last March) and we give
HUGE kudos to Glooko (and particularly Holly McGarraugh) for breaking open the
Medtronic CareLink data silo.

◦ Medtronic/IBM Watson Health app, SugarWise: The app is officially named
"SugarWise (bringing insight to blood sugars) and is still expected to launch this summer.
The first generation app will analyze retrospective data and provide insights based on past
CGM, insulin, and nutrition data. The retrospective example from the pre-ADA Analyst
Meeting said, "In the last 30 days, high glucose pattern found usually after glazed donut for
breakfast." A future-generation version will add the hypoglycemia prediction feature that
we first saw at CES in January - unfortunate this won't be in gen one.

◦ Nutrino food app: The beta app launched during ADA for customers who use MiniMed
Connect, providing an individualized picture of how daily food intake and other measures
impact glucose levels - see the video here and download the app here. The app reads from
Apple's HealthKit, meaning it should work with Dexcom CGM and Bluetooth meters too
(we have not fully tested it yet).

▪ Abbott also had several key digital health announcements related to FreeStyle Libre at
ADA, continuing the entire field's move into connectivity, apps, and cloud-based
software: (i) its LibreLink Android app for scanning FreeStyle Libre sensors has officially launched
in Sweden and the Netherlands on Google Play and more countries are coming by end of month; (ii)
a new integration agreement with Diasend enables data from the LibreLink app to automatically
populate a patient's diasend account wirelessly and passively ; and (iii) LibreView was unveiled in
the exhibit hall, Abbott's cloud-based data management software. It is excellent to see Abbott,
Dexcom (G5), and Medtronic (MiniMed Connect) all offering mobile app data viewing and passive
download to the cloud - now, we hope the magic of really driving therapeutic change with smart
algorithms can begin! Abbott's LibreLink is the only one of the three apps to offer direct Android
compatibility for the patient, as both MiniMed Connect and G5 only work with a patient's Apple iOS
device. (Both allow followers to use Android, and both plan to launch Android patient apps this
year).

▪ In addition to the Medtronic progress, IBM Watson announced three more (!)
diabetes partnerships with: (i) ADA to create a sophisticated diabetes advisor to help inform
treatment decisions; (ii) HelpAround to provide crowd-sourced, on-demand help to people with
diabetes who need it; and (iii) a predictive model to predict retinopathy risk with Israeli HMO
Maccabi Healthcare. These augment the Medtronic Diabetes work (see above) and the Novo Nordisk
partnership signed last December. With all these partnerships, Watson brings tremendous potential
to improve prescribing, to personalize therapy, to improve prediction, and to make sense of all the
data that already exists.

◦ ADA: ADA CEO Mr. Kevin Hagan announced an exciting long-term partnership with IBM
Watson to create a sophisticated diabetes advisor to help inform treatment decisions, plus
potential apps for patients and researchers. Clinical decision support and more
personalized therapy are clear goals - we can imagine a "Dr. Watson Advisor" that tells
clinicians at the point-of-care what therapy to prescribe for a given patient at a given time,
similar to its compelling work in cancer - leveraging the entire history of diabetes clinical
trials, a patient's entire case history, and perhaps genomic and other data to give evidence-
based, confidence-ranked recommendations. What clinician wouldn't love that? A new
Watson-based innovation program, "Challenge Diabetes," is also pushing developers to
propose apps that will improve the lives of people with diabetes or prediabetes;
submissions begin this summer and finalists will be announced this fall. We are elated to
see this partnership and wonder if something would be ready by ADA 2017!
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◦ HelpAround: HelpAround is a fascinating "mobile safety net for people with diabetes,"
an app that allows patients and caregivers to ask questions and even find supplies from
local patients in moments of need. The IBM Watson partnership will "analyze every help
request in real-time, assess its sentiment and tone, and identify frustrations,
dissatisfaction and expressions of urgency," helping further optimize the network of
assistance. For example, recognizing in real-time that an individual is in distress in regards
to their insulin or glucose levels will allow HelpAround to connect the patient with other
insulin users, a nearby retailer, or even a chat with the insulin manufacturer.

◦ Retinopathy: This Watson partnership with Israeli HMO Maccabi Healthcare will use
machine learning to retrospectively sift through 20 years of data on two million patients to
identify who is at risk of retinal damage. The information will be used to design
personalized eye examination plans. Theoretically, this same paradigm could be applied to
any number of diabetes complications in the future, so that they are caught and treated
earlier in development. Nice!

Diabetes Drugs

CARDIOVASCULAR OUTCOMES TRIALS

▪ While LEADER was arguably one of the more likely diabetes drug CVOTs to
demonstrate cardioprotection, the results were nonetheless surprisingly positive
(from a historical sense) and monumental - cardioprotection and renal protection
announced simultaneously. There has been speculation about the potential for cardioprotection
with GLP-1 agonists for some time due to the class' positive effects on weight, blood pressure, and
lipids and possible direct effects on the heart and vasculature. Novo Nordisk had expressed cautious
optimism in several quarterly updates (most recently in 3Q15) that LEADER would be more likely
than most CVOTs to reveal any benefit that existed due to its greater individual patient exposure
compared to other trials (mandated minimum exposure of 3.5 years per patient and total exposure
of over 30,000 patient-years). That said, there were also many reasons to expect a neutral outcome:
the trial was only powered to show non-inferiority, it enrolled a high-risk patient population, any
effect of GLP-1 agonists on CVD was expected to be subtle and gradual, and the only other GLP-1
agonist CVOT to report (ELIXA for Sanofi's lixisenatide) had demonstrated neutral results. In that
context, these results were certainly a pleasant surprise and a groundbreaking moment for the type
2 diabetes field.

▪ The early consensus seems to be that the benefits in LEADER were most likely related
to atherosclerosis. This was the main hypothesized mechanism of CV benefit for GLP-1 agonists
before the results were released, as the class positively affects a number of endpoints related to
atherosclerosis (e.g., glucose, blood pressure, weight) and may have direct effects on reducing
arterial plaque. Speakers at the press briefing for LEADER and in the main results presentation
agreed that the results appeared consistent with an atherosclerotic mechanism: the effects took
some time to appear and increased over the course of the trial, and they were relatively consistent
across multiple atherosclerotic endpoints. This is in marked contrast with the EMPA-REG
OUTCOME results for Lilly/BI's Jardiance (empagliflozin), which demonstrated an immediate effect
on heart failure and CV mortality and little to no signal of an effect on MI or stroke. While we expect
plenty of further speculation and investigation of the exact mechanism of benefit in LEADER (Dr.
Laurie Baggio offered a few specific hypotheses in her discussant presentation), the field appears to
be closer to a consensus hypothesis in this case compared to EMPA-REG OUTCOME.

▪ We have many remaining questions about the clinical implications of the results that
could take years to resolve. Dr. John Buse (University of North Carolina, Chapel Hill, NC)
emphasized in his concluding presentation that the results should only be applied to the specific
patient population enrolled in LEADER - those with longstanding type 2 diabetes and high CV risk.
We expect that any updates to the Victoza label and to type 2 diabetes treatment guidelines will only
be applied to this population in the absence of what would be a very expensive trial in a lower-risk
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population. However, we also imagine that many clinicians may incorporate the results into their
risk/benefit calculus for Victoza even for lower-risk patients. We are also very curious to see what
the implications will be for Saxenda (liraglutide 3.0 mg for obesity), which is unlikely to undergo a
CVOT of its own. We would love to see Novo Nordisk conduct a CVOT for the more potent GLP-1
agonist semaglutide in patients with obesity and without type 2 diabetes, though we understand
such a trial would also be very expensive. The question of a GLP-1 agonist class effect on CV
outcomes is sure to be a hot topic for the next several years as CVOTs for other agents report results.
In the near term, we expect the results to bolster the class as a whole but to disproportionately
benefit Victoza until additional CVOTs report data. It will be very interesting to see how clinicians
weigh the demonstrated CV benefits with Victoza against advantages like once weekly dosing with
Lilly's Trulicity (dulaglutide) or guaranteed adherence with Intarcia's ITCA 650 (implantable
exenatide mini-pump).

▪ We are very curious to see how the LEADER and EMPA-REG OUTCOME results will be
judged relative to each other. Will GLP-1 agonists and SGLT-2 inhibitors (or the specific agents
in each class that have demonstrated CV benefit) both be considered preferred second-line
treatments for all patients at high CV risk? Will the recommendations be different depending on the
specific type of CV risk (i.e., empagliflozin for heart failure and liraglutide for atherosclerosis)? The
prospect of combination therapy with two drugs that reduce CV risk by different mechanisms is also
an intriguing one, though one attendee during a Tuesday session on EMPA-REG OUTCOME raised
the possibility that the two mechanisms could actually work against each other if liraglutide reduces
ketone body production that is contributing to the benefit with empagliflozin.

▪ Large-scale changes to the FDA's 2008 CV Guidance appear increasingly unlikely now
that two CVOTs have reported positive results. The consensus opinion has certainly changed
from a year ago, when the streak of four completely neutral trials (SAVOR, EXAMINE, TECOS, and
ELIXA) had raised questions about whether the value of these trials was worth the massive
investment. Now that two trials have revealed important benefits that might otherwise have
remained unknown, we have heard several speakers (including Dr. Darren McGuire and Dr. Steve
Nissen at AACE) argue strongly that the field is getting its money's worth from these studies. Even
some previous opponents of the FDA Guidance have changed their opinions over the past year - for
example, Dr. Silvio Inzucchi (Yale University, New Haven, CT) stated at EASD that he was prepared
to completely revise his previous assessment of the requirements in light of the EMPA-REG
OUTCOME results. At the same time, the FDA officially eliminated the Risk Evaluation and
Mitigation Strategy for rosiglitazone last December, effectively declaring the main rationale for the
2008 Guidance to be invalid. We also continue to question whether an across-the-board CVOT
requirement with the same guidelines for all diabetes drugs is the most effective tool to assess the
risks and benefits of new products. We believe that a more nuanced approach, in which drugs with a
signal for CV risk would be required to conduct a safety trial and those with potential for benefit
would be required or incentivized to conduct a superiority trial, would offer the most value to the
field.

▪ An intriguing new "fuel energetics" hypothesis for the mechanism of benefit in EMPA-
REG OUTCOME generated plenty of discussion at this year's ADA. The thrust of this
hypothesis, outlined in a paper published in Diabetes and a presentation by Dr. Ele Ferrannini
(University of Pisa, Italy), is that the shift toward ketone body production with SGLT-2 inhibitors
(which has been discussed primarily in the context of increased risk of ketoacidosis) might have
cardioprotective effects. In his model, the increased availability of lipid substrates with SGLT-2
inhibitors (due to increased glucagon production and decreased insulin and glucose levels) leads the
liver to produce more ketone bodies, which are then taken up by the heart and act as very efficient
fuel sources. The increased hematocrit (higher ratio of oxygen-carrying red blood cells to total blood
volume) seen with SGLT-2 inhibitors could also lead to more oxygen being delivered to the heart.
That combination of more oxygen and more efficient energy utilization could improve the heart's
contractile ability and lessen the strain on a failing heart. A separate paper and presentation by Dr.
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Sunder Mudaliar (UCSD, San Diego, CA) suggested that a similar hypothesis could apply to the renal
protective effects seen in the trial. The basic idea is that a shift by the kidneys toward metabolism of
ketone bodies rather than oxygen could help ameliorate renal hypoxia and oxidative stress, which
are increasingly being recognized as key contributors to the progression of chronic kidney disease.
While these hypotheses do not preclude other previously proposed mechanisms of benefit, the level
of attention they received throughout the conference suggests that they will be an important part of
the discussion moving forward.

◦ If this hypothesis is correct, we look for the field to weigh the beneficial long-
term effects of increased ketogenesis on cardiovascular/renal outcomes
against the short-term increased risk of DKA. The risk/benefit assessment will
likely vary depending on the patient population. Based on current evidence, it seems likely
that the benefits will clearly outweigh the risks for patients with longstanding type 2
diabetes and high CV risk, as the EMPA-REG OUTCOME results are most directly
applicable to this population and demonstrated no increased risk of DKA. The calculus is
somewhat less clear for the broader type 2 diabetes population, but it still seems likely that
the benefits will outweigh the risks given that the rates of SGLT-2 inhibitor-associated
DKA in type 2 diabetes appear to be low and associated with specific precipitating factors -
see our coverage of last fall's AACE/ACE meeting on the subject for more. The situation
may be trickiest in type 1 diabetes, where the risk of DKA appears to be more marked and
there is unlikely to be a long-term outcomes trial to evaluate potential cardiovascular and
renal benefits. Of course, much more study is needed before making any definitive
statements about these tradeoffs, but there is certainly potential for clinicians to face a bit
of a paradox.

▪ A hypothesis-generating mediation analysis of the EMPA-REG OUTCOME results
suggested that changes in hematocrit levels (presumably due to a reduction in plasma
volume) could partially account for the 38% risk reduction for cardiovascular death.
The covariate mediation analysis examined a host of potential factors to see if they could account for
the impressive effect on cardiovascular mortality. Potential mediators were related to glycemia (A1c,
fasting plasma glucose [FPG]), vascular tone (systolic blood pressure, diastolic blood pressure, heart
rate), lipids (HDL cholesterol, LDL cholesterol, triglycerides), renal factors (log urine albumin-to-
creatinine ratio (UACR), estimated glomerular filtration rate [eGFR]), adiposity (weight, BMI, waist
circumference), volume status (hematocrit), or other (uric acid). A "change from baseline" analysis
meant to determine a potential acute effect suggested that hematocrit levels and a decrease in
plasma volume could explain nearly 52% of the overall effect of empagliflozin on cardiovascular
death. An "updated mean" analysis meant to tease out chronic effects similarly found that
hematocrit levels could account for 52% of the effect, while other volume-related factors such as
hemoglobin and albumin levels could explain nearly 46% and 32% of the effect, respectively. While
this interesting post-hoc analysis suggests a role for plasma volume in the cardioprotective benefit of
empagliflozin, presenter Dr. Silvio Inzucchi (Yale University, New Haven, CT) emphasized that the
analysis suggests that the plasma volume is only a partial mediator of the effect and other potential
drivers (like ketone bodies) may not have been included in the analysis because they were not
adequately measured at baseline and throughout the study

▪ Additionally, we heard speakers use the growing pool of CVOT data in discussions on
various safety signals, including heart failure and bone health. Specifically, Dr. Steven
Marso (UT Southwestern, Dallas, TX) presented on the anti-glycemic therapies on heart failure risk,
pulling from the CVOTs of DPP-4 and SGLT-2 inhibitors in efforts to draw conclusions on each drug
class's risk. Dr. John Buse (University of North Carolina, Chapel Hill, NC) also examined the effects
of diabetes drugs on bone health, as he turned to CVOTs in GLP-1 agonists, DPP-4 inhibitors, and
SGLT-2 inhibitors to identify the levels of risk. Notably, Dr. Buse supported the use of CVOT data
over the meta-analysis of smaller studies for regulatory or clinical decisions. While the field's
conclusions on these safety signals remain limited, we would agree that the growing evidence base
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from CVOTs and their hard endpoints have helped contribute important insights on our available
diabetes drugs, outside of only cardiovascular disease.

▪ The fact that there are now two diabetes drugs with demonstrated renal protective
effects is one of our most exciting and surprising conclusions from ADA 2016. Full renal
outcomes results from EMPA-REG OUTCOME presented by Dr. Christoph Wanner and published
in the NEJM demonstrated a significant 39% risk reduction for incident or worsening nephropathy
with Lilly/BI's Jardiance (empagliflozin) (HR = 0.61; 95% CI: 0.53-0.70; p<0.001). In addition, one
of the most positive surprises from the LEADER results was the significant 22% improvement in
renal outcomes (HR = 0.78; 95% CI: 0.67-0.92; p=0.003) with Novo Nordisk's Victoza (liraglutide).
These findings are truly profound given the current enormous unmet need for new therapies to treat
chronic disease. We hope they might prompt both sponsors to consider conducting a dedicated
chronic kidney disease trial for their products, comparable to Lilly/BI's planned heart failure trials
for Jardiance. We also wonder what the implications will be for ongoing and future trials of drugs
being developed specifically for diabetic nephropathy - will those agents be required to demonstrate
a benefit in addition to that provided by Victoza and/or Jardiance?

◦ The FDA's recent Drug Safety Communication about the risk of acute kidney
injury with J&J's Invokana (canagliflozin) and AZ's Farxiga (dapagliflozin)
could potentially complicate the discussion around the renal effects of SGLT-2
inhibitors. The warning was based on a search of the FDA Adverse Event Reporting
System that found 101 confirmable cases of acute kidney injury with the two drugs between
March 2013 and October 2015. Jardiance was not mentioned in the warning, and there was
no signal of increased risk of acute kidney injury with Jardiance in EMPA-REG
OUTCOME. This discrepancy suggests that there could be within-class differences in the
effect of SGLT-2 inhibitors on the kidneys, which would be surprising given how
homogenous the class is typically considered to be. Results from the ongoing outcomes
trials for Invokana and Farxiga should help clarify this question; there could potentially be
difficult tradeoffs for clinicians if those trials find both an increased risk of acute kidney
injury and a reduced risk of long-term cardiovascular and/or renal risk with these drugs. It
is too early to reach any definitive conclusions but we will be keeping a close eye on this
area.

UPDATES ON NEW AND "NEW" INSULINS

▪ New rapid-acting insulin analogs stepped into the spotlight at ADA 2016, following
several years in which basal insulins stole the show. Innovation in the rapid-acting insulin
analog field has occurred at a somewhat slower pace compared to the basal insulin field that recently
saw the US launches of next-generation options from Sanofi (Toujeo [U300 insulin glargine]) and
Novo Nordisk (Tresiba [insulin degludec]). Like Toujeo and Tresiba, the next-generation rapid-
acting insulin analogs seem to offer meaningful but incremental benefits over existing products but
are not expected to be paradigm-shifting innovations. Many of the most notable rapid-acting
insulins are variations on existing insulins, rather than entirely new molecules. The data we've seen
thus far suggest that the new products offer significant but modest improvements in postprandial
glucose control, are non-inferior or very modestly superior in terms of A1c reduction, and produce
comparable or slightly improved hypoglycemia rates compared to current rapid-acting analogs.
Perhaps most excitingly, it appears that the next-generation products may retain their efficacy with
mealtime or even post-mealtime dosing, as opposed to the 15 minutes pre-mealtime dosing
recommended with the current rapid-acting insulins. This potential for greater dosing flexibility
should be very meaningful for patients, as it is more consistent with how many patients dose
mealtime insulin in the "real world."

◦ The most advanced next-generation insulin analog is Novo Nordisk's faster-
acting insulin aspart, which presented full phase 3 Onset 1, Onset 2, and Onset
3 data at ADA 2016. Onset 3 found that intensification to a basal-bolus regimen with
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faster-acting aspart in patients with type 2 diabetes resulted in a statistically superior
mean A1c reduction of 0.94% (baseline A1c=7.9%; p<0.0001) compared to continued
treatment with basal insulin alone. In a head-to-head comparison, Onset 2 found that
faster-acting insulin aspart administration in patients with type 2 diabetes produced non-
inferior A1c reductions and significant improvements in postprandial control compared to
Novo Nordisk's NovoLog (insulin aspart). A1c dropped from 8% to 6.6% with faster aspart
and from 7.9% to 6.6% with NovoLog. Faster aspart produced a significant 10.6 mg/dl
improvement in one-hour postprandial glucose (p=0.0198) and a numerical but not
significant improvement of 6.6 mg/dl in two-hour postprandial glucose. In patients with
type 1 diabetes, Onset 1 found a modest but statistically significant improvement in A1c
with Faster aspart (~0.2% vs. standard aspart). Notably, in addition to the modest A1c
benefits, two-hour postprandial blood glucose levels were superior with Faster aspart than
regular aspart (by ~12 mg/dl), and, in terms of A1c reduction, post-meal Faster aspart
administration was non-inferior compared to standard pre-meal administration of current
insulin aspart.

◦ Adocia offered a glimpse at phase 1b meal study results for its Lilly-partnered
BioChaperone Lispro and its BioChaperone Combo (insulin glargine/insulin
lispro). Both demonstrated improvements in one-hour and two-hour postprandial
glucose compared to Lilly's Humalog (insulin lispro). BioChaperone Lispro demonstrated a
mean glucose difference of 42 mg/dl one hour post-meal and a mean difference of 27 mg/
dl two hours post-meal. BioChaperone Combo reduced postprandial glucose excursions by
24 mg/dl at one hour compared to Humalog. BioChaperone Combo produced numerically
fewer hypoglycemic episodes compared to Humalog and was associated with more time in
range. Hypoglycemia was comparable between BioChaperone Lispro and Humalog.

◦ MannKind's Afrezza (inhaled insulin) also demonstrated improvements
compared to Lilly's Humalog (insulin lispro) in terms of a faster onset and
shorter duration of action. Afrezza is one of the few new rapid-acting insulins that
arguably represents a true, groundbreaking innovation, given its unique delivery method.
Unfortunately, burdensome prescribing requirements and potential safety concerns
related to the novelty of the product have led to sluggish uptake for Afrezza in the year and
a half since its launch. The product has been further plagued by Sanofi's decision to
terminate its licensing agreement with MannKind for Afrezza and MannKind's CEO woes
in the early half of this year. That said, many patients on Afrezza extoll its benefits and we
believe that the hurdles presented by the prescribing requirements and other concerns can
be mitigated. MannKind appears committed to keeping Afrezza available and announced
during ADA that it intends to partner with JDRF to investigate Afrezza for a pediatric
population.

▪ There's new and then there's "new" insulins - we saw results from phase 3 trials of
Merck/Samsung's biosimilar insulin glargine MK-1293 and Sanofi's biosimilar insulin
lispro SAR342434 for the first time. In an oral and a poster presentation, MK-1293
demonstrated similar efficacy and safety to Sanofi's Lantus (insulin glargine) in both patients with
type 1 and type 2 diabetes over 24 weeks. Merck recently shared that it has filed MK-1293 in Europe
and we presume a US filing will follow soon. MK-1293 will likely be the second biosimilar insulin
glargine to market, after Lilly/BI's Basaglar/Abasaglar that has already launched in multiple ex-US
markets and will launch in the US in December 2016. Biocon/Mylan also have a biosimilar insulin
glargine in the works that they hope to file in the US and EU in the next few months. On the rapid-
acting insulin side, Sanofi's biosimilar insulin lispro SAR342434 demonstrated similar effects on A1c
and postprandial glucose excursions with a similar safety profile as Lilly's Humalog (insulin lispro)
in combination with Sanofi's Lantus (insulin glargine) in patients with type 1 diabetes.

▪ The basal insulin front was comparatively quiet at this year's ADA. Most notably, in a
series of late-breaking posters, we saw full SWITCH 1 and SWITCH 2 results demonstrating a
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hypoglycemia benefit for Novo Nordisk's Tresiba (insulin degludec) over Sanofi's Lantus (insulin
glargine). Novo Nordisk plans to submit this data to the FDA soon, in the hopes that it will support
some sort of language surrounding reduced risk of hypoglycemia in Tresiba's label.

GLP-1 AGONISTS

▪ Data presented at this year's ADA illustrated a number of exciting potential future
directions for the GLP-1 agonist class - the question is whether there will be a market
for all of them. We expect that the demonstration of a cardioprotective effect for Novo Nordisk's
Victoza (liraglutide) in LEADER will likely spur growth of the entire class and provide some
disproportionate benefit for Victoza. Over the long term, it is possible that some clinicians will use
CVOT results as a key differentiating factor when choosing among different agents in the class, at
least for their higher-risk patients. This will likely depend in large part on the consistency of results
from future GLP-1 agonist CVOTs. Combinations with basal insulin represent another exciting
advance for the GLP-1 agonist class; at this year's ADA, we saw full phase 3 results for Sanofi's
iGlarLixi (lixisenatide/insulin glargine) combination, which is expected to receive US and EU
regulatory decisions this year. Novo Nordisk's Xultophy (insulin degludec/liraglutide) is also on
track for a US decision this year and is already available in Europe. Impressive new data for Novo
Nordisk's semaglutide (in type 2 diabetes and obesity) reinforced its potential as a versatile, possibly
best-in-class molecule, while results from the FREEDOM-2 trial of Intarcia's ITCA 650 (implantable
exenatide mini-pump) underscored the advantages of an agent that offers guaranteed adherence.
We are excited about the potential for all of these products to help expand usage of the GLP-1
agonist class in both type 2 diabetes and obesity, which we have long felt is underutilized. It is not
clear at this point whether all the options can find their own niche within the class or whether one or
two will emerge as the clear preferred options.

SGLT-2 INHIBITORS IN TYPE 1 DIABETES

▪ A session on novel therapeutics for type 1 diabetes underscored the continued interest
in the use of SGLT-2 inhibitors in type 1 diabetes. In particular, we saw glycemic variability
data from J&J's phase 2 trial of Invokana (canagliflozin) in patients with type 1 diabetes. In the CGM
substudy, MAGE (a measure of glucose variability) was 17 mg/dl improved over placebo with
canagliflozin 100 mg and 38 mg/dl improved over placebo with canagliflozin 300 mg. As assessed by
CGM, time in range (70-180 mg/dl) improved by roughly 14% placebo-adjusted, driven entirely by a
reduction in hyperglycemia, with no major increase in hypoglycemia. This was some of the most
compelling data we've seen on SGLT-2 inhibitors' benefits on time-in-range and glycemic variability
to date. Similarly, another presentation demonstrated markedly less chaotic CGM tracings with the
addition of dapagliflozin (AZ's Farxiga) to a regimen of GLP-1 agonist liraglutide and insulin in
patients with type 1 diabetes.

▪ A major theme at the annual TCOYD/The diaTribe Foundation forum was the need for
better therapies for type 1 diabetes. In particular, Dr. Jeremy Pettus (UCSD, CA) spoke
movingly about his own challenges managing his blood sugars while at ADA, despite the fact that he
is well-educated, has health insurance, and has access to all of the best diabetes management tools.
Regarding SGLT-2 inhibitors specifically, Dr. Pettus stated, "When I have a patient with type 1
diabetes who takes the drug, they say, 'My life is better. Maybe I should've bolused four units and
only bolused for three, and the SGLT-2 inhibitor picks up the slack. It takes away some of the chaos.'
That's the real value of some of these medications."

THE FUTURE OF TYPE 2 DIABETES DRUGS

▪ It is becoming increasingly clear that future type 2 diabetes drugs will need to offer
additional benefits beyond glucose lowering to be successful. We can even imagine a
future in which new type 2 diabetes drugs will have to demonstrate a positive effect on
cardiovascular and/or renal outcomes in order to succeed now that two agents in different classes
have already done so. We are also encouraged to see interest in evaluating such benefits with older
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generic drugs like pioglitazone in the IRIS trial and metformin in the planned GLINT trial.
Demonstrating benefit in additional indications like obesity, type 1 diabetes, and NASH is
potentially another way for type 2 diabetes drug manufacturers to differentiate their products. We
saw results of several such efforts at this year's ADA, including data on semaglutide, exenatide/
dapagliflozin, and canagliflozin/phentermine in obesity and data on canagliflozin and dapagliflozin
in type 1 diabetes. New drug classes like the GLP-1/glucagon dual agonist class promise benefits on
weight and other cardiovascular risk factors in addition to reductions in glucose. The bottom line is
that we see little room in the current landscape for new drugs that offer nothing more than
incremental glucose-lowering benefits, or those (other than insulin) that carry a risk of weight gain
or hypoglycemia.

▪ We saw a substantial amount of promising new data on GLP-1/glucagon dual agonists
in type 2 diabetes and obesity at ADA 2016. Most notably, we saw expanded phase 1 data for
Sanofi's SAR425899, demonstrating significant reductions in weight, "clear" improvements in A1c
and fasting plasma glucose, and a similar safety/tolerability profile as GLP-1 single agonists. A phase
1, randomized, blinded study of AstraZeneca's MEDI0382 GLP-1/glucagon receptor dual agonist
found that the candidate was well tolerated overall, with reduced postprandial glucose levels and
daily food intake at doses of 5, 10, 30, 100, 150, and 300 micrograms. Further, a preclinical study
demonstrated that a single subcutaneous dose of MEDI0382 reduced fasting glucose levels by 42%,
glucose AUC by 53%, and food intake by 18% in wild type but not GLP-1 receptor KO mice. We were
also interested in a poster presentation of new data on the cholesterol-lowering effect of Janssen/
Hanmi's phase 1 dual agonist HM12525A. As a class, GLP-1/glucagon dual agonists have generated
some of the most buzz and industry investment out of any classes in the early-stage diabetes drug
pipeline. Much of the recent Keystone Symposia on Novel Therapeutics for Diabetes and Obesity
focused on this class and other polyagonists involving GLP-1 agonists. The promise of a winning
combination of glucose-lowering, weight reduction, and even potentially cardioprotection has led
several pharmaceutical companies to add these candidates to their early-stage pipelines - see our
competitive landscape for more.

▪ We heard several key diabetes clinical care experts speak to the importance of treating
the right patients with the right medications at the right time. During the 10 annualth

TCOYD/The diaTribe Foundation Diabetes Forum, Drs. Steve Edelman (UCSD, San Diego, CA),
Rury Holman (University of Oxford, UK), Anne Peters (USC, Los Angeles, CA), Jeremy Pettus
(UCSD, San Diego, CA), and John Anderson (The Frist Clinic, Nashville, TN) spoke eloquently on
the need to improve access and adherence to maximize the efficacy of currently available diabetes
drugs. As Dr. Edelman put it, "One of the biggest challenges is getting the right drug to the right
person. The second big part is getting people to be adherent and persistent and make diabetes
higher on their priority list." Dr. Holman suggested that part of the problem is that clinicians don't
have all of the information they need to offer truly personalized, tailored therapeutic options to their
patients. He suggested enriching the clinical trial process so that trials yield more information useful
for personalized therapeutic recommendations. During the ADA meeting itself, the highly respected
Dr. Judith Fradkin offered an update on the NIH's plans for rolling out its Precision Medicine
Initiative (PMI) Cohort Program and noted that diabetes will be one of the most highly represented
conditions in the cohort, with an estimated 135,658 cases at baseline.

Additional Topics

OBESITY

▪ There was no major new obesity data this year and we saw very little representation
from branded obesity pharmacotherapies this year. Aside from Novo Nordisk's relatively
minimalist booth on Saxenda (liraglutide 3.0 mg), no other obesity companies were represented on
the exhibit hall floor. In addition, there was only one obesity-focused corporate symposium
(supported by Novo Nordisk) on the agenda. The level of engagement from obesity drug companies
has been on a sharp decline over recent ADA meetings, as 2014 featured large, bustling booths from
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Belviq (lorcaserin) and Qsymia (phentermine/topiramate extended-release) and 2015 had Saxenda,
but only a small pop-up booth for Belviq. We are not surprised by this drop-off in marketing, given
the recent challenges in the obesity drug market, although we remain hopeful that Novo Nordisk's
wealth of expertise and resources will push for greater awareness and education around obesity to
gradually boost the market.

▪ Notably, we saw a significant amount of promising new data on type 2 diabetes drugs
in obesity management. Combination therapies, SGLT-2 inhibitors, and GLP-1 agonists were the
stars of this show, headlined by phase 2 results of combination therapy with AZ's Farxiga
(dapagliflozin) and Bydureon (exenatide once weekly), which demonstrated significant ~4 kg weight
loss vs. placebo in patients with obesity but not diabetes. In addition, co-administration of J&J's
Invokana (canagliflozin) and phentermine showed significantly greater weight loss vs. placebo in
adults with overweight and obesity. On the GLP-1 agonist front, we saw positive results on
reductions in energy intake and appetite with once-weekly GLP-1 agonist semaglutide in obesity as
well as significant weight benefits from the FREEDOM-2 study of Intarcia's ITCA 650 (implantable
exenatide mini-pump) compared to Merck's Januvia (sitagliptin) in people with type 2 diabetes.
While data from currently available obesity drugs and new targets remained on the quieter side at
this meeting, we were glad to see many diabetes drugs turn to this area and given the complexity of
obesity, we are also pleased to see more focus on combination therapies. With the diabetes drug
space having comparatively greater resources, a larger evidence pool, and established efficacy and
safety, we hope to see greater movement from this market into obesity, as the disease remains a
significant unmet need.

▪ On the basic science front, the brain and microbiome seemed to be the main focuses
within obesity research. The agenda featured several intriguing oral presentations on deep
transcranial magnetic stimulation, AgRP neuronal activation, and a leptin-responsive brainstem
circuit within weight management. As we've seen recently, GLP-1 agonists have been heavily studied
in this area, as highlighted by an oral presentation examining the regulation of energy balance and
glucose homeostasis via the ventromedial hypothalamic GLP-1 receptor. See our recent coverage
from the European Obesity Summit for greater discussion on how the brain plays a significant role
within energy balance and weight management. Additionally, we heard a decent number of
presentations on how the microbiome ties into obesity, with discussions on the interaction between
"diabesity" genes and the gut as well as a full symposium on how the microbiome is involved in
metabolic risk from pregnancy through the life cycle. While these presentations highlight promising
movement, we are increasingly aware of the complexity of both obesity and the corresponding
therapies. Of the brain and microbiome, we see the brain and its neural circuitry as a more near-
term target area for obesity, although we ultimately hope to see multi-targeted therapies combining
these many different approaches.

▪ In addition, the role of adipose tissue and its link to obesity and type 2 diabetes risk
was in the spotlight at this year's prestigious Banting lecture, delivered by Dr. Barbara
Kahn (Harvard Medical School, Boston, MA). This area of research has certainly been growing
rapidly within recent years, as Dr. Kahn noted our evolving understanding of adipocyte tissue as a
storage depot to its role in secreting molecules. Dr. Kahn illustrated the complexity and potential of
studying adipose tissue, as she touched on how the molecules, lipid levels, and biochemical changes
involved in adipose tissue can guide our search for novel drug targets in obesity and type 2 diabetes.
We especially enjoyed hearing how these approaches can be used to identify our most at-risk
patients and help personalize prevention and treatment efforts. For more on our growing
understanding of adipose tissue, also check out the prestigious Minkowski award lecture delivered
by Dr. Matthias Bluher (University of Leipzig, Germany) at this past EASD.

THE LIMITATIONS OF A1C

▪ ADA 2016 underscored the limitations of using A1c alone to titrate therapy: a mean
glucose can range 80 mg/dl for a given A1c (8.0% =120 mg/dl or 200 mg/dl)! This was
not groundbreaking by any means - we've long argued that A1c in isolation is not the best metric for
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glycemic control - but this meeting's commentary went further, stressing that A1c is not simply
inadequate, but can be dangerously misleading and clinically ignorant. Dr. Rich Bergenstal drove
this point home during his presentation on racial differences in the relationship between mean
glucose and A1c, sharing striking data that mean glucose can range 80 mg/dl for a given A1c - e.g.,
an estimated A1c of 8.0% could correspond to a mean glucose of 120 mg/dl or 200 mg/dl. That's
some serious dispersion between different individuals! Noted UW's Dr. Irl Hirsch, "the paradigm by
which we treat type 2 diabetes is wrong and we've been doing it wrong for the past 30 years" [e.g.,
treating a patient with mean glucose of 120 mg/dl and 200 mg/dl the same because the A1c reads
8.0%]. He and Dr. Bergenstal did acknowledge that A1c is an established measure of the risk of
developing complications but highlighted that we would be wise to shift the existing paradigm and
begin personalizing diabetes and treatment decisions based on glucose values. Especially in this era
of pharmacotherapies and technologies that may improve quality of A1c - shaving off highs and lows,
but not impacting A1c substantially - the commentary underscored the need for more widespread
glucose monitoring and tools that capture "higher quality" A1cs. A big question, of course, is how to
validate such a paradigm shift in the eyes of payers and the FDA. Will anyone fund a modern-day
DCCT to validate the importance of time-in-range and reducing hypoglycemia and variability?

▪ Abbott's IMPACT study also highlighted just how much A1c completely obscures
dangerous hypoglycemia. As a reminder, both groups in the study saw a non-significant,
marginal 0.15% increase in A1c (6.7% to 6.9%), though the "quality of A1c" improved markedly in
the FreeStyle Libre group - 74 fewer minutes per day <70 mg/dl (a 38% reduction), and 33 fewer
minutes per day <45 mg/dl (a 60% reduction in time spent at a highly dangerous level). Meanwhile,
the control group was still spending three hours per day in hypoglycemia with an A1c 6.9%! Do
payers appreciate the gravity of that change? How could that change impact short and long-term
costs? The results underscored that A1c and average glucose is not just an incomplete metric, but
that glucose control for most patients is defined in terms of MANY other variables: hypoglycemia,
hyperglycemia, time-in-range, variability, quality of life, fear, hospitalizations, etc.

FOCUS ON THE COST OF DIABETES AND INEQUITY

▪ The rising cost of diabetes care was heavily discussed at this year's meeting, and we
noticed particular attention to inequities among various patient populations. We were
reminded throughout the conference that the US spends dramatically more on diabetes than any
other country, with costs totaling $245 billion. As outlined by Dr. Neda Laiteerapong (University of
Chicago, IL), the principle driver of this trend is rising medical costs, particularly for insulin
expenditures. However, she also brought up the bright spot that overall rising diabetes costs may
partially reflect the greater longevity and thus greater utilization of healthcare services of people
with diabetes. On the same note, a presentation by Dr. Xilin Zhou (CDC, Atlanta, GA) highlighted
tremendous growth in spending on anti-diabetes drugs in the US, with alarming statistics of a
12-fold increase in under two decades. Additionally, we heard discussions on the differences in out-
of-pocket expenses (OOPEs) among patient populations. Specifically, Dr. Lina Merjaneh (Seattle
Children's Hospital, WA) highlighted that young adults with type 1 diabetes pay approximately six
times more than those with type 2 diabetes. On a more hopeful note, Dr. David Howard (University
of Nevada, Reno, NV) explained that OOPEs for vulnerable populations are actually on a downward
trend, though this decreased spending may merely reflect the necessity of opting for cheaper,
generic drugs. We were glad to see this more nuanced examination of costs at this year's ADA, as
this can help develop a more targeted strategy to tackle the unsustainable trends we're seeing.

▪ In addition, we were pleased to witness greater dialogue on how to treat diabetes in
different populations. Drs. Richard Bergenstal (International Diabetes Center, St. Louis Park,
MN) and Roy Beck (Jaeb Center for Health Research, Tampa, FL) discussed new findings to support
racial differences in the relationship between mean glucose and A1c - an important topic, given how
much we depend on A1c in our treatment approaches (see below). In addition, health equity
researcher Dr. Nadia Islam (New York University, New York, NY) criticized the fact that the >30
Asian-American ethnic groups in the US are grouped uniformly as "Asian" in analyses of diabetes
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prevalence and management, despite the fact that these groups can be highly heterogeneous. Dr.
Yvette Roubideaux (Washington State University, Spokane, WA) described a similar phenomenon in
the American Indian and Alaska native communities, highlighting that the 566 federally-recognized
tribes in the US requires a comparably diverse range of approaches to diabetes education and
treatment. We also heard the first full results of the COSMID (Comparison of Surgery vs. Medicines
for Indian Diabetes) trial, which was the first-ever RCT of surgical vs. non-surgical care for type 2
diabetes in South Asian patients. We hope that these findings can serve as an impetus for
policymakers and diabetes researchers to be more attentive to the heterogeneity of the US patient
population, with the development of more evidence-based guidelines on how to personalize
treatment by this dimension.

WHAT IS ADA'S ROLE?

▪ During a compelling presidential address, ADA President Dr. Desmond Schatz
(University of Florida, Gainesville, FL) issued a call to urgency, emphasizing the ADA's
focus on prevention through raising awareness of the scope and cost of diabetes. He
underscored the need to bring diabetes to 212 degrees - "the boiling point of water where it erupts
with urgency" - to transform the "invisible disease" to a highly visible crisis. Dr. Schatz detailed the
many ways in which diabetes is invisible, hidden, and ignored: people hide the reality of living with
diabetes from their friends and families, healthcare providers are largely absent in the daily
management of the disease, and patients with type 2 diabetes often choose to be invisible due to
stigma and feelings of failure. In addition, Dr. Schatz emphasized that although diabetes is far more
prevalent, NIH funding for the disease pales in comparison to that for HIV/AIDS and cancer - an
incredible $35 per patient for diabetes vs. $2,500 for HIV/AIDS and $372 for cancer, another
byproduct of its invisibility. To that end, he advocated for taking a page out of the book of successful
movements such as those for HIV/AIDS and even the recent Zika epidemic (which recently received
a $1.1 billion compromise bill), where people have rallied around a strategic vision and inspired a
"fiery sense of urgency". We found Dr. Schatz's presentation incredibly compelling, and are pleased
to see the ADA call for immediacy and action in the diabetes world; perhaps through mimicking
successful health advocacy movements, we can collectively "turn up the heat" and inspire the sense
of urgency required to confront the diabetes epidemic.

▪ The ADA drew significant attention to its Pathway to Stop Diabetes program this year
with a dedicated symposium, poster session, and oral presentation session. The closed
Pathway symposium on the first day of the conference featured presentations from the latest round
of grant recipients, while the oral presentation and poster sessions featured presentations from the
2014 and 2015 awardees. We have been impressed with the Pathway initiative since its inception in
2014; the program awards grants of up to $1.6 million over five to seven years to young diabetes
researchers working on innovative projects focused on everything from neuronal regulation of
feeding behavior to impaired wound healing. The program is supported by several heavy hitters in
the diabetes industry, including Sanofi, Novo Nordisk, Lilly, and AstraZeneca, and we imagine this
could make it easier for the researchers to eventually translate their findings into novel therapies.
We think this program can play a major role in shaping the next generation of KOLs in diabetes. We
also hope it can promote a more diverse group of leaders compared to the current crop (in a sign of
some progress, 35% of the Pathway grant recipients thus far are women compared to 26% of the
mentors).

◦ Many of the featured presentations focused on the themes of the role of the
microbiome, neural regulation of hunger, and the promise of genomic approaches to
understand the biochemical signatures and gene regulatory networks underlying diabetes
and obesity.

PRECISION MEDICINE INITIATIVE

▪ We were glad to see the progress on President Obama's Precision Medicine Initiative
(PMI) continue at ADA 2016. Most notably, the highly respected Dr. Judith Fradkin (NIDDK,
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Bethesda, MD) presented the NIH's plans for rolling out the PMI Cohort Program, sharing
ambitious benchmarks slated for completion by the end of 2016. The NIH aims to have 79,000
participants fully consented and enrolled in the cohort, with biospecimens from at least 25,000
participants; the Institute expects to accomplish its final goal of enrolling one million participants by
the end of 2019. Further, the NIH plans to launch a direct volunteer program and partnerships with
five to seven major healthcare provider organizations to facilitate participant recruitment, and also
expects that eight to ten studies using the cohort data will be underway by December 2016. It is very
encouraging to see the government's commitment to developing a strategic plan for the PMI
implementation - we hope to see the momentum continue and ultimately bring more accurate
diagnoses, improved disease prevention strategies, and better treatment selection for people with
diabetes and other chronic diseases.

▪ Meanwhile, Dr. Jose Florez (Massachusetts General Hospital, Boston, MA) expressed
concern that the field might not yet be ready to apply PMI findings in diabetes as there
is still so little known about the genetic underpinnings of the disease. To that end, he highlighted the
Accelerating Medicines Partnership Type 2 Diabetes Knowledge Portal, which will enable scientific
advances through improved data collection, sharing, and analytics.

EXHIBIT HALL

▪ The ADA 2016 exhibit hall seemed to have less fanfare, attendance, and excitement
than we've seen in the past. We took particular note of a couple absentees from the hall - for a
start, Roche and obesity drug companies (aside from Novo Nordisk) - which we assume reflect both
the challenging SMBG and obesity environments in the US and perhaps a different perception on
the return on investment from exhibit hall booths. In the modern era of digital and social media
marketing, an argument could be made that the ROI of exhibit hall booths is a bit hard to measure.
Our coverage includes the following companies and organizations: Abbott, Alere, Amgen, Ascensia,
AstraZeneca, Becton Dickinson, BI/Lilly, Dexcom, Glooko, GSK, InSpark, Insulet, Intarcia, J&J/
Animas, J&J/LifeScan, J&J/Janssen, LabStyle, Lilly, Mannkind, Medtronic, Merck, Novo Nordisk,
Novo Nordisk (Saxenda), Sanofi, Sanofi-Regeneron, Takeda, Tandem, Valeant, and Valeritas.

HISTORICAL VISITS IN THE NEW ORLEANS AREA

▪ In between our diabetes learnings, our team took the time to visit two of the New
Orleans area's most important and informative historical sites: (i) the Whitney
Plantation and (ii) the National WWII Museum.

◦ We toured the Whitney Plantation, a former sugarcane plantation and the
only museum in Louisiana to take a direct focus on slavery. The Whitney
Plantation tour featured powerful storytelling drawn from the narratives of men and
women who had been emancipated from slavery as children and young adults. After
exploring the unsettling scenery of an old slave jail, restored slave cabins, and a church
built by former slaves, our team agreed that the Whitney taught us more about the hateful
atrocities of slavery than we had ever collectively learned in school. In connecting the dots
back to our work at Close Concerns, we reflected on the racial disparities we continue to
see in diseases like diabetes and obesity. This experience has thus pushed us to more
deeply consider how slavery and its successor systems have contributed to the massive
inequities that we continue to see in healthcare access and quality of care today

◦ In addition, our team visited the National WWII Museum, which builds on the
individual narratives of the American military in World War II. The museum
was built as a testament to the 16 million veterans who served in World War II, of whom
only ~850,000 are still alive. Visitors are given dog tag keycards that they can scan at
different points during their trip through the museum and learn the real-life stories of
Americans throughout the world. Mixed in with the panels on the overall history of the war
are pieces dedicated to the wartime experiences of people like Slaughter-House Five author
Kurt Vonnegut, plus the many men and women whose names are otherwise lost to history.
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As we returned to the world of diabetes, we at Close Concerns reflected upon the salient
connection between the present diabetes epidemic and the history we learned at the
National WWII Museum: the US Department of Veterans Affairs reports that nearly a
quarter of all veterans have diabetes. While the reason for this disproportionate incidence
of diabetes remains unclear, hypotheses include the veteran population's overall lower
incomes, reduced access to healthy food, and higher rates of obesity and war-related
exposure to environmental toxins.

GLP-1 Agonists

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

INTRODUCTION, STUDY RATIONALE, AND DESIGN

John Buse, MD, PhD (University of North Carolina, Chapel Hill, NC)

Dr. John Buse (UNC, Chapel Hill, NC) kicked off the session with an introduction to the background and
design of the LEADER trial. He acknowledged the enormous scope of the study and the people who made it
possible with an impressive slide reviewing the key numbers for the trial: LEADER enrolled 9,340 patients
in 32 countries across 410 sites over five years. In total, an astounding 11,000 people worked on the trial to
collect 27.6 million data points over 13,500+ monitoring visits, resulting in information on almost 30,000
patient-years of exposure to liraglutide. LEADER was a double-blind, randomized, placebo-controlled,
time- and event-driven trial: participants were treated for at least 3.5 years and no more than 5 years and
the trial was to accumulate at least 611 events included in the primary endpoint (CV death, non-fatal MI,
and non-fatal stroke). Key secondary outcomes included an expanded composite endpoint of CV death, non-
fatal MI, non-fatal stroke, coronary revascularization, unstable angina pectoris requiring hospitalization,
and hospitalization for heart failure. All-cause death and each individual component of the expanded CV
composite were considered as secondary endpoints as well. Participants had type 2 diabetes with an A1c
≥7% and fell into one of two high cardiovascular risk categories: (i) at least 50 years old with established
CVD or chronic renal failure or (ii) at least 60 years old with risk factors for CVD. Participants could be
diabetes drug-naïve, on oral diabetes medications, or on basal or premix insulin. Patients on GLP-1
agonists, DPP-4 inhibitors, pramlintide, or rapid-acting insulin were excluded from the trial, as were those
with type 1 diabetes or a familial or personal history of multiple endocrine neoplasia type 2 (MEN-2) or
medullary thyroid cancer (MTC). Participants were treated according to standard of care guidelines with
target A1c ≤7%, blood pressure 130/80 mmHg, and LDL cholesterol <100 mg/dl (<70 mg/dl in patients
with previous CV events). Statins were recommended for all patients and aspirin or clopidogrel were
recommended for patients with prior CV events. Events were adjudicated by an external committee made
up of subcommittees each focused on cardiovascular, microvascular, pancreatitis-related, or neoplasm-
related events.

STUDY POPULATION

Neil Poulter, FMedSci (Imperial College London, London, UK)

Dr. Neil Poulter reviewed the characteristics of the LEADER study population, emphasizing that this was
truly a global effort (32 countries, 30% of participants from North America, 35% from Europe, 8% from
Asia, and 27% from the rest of the world). He also highlighted the trial's very impressive retention rate: 97%
of participants in both groups completed the trial and there were only 29 dropouts whose vital status was
unknown at the end of the study. The study population was 64-65% male, with an average age of 64 and an
average diabetes duration of 13 years, which Dr. Poulter noted is significantly longer than in most diabetes
trials. Baseline A1c was fairly high at 8.7%, likely due to the lack of an upper A1c limit in the entry criteria.
Baseline BMI was 32.5 kg/m , baseline weight was 92 kg (~203 lbs), baseline blood pressure was fairly well2

controlled at 140/77 mmHg, and 18% of participants had heart failure at baseline. The liraglutide and
placebo groups were well matched for all baseline characteristics. Over 80% of participants fell into the
higher-risk group of patients ≥50 with existing CVD or CKD, and many had more than one qualifying
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condition. Consistent with this high level of risk, over 90% of patients were on antihypertensive therapy,
40% on diuretics, 75% on lipid-lowering medications (which Dr. Poulter described as suboptimal), and just
under 70% on platelet inhibitors. Metformin was by far the most commonly used diabetes medication (used
by approximately 75% of participants), followed by sulfonylureas at 50% and insulin at 45%. Dr. Poulter
also highlighted the impressive treatment exposure in the trial, with a median exposure time of just over 3.5
years and patients spending an average of 83%-84% of the time on study drug.

CLINICAL AND METABOLIC OUTCOMES

Bernard Zinman, MD (Lunenfeld-Tanenbaum Research Institute, Toronto, Ontario, Canada)

Dr. Bernard Zinman (University of Toronto, Canada) presented the key clinical and metabolic outcomes
from the study. At three years post-randomization (a pre-specified time point), mean A1c in the liraglutide-
treated group was 0.4% lower than in the placebo-treated group (p<0.001), despite the instructions to treat
to a target A1c of 7% in both groups. The gap in A1c diminished throughout the trial, largely due to an
intensification of other agents in the placebo group. The proportion of patients on metformin, sulfonylureas,
alpha-glucosidase inhibitors, TZDs, glinides, and insulin was fairly evenly matched between the two groups
at the start of the trial, but more participants in the placebo group initiated treatment with these classes
(particularly insulin and sulfonylureas) throughout the trial. Other clinical and metabolic outcomes of
interest include 2.3 kg weight loss with liraglutide compared to placebo at three years (p<0.001), a 1.2
mmHg decrease in systolic blood pressure (p<0.001), a 0.6 mmHg increase in diastolic blood pressure
(p=0.004), a 3 beats/min increase in heart rate (p<0.001), a 1.6 mg/dl decrease in LDL cholesterol
(p=0.02), and a non-significant 0.3 mg/dl increase in HDL cholesterol (p=0.07). Dr. Zinman generally
characterized these outcomes as expected effects associated with liraglutide and suggested that the increase
in diastolic blood pressure and decrease in LDL cholesterol were not clinically significant. During the trial, a
greater proportion of participants in the placebo group initiated new cardiovascular medications such as
antihypertensive therapies, diuretics, lipid-lowering drugs, platelet aggregation inhibitors, or other anti-
thrombotic medications. The LEADER study also investigated health-related quality of life measures, as
measured by the EQ-5D index score (which assesses mobility, self-care, usual activities, pain/discomfort,
and anxiety/depression) and the EQ-5D VAS score (a visual scale of health state from 0 to 100 representing
worst and best health, respectively). Based on the index score, both liraglutide and placebo reduced
participants' quality of life, but liraglutide offered a 0.018 index score improvement over placebo (p=0.034).
Liraglutide also offered a 1.3 point advantage on the VAS score (p=0.03). We were extremely pleased to see
quality of life measures included in the study and hope that this kind of patient-centered metric could help
encourage greater coverage from payers.

CARDIOVASCULAR OUTCOMES

Steven Marso, MD (UT Southwestern, Dallas, TX)

Interrupted multiple times by applause, Dr. Steven Marso presented the primary results from the LEADER
trial. He emphasized the consistency of the effect for all the outcomes measured, noting that every single
endpoint had a point estimate <1 that fell within a narrow range from 0.6-0.98. Taken together, these
results fit the pattern that most in the field had predicted any positive CVOTs for diabetes drugs would
show: risk reduction for multiple CV outcomes that appeared gradually and increased over time. This is in
marked contrast with the EMPA-REG OUTCOME results for Lilly/BI's Jardiance (empagliflozin), which
demonstrated an immediate benefit for CV death and hospitalization for heart failure and little to no signal
of benefit for other endpoints. As several speakers noted, the LEADER results appear more likely to be
mediated through a reduction in atherosclerosis, whether that is due to indirect effects (reductions in A1c,
weight, blood pressure, etc.) or direct effects on the heart or blood vessels.

▪ Primary outcome: The hazard ratio for the primary outcome of three-point MACE (non-fatal MI,
non-fatal stroke, and CV death) was 0.87 (95% CI: 0.78-0.97; p<0.001 for non-inferiority; p=0.01
for superiority), translating to a significant 13% risk reduction. Dr. Marso noted that the event rate
(3.7 events/100 patient-years) was two-fold higher than projected, perhaps due to the high
percentage of participants with existing CVD. The magnitude of the effect was consistent and robust
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in a number of sensitivity analyses, with the point estimate ranging from 0.82-0.87 and the upper
bound of the 95% confidence interval consistently <1.

▪ Individual components: While all three components of the primary endpoint contributed to the
benefit, the most robust effect was a 22% risk reduction for CV death (HR = 0.78; 95% CI:
0.66-0.93; p=0.007; 497 events). The Kaplan-Meier curves for the two groups began to separate
12-18 months into the trial and continued to diverge until the end of treatment. The results for non-
fatal MI and non-fatal stroke trended in the right direction but were not statistically significant. The
hazard ratio for non-fatal MI was 0.88 (95% CI: 0.75-1.03; p=0.11, 598 events) and the hazard ratio
for non-fatal stroke was 0.89 (95% CI: 0.71-1.11; p=0.30; 336 events). Dr. Marso pointed out that
the shape of the curves for non-fatal MI followed the same pattern as those for CV death and for the
primary endpoint - initial separation between 12 and 18 months and continued divergence over the
course of the trial - perhaps suggesting that the risk reduction might have become statistically
significant over a longer time period.

▪ Subgroup analyses: There was no significant heterogeneity of the effect on the primary endpoint
in subgroups divided by sex, age, region, race, ethnicity, BMI, A1c, diabetes duration, heart failure
status, or anti-diabetic therapy. The two subgroups with a p-value for interaction <0.05 (with the
caveat that the analyses did not control for multiplicity of testing) were CVD status and renal
function. The point estimate for the group with established CVD was 0.83, while the point estimate
for the group with CV risk factors was 1.2. Dr. Marso attributed this to the fact that the vast majority
of trial participants fell into the first category, which had a much higher event rate; the lower-risk
group most likely did not accumulate enough events to show a benefit. By renal function, the point
estimate for patients with an eGFR <60 ml/min/1.73 m was 0.69 while the point estimate for2

patients with an eGFR >60 was 0.94.

▪ Key secondary outcome: Results for an expanded MACE endpoint (including coronary
revascularization and hospitalization for heart failure or unstable angina in addition to the primary
endpoint) demonstrated a significant 12% risk reduction (HR = 0.88; 95% CI: 0.81-0.96; p=0.005).

▪ All-cause mortality: The liraglutide group experienced a significant 15% risk reduction in all-
cause mortality (HR = 0.85; 95% CI: 0.74-0.97; p=0.02), accounted for by the significant reduction
in CV death and comparable rates of death from non-CV causes. Dr. Marso noted that these curves
also separated after 12-18 months (much later than in EMPA-REG OUTCOME) and continued to
diverge throughout the trial.

▪ Heart failure: Results for the much-watched endpoint of hospitalization for heart failure also
trended in a positive direction but did not reach statistical significance (HR = 0.87; 95% CI:
0.73-1.05; p=0.14).

MICROVASCULAR OUTCOMES

Johannes Mann, MD (Friedrich Alexander University of Erlangen, Erlangen, Germany)

While microvascular outcomes usually don't receive as much attention as cardiovascular results at CVOT
sessions, the topic turned out to be one of the real positives of the entire LEADER session. We were very
surprised to see a 16% statistically 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). The
Kaplan-Meier curves for renal outcomes separated one year into the study and continued to diverge
throughout the study. The renal benefit was driven primarily by a difference in the diagnosis of persistent
macroalbuminuria (HR=0.74, 95% CI: 0.60-0.91).

▪ The implications of this strong renal benefit are substantial, perhaps even prompting
consideration of a dedicated chronic kidney disease trial for liraglutide. While
improvements in risk factors like glucose and blood pressure could explain some of the benefit,
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newer evidence suggests that there might be a direct effect at play, involving GLP-1 receptor-
stimulated relaxation of muscles around glomeruli (the functional filtering units of the kidney).

▪ The patient population in LEADER had a fairly high level of microvascular disease at
baseline: around 2.5% of patients had an eGFR below 30 ml/min/1.73m , ~20% were between 302

and 59 ml/min/1.73m , and ~41% were between ml/min/1.73m .22

▪ The specific outcomes assessed in the category of microvascular disease were as
follows:

◦ Renal: (i) New onset of persistent macroalbuminuria - as mentioned above, this was the
renal sub-outcome that drove the improvement, (ii) persistent doubling of serum
creatinine, (iii) need for continuous renal replacement therapy, and (iv) death due to renal
disease.

◦ Eye: (i) Need for retinal photocoagulation or treatment with intravitreal agents, (ii)
vitreous hemorrhage, and (iii) diabetes-related blindness.

SAFETY

Michael Nauck, MD, PhD (Diabeteszentrum Bad Lauterberg, Germany)

Dr. Michael Nauck (St. Josef Hospital, Bochum, Germany) presented safety and adverse event data from
LEADER. Most notably, treatment with liraglutide was associated with a 20% risk reduction for confirmed
hypoglycemia with a blood glucose ≤56 mg/dl (HR=0.80, CI: 0.74-0.88, p<0.001) and a 31% risk reduction
for severe hypoglycemia requiring assistance (HR=0.69, CI: 0.51-0.93, p=0.016). We expect that this
reduction in hypoglycemia risk is largely or at least somewhat attributable to the smaller number of
participants in the liraglutide group initiating insulin or sulfonylurea therapy during the trial. The results
demonstrate the real-world, long-term benefits of using GLP-1 agonists as an alternative to therapies that
increase hypoglycemia risk, and we imagine they could further strengthen the case for GLP-1 agonists (or
even GLP-1 agonist/basal insulin combinations) as a first injectable option ahead of insulin. Interestingly,
Dr. Anne Peters suggested at The diaTribe Foundation/TCOYD forum later that evening that the overall
cardiovascular benefit in LEADER may be at least partially attributable to the lower use of sulfonylureas/
insulin and lower hypoglycemia rates in the active treatment group rather than to specific benefits
associated with liraglutide - we wonder whether this opinion will be widely shared and whether it will
become a significant part of the debate over the results.

▪ Total, serious, and severe adverse event rates were generally similar between the
liraglutide and placebo groups. As expected, a higher proportion of patients experienced
nausea, vomiting, and diarrhea leading to discontinuation in the liraglutide group (p<0.001 for
each). Abdominal pain and discomfort were also significant adverse events resulting in treatment
discontinuation (p=0.03 for pain, p=0.002 for discomfort). Decreased appetite was also
significantly more prevalent in the liraglutide-treated group (p=0.01). Liraglutide also produced a
statistically significant increase in acute gallstone disease (145 events vs. 90 in placebo, p<0.001)
and acute cholecystitis (36 vs. 21 in placebo, p=0.046). Injection site reactions were higher in the
liraglutide-treated group as well (32 vs. 12 in placebo, p=0.002).

▪ There was a signal toward increased risk of any, malignant, and benign neoplasms by
12%, 6% and 16%, respectively, but the increase was not significant for each.
Interestingly, by type, liraglutide produced a statistically significantly reduced risk of prostate cancer
(HR=0.54, CI:0.34-0.88) and leukemia (HR=0.36, CI:0.13-0.99), though Dr. Nauck acknowledged
that the number of events was very small. Pancreatic carcinomas were numerically higher in the
liraglutide group (13 vs. 5), but the difference was not statistically significant. There were no cases of
medullary thyroid carcinoma in the liraglutide-treated group and one in the placebo group. Acute
and chronic pancreatitis rates in the liraglutide group were not significantly different from the
placebo group.
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▪ However, both all-cause serious and severe adverse event rates were lower in the
liraglutide group than in the placebo group - in fact, serious adverse events overall were
significantly lower in the liraglutide group (p=0.01). We expect at least part of this was driven by the
reduced risk of hypoglycemia in the liraglutide-treated group compared to the placebo group.

CONCLUSION

John Buse, MD, PhD (University of North Carolina, Chapel Hill, NC)

Dr. John Buse contextualized the LEADER results by discussing potential mechanisms of benefit, clinical
implications, and comparisons to results from other CVOTs for diabetes drugs. He stressed from the outset
that directly comparing results from two separate trials is an "entirely inappropriate activity" due to
differences in study population, definition and adjudication of events, secular trends in diabetes
management, and the countries where the studies were conducted. With that in mind, Dr. Buse shared that
he was "nevertheless going to engage in that activity," suggesting that the divergent results from LEADER
and ELIXA (CVOT for Sanofi's lixisenatide) could have been due either to differences in study design or
intrinsic differences between the molecules. He contrasted the benefits seen in LEADER with those in EMPA-
REG OUTCOME, suggesting that the LEADER benefit was more likely mediated through a reduction in
atherosclerosis while the EMPA-REG results may have been due to an osmotic effect or an impact on fuel
energetics. Dr. Buse offered minimal commentary on the clinical implications of the results but stressed that
the conclusions need to be limited to high-risk patients. Like previous speakers, he closed by highlighting the
trial's impressive retention and follow-up, suggesting that the trial conduct should inspire strong confidence
in the results.

▪ Dr. Buse believes that the "substantial differences" between the results from LEADER
and ELIXA could be due either to differences in trial design or intrinsic drug-specific
differences. He noted that ELIXA had a different primary endpoint (four-point MACE) and
recruited an even higher-risk patient population (patients with a recent acute coronary syndrome
event) than LEADER. The nature of the population appeared to have an impact on the pattern of
events (the majority of events occurred at the beginning of the trial) and may have impacted the
results as well. However, Dr. Buse also stressed that lixisenatide and liraglutide are very different
molecules both in terms of structure and pharmacokinetics. Lixisenatide is an analog of the Gila
monster-derived exenatide while liraglutide is an analog of human GLP-1, and liraglutide has a
much longer half-life and provides 24-hour coverage. We imagine that the PK differences in
particular could very likely have contributed to the discrepancy on CV outcomes; future CVOTs for
other GLP-1 agonists should provide more insight on this question.

▪ Dr. Buse contrasted the gradual, consistent benefit in LEADER with the more
immediate and unexpected benefit in EMPA-REG OUTCOME. He argued that while the
hazard ratio for the primary endpoint was "remarkably similar" (13% vs. 14%) in the two trials, the
overall picture was very different. EMPA-REG OUTCOME showed a rapid separation between
groups followed by maintenance of the difference, whereas the curves in LEADER began to separate
within the first 18 months and continued to diverge for the rest of the trial. Similarly, while both
studies showed the most profound benefit on CV death, LEADER showed much more consistent
results across other outcomes. Dr. Buse suggested that the pattern and timing of responses in
LEADER is more consistent with an effect on atherosclerosis, while the main hypotheses at this
point for the EMPA-REG OUTCOME results relate to osmotic diuresis and fuel energetics.

DISCUSSANT

Laurie Baggio, PhD (Lunenfeld-Tanenbaum Research Institute, Toronto, Ontario, Canada)

Dr. Laurie Baggio's discussant presentation explored possible mechanistic explanations for the effects
observed in LEADER. Regarding the surprisingly large benefit seen on nephropathy, Dr. Baggio suggested
that improvements in risk factors like glucose, oxidative stress, weight, blood pressure, and inflammation
played an indirect role, but there also exists the tantalizing possibility that liraglutide could be acting
directly to reduce filtration pressures in the glomerulus (the functional filtration unit of the kidney),
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preventing them from burning out. On the observed increase in gallstones, Dr. Baggio speculated on
potential mechanisms (weight loss in known to cause an increase in gallstones), but concluded by
highlighting the dearth of data in this area, characterizing gallstones as a major area for future
investigation on GLP-1 agonists. In her conclusion, Dr. Baggio stated that it is a "huge advantage" for
patients to know that liraglutide reduces mortality, cardiovascular death, MI, and kidney disease, though
they must balance those benefits against increases in nausea, vomiting, diarrhea, and gallstone disease.

▪ Improvements in cardiovascular risk factors likely explain the lion's share of the
MACE reduction seen with liraglutide, but Dr. Baggio did not rule out the possibility of
direct GLP-1-receptor-mediated action directly on the heart. Evidence is mixed on whether
GLP-1 receptors are present in cardiac ventricles. The evidence is clearer on the improvements in
risk factors, including body weight, blood vessel health, diuresis, natriuresis, reducing inflammation,
glucose control, postprandial lipids, coagulation, and reduced hypoglycemia. However some of these
risk factors that were measured, such as blood pressure, did not change enough to explain much of
the overall cardiovascular benefit seen in the trial.

▪ Dr. Baggio appeared unconvinced that GLP-1 agonists are the best option for patients
with advanced heart failure. She pointed that existing outcomes studies, including LEADER, do
not suggest a benefit of GLP-1 agonists on heart failure. In her words, there is no reason to avoid
using a GLP-1 agonists in a patient with early-stage heart failure, but that prescribers "may want to
think twice" in patients with more advanced heart failure. In any case, SGLT-2 inhibitors (or at least
empagliflozin from EMPA-REG OUTCOME data) appear to do better with reducing the incidence of
heart failure.

▪ Dr. Baggio briefly discussed the increase in heart rate seen with liraglutide, but
suggested that LEADER does not provide sufficient information to assess the issue one
way or the other.

▪ The increases in amylase and lipase are hard to assess, given that their levels are
usually variable and often elevated in type 2 diabetes patients who are otherwise
asymptomatic. In fact, 23% of LEADER patients had elevated levels of the enzymes at baseline.
Amylase and lipase levels are examined because they are diagnostic for pancreatitis, but overall the
pancreatitis data were reassuring, as is experimental evidence that GLP-1 agonists do not promote
acinar cell inflammation or proliferation.

▪ LEADER was not powerful or long enough to provide a definitive answer on
liraglutide and cancer. Dr. Baggio sees the GLP-1/cancer question as a valid one, in light of
evidence that GLP-1/GLP-1 agonists can reduce apoptosis, increase intestinal mass, and increase
beta cell mass. She suggested that it will be helpful to know when in LEADER the cancer cases
occurred.

Oral Presentations: Treatment Choices after Orals in Type 2 Diabetes

EFFICACY AND SAFETY OF ONCE-WEEKLY SEMAGLUTIDE VS. SITAGLIPTIN AS ADD-ON
TO METFORMIN AND/OR THIAZOLIDINEDIONES AFTER 56 WEEKS IN SUBJECTS WITH
TYPE 2 DIABETES

Bo Ahrén, MD, PhD (Lund University, Sweden)

In the double-blinded, double-dummy, active-controlled, parallel-group SUSTAIN 2 trial (n=1231),
semaglutide 0.5 mg produced a 0.77% greater A1c reduction (p<0.0001) and semaglutide 1.0 mg produced
a 1.06% greater A1c reduction (p<0.0001) than Merck's Januvia (sitagliptin 100 mg) after 56 weeks of
treatment. Participants had type 2 diabetes and were on metformin, TZDs, or both. In total, semaglutide 0.5
mg produced a 1.3% A1c reduction and semaglutide 1.0 mg produced a 1.6% A1c reduction, compared to
sitagliptin's 0.5% A1c reduction (baseline A1c=8.1%, p<0.0001). Participants treated with semaglutide 0.5
mg and 1.0 mg experienced a 17.4 mg/dl and 26.74 mg/dl reduction in fasting plasma glucose (FPG),
respectively, compared to participants treated with sitagliptin (baseline FPG=169.4 mg/dl, p<0.0001).
Overall, participants experienced FPG reductions of 37.4 mg/dl, 46.7 mg/dl, and 20.8 mg/dl on semaglutide
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0.5 mg, semaglutide 1.0 mg, and sitagliptin, respectively. End-of-trial 7-point SMPG profiles were lower at
every point for participants treated with semaglutide compared to sitagliptin and compared to baseline.
78% of participants in the semaglutide 1.0 mg group and 69% of participants in the semaglutide 0.5 mg
group achieved an end-of-trial A1c of <7.0% at 56 weeks, compared to 36% of the sitagliptin-treated group.
66% of the semaglutide 1.0 mg group and 53% of the semaglutide 0.5 mg group achieved a target A1c of
≤6.5% at 56 weeks, compared to 20% of the sitagliptin-treated group.

◦ 62% of participants on semaglutide 1.0 mg and 46% of participants on semaglutide 0.5
mg achieved ≥5% weight loss, compared to 18% of participants in the sitagliptin group.
Furthermore, 24% of participants in the semaglutide 1.0 mg group and 13% of participants in the
semaglutide 0.5 mg group experienced even more impressive weight loss of ≥10%, compared to just
3% of the sitagliptin-treated group. Semaglutide 0.5 mg and 1.0 mg produced a 2.37 kg (~5.22 lbs)
and 4.22 kg (~9.3 lbs) greater weight loss, respectively, than sitagliptin (p<0.0001). In total,
participants on semaglutide 0.5 mg lost a mean 4.3 kg (~9.5 lbs) of body weight while participants
on semaglutide 1.0 mg lost a mean 6.1 kg (~13.4 lbs), compared to 1.9 kg (~4.2 lbs) with sitagliptin
(baseline body weight=89 kg [~196 lbs]). Like the A1c results, Dr. Ahrén highlighted the early and
dramatic divergence in weight loss between the semaglutide and the exenatide groups.

◦ 74% of participants in the semaglutide 1.0 mg group and 63% of participants in the
semaglutide 0.5 mg group achieved a composite endpoint of (i) A1c <7.0%, (ii) no
severe or blood-glucose confirmed symptomatic hypoglycemia, and (iii) no weight
gain. Only 27% of participants in the sitagliptin-treated group were able to achieve this endpoint.
Thus, participants on semaglutide appear 2-3 times more likely to achieve this very clinically
relevant composite outcome.

◦ Overall, serious, and severe adverse event rates were comparable across all three
treatment groups, though adverse events leading to discontinuation were higher in
the two semaglutide groups. Not surprisingly, Dr. Ahrén attributed the higher discontinuation
rate of the semaglutide groups to increased GI side effects - 18% of participants in both semaglutide
groups experienced nausea at least once throughout the study (vs. 7% in the sitagliptin group), 13%
experienced diarrhea (vs. 7%), and 8%-10% experienced vomiting (vs. 3%). That said, Dr. Ahrén
emphasized that the vast majority of cases of nausea were classified as "mild," the percentage of
patients experiencing nausea at any single time point in the study never exceeded 10%, and the
percentage of patients experiencing nausea tapered off as the trial progressed. Hypoglycemia,
pancreatitis, and malignant neoplasms were similar across all the groups. Participants in the two
semaglutide groups experienced a 2 beats/min increase in heart rate, compared to a 1 beat/min
increase in the sitagliptin group.

SUSTAIN 2 Results Summary

Treatment Semaglutide
0.5 mg

Difference

between

0.5 mg

and

sitagliptin

Semaglutide
1.0 mg

Difference

between

1.0 mg

and

sitagliptin

Sitagliptin
100 mg

A1c -1.3% -0.77%,

p<0.0001

-1.6% -1.06%,

p<0.0001

-0.5%

Fasting Plasma
Glucose (FPG)

-37.4 mg/dl -17.4 mg/

dl,

p<0.0001

-46.7 mg/dl -26.74

mg/dl,

p<0.0001

-20.8 mg/dl
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% Achieving A1c
<7.0%

69% 78% 36%

% Achieving A1c
<6.5%

53% 66% 20%

Weight -4.3 kg (~9.5

lbs)

-2.37 kg

(~5.22

lbs),

p<0.0001

-6.1 kg (~13

lbs)

-4.22 kg

(~9.3 lbs),

p<0.0001

-1.9 kg

(~4.2 lbs)

% Achieving ≥5%
Body Weight Loss

62% 46% 18%

% Achieving ≥10%
Body Weight Loss

13% 24% 3%

% Achieving A1c
<7.0% with no
severe/symptomatic
hypoglycemia and no
weight gain

63% 74% 27%

EFFICACY AND SAFETY OF ONCE-WEEKLY SEMAGLUTIDE VS. EXENATIDE ER IN
SUBJECTS WITH TYPE 2 DIABETES (SUSTAIN 3)

Andrew Ahmann, MD (Oregon Health & Science University, Portland, OR)

In the open-label, active-controlled, parallel-group SUSTAIN 3 (n=813) trial, participants treated with
semaglutide 1.0 mg experienced a 0.62% greater A1c reduction (p<0.0001) than participants treated with
exenatide ER 2.0 mg (AZ's once-weekly Bydureon). Overall, those in the semaglutide-treated group
experienced a mean A1c reduction of 1.5%, compared to a 0.9% reduction in the exenatide-treated group
(baseline A1c=8.3%, p<0.0001). Dr. Ahmann emphasized that the A1c curves for the semaglutide and
exenatide groups diverged early on and stayed significantly different throughout the trial. End-of-trial
7-point SMBG profiles were lower at every point for participants treated with semaglutide compared to
exenatide and compared to baseline, though the difference appeared to be less dramatic than the separation
between the semaglutide and sitagliptin SMPG profiles (as expected, given the generally accepted greater
glucose-lowering efficacy of GLP-1 agonists compared to DPP-4 inhibitors) - it would have been more
helpful from our view to have CGM data than SMBG data. 67% of participants in the semaglutide group
achieved an end-of-trial A1c of <7.0% at 56 weeks, compared to 40% of the exenatide-treated group. 47% of
the semaglutide group achieved a target A1c of ≤6.5% at 56 weeks, compared to 22% of the exenatide-
treated group.

◦ 52% of participants treated with semaglutide in SUSTAIN 3 achieved ≥5% weight loss,
compared to 17% of those treated with exenatide. 21% of semaglutide-treated patients
achieved ≥10% weight loss compared to only 4% of exenatide-treated patients. Participants treated
with semaglutide experienced a 3.78 kg (~8.3 lbs) greater weight loss than those treated with
exenatide (p<0.0001). In total, the semaglutide-treated group experienced a mean weight loss of 5.6
kg (~12.3 lbs) compared to a mean weight loss of 1.9 kg (~4.2 lbs) with exenatide (baseline body
weight = 95.8 kg [~211 lbs]).

◦ With semaglutide treatment, 57% of participants were able to achieve a composite
endpoint of A1c <7% with no severe or symptomatic hypoglycemia and no weight gain.
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This is about twice the proportion of participants in the exenatide-treated group that achieved this
composite endpoint (29%).

◦ Overall adverse events were similar between the semaglutide and the exenatide
groups, but serious AEs, severe AEs, and AEs leading to discontinuation were slightly
higher in the semaglutide group (9% vs. 7%). This was likely driven by the increased GI side
effects seen with semaglutide. In particular, as was previously reported, participants in the
semaglutide group experienced almost twice as much nausea as those in the exenatide group (22%
vs. 12%). Participants in the semaglutide group also experienced higher rates of diarrhea (11% vs.
8%), decreased appetite (8% vs. 5%), vomiting (7% vs. 6%), dyspepsia (7% vs. 5%), and constipation
(6% vs. 5%). The side effect profile is consistent with what has been reported across the SUSTAIN
phase 3 development program. Our sense is that semaglutide is a more potent GLP-1 agonist,
offering greater A1c and weight loss efficacy - though some suggest it may have an accompanying
higher GI side effects, with most in single digits, we're not too worried about that - although to what
degree "hand holding" in the trial would have reduced those reporting nausea etc we don't know.
Either way, there are obviously a high percentage of patients that would seem to be able to benefit
from this therapy and we look forward to seeing the move toward the market for it.

◦ The SUSTAIN 2 and SUSTAIN 3 results were some of the most highly anticipated from
the phase 3 development program for semaglutide. Novo Nordisk is positioning
semaglutide as a next-generation GLP-1 agonist with greater A1c efficacy, greater weight loss, and
potential additional benefits (such as cardioprotection and positive effects on NASH). The results
drive home semaglutide's superiority on the A1c and weight loss front compared to other incretins.
We'd love to see how semaglutide stacks up against Lilly's new GLP-1 agonist Trulicity (dulaglutide),
which has been garnering rave reviews from patients and providers. We'd also be highly interested
in seeing a head-to-head trial of injectable semaglutide vs. an SGLT-2 inhibitor - and it goes without
saying that we'd love to see how they work together. The PIONEER phase 3 development program
for the oral formulation of semaglutide does includes a trial against Lilly/BI's Jardiance
(empagliflozin).

SUSTAIN 3 Results Summary

Treatment Semaglutide 1.0
mg

Exenatide ER
2.0 mg

Difference

between

semaglutide and

exenatide

A1c -1.5% -0.9% -0.62%, p<0.0001

% Achieving A1c <7.0% 67% 40%

% Achieving A1c <6.5% 47% 22%

Weight -5.6 kg (~12.3 lbs) -1.9 kg (~4.2 lbs) -3.78 kg (~8.3 lbs),

p<0.0001

% Achieving ≥5% Body Weight
Loss

52% 17%

% Achieving ≥10% Body Weight
Loss

21% 4%

% Achieving A1c <7.0% with no
severe/symptomatic

57% 29%
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hypoglycemia and no weight
gain

SUPERIOR EFFICACY OF ITCA 650 VS. SITAGLIPTIN IN UNCONTROLLED TYPE 2 DIABETES
ON METFORMIN: THE FREEDOM-2 RANDOMIZED, DOUBLE-BLIND, 1-YEAR STUDY

Julio Rosenstock, MD (Dallas Diabetes and Endocrine Center, Dallas, TX)

Dr. Julio Rosenstock presented results from the phase 3 FREEDOM-2 study demonstrating significantly
greater A1c reductions (1.5% vs. 0.8%; p<0.001) and weight loss (4 kg vs. 1.3 kg; p<0.001) with Intarcia's
ITCA 650 vs. Merck's Januvia (sitagliptin). Intarcia announced topline results from the trial in August. The
double-blind trial randomized 535 patients with type 2 diabetes on metformin to receive either ITCA 650 +
oral placebo or Januvia + implantable placebo for 52 weeks. Patients received the initiation dose of ITCA
650 for 13 weeks and switched to the maintenance dose for the remaining 39 weeks. The A1c difference
between the groups was already significant at six weeks and stabilized at week 26; final reductions were
1.5% with ITCA 650 vs. 0.8% with Januvia (baseline = 8.6%-8.7%; p<0.001). ITCA 650 also produced
significantly greater reductions in fasting plasma glucose (47 mg/dl vs. 28 mg/dl; p<0.001). Weight loss
followed a similar pattern as the A1c reductions, with a fairly early separation that stabilized at around
week 26 and remained stable throughout the trial. The final weight reduction was 4 kg (~8.8 lbs) with ITCA
650 vs. 1.3 kg (~2.9 lbs) with Januvia (baseline BMI = 33 kg/m ; p<0.001). ITCA 650 was also superior in2

terms of the percentage of patients achieving the composite endpoint of A1c reduction >0.5% and weight loss
≥2 kg (61% vs. 28%; p<0.001) and the percentage achieving A1c targets of <7% (61% vs. 42%) and <6.5%
(44% vs. 21%). As expected, there were more GI events in the ITCA 650 group, though the discontinuation
rates due to these events were low (4.5% for nausea and 2.3% for vomiting). Importantly, the rate of
procedure-related adverse events was quite low (<1%) in both groups. Dr. Rosenstock also emphasized that
nausea rates peaked when the initial dose was started and when the dose was escalated, but rates were
quite low throughout the rest of the trial.

▪ We are particularly impressed with the durability of the A1c and weight reductions -
the difference between the groups held steady from week 26 through the end of the
trial. We also found the results for the composite endpoint especially compelling and expect that
payers will as well. Intarcia has reported results from three additional trials for ITCA 650: results
from FREEDOM-1 and FREEDOM-HBL demonstrating significant A1c reductions vs. placebo were
presented at ADA 2015 and topline results from the FREEDOM-CVO trial demonstrating a neutral
effect on CV outcomes were announced in May. The impressive efficacy and guaranteed adherence
should make ITCA 650 an appealing option for a wide range of patients and could significantly
expand use of the GLP-1 agonist class, although would not be surprised if the product's commercial
performance falls a bit short of the extremely high expectations that some in the field have set for it,
particularly less informed investors looking at the first year or two. We have big expectations that
the GLP-1 field will continue to grow, and expect Intarcia to be a meaningful part of this. We
appreciate very much Intarcia's focus on helping improve patient adherence and engagement and
look very forward to seeing how the launch emerges. Ideally, this therapy will continue the path that
a range of companies are trying to take to make various therapies easier to prescribe and take and
stay on.

Questions and Answers

Q: Are there any issues around removal in terms of fibrosis?

A: There were no issues of fibrosis. The technique has been highly revised. It's now done with a delivery device
and different tools to ensure the placement is very superficial. Before there was not a tool to really make sure
the device was not placed too deep. Now they have a device where you can't get too deep, so that's no longer
an issue.

Q: Do you have to take the device out to change the dose?
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A: Yes. This device could be used for six months, and eventually it will be one year. Taking it out takes less
than two minutes.

EFFICACY AND DURABILITY OF EXENATIDE IN COMBINATION WITH PIOGLITAZONE VS.
BASAL-BOLUS INSULIN IN POORLY CONTROLLED TYPE 2 DIABETIC PATIENTS: THE
QATAR STUDY

Muhammad Abdul-Ghani, MD, PhD (UT Health Science Center, San Antonio, TX)

Dr. Muhammad Abdul-Ghani presented results of the QATAR study, demonstrating that the addition of
exenatide in combination with pioglitazone in poorly controlled type 2 diabetes patients (on metformin/
SFU) produces greater A1c reductions with less hypoglycemia and weight gain compared to basal-bolus
insulin therapy. This study randomized poorly controlled type 2 diabetes patients on maximal dose of
metformin/SFU to either once-weekly exenatide plus pioglitazone (n=112) or basal (glargine)-bolus (aspart)
insulin (n=114). Follow-up visits were conducted monthly for the first six months and then every two to
three months afterwards. At six and 12 months, the exenatide/pioglitazone arm (baseline A1c of ~10%)
achieved A1c levels of 6.5% and 6.2%, respectively, compared to the insulin arm's achievement of 7.5% and
7.3% at 6 and 12 months, respectively - that's a pretty big difference and excellent results, especially given
the high baseline A1c. In addition, more participants in the insulin therapy arm failed to achieve the A1c
goal <7% compared to the combination therapy arm (63% vs. 17%). Regarding adverse events, the
exenatide/pioglitazone group experienced significantly less hypoglycemia (0.21 vs. 0.67 events/patient
year) and gained less weight (0.7 kg vs. 3.1 kg). On the other hand, the combo therapy arm saw greater
edema, injection site bumps, nausea, and other GI side effects. But ultimately, these findings are promising
and highlight the rising potential and greater enthusiasm for various forms of combination therapies. The
TZD element of the combination was great to see, particularly as this is now a generic drug - we've heard
when it is taken in lower doses, there are often significantly fewer side effects and we'd love to know more
on that. These results reinforce our thinking that early and mid-stage in diabetes treatment, prandial
insulin is going to be chosen a smaller percentage of the time given other alternatives - we believe the other
alternatives will also keep patients alive longer and that more will eventually need prandial insulin as the
"lifespan" will continue to expand. We just hope an "elderly well" rather than an "elderly unwell" will start
to emerge. Although we hear a lot of negativity about SFUs, we'd also love to see "all" patients get "the best
one."

Questions and Answers

Q: What did you do with the SFUs? Did you continue it or what?

A: Yes, the treatments were added on top of SFUs and metformin. Participants were also allowed to adjust
meds throughout the study.

Q: You noted there was more edema in the combo therapy - was that related to CHF?

A: It was peripheral edema. Only three patients discontinued due to the edema.

Q: One third of your patients had nausea in the combo therapy. Most of these patients also had
severe insulin resistance. Did you check the food intake with nausea in relation to the weight
changes?

A: No, we didn't but it's an interesting point. [Editor's note - we're surprised this wasn't checked. This was an
early question/criticism of Amylin's Byetta and proved to be unfounded.]

Dr. Julio Rosenstock (Dallas Diabetes and Endocrine Center, Dallas, TX): This is very
interesting data. These patients have more than ten years of diabetes and A1cs of 10% on
metformin and SFUs. The A1c reductions are so impressive. I've never seen anything like this.
I wish my patients were in the QATAR study.
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CLINICAL IMPACT OF TITRATABLE FIXED-RATIO COMBINATION OF INSULIN GLARGINE/
LIXISENATIDE VS. EACH COMPONENT ALONE IN TYPE 2 DIABETES INADEQUATELY
CONTROLLED ON ORAL AGENTS: LIXILAN-O TRIAL

Julio Rosenstock, MD (Dallas Diabetes and Endocrine Center, Dallas, TX)

Dr. Julio Rosenstock presented results from the phase 3 LixiLan-O trial demonstrating significantly greater
A1c reductions with Sanofi's iGlarLixi (formerly LixiLan) vs. either of its components in patients with type 2
diabetes on oral agents. Sanofi announced topline results from the trial in July 2015 and the dataset was
included in the company's briefing documents for the recent FDA Advisory Committee meeting for iGlarLixi.
The open-label trial randomized 1,170 patients with type 2 diabetes not at goal on metformin and another
oral agent to receive either iGlarLixi (n=469), Lantus (insulin glargine; n=467), or lixisenatide (n=234) for
30 weeks. A1c reductions were significantly greater with iGlarLixi (1.6%) vs. both Lantus (1.3%) and
lixisenatide (0.9%) (baseline = 8.1%; p<0.0001). A significantly higher percentage of patients achieved an
A1c <7% with the combination (74%) compared to Lantus (59%) and lixisenatide alone (33%). Fasting
plasma glucose reductions were comparable with iGlarLixi (62 mg/dl) and Lantus (59 mg/dl) and less
impressive with lixisenatide (27 mg/dl) (baseline = 176-178 mg/dl; p<0.0001). As expected, lixisenatide's
greatest contribution was on postprandial glucose. iGlarLixi was superior to both Lantus (by 43 mg/dl) and
lixisenatide (by 20 mg/dl) on two-hour postprandial glucose; the combination was superior to Lantus (by
38 mg/dl) but inferior to lixisenatide (by 16 mg/dl) on postprandial glucose excursions. Seven-point glucose
profiles showed lower overall glucose throughout the day with iGlarLixi and lower peaks compared to
Lantus, especially at breakfast (we'd love in the future CGM use). The combination also demonstrated a 1.4
kg weight benefit compared to Lantus and allowed a significantly higher percentage of patients to achieve
the composite endpoint of A1c <7% with no weight gain (43% vs. 25% with Lantus and 28% with
lixisenatide).

▪ Especially relevant in light of the recent IGlarLira AdComm discussion, Dr.
Rosenstock highlighted the potential for dosing flexibility with the two iGlarLixi pens.
Sanofi plans to market iGlarLixi in two pens, one (pen A) with a 2:1 insulin glargine/lixisenatide
ratio and insulin doses ranging from 10-40 U/day and another (pen B) with a 3:1 insulin glargine/
lixisenatide ratio and insulin doses ranging from 40-60 U/day. Dr. Rosenstock emphasized that this
allows insulin titration up to 60 U without going above the maximum dose of 20 mcg lixisenatide.
Data on the final dose distribution in LixiLan-O showed that 56% of patients achieved good control
with pen A, 44% required intensification to pen B, and only 8% reached the maximum dose of 60 U
without achieving target. A number of panelists at the AdComm meeting expressed concerns about
distinguishing between the two pens and about the nomenclature of "units" used to dose the
combination. These concerns were fairly unexpected to us, and we hope Sanofi and the FDA can
work together to resolve them in short order.

▪ Adverse events were generally similar between groups in the trial. Nausea rates were
substantially lower with iGlarLixi (9.6%) compared to lixisenatide (24%), confirming one of the
main expected with these combinations compared to GLP-1 agonists alone. Dr. Rosenstock
highlighted the fact that only 0.4% of the iGlarLixi group discontinued treatment due to nausea
(compared to 2.6% in the lixisenatide group). The rate of documented symptomatic hypoglycemia
was low and comparable between the iGlarLixi and Lantus groups (1.4 vs. 1.2 events/patient-year).

Questions and Answers

Q: Given the short duration of action of lixisenatide, might it make more sense to use it twice a
day?

A: That sounds like common sense but you don't need to. With the results you get, why would you need to?
You get an effect on postprandial glucose mainly in the morning, you do have some carry over for lunch, and
by dinner there's not much, but you get down to 6.5%. We shouldn't use it twice a day because it's not
approved. (Editor's note - we think this question is interesting - as we continue to emphasize, the over-
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emphasis on A1c is troubling. We are curious if twice-daily dosing might get more of the 26% of patients who
did not reach 7% A1c to 7% or lower.)

Q: Would you use it twice a day if A1c deteriorates over time?

A: I don't know. We need longer-term studies.

Q: I'd like to see a study where you challenge the fixed-ratio combination not only to glargine +
lixisenatide but to degludec + liraglutide, comparing the fixed ratio with split injections. I
think it would highlight the convenience of the fixed ratio and on the other side the ability to
individualize the combination because we know patients have different characteristics.

A: There's no question that what you suggest would be a nice study. The question is whether simultaneous
therapy is better than sequential. All these years we've done sequential. We have a bit of indirect evidence on
this from GetGoal Duo 1, where patients were on basal insulin for 12 weeks and then added lixisenatide. That
got people down to 7% and here we got down to 6.5%. The important bottom line is that we get down to 6.5%.
The same was true with IDegLira. Both combinations get people down to levels we were never able to get
before with any of the components alone.

Q: What concentration of insulin glargine was used?

A: U100.

Oral Presentations: Beyond Basal Insulin in Type 2 Diabetes - Treatment Intensification
Options

EFFICACY AND SAFETY OF THE INSULIN GLARGINE/LIXISENATIDE FIXED-RATIO
COMBINATION VS. INSULIN GLARGINE IN PATIENTS WITH T2DM: THE LIXILAN-L TRIAL

Vanita Aroda, MD (MedStar Health Research Institute, Hyattsville, MD)

The highly respected Dr. Vanita Aroda presented results from the phase 3 LixiLan-L trial demonstrating
significantly greater A1c reductions with Sanofi's iGlarLixi (formerly LixiLan) vs. Lantus (insulin glargine)
in patients with type 2 diabetes on basal insulin, driven by improvements in postprandial glucose. Sanofi
announced topline results from the trial in September 2015 and the dataset was included in the company's
briefing documents for the FDA Advisory Committee meeting for iGlarLixi. The open-label trial randomized
736 patients not at goal on basal insulin and oral drugs to treatment with iGlarLixi (n=367) or Lantus
(n=369) for 30 weeks. The insulin glargine dose in both groups was titrated to a fasting glucose target of
80-100 mg/dl and the dose was capped at 60 U/day (to match the maximum dose in the combination). A1c
reductions were significantly greater with iGlarLixi (1.2%) than Lantus (0.6%) (baseline = 8.1%). A
significantly higher percentage of patients achieved an A1c <7% with iGlarLixi (55%) than with Lantus
(30%; p<0.0001). Fasting plasma glucose reductions were similar in both groups (21 mg/dl vs. 23 mg/dl),
as expected given the almost identical average daily doses of insulin glargine at the end of the trial (46 vs.
47 U). The main contribution of lixisenatide to the combination was on postprandial glucose: iGlarLixi
produced significantly greater reductions in both two-hour postprandial glucose (85 mg/dl vs. 25 mg/dl)
and postprandial excursions (70 mg/dl vs. 8 mg/dl) compared to Lantus. Seven-point glucose profiles
illustrated this improvement in postprandial control, particularly after breakfast. iGlarLixi led to a 1.4 kg
weight benefit and comparable hypoglycemia rates to Lantus. The combination also allowed a greater
percentage of patients to achieve an A1c <7% without weight gain (34% vs. 13%), an A1c <7% without
hypoglycemia (32% vs. 19%), and an A1c <7% without weight gain or hypoglycemia (20% vs. 9%) - while
the benefit is encouraging, the low absolute percentages in both groups illustrate the remaining need for
more effective therapies.

Questions and Answers

Q: Do you think the weight loss is less when lixisenatide is used in combination with insulin vs.
separately when added to insulin or without insulin?
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A: I would refer you to the LixiLan-O trial, where we saw greater weight loss with lixisenatide alone. Here we
have mitigation of the weight gain with insulin glargine.

Q: But the average weight loss seems to be less here than when you add on a GLP-1 agonist
without insulin or even separately.

A: Part of it might be the final dose, which was 17 mcg of lixisenatide on average.

Q: I'm guessing the combination was administered before breakfast. Was the administration
of glargine alone done at the same time?

A: Glargine could be administered at any time and it was consistent throughout the trial. The combination
was injected an hour before breakfast.

Q: From the seven-point profile, it's obvious that the main effect is on that first meal, yet it was
a fixed schedule of dosing before breakfast. Do you think the results would be different if it
was administered with the largest meal rather than breakfast? My patients don't all eat
breakfast, and dinner is typically the biggest meal in the US.

A: That's an intriguing question that can only be answered by a trial. There was a sub-study looking at dosing
at the main meal vs. the morning and the main effect seems to be in the morning, but we would need a trial to
know.

Q: You didn't save a single dose of insulin by adding lixisenatide and you had the same rate of
hypoglycemia. Is there any information on the PK/PD data? Were the profiles of both
components really preserved? It seems like a very weak effect.

A: The PK data were consistent with what was seen in the lixisenatide standalone program. Your point is
appreciated that there's not necessarily an insulin-sparing effect. I would also state here that we had a greater
A1c reduction down to 6.9% without increased hypoglycemia. We're looking at two different end A1cs with
comparable hypoglycemia.

Q: Looking at the meal data in the control group, you still have glucose values of 230 mg/dl two
hours after a meal - people are clearly not well controlled. Would you anticipate different
results if you had a more well-controlled group?

A: The 230 mg/dl was from a mechanistic substudy highlighting the mechanism of action of iGlarLixi on
postprandial glucose. The 7-point SMPG, reflective of control in the comparator group, showed the control we
typically see with titration with insulin glargine (postprandial glucose of 160s-190s during the day). This,
along with detailed review of titration, superimposable fasting glucoses, and insulin doses all support
appropriate titration in the control group.

PATIENTS WITH T2D TREATED WITH INSULIN DEGLUDEC/LIRAGLUTIDE (IDEGLIRA)
HAVE A GREATER CHANCE OF REACHING GLYCEMIC TARGETS WITHOUT
HYPOGLYCEMIA AND WEIGHT GAIN THAN WITH INSULIN GLARGINE (IG)

Ildiko Lingvay, MD, MPH (University of Texas Southwestern Medical Center, Dallas, TX)

Dr. Ildiko Lingvay (University of Texas Southwestern Medical Center, Dallas, TX) presented a post-hoc
analysis of DUAL V trial focusing on patients who were able to achieve fasting plasma glucose (FPG) and
A1c targets (FPG <130 mg/dl or A1c <7%) in the trial. DUAL V, which was previously presented at ADA
2015, demonstrated striking A1c and weight benefits with Novo Nordisk's fixed-ratio GLP-1 agonist/basal
insulin combination Xultophy (insulin degludec/liraglutide) over basal insulin Lantus (insulin glargine)
intensification in 557 patients with type 2 diabetes who were already on Lantus and metformin (-0.6% and
-3 kg [7lbs], p<0.001 for both). In this post-hoc analysis, Dr. Lingvay showed that significantly more
participants in the trial who were treated with Xultophy and achieved a FPG <130 mg/dl did so without
hypoglycemic episodes (57.9% of those in the Xultophy arm were able to do so, compared to 40.9% of those
in the Lantus arm, p<0.0001). More participants achieving the target FPG with Xultophy did so without
weight gain as well (54.3% of Xultophy arm vs. 24% of Lantus arm, p<0.0001). Impressively, 41% of
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participants who achieved a FPG <130 mg/dl in the Xultophy arm did so without either hypoglycemia or
weight gain, while only 14% of those in the Lantus arm did so (p<0.0001). Similarly, greater proportions of
patients in the Xultophy arm were able to (i) achieve an A1c <7%, (ii) achieve an A1c <7% with no
hypoglycemia, and (iii) achieve an A1c <7% with no hypoglycemia or weight gain. This held true for
regardless of baseline A1c (≤7.5%, >7.5%-≤8.5%, and >8.5%). Dr. Lingvay also showed that participants on
Xultophy were able to achieve the FPG target <130 mg/dl more quickly than participants on Lantus, despite
those participants taking lower insulin doses than those in the Lantus arm throughout the trial.

IMPROVED GLYCEMIC CONTROL AND WEIGHT LOSS WITH ONCE-WEEKLY
DULAGLUTIDE VS. PLACEBO, BOTH ADDED TO TITRATED DAILY INSULIN GLARGINE, IN
TYPE 2 DIABETES PATIENTS (AWARD-9)

Paolo Pozzilli, MD (University Campus Bio-Medico, Rome, Italy)

In front of a standing-room-only crowd, Dr. Paolo Pozzilli presented the results of AWARD-9, a double-
blind, 28-week superiority trial comparing the effects of Lilly's Trulicity (dulaglutide) vs. placebo on A1c
and weight when added to insulin glargine in type 2 diabetes patients. The trial randomized 300 patients
with inadequate glycemic control (A1c of 7-10.5%) to dulaglutide 1.5 mg (n=150) or placebo (n=150) on top
of once-daily glargine titrated to a FPG target of 71-99 mg/dl (± metformin). Baseline characteristics were
similar between both groups (please see below). Data at 28 weeks show that compared to placebo,
dulaglutide provided significantly greater reductions in A1c (-0.7% vs. -1.4%, respectively), and in fasting
serum glucose (28 vs. 45 mg/dl, respectively; p<0.001 for both comparisons). No difference in the rate of
hypoglycemia was observed. Patients on dulaglutide experienced a weight loss (4.2 lbs [1.91 kg]), compared
to a weight gain with placebo (1.1 lbs [0.50 kg]; p<0.001). In addition, insulin glargine requirements were
statistically significant lower in the dulaglutide group (13U) vs. the placebo group (26U).

▪ The rate of retention was similar between the dulaglutide and placebo groups (92%
and 89%, respectively). The two groups also had similar baseline characteristics, with
an average age of 60 years, percent female of 41%-43%, percent Caucasian of 92%-95%, BMI of 33
kg/m , diabetes duration of 13 years, A1c of 8.3%-8.4%, fasting serum glucose of 156-157 mg/dl, and2

percent on metformin of 87%-89%.

Table: 28-week data on the effect of dulaglutide vs. placebo on glucose measurements, weight,
and glargine requirements.

Primary Endpoint Dulaglutide Placebo Difference p value

A1c reduction (%) 1.44 0.67 0.77 p <0.001

% pt with A1c <7% 69% 35% -- p <0.001

% pt with A1c <6.5% 51% 17% -- p <0.001

Reduction in FSG (mg/dl) 45 28 17 p <0.001

Weight change -1.91 kg (4.2 lbs) +0.50 kg (1.1 lbs) -2.41 kg (5.3 lbs) p <0.001

Change in glargine dose 13U 26U -13U p <0.001

▪ Hypoglycemia rates between the two groups were similar. The dulaglutide and placebo
groups had similar rates of overall hypoglycemia (82% vs. 76%, respectively), documented
symptomatic hypoglycemia (53% vs. 45%, respectively), and nocturnal hypoglycemia (42% vs. 43%,
respectively). The dulaglutide group had one episode of severe hypoglycemia, compared to zero in
the placebo group.

▪ Regarding adverse events, more gastrointestinal symptoms were observed in the
dulaglutide groups. Dr. Pozzilli noted that these events only led to discontinuation of therapy in
very few patients.
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Questions and Answers

Q: Can you give us an idea on how the insulin was adjusted?

A: The basal insulin glargine dose was given according to the classical algorithm used for a patient with basal-
only insulin. It was then titrated by two units.

Q: You had a baseline A1c of 8.4%, which came down to about 7%. But you only had a fraction
of people achieve an A1c <7%, suggesting that there were non-responders. Did you look at
those non-responders?

A: The patients had an excellent response if you look at the standard deviation. You see that there is minimal
variation, suggesting that nearly all the patient responded to therapy. The difference between the two groups
was highly significant between the two groups.

Dr. Stefano Del Prato (University of Pisa, Italy): There is something that is not completely
clear to me. People in the placebo group required 26 more units of glargine compared to 13
units for dulaglutide, yet there was no difference in the rate of hypoglycemia. What is the
explanation? Because one of the things that we have been exposed to is that the combination of
insulin plus a GLP-1 agonist often comes with a reduction in hypoglycemia. Is it because of the
titration?

A: Yes, I think it is the titration.

Oral Presentations: Obesity and Related Conditions

SEMAGLUTIDE REDUCES APPETITE AND ENERGY INTAKE, IMPROVES CONTROL OF
EATING, AND PROVIDES WEIGHT LOSS IN SUBJECTS WITH OBESITY

John Blundell, PhD (University of Leeds, UK)

Dr. John Blundell presented positive results on reductions in energy intake and appetite with once-weekly
GLP-1 agonist semaglutide in people with obesity. This double-blind, crossover study examined the
mechanisms of weight loss of semaglutide (dose-escalated to 1.0 mg) vs. placebo in 30 participants with
obesity and without type 2 diabetes (baseline BMI of 34 kg/m ). At 12 weeks, the results found a reduction2

in body weight, with decreases in energy intake, appetite, and food intake along with overall improved
control of eating. Specifically, findings demonstrated that ad libitum energy intake was lower with
semaglutide vs. placebo at lunch (5 hours after standardized breakfast), evening meal, and snacks with
relative reductions of 35%, 18%, and 22%, respectively. In addition, the semaglutide group achieved weight
loss of 5 kg (with greater loss of fat mass compared to lean mass) vs. a small increase of 0.97 kg with
placebo. Fasting overall appetite scores also indicated reduced appetite with semaglutide vs. placebo
(p=0.0023), while nausea ratings were similar - suggesting that this effect was independent of side effects.
Additionally, results from the overall appetite-suppression score and control of eating questionnaire
indicated less cravings and greater control of eating. Notably, participants had greater reductions in
energy intake of food groups of high fat and traditionally more "appealing" foods, which reflected the
results from the Leeds food preference task. Dr. Blundell noted that the semaglutide group experienced a
reduction in resting metabolic rate. These findings further confirm to us the impressive versatility of
semaglutide, as the product has been suggested to be studied in several indications beyond type 2 diabetes,
including NASH, obesity, and a range of macrovascular and microvascular complications - see more on this
from our Novo Nordisk 1Q16 report. We have certainly seen significant enthusiasm for the GLP-1 agonist
class within obesity - as already pioneered by Novo Nordisk's Saxenda (liraglutide 3.0 mg) - and the eating
behavior-specific findings from this study direct us back to potential mechanisms within the brain and its
reward circuitry, which is marking itself as a fast growing area of research for obesity.

Questions and Answers

Q: Do you think the changes in resting metabolic rate are accounted for by the degree of
weight loss?
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A: Yes, when weight is lost rapidly, the body adjusts. This can drive appetite and make energy expenditure
more efficient. When body weight was entered into the analysis as a co-variate, the effect of semaglutide on
RMR was no longer significant.

DAPAGLIFLOZIN + EXENATIDE QW REDUCED BODY WEIGHT AND IMPROVED GLUCOSE
TOLERANCE IN NONDIABETIC OBESE ADULTS: A RANDOMIZED, PLACEBO-CONTROLLED,
PHASE 2 STUDY

Jan Eriksson, MD, PhD (Uppsala University, Uppsala, Sweden)

Results from a phase 2 proof of concept study (n=50) of combination therapy with AZ's Farxiga
(dapagliflozin) and Bydureon (exenatide once weekly) demonstrated significant ~4 kg weight loss and
glycemic improvements vs. placebo in patients with obesity but not diabetes. Participants in the double-
blind, single-center study were randomized to receive either active treatment or double placebo for 24
weeks, followed by a 28-week open-label extension study; data from the extension study will be presented at
EASD in September. After 24 weeks, the combination led to significant placebo-adjusted weight loss of 4.1 kg
(baseline weight = 103-106 kg [227-234 lbs]; baseline BMI = 35-36; p=0.0007) or 4.2% (p=0.0005). As in
most obesity drug trials, there was a wide range of responses, but far more patients achieved ≥5% weight
loss with the active treatment than with placebo (36% vs. 4%). MRI analysis of body composition showed
that almost all of the weight loss was due to loss of adipose tissue, with no significant change in lean tissue.
The combination also produced a modest but significant 0.2% placebo-adjusted A1c reduction (baseline =
5.6%, p=0.0004), a significant drop in the proportion of patients with impaired fasting glucose and
impaired glucose tolerance, and a significant placebo-adjusted blood pressure reduction of 6.4 mm Hg
(p=0.026). Adverse events were fairly balanced, with slightly more GI side effects in the active treatment
group.

▪ These results are encouraging, though as noted during Q&A, the real test will be how
the combination stacks up against each of its components alone. AZ is currently
conducting a phase 3 study (n=660) of that comparison in patients with type 2 diabetes that is
expected to complete in December 2017 (primary completion May 2016). As presenter Dr. Jan
Eriksson noted, GLP-1 agonist/SGLT-2 inhibitor combinations are very appealing for obesity due to
their complementary mechanisms of weight loss (calorie loss with the SGLT-2 inhibitor and reduced
appetite/caloric intake with the GLP-1 agonist). The same could also be said for glycemic control, as
the reduction in glucagon production with GLP-1 agonists could help mitigate the increased
glucagon production that blunts some of the efficacy of SGLT-2 inhibitors. We expect AZ to focus
primarily on type 2 diabetes with this combination but find the potential in obesity very interesting
as well, particularly for a GLP-1 agonist with more potent weight effects like Novo Nordisk's Saxenda
(liraglutide 3.0 mg) or semaglutide.

Questions and Answers

Q: Could you clarify the timing of the last dose vs. the glucose measures?

A: A glucose tolerance test was performed at baseline and at 24 weeks. The dose was taken half an hour before
the glucose tolerance test was started.

Q: Although I acknowledge this was a proof of concept trial, why didn't it include monotherapy
+ placebo arms? You're really asking whether there's a synergistic or additive effect and this
study didn't answer that.

A: It's a proof of concept for the combination and we showed robust weight loss vs. placebo, but I agree, we
want a study against monotherapies as well. That would have increased the study size so we couldn't have
done it at a single center.

www.closeconcerns.com 65

https://clinicaltrials.gov/ct2/show/NCT02229396?term=exenatide+dapagliflozin&rank=2


Oral Presentations: Hypoglycemia Potpourri

EFFECTS OF GLP-1 INFUSION ON ENDOTHELIUM AND ATHEROTHROMBOTIC BALANCE
DURING HYPOGLYCEMIA IN HEALTHY INDIVIDUALS

Stephen Davis, MD (University of Maryland, Baltimore, MD)

Dr. Stephen Davis shared results from two randomized, double blind trials (n=22) evaluating the impact of
GLP-1 on endothelial health and atherothrombotic balance during hypoglycemia (50 mg/dl) in participants
without diabetes. Results showed that atherothrombotic and inflammatory mediators ICAM-1, VCAM-1,
PAI-1, E-Selectin, and Endothelin were all reduced during hypoglycemia with GLP-1 infusion as compared
to placebo. Further, nitric oxide and other non-nitric oxide mediated vasodilation were also improved with
GLP-1 (p<0.05) vs. control. GLP-1 infusion did not significantly impact glucose kinetics, catecholamines,
insulin, glucagon, growth hormone, or free fatty acids. According to Dr. Davis, these data indicate that
GLP-1 has acute protective effects on endothelial function and reduces pro-atherothrombotic, pro-
inflammatory, and pro-coagulant responses during moderate hypoglycemia. We would expect that the
protective effects of the GLP-1 infusion would translate to the GLP-1 agonist class and we are especially
curious as to how these effects would play out in those with hypoglycemia unawareness and impaired
counter-regulatory hormone reactions to hypoglycemia.

Posters

SWITCH 1: REDUCED HYPOGLYCEMIA WITH INSULIN DEGLUDEC (IDEG) VS. INSULIN
GLARGINE (IGLAR), BOTH U100, IN PATIENTS WITH T1D AT HIGH RISK OF
HYPOGLYCEMIA: A RANDOMIZED, DOUBLE-BLIND, CROSSOVER TRIAL (87-LB)

T Bailey, G Gerety, J Gumprecht, A Philis-Tsimikas, C Hansen, T Nielsen, and M Warren

SWITCH 1 demonstrated significant hypoglycemia reductions with Tresiba vs. Lantus in patients with type
1 diabetes at high risk for hypoglycemia. The double-blind trial randomized 501 patients to receive once-
daily doses of Tresiba or Lantus for 32 weeks, followed by crossover to the other treatment for 32 weeks.
Each 32-week period consisted of a 16-week titration period and a 16-week maintenance period, and both
groups received injections of NovoLog (insulin aspart) at mealtime. Results showed a significant 11%
reduction for the primary endpoint of severe or blood glucose-confirmed symptomatic hypoglycemia with
Tresiba vs. Lantus during the maintenance period (event rates of 2,220.9 vs. 2,462.7 events/100 patient-
years; p<0.0001). Tresiba also produced a significant 36% reduction in severe or blood glucose-confirmed
nocturnal symptomatic hypoglycemia (event rates of 277.1 vs. 428.6 events/100 patient-years; p<0.0001)
and a significant 35% reduction in severe hypoglycemia (event rates of 69.1 vs. 92.2 events/100 patient-
years; p<0.05) in the maintenance period compared to Lantus. Results were similar for the full treatment
period with significant reductions of 6%, 25%, and 26% with Tresiba vs. Lantus for the three respective
endpoints. The results for other efficacy and safety parameters were comparable between groups; a post-
hoc analysis found a 3% significantly lower total daily insulin dose in the Tresiba group.

SWITCH 2: REDUCED HYPOGLYCEMIA WITH INSULIN DEGLUDEC (IDEG) VS. INSULIN
GLARGINE (IGLAR), BOTH U100, IN PATIENTS WITH T2D AT HIGH RISK OF
HYPOGLYCEMIA: A RANDOMIZED, DOUBLE-BLIND, CROSSOVER TRIAL (90-LB)

A Bhargava, LB Chaykin, R De La Rosa, Y Handelsman, L Troelsen, K Kvist, and P Norwood

SWITCH 2 demonstrated significant hypoglycemia reductions with Tresiba vs. Lantus in patients with type
2 diabetes at high risk for hypoglycemia. The double-blind trial randomized 721 patients to receive once-
daily doses of Tresiba or Lantus in addition to oral diabetes drugs (excluding sulfonylureas/meglitinides)
for 32 weeks, followed by crossover to the other treatment for 32 weeks, with the same titration/
maintenance periods as in SWITCH 1. Results showed a significant 30% reduction in severe or blood
glucose-confirmed symptomatic hypoglycemia with Tresiba vs. Lantus during the maintenance period
(event rates of 185.6 vs. 265.4 events/100 patient-years; p<0.0001). Tresiba also produced a significant
42% reduction in severe or blood glucose-confirmed nocturnal symptomatic hypoglycemia (event rates of
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55.2 vs. 93.6 events/100 patient-years; p<0.0001). Rates of severe hypoglycemia were low in both groups
and numerically but not significantly lower with Tresiba (event rates of 5.3 vs. 9.1 events/100 patient-
years; p-value not given). Results were similar for the full treatment period with significant reductions of
23% and 25%, respectively, for the first two endpoints and a 51% reduction in severe hypoglycemia that just
reached statistical significance (p=0.03). The results for other efficacy and safety parameters were
comparable between groups; a post-hoc analysis found a 4% significantly lower insulin dose in the Tresiba
group.

EFFECT OF EXENATIDE ONCE WEEKLY ON GLYCEMIC FLUCTUATIONS IN PATIENTS
WITH T2D (1014-P)

J Frias, J Ruggles, S Zhuplatov, S Nakhle, E Klein, R Zhou, L Shi, and P Strange

Dr. Frias et al. conducted a randomized, controlled, double blind study investigating the effects of AZ's
Bydureon (exenatide once weekly) on glucose fluctuations in patients with type 2 diabetes. The study
recruited 117 adult patients well-controlled on metformin (A1c 7-10%), who were randomized to open-label
metformin XR (1500 or 2000mg daily) plus double-blinded Bydureon 2.0 mg (n=61) or placebo (n=56).
Glucose concentration was measured via the Dexcom G4 CGM every 5 minutes during the last week before
randomization (baseline), as well as during weeks 4 and 10. Compared to placebo, Bydureon provided
significantly greater reductions in 24-h mean glucose on day six of week four (5.3 mg/dl vs. 26.0 mg/dl,
respectively) and on day six of week 10 (3.0 mg/dl vs. 30.8 mg/dl, respectively). Similar results were
observed for fasting plasma glucose (FPG), postprandial glucose (PPG), and mean amplitude of glycemic
excursions (MAGE) (please see table 1 below). Those on Bydureon experienced a significant increase in the
time spent in euglycemia (70-180 mg/dl) from baseline to week four and week 10 (p<0.001 for both) - this
was secondary to reductions in time spent in hyperglycemia (>180 mg/dl), with no increase in the time
spent in hypoglycemia (<70 mg/dl); the finding was not observed in the placebo group. The authors
concluded that Bydureon provides robust effects on measures of glycemic fluctuation at week four that
persist to week 10.

▪ Both groups had eight patients withdraw from the study, leading to a retention rate of 87%
in the exenatide group (53 patients analyzed) and of 86% in the placebo group (48 patients).

▪ Baseline characteristics were comparable between the two groups, with an average age of
55-56 years, percent male of 55-57%, similar race breakdown, duration of diabetes of 9-10 years,
pre-trial metformin dose of 1,875-1,925 mg, body weight of 90-91 kg, BMI of 32, A1c of 8.0-8.2%,
fasting plasma glucose of 168-178 mg/dl, 2-h mean post-prandial glucose of 221 mg/dl, 24-h mean
glucose of 184-186 mg/dl, and MAGE of 90-91.

Table 1: Effect of Bydureon vs. placebo on measures of glucose control and fluctuation

Bydureon group Placebo group p value

Change in 24-h mean glucose from baseline

Week 4, day 6 -26.0 -5.3 p <0.001

Week 10, day 6 -30.8 -3.0 p <0.001

Change in fasting plasma glucose, from baseline

Week 4, day 6 -29.6 -1.9 p <0.001

Week 10, day 6 -41.9 -5.0 p <0.001

Change in post-prandial glucose (after standard meal), from baseline

Week 4, day 6 -32.1 -2.0 p <0.001
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Week 10, day 6 -44.4 -6.0 p <0.001

Change in mean amplitude of glucose excursions

Week 4, day 6 -8.2 -3.8 ---

Week 10, day 6 -15.2 +2.9 p <0.001

Table: Effect of Bydureon vs. placebo on time spent in euglycemia and hyperglycemia

Time spent in euglycemia (70-180 mg/dl)

Baseline Week 4 Week 10

EQW group 53% 71%* 77%#

Placebo group 55% 60% 58%

Time spent in hyperglycemia (>180 mg/dl)

Baseline Week 4 Week 10

EQW group 47% 29% 22%

Placebo group 45% 40% 42%

Numeric data was not provided for time spent in the hypoglycemia range (<70 mg/dl)

* p<0.001 for baseline vs. week 4 in the EQW group

# p<0.001 for baseline vs. week 10 in the EQW group

▪ Serious adverse events were observed in four patients in the Bydureon group (one case
each of acute pancreatitis, non-cardiac chest pain, chest pain, and nephrolithiasis), as well as in one
patient in the placebo group (upper respiratory tract infection). The investigators considered these
events to be unrelated to treatment.

CONSISTENT OUTCOMES ACROSS DOSE RANGES WITH TITRATABLE LIXILAN, INSULIN
GLARGINE/LIXISENATIDE FIXED-RATIO COMBINATION, IN THE LIXILAN-O TRIAL
(1017-P)

R Henry, B Ahrén, M Davies, Y Wu, Y Handelsman, E Souhami, E Niemoeller, and J
Rosenstock

Sanofi presented data from the LixiLan-O trial showing that iGlarLixi (formerly LixiLan; lixisenatide/
insulin glargine) was consistently safe and effective and produced minimal weight gain across all dose
ranges. Primary results from the trial presented as an oral presentation demonstrated superior glycemic
control with iGlarLixi vs. either component alone in patients with type 2 diabetes not at goal on oral
medications. During the trial, the dose of insulin glargine (Lantus) was titrated weekly in both the iGlarLixi
and insulin glargine groups to a fasting plasma glucose target of 80-100 mg/dl, with a cap of 60 U/day (the
maximum dose available in the combination). In the iGlarLixi group, two different pens with different
insulin glargine/lixisenatide fixed ratios were used depending on the required dose of insulin glargine.
Patients requiring 10-40 U/day of insulin glargine were treated with the lower-dose pen (ratio of 2 U
insulin glargine/1µg lixisenatide), while those requiring insulin glargine doses of 30-60 U/day were treated
with the higher-dose pen (ratio of 3 U insulin glargine/1 µg lixisenatide). In this analysis, patients in the
iGlarLixi group were divided into subgroups based on their final doses of insulin glargine (≤10-<20 U,
≥20-30 U, ≥30-≤40 U, and >40-≤60) and lixisenatide (≥5-<10 µg, ≥10-<15 µg, and ≥15-≤20 µg). A1c
reductions, the percentage of patients achieving an A1c <7%, and the incidence of hypoglycemia in the
iGlarLixi group were consistent across all dose categories, and the weight gain seen with insulin glargine
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alone was mitigated with all doses of iGlarLixi. The incidence of nausea/vomiting was low, which the
authors attributed to the gradual titration of lixisenatide.

IMPACT OF BASELINE HBA1C, BMI, AND DIABETES DURATION ON THE EFFICACY AND
SAFETY OF LIXILAN (INSULIN GLARGINE/LIXISENATIDE TITRATABLE FIXED-RATIO
COMBINATION) VS. INSULIN GLARGINE AND LIXISENATIDE IN THE LIXILAN-O TRIAL
(1028-P)

M Davies, L Leiter, G Grunberger, FJ Ampudia-Basco, B Guerci, C Yu, W Stager, E Niemoeller,
E Souhami, and J Rosenstock

This analysis of the LixiLan-O trial demonstrated consistent efficacy and safety with Sanofi's iGlarLixi
(formerly LixiLan; lixisenatide/insulin glargine) across subgroups divided by baseline A1c, diabetes
duration, and BMI. Primary results presented as an oral presentation demonstrated superior glycemic
control with iGlarLixi vs. either component alone in patients with type 2 diabetes not at goal on oral
medications. In this analysis, participants were separated into groups by baseline A1c (<8% or ≥8%),
duration of type 2 diabetes (<7 or ≥7 years) and BMI (<30 or ≥30 kg/m ). After 30 weeks, the results for2

A1c reductions, the percentage of patients with an A1c <7%, and hypoglycemia were consistent across all
subgroups. iGlarLixi consistently led to significantly greater A1c reductions (~0.3% vs. insulin glargine and
0.7%-0.9% vs. lixisenatide) and more patients achieving an A1c <7% compared to both components;
hypoglycemia was comparable between the iGlarLixi and insulin glargine groups. See the table below for
detailed results.

Subgroup iGlarLixi Insulin Glargine Lixisenatide

A1c
Reduction

A1c
<7%

Hypoglycemia A1c
Reduction

A1c
<7%

Hypoglycemia A1c
Reduction

A1c
<7%

Hypoglycemia

A1c <8% 1.2% 83.8% 23.0% 0.8% 67.7% 22.4% 0.5% 50.5% 5.5%

A1c ≥8% 1.9% 69.8% 27.9% 1.6% 53.9% 24.6% 1.1% 19.4% 7.3%

Duration
<7 years

1.5% 75.2% 21.3% 1.2% 61.9% 19.0% 0.8% 37.5% 7.3%

Duration
≥7 years

1.6% 72.6% 28.8% 1.3% 57.4% 27.2% 0.7% 29.9% 5.8%

BMI <30
kg/m2

1.6% 78.6% 31.6% 1.2% 57.9% 29.1% 0.7% 28.4% 12.0%

BMI ≥30
kg/m2

1.5% 75.2% 22.0% 1.3% 62.2% 20.1% 0.8% 36.5% 3.8%

EFFICACY AND SAFETY OF LIXILAN VS. INSULIN GLARGINE ACCORDING TO BASELINE
CHARACTERISTICS IN PATIENTS WITH TYPE 2 DIABETES FROM THE LIXILAN-L TRIAL
(1018-P)

C Wysham, R Bonadonna, V Aroda, MP Domingo, C Kapitza, W Stager, C Yu, E Niemoeller, E
Souhami, and R Bergenstal

This analysis from the LixiLan-L trial demonstrated consistent efficacy and safety with Sanofi's iGlarLixi
(formerly LixiLan; insulin glargine/lixisenatide) across subgroups divided by baseline A1c, diabetes
duration, and BMI. Primary results from the trial presented as an oral presentation demonstrated superior
glycemic control with iGlarLixi vs. insulin glargine (Lantus) in patients not at goal on basal insulin. In this
analysis, participants were divided into groups based on their baseline A1c (<8% or ≥8%), time since
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diagnosis of type 2 diabetes (<10 or ≥10 years), and BMI (<30 or ≥30kg/m ). After 30 weeks, the results for2

A1c reduction, percentage of patients with an A1c <7%, and hypoglycemia were consistent across all
subgroups. iGlarLixi consistently led to ~0.5% greater A1c reductions and ~20-30% more patients achieving
an A1c <7% compared to insulin glargine, and there were no significant differences in hypoglycemia
between treatment groups. iGlarLixi also offered a significant weight benefit vs. insulin glargine in
subgroups divided by baseline A1c and BMI (results for duration of diabetes subgroups not given. See the
table below for detailed results.

iGlarLixi Insulin GlargineSubgroup

A1c
Reduction

Percentage
with A1c
<7%

Hypoglycemia
Incidence

A1c
Reduction

Percentage
with A1c
<7%

Hypoglycemia
Incidence

A1c <8% 0.8% 67.5% 32.7% 0.3% 45.4% 42.3%

A1c ≥8% 1.4% 44.5% 46.0% 0.8% 16.8% 42.6%

Duration
<10 years

1.1% 56.0% 41.0% 0.6% 35.3% 36.7%

Duration
≥10 years

1.1% 54.3% 39.2% 0.6% 25.7% 46.7%

BMI < 30
kg/m2

1.1% 58.3% 47.7% 0.5% 27.6% 50.0%

BMI ≥30
kg/m2

1.1% 52.4% 34.3% 0.6% 31.1% 36.8%

LIRAGLUTIDE PROTECTS DIET INDUCED OBESITY THROUGH INDUCTION OF BROWN
ADIPOGENSIS IN MICE (1966-P)

J Zhou, P Chandramani-Shivalingappa, and L Li

This poster presented data showing that liraglutide (Novo Nordisk's Victoza/Saxenda) reduced weight gain
and obesity-related inflammation and upregulated genes related to brown fat tissue synthesis in mice. The
experiment was conducted on four groups of C57black/6 mice that were fed either a normal (control) or a
high fat sucrose diet (HFHSD) and were injected with either liraglutide or saline for five weeks. The mice
were then massed and liver, fat and skeletal muscle tissue samples were taken for protein and RNA
extraction. The results showed that liraglutide reduced weight gain and inflammation in mice fed a HFHSD
to levels comparable to those of the mice receiving saline injections and eating a normal diet. Liraglutide
also decreased paragonadal fat mass in HFHSD mice while inducing the expression of UCP-1 (a protein in
brown adipose tissue that increases thermogenesis and metabolic rate) and three other related genes:
PPAR-alpha, Cidea, CEBP-alpha and CEBP-beta. Liraglutide did not have any effect on fatty acid oxidation
or synthesis. This study provides additional mechanistic explanations for the positive clinical results seen
with liraglutide in obesity - in particular, we have not heard as much discussion about the connection to
brown fat as we have about neural mechanisms of weight regulation - in fact, we haven't heard too much
about brown fat as of late at all - a big change of late.
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IDEGLIRA IS EFFICACIOUS ACROSS BASELINE HBA CATEGORIES IN SUBJECTS WITH1C
TYPE 2 DIABETES UNCONTROLLED ON SU, GLP-1RA OR INSULIN GLARGINE: ANALYSES
FROM COMPLETED PHASE 3B TRIALS (925-P)

C Sorli, S Harris, E Jódar, I Lingvay, K Chandarana, J Langer, and E Jaeckel

Novo Nordisk presented a post hoc analysis of the phase 3b DUAL trials for GLP-1 agonist/basal insulin
combination IDegLira (Xultophy; insulin degludec/liraglutide), showing that the drug's efficacy was
consistent regardless of baseline A1c. The analysis included populations uncontrolled on a GLP-1 agonist
(DUAL III; IDegLira vs. continued GLP-1 agonist therapy), a sulfonylurea (DUAL IV; IDegLira vs. placebo)
and insulin glargine (DUAL V; IDegLira vs. continued insulin glargine therapy). Patients in each trial were
split into three different baseline A1c categories: ≤7.5%, >7.5-≤8.5% and >8.5%. In all categories, IDegLira
led to significantly greater A1c reductions than the comparator therapy; as expected, the greatest
reductions occurred in the highest baseline A1c category. See the table below for detailed results. Perhaps
most impressively, IDegLira led to a mean final A1c <7% in all categories, underscoring its status as one of
the most efficacious and versatile type 2 diabetes drugs available.

Table: A1c Reductions Across Baseline A1c Categories in the DUAL Trials

Overall Baseline A1c
≤7.5%

Baseline A1c
>7.5%-≤8.5%

Baseline A1c
≥8.5%

DUAL III IDegLira (n=292):

-1.3%

IDegLira (n=113):

-1.0%

IDegLira (n=141):

-1.4%

IDegLira (n=38):

-1.9%

GLP-1 (n=146):

-0.3%

GLP-1 (n=66):

-0.3%

GLP-1 (n=66):

-0.3%

GLP-1 (n=14):

-1.0%

DUAL IV IDegLira (n=289):

-1.5%

IDegLira (n=93):

-1.0%

IDegLira (n=156):

-1.5%

IDegLira (n=40):

-2.1%

Placebo (n=146):

-0.5%

Placebo (n=48):

-0.2%

Placebo (n=80):

-0.6%

Placebo (n=18):

-0.7%

DUAL V IDegLira (n=278):

-1.8%

IDegLira (n=63):

-1.0%

IDegLira (n=102):

-1.6%

IDegLira (n=113):

-2.5%

IGlar (n=279):

-1.1%

IGlar (n=64):

-0.5%

IGlar (n=118):

-1.0%

IGlar (n=97):

-1.7%

P=0.004 for DUAL III baseline A1c ≥8.5%; p<0.001 for all other categories

ITCA 650: A NOVEL THERAPEUTIC APPROACH TO TREATING TYPE 2 DIABETES (1027-P)

A Whitson, R Azeem, T Alessi, and M Baron

Intarcia presented a poster sharing the company's experience with the safety and tolerability of the
implantation, replacement, and removal of their ITCA 650 exenatide mini-pump thus far from the
FREEDOM phase 3 development program for the product. As of November 2015, physicians, registered
nurses, and physician assistants had performed 18,383 placements, replacements, and removals of the
product in 5,200 patients with type 2 diabetes across 493 clinical sites in 28 countries. There were no
serious AEs observed and the poster characterized overall adverse events related to the procedure as
generally mild, transient, and reflective of normal healing. Only 1% of procedures were originally
unsuccessful (mostly because they were placed too deep in the skin). 0.19% of procedures resulted in
discontinuation of treatment and 0.4% resulted in inadvertent expulsion/extrusion (Intarcia noted that this
rate is lower than that seen in clinical trials of other implanted drugs). The experience of the implantation
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and removal procedure has been one of the biggest questions surrounding the potential uptake of ITCA 650.
We will look forward to hearing from patients on what they thought of the procedure. Does it hurt? Is the
implantable noticeable or uncomfortable post-placement? How easy is removal? A soon-to-be-published
paper on treatment satisfaction outcomes in the phase 2 study for ITCA 650 should shed more light on these
questions. All in all, these results demonstrating minor adverse events related to the procedure itself are
reassuring and we hope bode well for future patients and physician acceptance of this novel delivery
mechanism.

DURATION-1 EXTENSION IN PATIENTS WITH T2D: EFFICACY AND TOLERABILITY OF
EXENATIDE ONCE WEEKLY (QW) OVER 7 YEARS (1041-P)

CH Wysham, A Philis-Tsimikas, EJ Klein, P Öhman, N Iqbal, J Han, and RR Henry

Findings of the seven-year extension period of the DURATION-1 study demonstrated that exenatide (QW)
therapy for seven years was associated with significant, sustained reductions in A1c and weight, with
infrequent insulin initiation and no new long-term safety findings. As background, the DURATION-1 study
was a 30-week study that compared exenatide QW and twice daily in 295 patients with type 2 diabetes.
During this seven-year extension period, patients received exenatide once weekly and visited every eight
weeks during this period; glucose-lowering medication usage was noted and glycemic and weight data
were analyzed. While there were 295 initial patients, 122 patients completed the extension period - while
some of this was "regular" fall-off due to patients moving away and other typical reasons (see below), we do
not have data on approximately 40% and we would be very curious to know how many patients left to go
on other therapy like once weekly GLP-1, SGLT-2s, etc. Specifically, withdrawal reasons included
withdrawn consent (27%), adverse events (12%), investigator decision (7%), lost to follow-up (7%), and
glucose control lost (4%). Of the completers, 57 added a new glucose-lowering medication. Concomitant
medications included metformin (84%), SFUs (59%), and TZDs (24%); 2% added long-acting insulin in
years 2-5, 9% in year 6, and 12% in year 7. For those who followed through with the 7-year extension
period, A1c decreased, FPG was significantly below the baseline after the extension period, and body weight
decreased (the greatest decreases in body weight occurred in patients that did not take any new glucose-
lowering medications). Specifically, at seven years, 46% of participants had A1c <7.0% and 30% had A1c
≤6.5%. Mean reductions at seven years were 1.5% in A1c (baseline of 8.2%); 24 mg/dl in FPG (baseline of
166 mg/dl); and 3.9 kg in weight (baseline of 101 kg). Even though there was a gradual increase in these
three categories over time, the authors believed that this probably resulted from the time period's
progression of diabetes, which makes sense. As for safety, out of all the patients who participated in the
study, there were 71 serious adverse events, though mild GI and injection site adverse events primarily
occurred in the initial 30 weeks. Ultimately, these findings show that the benefits of exenatide appear to be
sustained over years of continued use, with no new long-term safety findings and very impressive duration
of effect.

Symposium: Heart Failure and Diabetes

GLP-1 RA AND CARDIOVASCULAR PHYSIOLOGY - WILL THE CLINIC EVER CONFIRM THE
MECHANISTIC STUDIES?

Mansoor Husain, MD (University of Toronto, Toronto, Canada)

Dr. Mansoor Husain presented various mouse and human studies demonstrating how incretin-targeted
therapies affect the cardiovascular system through glycemic control, lipid control, weight loss, endothelial
function, sodium and fluid excretion, blood pressure control, anti-inflammatory effects, plaque composition,
a small increase in heart rate, cardioprotection in ischemia, and improved left ventricle function in heart
failure. Dr. Husain also noted that although these effects apply to multiple incretin classes, GLP-1 agonists
typically have a greater impact than DPP-4 inhibitors, as they lead to pharmacological levels of GLP-1
whereas DPP-4 inhibitors simply protect endogenous GLP-1 from degradation. Throughout the talk, Dr.
Hussein kept returning to the idea that people who have diabetes have a slightly different profile of HFpEF
and HFrEF (heart failure with preserved ejection fraction vs. heart failure with reduced ejection fraction)
than those without diabetes. Dr. Husain also reviewed an analysis of studies examining the relationship
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between heart failure and intensive glucose lowering, remarking that the increased risk of heart failure with
intensive treatment seems to be mostly attributed to TZDs rather than DPP-4 inhibitors (few GLP-1 agonists
were evaluated in the review). Dr. Husain also presented results from a resent observational study (Filion et
al, N Engl J Med, 2016) demonstrating that hospitalizations for heart failure did not increase with incretins
vs. other oral anti-diabetic drugs for those with or without a history of heart failure. Finally, Dr. Husain
pointed to the results from the LEADER trial for Novo Nordisk's Victoza (liraglutide) to highlight the
potential impact that cardioprotective drugs could have on patients.

Questions and Answers

Q: How many patients do you see with heart failure, and what do you do when you see them?
How do you follow up?

A: I consistently look for symptoms of heart failure, through a simple evaluation. I do this all on routine basis.
However, if I see signs or symptoms, I move to image-based evidence to check to see if it is reduced ejection
fraction or if the ejection fraction is preserved. Then, I make sure that blood pressure is well controlled.

Corporate Symposium: New Therapeutic Advances and Practical Strategies for
Complementary Basal Insulin Plus Incretin System - Targeted Agents in Complex Patients
with Diabetes (Supported by Sanofi Diabetes)

SUMMARY

Lawrence Blonde, MD (Ochsner Medical Center, New Orleans, LA); Juan Pablos Frias, MD
(National Research Institute, Los Angeles, CA); Lawrence Leiter, MD (St. Michael's Hospital,
Toronto, Canada); Julio Rosenstock, MD (Dallas Diabetes and Endocrine Center, Dallas, TX)

Dr. Julio Rosenstock opened the symposium with a discussion on the physiological basis for combination
therapy and complementary pharmacologic approaches and mechanisms. He reviewed the current
research on the combination of basal insulin with complementary therapies such as GLP-1 agonists to treat
fasting plasma glucose and postprandial glucose in people with type 2 diabetes and addressed several key
factors that affect patient adherence to glucose lowering medications, ultimately emphasizing that the
GLP-1/basal insulin combination carries a low hypoglycemia risk and balances insulin's weight gain effects.
Dr. Lawrence Leiter followed with a presentation on the role of post-prandial glucose (PPG), as he stressed
that it contributes substantially to A1c and elevated PPG is associated with increased cardiovascular risk,
especially in those on basal insulin and those older than 65 years. After reviewing evidence, he emphasized
that prandial GLP-1 agonists have greater effects on gastric emptying and PPG compared to non-prandial
GLP-1s, nicely complementing the effects of basal insulin on fasting glucose. Next, Dr. Lawrence Blonde
gave an overview of the ADA/EASD roadmap for the management of type 2 diabetes and the differing roles
of FPG and PPG dysregulation in contributing to overall hyperglycemia, as he highlighted the guidelines'
stated role of basal insulin. Lastly, Dr. Juan Pablos Frias closed out with a discussion on the practical and
mechanistic role of GLP-1 agonists for managing PPG in basal inuslin-treated patients, highlighting that
this patient population typically requires additional PPG control and that currently available fixed-dose
combinations may offer significant benefits with regards to side effects.

PANEL DISCUSSION

Q: Why should you take lixisenatide when liraglutide has been shown to reduce cardiovascular
events? What are the differences between ELIXA and LEADER?

Dr. Leiter: These trials differ in ways beyond the drugs that were tested. The LEADER trial was done in
patients with stable cardiovascular disease where patients had acute coronary symptoms in the ELIXA trial.
Eighty percent of patients in LEADER had cardiovascular disease while 20% did not. We don't yet know the
results of LEADER but we know that the starting A1c was higher, about 8.7%. In the absence of head-to-head
trials it's difficult to come to a definite conclusion. It appears that the result from LEADER is positive and that
ELIXA is neutral but we don't know if they were used in different clinical settings. The patients with acute
coronary syndrome in ELIXA may be the right population to show safety and the wrong population to show
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efficacy - but it's because the FDA asked for safety and not efficacy. Patients with post acute coronary
syndrome have a lot of cardiovascular events so it's an efficient way to do a study for safety.

Q: Is there any evidence or rationale in terms of protective effects of GLP-1 agonists on beta
cell function?

Dr. Leiter: If you look at beta cell function as opposed to beta cell mass, there are some studies where,
compared to insulin, the GLP-1 agonists do a better job of improving beta cell function. There was a three-
year study with exenatide compared to basal insulin and in that time, there was better beta cell function after
using exenatide than when the patients were on insulin. This is with exenatide three times a day.

Dr. Rosenstock: It is conceivable that if you give short acting GLP-1 agonists, it reduces gastric emptying and
there is less insulin and less exposure of nutrients to beta cells. Theoretically, for people with advanced
diabetes, it is more dependent on gastric emptying.

Dr. Blonde: If you look at trials, almost all of them gave agents to people with longer duration of diabetes who
are using two or more oral agents, and they got substantially good benefits. It appears beta cell function can
be improved. They didn't use clamps but the idea is that most people with type 2 diabetes can lose beta cells
but it may be reversible with appropriate treatments.

SGLT-2 Inhibitors

Symposium: Update from the EMPA-REG OUTCOME Trial

INTRODUCTION, CONTEXT, AND CARDIOVASCULAR OUTCOMES

Bernard Zinman, MD (Mount Sinai Hospital, University of Toronto, Ontario, Canada)

In this presentation, Dr. Bernard Zinman introduced the symposium by reviewing the design and findings
of the EMPA-REG trial. Most notably, he presented new sub-analysis data, showing that the heart failure
and cardiovascular death outcomes of the EMPA-REG trial for Lilly/BI's Jardiance (empagliflozin) were
consistent across age groups. Also presented in two posters, the analyses stratified the results by three
baseline age groups (<65, 65-75, ≥75 years). For cardiovascular death, the hazard ratios were 0.72, 0.54,
and 0.55 for the age groups, respectively by increasing age group (p=0.484 for the treatment by age group
interaction). Regarding hospitalization for heart failure, hazard ratios were 0.73, 0.66, and 0.45 for the
respective increasing age groups (p=0.488 for the treatment by age group interaction). In addition, the
analyses calculated the collective hazard ratios for heart failure hospitalization or cardiovascular death:
0.79, 0.59, and 0.52 for the respective increasing age groups (p=0.240 for the treatment by age group
interaction). The time to cardiovascular death and heart failure hospitalization appeared to remain mostly
consistent across baseline age groups. The analyses also found that reported adverse events were consistent
with the known safety profile of Jardiance across age subgroups. The percentage of participants reporting
one or more adverse events in the empagliflozin arm was 89.1%, 91.8%, and 90.8% in the <65, 65-75, and
≥75 years age groups, respectively. Specifically, the proportion of participants who reported events
consistent with urinary tract infection (15% vs. 20% vs. 26%), volume depletion (4% vs. 7% vs. 7%), and bone
fracture (3% vs. 5% vs. 5%) tended to increase with increasing age. These findings support the broad use of
Jardiance by age group and hopefully provide further color on how to incorporate the EMPA-REG findings
into treatment algorithms, as we look forward to further sub-analyses to provide stronger evidence on the
guidance for better personalizing therapy.

UPDATE ON MICROVASCULAR OUTCOMES

Christoph Wanner, MD (University of Würzburg, Germany)

Dr. Christoph Wanner presented full renal outcomes results from EMPA-REG OUTCOME demonstrating a
significant 39% risk reduction for diabetic nephropathy with Lilly/BI's Jardiance (empagliflozin). The
results were also published in the NEJM this morning. The hazard ratio for the 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 replacement therapy or death due to renal disease) was2
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0.61 (95% CI: 0.53-0.70; p<0.001). As with the cardiovascular outcomes, the effect appeared early and was
sustained throughout the trial; there was no difference between the 10 mg and 25 mg doses of empagliflozin.
The results were essentially the same for the combined endpoint of incident or worsening nephropathy or
CV death (HR = 0.61; 95% CI: 0.55-0.69; p<0.001). Subgroup analyses demonstrated a consistent effect in
subgroups divided by CKD stage, age, sex, race, diabetes duration, A1c, BMI, blood pressure, and
concomitant medications. New onset macroalbuminuria was the most common event and therefore
demonstrated the most robust results (HR = 0.62; 95% CI: 0.54-0.72; p<0.0001). The effect for hard renal
outcomes (doubling of serum creatinine, renal replacement therapy, or death due to renal disease) took
longer to appear but was also highly significant by the end of the trial (HR = 0.54; 95% CI: 0.40=0.75;
p<0.001). There was no significant risk reduction for incident albuminuria in patients with normal urinary
albumin levels at baseline, suggesting that the benefit is likely exerted later in the progression of CKD. There
was no signal for adverse events including hypoglycemia, urinary tract infections, acute kidney injury,
bone fractures, hyperkalemia, or DKA in patients with impaired kidney function, which should help support
a label update to remove the current contraindication for patients with renal impairment.

▪ Dr. Wanner outlined one potential mechanism for the positive renal effects, centered
around a reduction in glomerular hypertension. He explained that diabetes leads to
increased reabsorption of sodium and glucose in the proximal tubule and decreased delivery of
sodium to the macula densa. Because the macula densa regulates the glomerular filtration rate
based on the amount of sodium it senses, the abnormally low delivery of sodium leads to
hyperfiltration. With SGLT-2 inhibition, more glucose and sodium reaches the macula densa,
leading to an initial drop in glomerular pressure and glomerular filtration rate. While this short-
term decline in GFR initially led to concerns that SGLT-2 inhibitors might be harmful to the
kidneys, over the long term the restoration of tubulo-glomerular feedback and reduced glomerular
hypertension appears to be quite beneficial. This model is the closest thing to a consensus
hypothesis we have heard for the mechanism of renal protection with SGLT-2 inhibitors, though we
also heard an intriguing alternative hypothesis related to fuel energetics earlier this week.

FURTHER INSIGHT INTO THE FINDINGS - MEDIATION ANALYSIS (RESULTS)

Silvio Inzucchi, MD (Yale School of Medicine, New Haven, CT)

Dr. Silvio Inzucchi (Yale School of Medicine, New Haven, CT) presented a covariate mediation analysis of
the EMPA-REG OUTCOME results, suggesting that increased hematocrit (presumably as a reflection of
plasma volume) was a significant (but still just a partial) contributor to the impressive 38% risk reduction
for cardiac death with Lilly/BI's Jardiance (empagliflozin). The analysis looked at several potential
mediators of the effect related to glycemia (A1c, fasting plasma glucose [FPG]), vascular tone (systolic blood
pressure, diastolic blood pressure, heart rate), lipids (HDL cholesterol, LDL cholesterol, triglycerides), renal
factors (log urine albumin-to-creatinine ratio (UACR), estimated glomerular filtration rate [eGFR]),
adiposity (weight, BMI, waist circumference), volume status (hematocrit), and other (uric acid). The
analyses involved a "change from baseline" analysis to determine if a covariate may have an acute effect on
the outcome and a "updated mean" analysis to determine if it may have a chronic effect on the outcome. The
change from baseline analysis found that adjustment for hematocrit levels produced a hazard ratio of 0.791
for cardiovascular death, suggesting that decrease in plasma volume could potentially explain nearly 52%
of the overall effect of empagliflozin on cardiovascular death. Adjustment for uric acid levels yielded the
second largest change in effect (24%), suggesting it may also have some role, though Dr. Inzucchi noted,
however, that any percent change in effect under 30%-40% is unlikely to indicate a significant major
mediator of the cardiovascular death effect.

▪ In the updated mean analysis of potential chronic factors, hematocrit levels once
again emerged as a significant potential mediator of the effect. Adjustment for hematocrit
produced a hazard ratio again of 0.791 for cardiovascular death, also a 52% change in the overall
effect. Analysis for other volume-related factors such as hemoglobin and albumin also suggested a
potential effect: hemoglobin levels accounted for 45.7% of the overall effect and albumin levels for
31.6% of the overall effect. In this analysis, A1c and FPG appeared to affect the outcome more than

www.closeconcerns.com 75

https://www.closeconcerns.com/knowledgebase/r/4f39df39#Could_Increased_Ketone_Production_With_SGLT-2_Inhibitors_Be_Cardioprotective


in the "change from baseline" analysis, with adjustment resulting in a 23% and 29% change in effect,
respectively. Overall, however, Dr. Inzucchi concluded that hematocrit appeared to by the most
likely potential mediator for the effect, warranting further study to investigate this hypothesis. He
did, however, acknowledge that there could be other factors not measured in the EMPA-REG
OUTCOME trial that could have mediated some of the effect on cardiovascular death. Others have
proposed that a slight increase in ketone bodies produced by SGLT-2 inhibitors may provide a more
efficient fuel source for the heart and that this may be an important mediator as well.

DISCUSSANT

William Herman, MD (University of Michigan, Ann Arbor, MI)

Discussing both the cardiovascular and renal outcomes results, Dr. William Herman argued that EMPA-
REG OUTCOME is a game-changer but one with important caveats. He stressed that the very impressive
results need to be interpreted strictly in the context of the eligibility criteria for the trial, meaning they
should be applied only to older patients with established CVD. He also noted that the results could reflect the
reduced use of potentially harmful medications like insulin and sulfonylureas rather than a specific
beneficial effect of empagliflozin. Dr. Anne Peters (USC, Los Angeles, CA) offered a similar theory yesterday
with regard to the LEADER results for Novo Nordisk's Victoza (liraglutide). It is an interesting theory in
both cases, though it seems unlikely that it would explain the entire benefit in EMPA-REG OUTCOME given
the lack of a hypoglycemia difference between the groups and the dramatic and specific benefits on heart
failure and CV death with empagliflozin. For patients with earlier-stage type 2 diabetes, Dr. Herman
suggested that selection of SGLT-2 inhibitors as a second-line therapy should still be based on the criteria
outlined in the ADA guidelines, including efficacy (moderate), hypoglycemia risk (low), weight effect
(beneficial), side effects (genitourinary infections), and cost (expensive). In terms of the mechanism of
benefit, Dr. Herman suggested that a sum of small effects (on A1c, weight, blood pressure, etc.), decreased
plasma volume, renal effects, or alternative fuel sources are all plausible hypotheses. Several of these issues
were discussed in more detail during Q&A - see below for a full transcript.

PANEL DISCUSSION

Q: The known factors like blood pressure are very important here. As Dr. Wanner pointed out,
the IDNT and RENAAL studies controlled for blood pressure. The FDA requires control of
blood pressure for renal endpoints. Even if the FDA didn't care to control for blood pressure
in this setting, why didn't the sponsor? We're left with a choice between the Cox analysis and
scratching our heads.

Dr. Bernard Zinman (Lunenfeld-Tanenbaum Research Institute, Toronto, Canada): The vast majority of
patients with type 2 diabetes do have hypertension and the vast majority are on two or three blood pressure
medications. I think the blood pressure we reported here was very similar to other studies like this. I think
this is the reality of the kind of blood pressure we can achieve in a global setting. I'm not sure whether you're
implying we should've intensified blood pressure therapy before randomization? When you look at the
difference in blood pressure, there was no difference in the outcome.

Q: Why wasn't it treated to target in both arms?

Dr. Zinman: It was.

Q: Not successfully.

Dr. Zinman: The target A1c is <7% and I'd like to know how many people in this audience have all their
patients under 7%. We didn't actively intervene on blood pressure or lipids; we left it to the local physicians
and they did the best they could. It didn't in any way affect the outcome.

Dr. Matthew Riddle (OHSU, Portland, OR): This was a relatively advanced CV risk population
and quite a few with existing nephropathy. Was this a surprising systolic blood pressure for
this population?
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Dr. Christoph Wanner (University of Würtzburg, Germany): I'm quite happy with the blood pressure we
achieved. Remember in the IDNT and RENAAL trials they had higher blood pressure and the committee
hammered on the investigators to bring the blood pressure down. Here we are in a range where we have quite
sophisticated blood pressure-lowering agents. A meta-analysis in CKD did not indicate that further lowering
would have a benefit. It's not proven in type 2 diabetes but at least in CKD that's true.

Q: I understand the mechanism is unclear, but Dr. McGuire suggested that the mechanisms
were different for LEADER and EMPA-REG OUTCOME so the combination might be
beneficial. If the alternative fuel hypothesis is true, liraglutide shuts down beta-
hydroxybutyrate production, so you might lose at least this part of the effect. You shouldn't
just combine them. If you think we should, we need a combined study.

Dr. Zinman: I can't agree more. You don't know until you actually do it. A good example is combining ACE
inhibitors and ARBs. I already asked how many people in the room are using GLP-1 agonists and SGLT-2
inhibitors and 60% of hands went up. It's being done, but you're correct that we need to study it more. It will
take awhile, but we need to look at surrogates, hemodynamic responses, and metabolic responses. Several
companies are initiating combination studies. We can't just assume it will be additive.

Q: One thing you mentioned in your slide was oxidative stress, but it wasn't further discussed,
probably because it's hard to measure. There are ways to measure the end products of
oxidative stress if samples are available, and we had two posters here showing that it was
correlated with cardiovascular endpoints in the VADT. If samples are available, some
investigation could be telling.

Dr. Silvio Inzucchi (Yale University, New Haven, CT): I agree. These trials teach you that you should have
saved more samples. We're somewhat restricted to what we measured at baseline. We don't have blood left
over. It's led to a lot of speculation.

Q: It's interesting that the renal effects of empagliflozin were maintained in patients with a
GFR under 45. That's the level at which we're not meant to be using the drug according to the
label. Was there an analysis of cardiovascular outcomes in that subgroup?

Dr. Inzucchi: There was no heterogeneity of effect based on sub-category of GFR. There was a consistent effect
for heart failure hospitalization and CV death in those patients.

Q: You showed that for an eGFR <60. What about under 45?

Dr. Wanner: If you look at stage 3 CKD, the reduction in CV outcomes was similar in the two sub-categories
and very consistent. CV outcomes were reduced in even stage 3b, which is eGFR <45. But the n was small.

Q: Do you think the hematocrit increase or plasma volume decrease could also explain the
imbalance in stroke?

Dr. Inzucchi: One caution is that when we looked at the stroke outcomes, most of the imbalance occurred in
patients who had stopped the study drug. We're still analyzing it but it is a bit of a curious finding. A reduction
in circulating plasma volume and the potential for sludging from increased hematocrit is something we've
considered. A change in hematocrit from a mean of about 41 to about 44 shouldn't really change plasma
viscosity, but there certainly could be outliers. We are now looking at that specific question - were hematocrit
or volume-related adverse events associated with stroke - so far, the answer is no.

Q: As a clinician I'm being persuaded to use this drug. Do you have advice on how to treat
mycotic infections? Do you stop the drug if they occur?

Dr. Zinman: In the trial there were not a lot of recurrent infections. Patients tend to treat themselves with
over the counter drugs. My own practice is that if a patient had recurrent infections as part of their history of
diabetes, I wouldn't use this class. Similarly, if they have a history of pancreatitis I tend not to use DPP-4
inhibitors. You need to individualize, but in my experience it's not a big problem. The one patient I had with
recurrent infections was a male who got balanitis and although it was treated he got a recurrence and stopped
the drug. It's generally not a problem.
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Dr. Inzucchi: I agree that if there are recurrent adverse events from any medication, you need to avoid them. I
treat the infections with topical antifungals.

Q: What is your explanation for the increase in creatinine at the onset of treatment?

Dr. Wanner: The increase in creatinine and drop in GFR is because of the reduction in intraglomerular
pressure and hyperfiltration. It varies; it can be neutral but it can be quite substantial initially. We know from
the ACE inhibitors, where we have a longer history of looking into this, that the more intraglomerular
pressure or GFR drops at the beginning, the more the patient benefits long term in terms of RAS blockade.
We have to look into it in terms of the SGLT-2 inhibitors, but for the moment I would assume it's the same.

Q: Hepatic injury was statistically reduced. What was the definition and absolute numbers?

Dr. Zinman: We didn't specifically measure hepatic injury. I really can't give greater detail on that. I think it's
worth looking into. Weight-reducing agents can improve hepatic fat and liver enzymes, and it's definitely
going to the left, but I don't have more details to provide.

Q: Taking your point that this may be a cardiac drug, and you can argue whether it's really a
renal drug, you may or may not need diabetes to have a benefit. Do you have any data on
individual patients who had virtually no A1c response vs. a greater response? Was there any
difference in outcomes? As clinicians, if we're using this for diabetes and there's no A1c
improvement, should we withdraw or keep going because glucose is not what we're actually
treating?

Dr. Darren McGuire (UT Southwestern, Dallas, TX): That comment was a bit tongue in cheek, but I believe
gauging efficacy by A1c is cutting it well short. There are many plausible beneficial effects and I don't
personally think A1c has anything to do with it.

Dr. Inzucchi: I agree. What you're proposing is looking at data split by change in A1c. We know baseline A1c
doesn't predict the effect on CV mortality. It would be interesting to look at the impact of the delta in A1c.

Dr. Riddle: This was an interesting and thought-provoking mediation analysis. Will you do a
similar analysis for the renal outcomes? Do you have a feeling whether it would show the same
or different patterns?

Dr. John Lachin (George Washington University, Washington, DC): The first phase of the analysis is not
complete and it will include looking at heart failure and renal outcomes.

Oral Presentations: Novel Therapeutics in Type 1 Diabetes

CANAGLIFLOZIN (CANA) IMPROVES GLYCEMIC CONTROL AND REDUCES GLYCEMIC
VARIABILITY IN PATIENTS WITH TYPE 1 DIABETES MELLITUS (T1DM) INADEQUATELY
CONTROLLED WITH INSULIN

Maria Alba, MD (Janssen R&D, Raritan, NJ)

Dr. Maria Alba presented a full data set from a phase 2 study investigating J&J's SGLT-2 inhibitor
Invokana (canagliflozin) in type 1 diabetes - the primary presentation of the study's results was at last
year's EASD, but Dr. Alba's talk included some new data demonstrating markedly reduced glycemic
variability with canagliflozin. The original data presentation demonstrated a 0.3% placebo-adjusted
reduction in A1c with both the 300 mg and 100 mg canagliflozin doses from a baseline of ~8%, along with
weight loss and reduced insulin dose. New data in this presentation demonstrated striking across-the-board
improvements in multiple measures of glycemic variability, headlined by a ~15% improvement of time-in-
range driven by reduced hyperglycemia. These were some of the best data we have seen on SGLT-2
inhibitors' benefits on time-in-range and glycemic variability in type 1 diabetes. Taken as a whole, these
data make a compelling case for keeping most type 1 patients on the lower 100 mg canagliflozin dose, as the
300 mg dose appeared to have diminishing returns on efficacy but many more adverse events like mycotic
infections, DKA, and severe hypo.
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▪ The improvements in glycemic variability were striking, even at the lower
canagliflozin dose. CGM assessments were performed in a subgroup of 89 patients. Based on
these data, it may make sense for the vast majority of type 1 diabetes patients to stick with the lower
dose, as the higher dose may result in more of an increase in euglycemic DKA than efficacy.

Table: Changes in Measures of Glycemic Variability and Glucose Control

Cana 100 mg vs. placebo Cana 300 mg vs. placebo

Daily mean glucose (mg/dl) 25.4 ± 28.7 22.4 ± 32.2

Daily glucose standard
deviation by SMBG (mg/dl)

14.5 ± 15.9 16.2 ± 20.4

Glucose standard deviation
in CGM substudy (mg/dl)

6.8 ± 16.8 13.8 ± 13.9

MAGE in CGM substudy 16.5 ± 36.5 37.8 ± 37.0

Change in % time spent in
range (70-180 mg/dl)

+15.1% +13.6%

▪ Adverse event data reminded us that while canagliflozin has a lot of upside in type 1,
there are some important potential risks to consider and manage.

◦ Hypoglycemia: There appeared to be a slight reduction in the event rate of any
documented symptomatic hypoglycemia with both canagliflozin doses, although the
magnitude of the effect was small. The event rate was 56.1% per patient-year in the placebo
group, 50.6% in the canagliflozin 100 mg group, and 47.3% in the canagliflozin 300 mg
group, with the treatment differences achieving statistical significance. However, the
number of patients with severe hypoglycemia, though small, was unbalanced not in favor
of canagliflozin: two patients on placebo, three patients on canagliflozin 100 mg, and eight
patients on canagliflozin 300 mg. In our view, this represents yet another reason why there
may be little reason to push type 1 patients onto the high dose.

◦ DKA: There was a clear dose-dependent increase in the incidence of both serious and non-
serious ketone-related adverse events with canagliflozin. Compared to no cases in the
placebo group, five patients on canagliflozin 100 mg and seven on canagliflozin 300 mg
required hospitalization for DKA, the latter representing 6% of that study group. We still
believe that this potentially very serious side effect can be managed, especially now that we
are learning more about it.

◦ Others: Unsurprisingly, there was an increase in overall adverse events with canagliflozin
driven largely by genital mycotic infections, which affected a full 21% of women in the
canagliflozin 300 mg group.

▪ Study design: This 18-week study aimed to assess canagliflozin's effect (at both 100 mg and 300
mg doses) in 351 type 1 diabetes patients inadequately controlled on insulin. In a two-week pre-
randomization phase, it was recommended that patients' insulin dosages be reduced by 10%-20%;
once canagliflozin or placebo therapy was initiated, insulin doses were titrated to a target. At
baseline, average patient age was around 42 years, average BMI was around 28 kg/m , mean A1c2

was 7.9%, and mean diabetes duration was 22 years. A little more than half of the study population
used insulin pumps, and 11%-12% had prior DKA.

Questions and Answers
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Q: The rates of severe hypo were relatively small. It's dangerous to over-analyze those results.
At face value, there was a quadrupling of severe hypos with high dose canagliflozin. What do
you think is underpinning this?

A: There was no pattern to what caused the severe hypoglycemic events, though there is a clear numerical
increase in cases with the 300 mg group. There was no specific pattern to the cause, and none of the patients
lost consciousness.

DAPAGLIFLOZIN AS ADDITIONAL TREATMENT TO LIRAGLUTIDE AND INSULIN IN
PATIENTS WITH TYPE 1 DIABETES: A RANDOMIZED CLINICAL TRIAL OF 12 WEEKS

Paresh Dandona, MD, PhD (University of Buffalo, NY)

Dr. Paresh Dandona (University of Buffalo, NY) presented updated results from a single center, prospective,
randomized, placebo-controlled trial of SGLT-2 inhibitor dapagliflozin (AZ's Farxiga) as an add-on to
GLP-1 agonist liraglutide (Novo Nordisk's Victoza) and insulin in patients with type 1 diabetes. Dr. Dandona
had previously shared results for the first 10 participants in the trial in a poster at ADA 2015 and results for
16 participants at the AACE/ACE meeting on DKA. The latest presentation at ADA 2016 included updated
results for the 30 participants who have now completed the trial. The participants all had type 1 diabetes for
at least a year and had been on 1.8 mg liraglutide plus insulin therapy for at least six months prior to study
initiation. The participants were randomized to treatment with either 10 mg dapagliflozin or placebo for 12
weeks. At 12 weeks, dapagliflozin treatment produced a mean A1c reduction of 0.6% (baseline A1c=7.8%,
p<0.01) and 15 mg/dl reduction in average weekly glucose concentration (p<0.05 vs. baseline, p=0.07 vs.
placebo). Furthermore, the dapagliflozin-treated group experienced a mean weight loss of 1.9 kg (p<0.05).
Most notably, Dr. Dandona showed CGM tracings in which dapagliflozin treated markedly improved
glycemic excursions and time in range - a "taming of the shrew" as he put it. He also demonstrated that the
withdrawal of dapagliflozin resulted in greater glycemic variability compared to the triple therapy and the
further withdrawal of liraglutide introduced even greater glycemic chaos. The use of CGM tracings in this,
admittedly small, trial further add to the bulk of evidence for the beneficial effects of SGLT-2 inhibitors on
time in range for patients with type 1 diabetes. Anecdotally, we've heard from patients and physicians that
SGLT-2 inhibitors are able to take away some of the unpredictability and smooth out glycemic excursions in
type 1 diabetes.

▪ In terms of safety and adverse events, Dr. Dandona noted that two participants
withdrew from the trial due to DKA. In looking at the underlying factors associated with DKA,
his team found that dapagliflozin therapy was associated with significant changes in urine volume
and glycosuria, increases in free fatty acid, increases in hormone-sensitive lipase, and increases in
beta-hydroxybutyrate. These findings are consistent with the DKA results for this trial that Dr.
Dandona previously presented at the AACE/ACE meeting on DKA in October. Hypoglycemia event
rates were comparable between the dapagliflozin and placebo groups.

Oral Presentations: Beyond Basal Insulin in Type 2 Diabetes-Treatment Intensification
Options

COMPARISON BETWEEN SGLT-2 INHIBITORS AND DPP-4 INHIBITORS ADDED TO
INSULIN THERAPY IN TYPE 2 DIABETES: A SYSTEMATIC REVIEW WITH INDIRECT
COMPARISON META-ANALYSIS

Se Hee Min, MD (Seoul National University Hospital, South Korea)

Dr. Se Hee Min presented the results of an indirect meta-analysis that compared the effect of SGLT-2
inhibitors plus insulin (SGLT-2i/INS) vs. DDP-4 inhibitors plus insulin (DPP-4i/INS) in type 2 patients. The
group performed a systematic review that yielded 14 studies which investigated either SGLT-2i/INSU vs.
placebo/INS or DPP-4i/INS vs. placebo/INS (five and nine studies, respectively). Results of the covariate-
adjusted indirect comparison using meta-regression analyses showed that SGLT-2i/INS provided greater
reductions in A1c (weighted mean difference [WMD] of -0.24%; 95% CI: -0.43 to -0.05%), as well as greater
reductions in fasting plasma glucose (WMD -18.0; 95% CI: -28.5 to -7.6 mg/dl) and body weight (WMD
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-2.38 kg [lbs]; 95% CI: -3.18 kg [7.0 lbs] to -1.58 kg [3.5 lbs]). No difference in hypoglycemia was observed
with SGLT-2i/INS compared to DPP-4i/INS (RR 1.19; 95% CI: 0.78-1.82). Dr. Min remarked that in the
absence of head-to-head comparisons, these results could serve as the best available evidence for selecting
oral agents in patients uncontrolled on insulin. These findings are not surprising to us, as we feel that it is
widely understood that the DPP-4 class is slightly inferior in efficacy, but its solid tolerability and safety
profiles keep it as a mainstream treatment option.

▪ Dr. Min noted that her group focused on SGLT-2 inhibitors and DPP-4 inhibitors
because the drugs do not require injections and do not contribute to significant weight
gain. Thus, the team views them as preferable add-on agents compared to GLP-1 agonists and
TZDs. Furthermore, Dr. Min highlighted that SGLT-2 inhibitors and DPP-4 inhibitors have
complementary effects to insulin with regards to hypoglycemia and weight gain.

▪ To perform their systematic review, Dr. Min and colleagues searched Medline, Embase,
LILACS, the Cochrane Central Register of Controlled Trials, and ClinicalTrials.gov for randomized
controlled trials before June 2015 that compared either SGLT-2i/INSU vs. placebo/INS or DPP-4i/
INS vs. placebo/INS. They included only trials that were ≥12 weeks long and that measured A1c as
an endpoint. The search yielded 14 trials - five SGLT-2 inhibitor studies and nine DPP-4 inhibitor
studies.

▪ The indirect analysis involved comparing each drug's efficacy over placebo. After the
initial evaluation yielded no differences between SGLT-2i/INSU and DPP-4i/INS, the authors
performed a meta-regression that guided a subsequent covariate adjustment, which yielded the
results presented above.

Questions and Answers

Q: The DPP4i/INS studies generally looked at a single dose while the SGLT-2i/INS studies
usually had a lower dose and a higher dose. Did you include both doses or the maximum dose?

A: We included the data from the maximum approved dose.

Q: I'm not sure if you could do this because you would need patient-level data, but would you
consider comparing the two drugs by baseline A1c category?

A: Thank you for your question. We did not stratify the patients by A1c.

EFFICACY AND SAFETY OF IPRAGLIFLOZIN, AN SGLT-2 INHIBITOR, ADD-ON TO INSULIN
IN JAPANESE PATIENTS: RESULTS OF A DOUBLE-BLIND, PLACEBO-CONTROLLED STUDY

Hisamitsu Ishihara, MD, PhD (Nihon University School of Medicine, Tokyo, Japan)

Dr. Hisamitsu Ishihara (Nihon University School of Medicine, Tokyo, Japan) presented results from a trial
of SGLT-2 inhibitor ipragliflozin (Astellas/Kotobuki's Suglat) in Japanese patients with type 2 diabetes on
basal insulin therapy. The 16-week, randomized, double-blind, placebo-controlled, parallel-group study
(n=262) investigated ipragliflozin as an adjunct to basal insulin monotherapy or basal insulin/DPP-4
inhibitor dual therapy. The trial found that iprgraliflozin treatment produced an mean A1c difference of
-1.07% compared to placebo (baseline A1c=8.67% in ipragliflozin group, 8.62% in placebo group, p<0.001).
Participants treated with a DPP-4 inhibitor at baseline experienced greater A1c reductions than those not on
a DPP-4 inhibitor (-1.2% vs. -0.84%, p=0.042 for interaction). Participants in the ipragliflozin-treated
group overall also experienced a mean 40.3 mg/dl greater reduction in fasting plasma glucose (p<0.001)
and a 1.07 kg (~2.36 lbs) body weight reduction (p<0.001) compared to placebo. Ipragliflozin treatment
was also associated with an increase in adiponectin (0.33 µg/ml, p=0.022) and a greater decrease in C-
peptide (−0.22 ng/ml, p < 0.001) compared to placebo. In terms of adverse events, more participants in the
ipragliflozin-treated group experienced hypoglycemia (29.7% vs. 14.9% in the placebo group), urinary tract
infection (2.3% vs. 1.1%), genital infection (4% v. 0%), and fluid/volume depletion (2.3% vs. 1.1%). Dr.
Ishihara characterized all hypoglycemia episodes as mild and noted that none of the participants
experienced symptoms of ketoacidosis.
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Oral Presentations: Treatment and Management of Complications-Can a Dog Really Smell
Hypoglycemia?

CANAGLIFLOZIN (CANA) SLOWS PROGRESSION OF RENAL FUNCTION DECLINE
INDEPENDENT OF GLYCEMIC EFFECTS

Hiddo Heerspink, PhD, PharmD (University Medical Center Groningen, Groningen,
Netherlands)

Dr. Hiddo Heerspink presented results from a post-hoc analysis of a randomized, double-blind, two-year
study on the effect of canagliflozin (J&J's Invokana) on renal function in 1,450 patients with type 2 diabetes.
The participants were randomized to canagliflozin 100mg daily (n=483) or 300mg daily (n=485), or to
glimepiride titrated to 6-8mg daily (n=482). Reduction in A1c was comparable between the glimepiride,
canagliflozin 100 mg, and canagliflozin 300 mg groups after one year (0.81%, 0.82%, 0.93%, respectively)
and after two years (0.55%, 0.65%, 0.74%, respectively). Decline in annual eGFR was greater with
glimepiride (3.3; 95% CI: 2.8-3.8) than with canagliflozin 100 mg (0.5; 95% CI: 0-1.0) or canagliflozin 300
mg (0.9; 95% CI: 0.4-1.4; p<0.01 for each canagliflozin group vs. glimepiride). Both doses of canagliflozin
also provided greater reductions in albuminuria (measured via UACR) compared to glimepiride. The
positive effects of canagliflozin on eGFR and UACR persisted when controlling for A1c, systolic blood
pressure, and body weight. Thus, the authors concluded that canagliflozin may slow the progression of
kidney disease independent of its glycemic effects. In closing, Dr. Heerspink noted that the CREDENCE trial
is underway to assess the effect of canagliflozin 100mg/day on renal endpoints in patients with diabetic
kidney disease. The presentation of positive renal outcomes results from the EMPA-REG OUTCOME trial for
Lilly/BI's Jardiance (empagliflozin) was one of the high points of ADA 2016; those results along with this
and other promising analyses of phase 3 trials make an SGLT-2 inhibitor class effect on kidney disease seem
more and more plausible.

▪ In opening, Dr. Heerspink explained that SGLT-2 inhibition has been shown to lower
A1c, body weight, blood pressure, and albuminuria. As noted above, the EMPA-REG
OUTCOME trial for Jardiance not only demonstrated reductions in cardiovascular risk, but also
suggested a renal protective benefit of the drug. These benefits were observed within weeks of
starting therapy, indicating that they may be independent of glycemic control. Dr. Heerspink stated
that because the study lacked an active comparator, it was difficult to draw conclusions.

▪ This study recruited 1,450 patients with type 2 diabetes with an A1c of 7.0-9.5% who
were on metformin (dose of at least 2,000 mg/day, or 1,500 mg/day if intolerant of higher dose).
Baseline characteristics were similar between the three groups: average age 55-56 years, percent
female 45-50%, average A1c 7.8%, duration of diabetes 6.5-6.7 years, systolic blood pressure 120-30
mmHg, diastolic blood pressure 78-79 mmHg, eGFR 89-91 ml/min/1.73m , UACR 8.2-9.7 mg/g,2

and ACE/ARB use 59-62%.

▪ Additional outcomes included albuminuria (UACR). A greater decrease in albuminuria was
observed with canagliflozin 100 mg vs. glimepiride (difference of -31.7; 95% CI: -48.9 to -8.6) and
with canagliflozin 300 mg vs. glimepiride (difference of -49.3; 95% CI: -62.2 to -31.9). This effect
persisted when controlling for A1c, systolic blood pressure, and body weight; it was also observed in
a subgroup of patients with diagnosed microalbuminuria. Regarding trends, albuminuria increased
in the glimepiride group across the two-year study. In the canagliflozin 100mg group, it remained
stable in the first year and increased in the second year. In the canagliflozin 300mg group, it
decreased in the first year and returned to baseline in year two.

▪ The study also measured the percent of patients who experienced a 30% or 40%
decline in eGFR. Dr. Heerspink noted that the number of events was small, leading to wide
confidence intervals. However, within the microalbuminuria subgroup, the percentage of patients
that experienced a 30% declined was statistically significantly lower with canagliflozin 100mg
compared to glimepiride (HR 0.37; 95% CI: 0.15-0.90).

Questions and Answers
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Q: You have shown an effect on your renal endpoints. Your analysis here suggests that this
requires long-term treatment with an SGLT-2 inhibitor to exploit the full potential benefit of
the treatment. Obviously, when we talk about long-term treatment, we come to the issue of
urogenital infection. Was this more common in patients with renal impairment?

A: To fully understand the effect of canagliflozin and the whole SGLT-2 inhibitor class, you need long-term
trials because renal function declines steadily over time. And of course, you have to take into account the
safety of the drug. We have seen that people with low eGFR have more adverse effects, but this is also seen in
the placebo group. So the relative risk of the drug on adverse effects is similar between people with high eGFR
and low eGFR.

Q: How frequently did infection occur in this group?

A: The data have been published already. We know that urinary tract infections occurred in 5% of glimepiride-
treated patients and in 6% of canagliflozin-treated patients.

Q: These findings are of intense interest and are somewhat similar to reports of decreased
cardiovascular disease risk with these agents, which appears to be independent of their dosing
and their A1c-lowering effect. Since there was apparently a change in albuminuria between the
groups, can you tell us anything about the mechanism?

A: Of course, this is a very important question. We have done a lot of studies on SGLT-2 inhibitors and their
glucose lowering effect without knowing the mechanisms. I wouldn't say the effect on albuminuria was a small
effect; I would say it's a big effect, especially in patients with already-established microalbuminuria. The
mechanism, in my view, relates to the blockage of sodium reabsorption. If you start treatment with an SGLT-2
inhibitor, you block the SGLT-2 transporter and block sodium uptake. This leads to more sodium delivery to
the distal tubules, which activates the macula densa and restores tubuloglomerular feedback, which leads to
constriction of the afferent arteriole, thereby reducing glomerular pressure. Previous studies have shown that
other mechanisms that reduce glomerular pressure lead to renal protection, and now we may have a new
mechanism.

Q: Given the data you presented here, and what has already been published for empagliflozin,
it seems that SGLT-2 inhibitors may be one of the most effective ways to combat renal
impairment in people with type 2 diabetes. What about retinopathy in patients?

A: That's a very good question. I have to go back to the data to answer that question. I can answer the question
for cardiovascular endpoints. This patient population was a low-risk population, so the cardiovascular
endpoints were similar between the treatment cohorts. The number of events was very low, so it was hard to
draw conclusions.

Q: How does eGFR compare to direct measurement of GFR in this patient population?

A: That's a very good question. There have been very few studies comparing measured GFR and estimated
GFR in people on an SGLT-2 inhibitor. We did a study published in 2013 on dapagliflozin and GFR where we
saw an acute fall in measured GFR and in eGFR. So measured GFR tracks with the eGFR endpoint.

EFFICACY OF DAPAGLIFLOZIN-SAROGLITAZAR COMBINATION FOR TREATMENT OF
NAFLD IN YOUNG DIABETICS

Kiran Pal Singh, MD (Fortis Hospital, Mohali, India)

Dr. Kiran Pal Singh's single center, randomized, open-label study investigated the effects of combining
dapagliflozin and saroglitazar (a PPAR alpha/gamma agonist) vs. dapagliflozin alone on A1c and the liver
in 56 young patients with diabetes and non-alcoholic fatty liver disease (NAFLD). The patients (ages 20-35
years) had been on dietary and metformin therapy for ≥3 months and received either dapagliflozin 10 mg
alone (n=28) or in combination with saroglitazar (4 mg; n=28). Transient elastography (Fibroscan) was
used to measure hepatic steatosis (via the controlled attenuation parameter), as well as hepatic fibrosis (via
liver stiffness). The 24-week data showed that compared to dapagliflozin alone, the dapagliflozin-
saroglitazar combination led to significantly greater reductions in triglycerides and liver fat content, as
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well as higher rates of transaminase normalization. Dr. Pal Singh thus concluded that this drug
combination may have potential benefit in NAFLD.

▪ In opening his talk, Dr. Pal Singh highlighted that NAFLD commonly coexists with
impaired glucose tolerance and type 2 diabetes, and is believed to be the hepatic component
of the metabolic syndrome. He relayed that the major risk factors of NAFLD (dyslipidemia, type 2
diabetes, obesity, metabolic syndrome) overlap with those for diabetes. The pathogenesis of
hyperlipidemia and hyperglycemia in NAFLD is multifactorial, and includes insulin resistance and
increased production and retention of lipids in hepatocytes due to impaired apolipoprotein secretion
or beta oxidation. NAFLD carries several risks, including increased liver-related and cardiovascular
mortality, as well as the risk of cirrhosis.

▪ Dr. Pal Singh highlighted that despite the risks associated with NAFLD, an optimal
treatment has not yet been established. In his view, an ideal drug should aim to improve
insulin sensitivity, glucose metabolism, and dyslipidemia. It should also reduce steatosis and
transaminitis, and should halt the progression of liver fibrosis. He cited several drugs currently
under investigation, including GLP-1 agonists, SGLT-2 inhibitors, PPAR alpha/gamma agonists,
Farnesoid X receptor agonists, and leucine-metformin-sildenafil combinations. See our competitive
landscape for what this market's latest looks like.

▪ PPAR alpha/gamma agonists are a promising therapy for NAFLD. PPAR alpha activation
leads to fatty acid oxidation, which decreases triglycerides and increases HDL, ultimately leading to
lipid lowering. PPAR gamma activation acts on adipogenesis and lipogenesis to increase glucose
uptake and lower blood glucose levels. Dr. Pal Singh mentioned that while several members of the
glitazar class have failed clinical trials for NAFLD due to their poor side effect profile (muraglitazar,
tesaglitazar, farglitazar, aleglitazar), saroglitazar's unique structure makes it less likely to cause
weight gain and edema. Previous trials have already shown that it reduces triglycerides and lowers
A1c.

▪ Patients in both groups had similar demographic, clinical, and biochemical
parameters: mean age of 29-30 years, gender breakdown (39-42% female), mean duration of
diabetes of 2 years, BMI of 30, baseline A1c of 7.9%-8.2%, triglycerides of 374-399 mg/dl, abnormal
transaminases in 61%-64% of each group, and liver fat content of 324-336 dB/m.

Table 1: 24-week results from the study

dapagliflozin-saroglitazar
combination

dapagliflozin only p value

baseline 24 wks change baseline 24 wks change

A1c 8.2 7.1 -1.2 7.9 7.1 -0.87 0.8

Triglycerides 399 183 -216 373 230 -143 0.002

Liver fat content 336 205 -131 324 250 -74 0.001

Abnormal

Transaminases

n=18/28

(64%)

n=5/28

(18%)

72% n=17/28

(61%)

n=11/28

(39%)

35% ---

Questions and Answers

Q: For your longer term study, have you considered having at least a sample of the patients in
both groups undergo evaluation by MRI or liver biopsy?

A: No, we did not do any MRI scanning or biopsies. We just used the fibroscan.

Q: Did the fibroscan give you any measure of fibrosis in addition to liver fat?
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A: Yes, we have done that, but we have not analyzed the data. The fibroscan gives both parameters.

Oral Presentations: Treatment Choices after Orals in Type 2 Diabetes

EMPAGLIFLOZIN COMPARED WITH GLIMEPIRIDE AS ADD-ON TO METFORMIN FOR 4
YEARS IN PATIENTS WITH TYPE 2 DIABETES

Afshin Salsali, MD (Boehringer Ingelheim, Fremont, CA)

Dr. Afshin Salsali provided an overview of results from a 104-week extension of the EMPA-REG H2H-SU
trial in which empagliflozin (25 mg) as an add-on to metformin demonstrated mean A1c, weight, and blood
pressure reductions versus the sulfonylurea glimepiride in patients with type 2 diabetes. Specifically,
empagliflozin showed a small but significant reduction in A1c from baseline compared to glimepiride at
week 208 (-0.18% vs. glimepiride, baseline A1c=7.92%, p=0.02). Notably, though not surprisingly,
empagliflozin achieved this A1c with a much lower rate of hypoglycemia adverse events (3% of participants
on empagliflozin reported confirmed hypoglycemia, compared to 28% of participants on glimepiride), and
the time of onset of first rescue therapy for severe hypoglycemia was much later. Further, empagliflozin
provided a 4.6 kg (~10 lbs) weight advantage versus glimepiride, which was sustained for the duration of
the study extension period (baseline=83 kg, p<0.001). Empagliflozin also reduced systolic and diastolic
blood pressure (-3% and -2% respectively) while glimepiride did not. As expected, on the negative side,
empagliflozin was associated with a higher rate of urinary tract infection and genital infection adverse
events versus glimepiride (20% and 14% vs. 16% and 4%, respectively). These results further strengthen the
argument for the use of empagliflozin as a second-line therapy for type 2 diabetes over sulfonylureas. That
said, we recognize that sulfonylureas are often chosen for cost reasons rather than due to their efficacy or
safety profile and we hope studies such as this can put pressure on payers to better reimburse newer, safer,
more effective medications.

LINAGLIPTIN (LINA) AS ADD-ON TO EMPAGLIFLOZIN (EMPA) AND METFORMIN IN
PATIENTS WITH TYPE 2 DIABETES (T2DM): TWO 24-WEEK RANDOMIZED, DOUBLE-
BLIND, PARALLEL-GROUP TRIALS

Baptist Gallwitz, MD (Eberhard Karls University, Tubingen, Germany)

Dr. Baptist Gallwitz presented positive phase 3 data on the glycemic efficacy of Lilly/BI's Tradjenta
(linagliptin) as add-on to Lilly/BI's Jardiance (empagliflozin) and metformin compared with placebo. These
findings come from two 24-week randomized, double-blind, parallel group studies of Tradjenta vs. placebo,
as add-on to Jardiance at either the 10 mg or 25 mg doses and metformin in participants with type 2
diabetes. Participants received metformin and either Jardiance at the 10 mg (study 1; n=352) or 25 mg
(study 2; n=354) doses for 16 weeks in an open-label period, which was followed by a randomization to 24
weeks of double-blind, double-dummy treatment with additions of Tradjenta (n=126) or placebo (n=130).
The findings demonstrated that at 24 weeks, the Tradjenta group resulted in statistically significant
reductions in A1c compared with placebo: from a baseline A1c of ~8%, participants achieved placebo-
adjusted A1c reductions of 0.32% and 0.47% in the Jardiance 10 mg and 25 mg dose groups, respectively. In
addition, the proportion of participants who reached A1c levels below 7% at week 24 in the Tradjenta add-
on groups was more than double that of the placebo groups (26% vs. 11% in study 1; 36% vs. 15% in study 2).
There were no significant changes in body weight with either treatment group. Regarding safety and
tolerability, no new signals emerged: the placebo group reported more adverse events than the Tradjenta
add-on group, with three hypoglycemic events occurring in the placebo arm of study 2 (Jardiance 25 mg +
metformin). Ultimately, these findings support an SGLT-2 inhibitor/DPP-4 inhibitor combination as a
promising treatment option for patients who are inadequately controlled with metformin and an SGLT-2
inhibitor. Such a combination has certainly received increasing attention, as Merck has recently expressed
greater excitement on the potential of a Januvia (sitagliptin)/ertugliflozin combination. We look forward to
seeing longer-term data on this approach, as these data could potentially help craft more individualized
guidance into treatment algorithms.

Questions and Answers
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Q: What was the baseline A1c?

A: Around 8%.

Q: Did you add lina or did you switch the empagliflozin to an empa/lina combination?

A: We did not use the fixed-dose combination. We added the lina on.

Q: Do you have glucagon levels?

A: We do not have these yet.

Q: Did you perform a meal test?

A: No, we did not.

Oral Presentations: Obesity and Related Conditions

DAPAGLIFLOZIN + EXENATIDE QW REDUCED BODY WEIGHT AND IMPROVED GLUCOSE
TOLERANCE IN NONDIABETIC OBESE ADULTS: A RANDOMIZED, PLACEBO-CONTROLLED,
PHASE 2 STUDY

Jan Eriksson, MD, PhD (Uppsala University, Uppsala, Sweden)

Results from a phase 2 proof of concept study (n=50) of combination therapy with AZ's Farxiga
(dapagliflozin) and Bydureon (exenatide once weekly) demonstrated significant ~4 kg weight loss and
glycemic improvements vs. placebo in patients with obesity but not diabetes. Participants in the double-
blind, single-center study were randomized to receive either active treatment or double placebo for 24
weeks, followed by a 28-week open-label extension study; data from the extension study will be presented at
EASD in September. After 24 weeks, the combination led to significant placebo-adjusted weight loss of 4.1 kg
(baseline weight = 103-106 kg [227-234 lbs]; baseline BMI = 35-36; p=0.0007) or 4.2% (p=0.0005). As in
most obesity drug trials, there was a wide range of responses, but far more patients achieved ≥5% weight
loss with the active treatment than with placebo (36% vs. 4%). MRI analysis of body composition showed
that almost all of the weight loss was due to loss of adipose tissue, with no significant change in lean tissue.
The combination also produced a modest but significant 0.2% placebo-adjusted A1c reduction (baseline =
5.6%, p=0.0004), a significant drop in the proportion of patients with impaired fasting glucose and
impaired glucose tolerance, and a significant placebo-adjusted blood pressure reduction of 6.4 mm Hg
(p=0.026). Adverse events were fairly balanced, with slightly more GI side effects in the active treatment
group.

▪ These results are encouraging, though as noted during Q&A, the real test will be how
the combination stacks up against each of its components alone. AZ is currently
conducting a phase 3 study (n=660) of that comparison in patients with type 2 diabetes that is
expected to complete in December 2017 (primary completion May 2016). As presenter Dr. Jan
Eriksson noted, GLP-1 agonist/SGLT-2 inhibitor combinations are very appealing for obesity due to
their complementary mechanisms of weight loss (calorie loss with the SGLT-2 inhibitor and reduced
appetite/caloric intake with the GLP-1 agonist). The same could also be said for glycemic control, as
the reduction in glucagon production with GLP-1 agonists could help mitigate the increased
glucagon production that blunts some of the efficacy of SGLT-2 inhibitors. We expect AZ to focus
primarily on type 2 diabetes with this combination but find the potential in obesity very interesting
as well, particularly for a GLP-1 agonist with more potent weight effects like Novo Nordisk's Saxenda
(liraglutide 3.0 mg) or semaglutide.

Questions and Answers

Q: Could you clarify the timing of the last dose vs. the glucose measures?

A: A glucose tolerance test was performed at baseline and at 24 weeks. The dose was taken half an hour before
the glucose tolerance test was started.
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Q: Although I acknowledge this was a proof of concept trial, why didn't it include monotherapy
+ placebo arms? You're really asking whether there's a synergistic or additive effect and this
study didn't answer that.

A: It's a proof of concept for the combination and we showed robust weight loss vs. placebo, but I agree, we
want a study against monotherapies as well. That would have increased the study size so we couldn't have
done it at a single center.

Oral Presentations: Modulators of Adipose Tissue Inflammation

SGLT2 INHIBITION BY EMPAGLIFLOZIN ATTENUATES OBESITY-INDUCED INSULIN
RESISTANCE AND INFLAMMATION BY ENHANCING FAT UTILIZATION AND
MACROPHAGE ALTERNATIVE ACTIVATION

Tsuguhito Ota, MD, PhD (Kanazawa University, Japan)

Dr. Tsuguhito Ota presented the results of his animal study that investigated the effects of empagliflozin on
insulin resistance in obese mice given either a high-fat diet (HFD) alone or containing either 0.01% or 0.03%
empagliflozin. Empagliflozin suppressed HFD-induced weight gain (16% with the 0.03% dose). The drug
also increased energy expenditure - more specifically, Dr. Ota noted that the induction of UCP1 expression
observed with the drug suggested that it promotes browning of white adipose tissue. In skeletal muscle,
empagliflozin increased fat utilization, accompanied by elevated AMPKα and ACC phosphorylation, and
increased expression of genes involved in fatty acid oxidation. Empagliflozin was also shown to improve
HFD-induced glucose intolerance, hyperinsulinemia, and hepatic steatosis; furthermore, it increased insulin
signaling in the mouse liver and white adipose tissue. These tissues also had reduced accumulation of both
macrophages and T cells with empagliflozin, along with a change in the macrophage composition from
mainly M1 (CD11c CD206 ) cells to predominantly M2 (CD11c CD206 ) cells. As we hear more obesity data+--+

on type 2 diabetes drugs, these findings point to the potential of the SGLT-2 inhibitor class in these broader
indications.

Questions and Answers

Q: Some of the effects that you saw in terms of fatty acid oxidation and browning are
potentially mediated by FGF21. Could that be playing a role?

A: We measured FGF21 in plasma, but it was not changed significantly, so I don't think so.

Posters

ERTUGLIFLOZIN EFFECTIVELY IMPROVES GLYCEMIC CONTROL AS MONOTHERAPY IN
PATIENTS WITH T2DM (130-LB)

S Dagogo-Jack, M Davies, J Frias, G Derosa, A Darekar, K Focht, G Golm, J Johnson, D Saur,
and S Terra

Dr. Dagogo-Jack and colleagues presented interim, 26-week results from the ongoing 52-week, randomized,
double-blinded, phase 3 VERTIS MONO trial investigating the safety and efficacy of Merck/Pfizer's
ertugliflozin in patients with type 2 diabetes. The study recruited 461 patients with inadequate glycemic
control on diet and exercise (A1c 7-10.5% with no anti-diabetic agents taken within 8 weeks of starting the
study), who were randomized to placebo (n=153), ertugliflozin 5mg daily (n=156), or ertugliflozin 15mg
daily (n=152). Twenty-six-week data showed that both ertugliflozin doses provided statistically significantly
greater A1c reductions vs. placebo (0.99% for the 5mg dose and 1.16% for the 15mg dose); similar results
were observed for fasting plasma glucose, body weight, and 2-hour post-prandial glucose. In addition, a
greater proportion of patients achieved an A1c <7% in the ertugliflozin groups vs. placebo.

▪ Participants who met glycemic rescue criteria received open-label metformin. The FPG
thresholds for rescue were >270 mg/dl from day 1 to week 6; >240 mg/dl from week 6 to week 12;
and >200 mg/dl from week 12 to 16. The placebo group had a higher rate of patients receiving
glycemic rescue (26%) compared to the ertugliflozin 5mg (2%) and 15mg group (3%).

www.closeconcerns.com 87



▪ The three groups had comparable baseline characteristics, with an average age of 56-57
years, % male of 54-59%, duration of type 2 diabetes of 5 years, body weight of 91-94 kg [201-207
lbs], BMI of 33 kg/m , A1c of 8.1-8.4%, FPG of 179-181 mg/dl, baseline 2-hr PPG of 256-263 mg/dl,2

SBP of 130 mmHg, DBP of 78-79 mmHg, and eGFR of 86-89 mL/min/1.73m .2

▪ The retention rate through week 26 was 90% across the three groups and 83% for the
study drug.

Table 1: Change in A1c from baseline to 26 weeks

Treatment Baseline Week 26 Change from baseline to

wk 26

n Mean n Mean n Mean

Placebo 153 8.11 89 7.76 153 -0.09

Ertugliflozin 5mg 155 8.16 133 7.31 156 -0.80

Ertugliflozin 15mg 151 8.35 124 7.28 151 -1.04

Table 2: Results of primary and secondary endpoints at 26 weeks.

Endpoint Ertugliflozin 5mg vs. placebo Ertugliflozin 15mg vs. placebo

Difference# p value Difference# p value

A1c (%) -0.99 p<0.001 -1.16 p<0.001

FPG (mg/dl) -34.5 p<0.001 -44.0 p<0.001

Body Weight -1.76 kg [3.9 lbs] p<0.001 -2.16 kg [4.8 lbs] p<0.001

2-h PPG (mg/dl) -69.0 p<0.001 -67.3 p<0.001

SBP (mmHg) -3.31 0.015* -1.71 0.213

DBP (mmHg) -1.80 0.039* -0.37 0.669*

Odds Ratio p value Odds Ratio p value

Proportion of pt

with A1c <7%

3.6 p<0.001 6.8 p<0.001

* Nominal p value

# Difference in least squares means based on a constrained longitudinal data analysis model

▪ Regarding adverse events, genital mycotic infections were more common in female participants
receiving ertugliflozin vs. placebo. In male participants, genital mycotic infections were numerically
higher with ertugliflozin vs. placebo. The incidence of UTI was numerically highest in the placebo
group. Furthermore, the rates of symptomatic hypoglycemia and hypovolemia were similar between
the three groups.
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EFFECT OF ERTUGLIFLOZIN PLUS SITAGLIPTIN ON GLYCEMIC CONTROL VS. EITHER
TREATMENT ALONE IN SUBJECTS WITH T2DM INADEQUATELY CONTROLLED WITH
METFORMIN (125-LB)

R Eldor, R Pratley, G Golm, S Huyck, Y Qiu, S Sunga, J Johnson, S Terra, J Mancuso, S Engel,
and B Lauring

Dr. Eldor and colleagues presented interim, 26-week results from an ongoing 52-week randomized, double-
blind, phase 3 trial comparing the safety and efficacy of Merck/Pfizer's ertugliflozin plus sitagliptin
(Merck's Januvia) versus either drug alone in patients with type 2 diabetes. The study recruited 1,233
patients inadequately controlled (A1c 7.5-11%) on stable metformin (≥8 wks at ≥1,500 mg/day), who were
randomized to one of five groups: ertugliflozin 5mg or 15mg daily plus sitagliptin 100mg daily, ertugliflozin
5mg or 15mg daily alone, or sitagliptin 100mg daily alone. Data at 26 weeks showed that co-administration
of ertugliflozin with sitagliptin led to significantly greater reductions in A1c (1.5% for both groups)
compared to either drug alone (1%-1.1% across the three groups; p<0.002). A similar effect was observed
with fasting plasma glucose and percentage of patients achieving A1c <7%. Co-administration also led to
significantly greater reductions in body weight and systolic blood pressure compared to sitagliptin alone.
Static beta-cell responsivity increased across all treatment arms and no difference was observed with the
co-administration groups.

▪ The retention rate across all groups at 26 weeks was 92-96%. The authors provided
the ranges of baseline characteristics across all five groups: average age of 55 years, %
male of 51-62%, mean A1c of 8.50-8.57%, duration of T2DM of 6-7 years, eGFR of 92 mL/min/
1.73m , weight of 88-90 kg [194-198 lbs], and BMI of 32-33 kg/m .22

Table 1: Data from 26 weeks showing greater reductions in A1c, FPG, weight, and SBP with
combined ertugliflozin + sitagliptin versus either drug alone.

Reduction from

baseline:

ERTU

5mg

ERTU

15mg

SITA

100mg

ERTU 5mg + SITA

100mg

ERTU 15mg + SITA

100mg

n 250 248 247 243 244

A1c (%) 1 1.1 1.1 1.5* 1.5*

FPG (mg/dl) 35.5 37.1 25.9 44.4* 48.9*

Body weight 2.7 kg

[6.0 lbs]

3.7 kg

[8.2 lbs]

0.7 kg [1.5

lbs]

2.5kg [5.5 lbs]# 2.9kg [6.4 lbs]#

SBP 3.9 3.7 0.7 3.4# 3.7#

Pt with A1c <7% 66 (26%) 79 (32%) 83 (34%) 127 (52%)∏ 120 (49%)∏

p<0.002 vs. individual treatments*

p<0.005 vs. sitagliptin treatments (comparisons to ertugliflozin alone were not performed)#

p<0.001 based on model-estimated odds ratio comparing ERTU+SITA vs. individual treatments∏

▪ The safety profiles were similar between the five groups, with the exception of a higher
observed rate of genital mycotic infections in the groups that included ertugliflozin. The authors
note that there was no meaningful difference in urinary tract infection incidence between the
groups, and that the rate of hypovolemia and symptomatic hypoglycemia were low across treatment
groups.
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EFFECT OF EMPAGLIFLOZIN (EMPA) ON BONE FRACTURES IN PATIENTS WITH TYPE 2
DIABETES (T2DM)(126-LB)

S Kohler, S Kaspers, A Salsali, C Zeller, and H Woerle

BI presented a retrospective analysis of pooled clinical trial data demonstrating no increased risk of bone
fractures with empagliflozin (Jardiance, partnered with Lilly) in patients with type 2 diabetes. Pooled
safety data from 15 phase 1-3 clinical trials and four extension studies was analyzed from patients who were
randomly assigned to receive empagliflozin 10mg (n=4,221), empagliflozin 25mg (n=4,196) or placebo
(n=4,203). Data from a head-to-head phase 3 study of empagliflozin vs. glimepiride was analyzed
separately. The researchers evaluated the rate of bone fracture adverse events (AEs) in the total population
and in subgroups divided by gender, baseline age, and baseline eGFR. The pooled analysis found no
statistical difference in the number of bone fracture adverse events with empagliflozin vs. placebo but an
increased risk in both groups in females, older patients, and those with moderate renal impairment. In the
head-to-head study, empagliflozin 25 mg did not increase the risk of bone fracture adverse events compared
to glimepiride 1-4mg. In the same study, neither treatment group saw bone mineral density T-scores outside
the normal range. This retrospective analysis, along with results from the EMPA-REG OUTCOME trial,
provides reassuring evidence that there is no clear link between empagliflozin and bone fractures. Bone
fractures have been cited as a potential risk with SGLT-2 inhibitors because the drugs alter renal sodium
and glucose reabsorption, resulting in possible changes in renal reabsorption of calcium and phosphate and
possible modulation of bone metabolism. The FDA released a Drug Safety Communication last September
strengthening the label warning on fracture risk for J&J's SGLT-2 inhibitor Invokana (canagliflozin); it
stated at the time that it would evaluate the risk with Jardiance and AZ's Farxiga (dapagliflozin) to
determine whether updates were warranted. We assume that this data, combined with the lack of any
harmful signal in the EMPA-REG OUTCOME trial, makes any additional warnings unlikely.

EFFECT OF EMPAGLIFLOZIN ON DIABETIC KETOACIDOSIS IN PATIENTS WITH TYPE 2
DIABETES: POOLED CLINICAL TRIAL DATA (127-LB)

S Lund, F Solimando, S Kohler, C Zeller, and S Kaspers

In this poster, BI shared results from a meta-analysis that examined the effects of SGLT-2 inhibitor
empagliflozin (Lilly/BI's Jardiance) on diabetic ketoacidosis (DKA) in patients with type 2 diabetes. Data
from over 15,000 patients with type 2 diabetes from 18 randomized clinical trials (varying from phase 1 to 3
and in duration from 8 days to 4 years) were included in the meta-analysis. 4,558 of these patients received
empagliflozin 10 mg, 5,520 patients received empagliflozin 25 mg, and 5,599 patients received a
comparator drug. Baseline characteristics were similar between the two groups. DKA events were only
reported in less than 0.1% of patients, and no difference was seen between patients given comparators or
empagliflozin. However, significantly more patients using empagliflozin had high urinary ketone levels (≥
1+) than patients on comparators. The low event rate for DKA and comparable rates between empagliflozin
and comparators across the 18 trials is reassuring; we believe the link between empagliflozin and high
urinary ketone levels should be monitored. The general consensus surrounding the link between SGLT-2
inhibitors and DKA appears to be that the event rate is fairly low in patients with type 2 diabetes but
urinary ketone monitoring may be useful, especially for patients on insulin.

COADMINISTRATION OF CANAGLIFLOZIN (CANA) AND PHENTERMINE (PHEN) FOR
WEIGHT MANAGEMENT IN OVERWEIGHT AND OBESE ADULTS (319-LB)

PA Hollander, HE Bays, J Rosenstock, ME Frustaci, A Fung, and N Erondu

In a late-breaking poster, phase 2 results of the co-administration of J&J's Invokana (canagliflozin) and
phentermine showed significantly greater weight loss vs. placebo in adults with overweight and obesity.
This study was a four-arm, 26-week study and evaluated the efficacy and safety of Invokana +
phentermine, phentermine alone, Invokana alone, and placebo in 334 adults with BMIs of 30-50 kg/m and2

without type 2 diabetes or with hypertension and/or dyslipidemia and BMIs of 27-50 kg/m . The findings2

demonstrated that at 26 weeks, from a mean baseline BMI of ~37 kg/m , the Invokana + phentermine2
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group achieved significantly greater weight loss (7.5%) compared to the other groups (4.1%, 1.9%, and 0.6%
for Invokana, phentermine, and placebo, respectively). In addition, the combination therapy group had a
significantly higher proportion of participants achieving ≥5% weight loss compared to placebo (67% vs.
18%). Only 18% and 42% of the Invokana and phentermine groups' participants achieved weight loss of at
least 5%. On other secondary endpoints, the combination therapy group also had a significant reduction in
systolic blood pressure, with a placebo-subtracted reduction of 4.2 mmHg. Regarding safety and
tolerability, no new signals emerged from these data; however, the combination therapy, phentermine, and
Invokana groups all experienced increases in heart rate of 3.5 bpm, 4.1 bpm, and 0.7 bpm, respectively - an
observation whose potential consequences on cardiovascular events have not yet been determined and will
likely warrant further investigation. Ultimately, these findings are powerful in support of using
phentermine with SGLT-2 inhibitors in chronic weight management, and we are interested to see whether
Janssen will move forward with phase 3 trials, and ultimately pursue an obesity indication. Combination
therapies have certainly gained significant attention within obesity management (in addition to diabetes),
and we have specifically heard greater enthusiasm for the potential of GLP-1 agonists and SGLT-2
inhibitors in weight management. With so much evidence already accumulated on these various diabetes
drugs, we look to see how industry, healthcare providers, and the FDA envision the movement of these
products into obesity, given the troubled commercial environment for obesity compounds to date and given
the extreme high need for therapy to help patients.

DAPAGLIFLOZIN INDUCES KETOSIS IN PATIENTS WITH TYPE 1 DIABETES (949-P)

H Ghanim, N Kuhadiya, S Khan, M Garg, K Green, S Abuaysheh, and P Dandona

This poster presented data showing that the addition of dapagliflozin (AZ's Farxiga) to liraglutide (Novo
Nordisk's Victoza) and insulin led to glycemic improvements but an increased risk of DKA in patients with
type 1 diabetes. This dataset included 30 patients; we saw results for 16 patients at the AACE/ACE meeting
on SGLT-2 inhibitors and DKA last October. Participants received once-daily doses of either 10mg
dapagliflozin (5mg the first week) or a placebo for 12 weeks. 26 patients completed the study (17 taking
dapagliflozin and 9 taking placebo), and two of the four who dropped out developed DKA within a day after
increasing the dapagliflozin dose. For those who did complete the study, both A1c and average glucose were
decreased in patients taking dapagliflozin compared to placebo (-0.66% vs. 0% and -15 mg/dl vs. +3.1 mg/
dl, respectively). In addition, the incidence of hypoglycemia was comparable between the two groups (28%
with placebo and 30% with dapagliflozin). As expected, patients on dapagliflozin had increased glycosuria,
urine volume, blood glucagon, and free fatty acid concentrations compared to those on placebo. Notably,
patients on dapagliflozin also had increased plasma concentrations of acetoacetate and urinary ketone
bodies as well as increased concentrations of hormone sensitive lipase (indicating increased lipolysis),
suggesting an increased risk of DKA. The authors concluded that caution must be exercised when decreasing
insulin doses and increasing dapagliflozin doses in type 1 diabetes. Many in the field have gone further and
advised against any off-label use of SGLT-2 inhibitors in type 1 diabetes outside of clinical trials until the
risk of DKA is better understood. We agree that this is prudent advice in most cases, though some clinicians
like Dr. Anne Peters (USC, Los Angeles, CA) with extensive knowledge of this issue (to say nothing of her
patients) have been able to make it work. We advocate for patients understanding risks well and making
personalized benefit/risk tradeoffs.

EMPAGLIFLOZIN AND MICROVASCULAR OUTCOMES IN EMPA-REG OUTCOME (1086-P)

C Wanner, C Lee, HJ Woerle, M Mattheus, SE Inzucchi, B Zinman

This poster presented the microvascular outcomes data of the EMPA-REG OUTCOME trial, finding that
empagliflozin used in addition to standard of care reduced the risk of a composite microvascular outcome in
people with type 2 diabetes and high CV risk, driven by a reduction in new or worsening nephropathy. The
trial included 7,020 patients with a median treatment duration of 2.6 years and median observation time of
3.1 years, with final vital status available for 99% of patients. The trial defined composite microvascular
outcome as time to the first incidence of a number of possible events: initiation of laser therapy for
retinopathy or of renal replacement therapy, vitreous hemorrhage, diabetes-related blindness, progression
of nephropathy, doubling of serum creatine with eGFR of at most 45 mL/min/1.73m , or death caused by2
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renal disease. The composite microvascular outcome occurred in a significantly lower percentage of
patients on empagliflozin (pooled; 14.0%) than placebo (20.5%; HR of 0.62 [95% CI 0.54, 0.70]; p<0.001).
Specifically, the hazard ratios for initiation of laser therapy for retinopathy, vitreous hemorrhage, and new
or worsening nephropathy were 0.69 (0.43, 1.12) (p=0.134), 0.93 (0.51, 1.71) (p=0.815), and 0.61 (0.53,
0.70) (p<0.001), respectively. The overall reduction was thus primarily driven by the reduced incidence or
decreasing severity of nephropathy in the empagliflozin group relative to placebo.

▪ Of the participants, 4,687 received empagliflozin and 2,333 received placebo. All
participants had type 2 diabetes (A1c 7%-9% for drug-naïve patients and 7.0%-10% for those on
stable glucose lowering therapy), established cardiovascular disease, and eGFR of at least 30 mL/
min/1.73m . Participants received either placebo, 10 mg dose of empagliflozin, or 25 mg dose. The2

study continued until at least 691 participants experienced an event included in the primary
outcome: cardiovascular death, non-fatal myocardial infarction, or non-fatal stroke.

IMPACT OF EXPOSURE TO SGLT2 INHIBITORS ON INCIDENCE OF DIABETIC
KETOACIDOSIS AMONG DANISH TYPE 2 DIABETES PATIENTS (1098-P)

M Linnemann Jensen, B Carstensen, G Anderson, F Persson, J Nolan, M Ridderstråle, and M
Jørgensen

This observational study by the prestigious Steno Diabetes Center aimed to determine the relationship
between exposure to insulin, SGLT-2 inhibitors, and other glucose-lowering drugs and the incidence of DKA
in a Danish population with type 2 diabetes. The study included 415,670 Danish residents with diabetes who
had at least had one filled prescription for a glucose-lowering drug between 1995-2015; drug exposure
length was recorded from the first prescription fill. Results demonstrated 4,045 total DKA events over the
20-year period, translating to an incidence of 1.34 events/1,000 patient-years. We were encouraged to see
that the DKA incidence rate decreased by 5.6% per year between 1995 and 2015, perhaps suggesting
improvements in glucose control or diagnosis/treatment of DKA. The analysis found that exposure to any
glucose-lowering drug led to a significant 30% increased risk of DKA relative to no treatment. In terms of
specific therapies, patients on insulin had the highest incidence of DKA at 6.0 events/1,000 patient-years;
exposure to insulin led to a six-fold increased risk. Most notably, exposure to an SGLT-2 inhibitor on top of
insulin and other glucose-lowering drugs carried a hazard ratio of 2.5 (95% CI: 1.1-5.5) based on six events
among 4,524 patients. Overall, the authors concluded that although the addition of an SGLT-2 inhibitor
may increase the risk of DKA, this increased risk may not be clinically relevant given the low absolute event
rate. Their main conclusion was that DKA was and is rare in type 2 diabetes, both with and without SGLT-2
inhibitor therapy. These results are consistent with the consensus from last fall's AACE/ACE meeting that
while SGLT-2 inhibitors may increase the risk of DKA in type 2 diabetes, the absolute event rates are too low
to warrant any major changes in prescribing patterns.

IMPROVED TREATMENT SATISFACTION IN PEOPLE WITH TYPE 1 DIABETES MELLITUS
(T1DM) TREATED WITH CANAGLIFLOZIN (CANA) (1184-P)

AL Peters, HW Rodbard, A Slee, and S Traina

This poster investigated patient satisfaction among patients with previously uncontrolled type 1 diabetes
who were treated with J&J's SGLT-2 inhibitor Invokana (canagliflozin). The study's analysis was based on
patient-reported outcomes from an 18-week, randomized, double-blind, placebo-controlled study of patients
with type 1 diabetes who were on background basal insulin plus bolus therapy. Patients were randomized to
either canagliflozin 100 mg, 300 mg, or placebo, with treatment satisfaction assessed at baseline and at
week 18 using the two versions of the Diabetes Treatment Satisfaction Questionnaire (DTSQ) - DTSQ status
(DTSQs, which measures baseline satisfaction) and DTSQ change (DTSQc, which measures changes in
satisfaction). As background, DTSQs scores range from 0 to 36 with higher scores indicating greater
satisfaction. DTSQc scores range from -18 to +18, with positive scores indicating increases in satisfaction
compared to baseline. The findings demonstrated that the canagliflozin-treated arms showed greater
increases in DTSQc compared to placebo, though all participants improved in all six categories of the
DTSQc regardless of treatment group. Notably, canagliflozin-treated patients spent much less time in
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hyperglycemia and hypoglycemia. Product-method mediation analysis indicated that reduction in total
insulin dose and reduction in glycemic variability was responsible for between 4% and 9% of the change in
satisfaction with canagliflozin. Concluding, the study suggested that decreased doses of insulin, glycemic
variability, and body weight may contribute to the increase in satisfaction among canagliflozin-treated
patients. However, the levels and factors of contribution to this rise in satisfaction has not been precisely
determined. With these findings, the poster's authors note that not only can such therapies increase
satisfaction, but they may also improve adherence.

▪ Baseline demographics and diabetes characteristics were similar among the three
patient groups. A1c levels were 7.9%, 7.9%, and 8% for the placebo, canagliflozin 100 mg, and 300
mg groups, respectively. Mean ages were 41.8, 42.2, and 42.6 years for the placebo, canagliflozin 100
mg, and 300 mg groups, respectively. BMI measurements were also similar.

▪ Canagliflozin 100 and 300 mg reported higher increases in satisfaction after 18 weeks.
Baseline DTSQs scores were very similar (29.0, 28.4, and 28.6 with canagliflozin 100 mg, 300 mg,
and placebo, respectively). However, at the end of the trial, those patients treated with canagliflozin
showed greater improvements in treatment satisfaction compared to those on placebo. In addition,
patients in the canagliflozin-treated groups showed DTSQc scores that were 4.8 (1oo mg) and 5.5
(300 mg) points higher than the placebo group.

Symposium: The Good Heart, the Bad Bone, and the Ugly Alpha Cell - What About them SGLT2
Inhibitors?

POTENTIAL BENEFITS OF SGLT-2 ANTAGONISTS IN PREVENTION AND SAFETY OF USE IN
PATIENTS WITH HEART FAILURE

David Aguilar, MD (Baylor College of Medicine, Houston, TX)

Dr. David Aguilar provided a cardiologist's perspective on the intersection between heart failure and
diabetes and suggested that a diuretic effect is the most plausible explanation for the heart failure benefit
seen in EMPA-REG OUTCOME. He reviewed evidence demonstrating that diabetes and heart failure often
coexist and are a dangerous combination. He noted that cardiologists treating heart failure have
historically viewed diabetes drugs in terms of potential increased risk and celebrated the potential for a
more positive view in light of the EMPA-REG OUTCOME results. Dr. Aguilar provided a long list of
potential mechanisms for the reduced risk of heart failure hospitalization seen in the trial: glucose control,
weight loss, adverse effects of other medications in the placebo group, uric acid reduction, blood pressure
lowering, reduced preload and afterload, volume/sodium depletion, and renal effects. Of these, he (like
many others) believes that a diuretic effect is the most plausible explanation; he suggested that patients with
existing diastolic dysfunction could be especially sensitive to the effects of a mild diuretic. He also granted
some credence to the ketone body utilization hypothesis put forward by Dr. Ele Ferrannini and Dr. Sunder
Mudaliar earlier in the day but stated that much more work needs to be done to validate it. He also noted
that positive hemodynamic effects and reductions in arterial stiffness are potential explanations as well; he
described the other possibilities as unlikely due to the small effect size and/or lack of a demonstrated
connection to cardiovascular outcomes. Dr. Aguilar suggested that the mechanism underlying the CV death
reduction is even less clear than that underlying the heart failure benefit and called for further studies to
elucidate it.

Questions and Answers

Q: For all the outcomes we're looking at, there was no dose effect. I don't know what the
explanation is, but we might want to think about that.

A: Perhaps maximal diuresis occurs with the lower dose. If you look at volume depletion it's not that different.

Q: If the answer is diuresis, I'm frankly puzzled. Most patients with known heart failure are
already on diuretics, and they're often instructed to adjust them to maintain weight. Why
would a different form of diuresis perhaps act as a superior mechanism to reduce heart failure
risk and potentially death?
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A: That's a super question. The answer is yes, it is different. As for the follow-up question of why, I don't
know. There are other neurohormonal changes with activation of RAS, but we have a body of literature
showing that loop diuretics don't change survival. What's different? Why doesn't heart rate increase? We don't
have good explanations. Maybe there's something different in kidney signaling related to glycosuria.

Comment: I agree it's not atherosclerosis. Another syndrome people with diabetes also get is
microvascular cardiomyopathy and no one's addressing that. There might be a signal that the
brain is affected by SGLT-2 inhibitors. There's a paper on arterial compliance, but I don't put a
lot of emphasis on that. It probably was a reduction in blood pressure.

A: I agree there might be effects on arterial compliance. That was a small study, so there's not a lot of data
behind it, but it did change a little. I really think we need more data, and there's a potential role for
microvascular function. Maybe if someone has an infarct they're less susceptible to arrhythmias.

UNDERSTANDING THE RISK OF DKA WHEN HYPERGLYCEMIA IS TREATED WITH SGLT-2
INHIBITORS

Simeon Taylor, MD, PhD (University of Maryland, Baltimore, MD)

Dr. Simeon Taylor reviewed the available evidence on the risk of DKA with SGLT-2 inhibitors and offered a
set of clinical recommendations. His main hypothesis is that SGLT-2 inhibitors increase susceptibility to
other precipitating factors for DKA (e.g., insulin dose reductions, pump failure, infection, surgery) but do
not themselves cause overt ketoacidosis. He reviewed mechanistic evidence demonstrating that SGLT-2
inhibitors promote a shift from carbohydrate to lipid metabolism, somewhat comparable to the body's
response to starvation. This leads to significantly higher levels of ketone bodies in the blood, which makes
patients more vulnerable to overt DKA under the right circumstances. With the caveat that this dataset is
far from perfect, he also reviewed FDA Adverse Event Reporting System (FAERS) data on the rates of
SGLT-2 inhibitor-associated DKA, concluding that there appears to be an approximately 14-fold increased
risk of ketoacidosis among SGLT-2 inhibitor-treated patients compared to DPP-4 inhibitor-treated patients.
However, this may overestimate the risk because at least 30% of the SGLT-2 inhibitor-associated reports of
ketoacidosis were observed in type 1 rather than type 2 diabetes. If the type 1 diabetes-associated reports
are removed from the database, then Dr. Taylor estimated a five to 10-fold increased risk in type 2 diabetes.
As for the clinical implications, Dr. Taylor advised against prescribing the class off-label in type 1 diabetes,
as titrating insulin to avoid both DKA and severe hypoglycemia is very challenging. As he put it, "treating
people with type 1 diabetes is like trying to thread a needle, and SGLT-2 inhibitors narrow the width of the
eye of the needle." He did stress that he is open to further research on the class in type 1 diabetes, citing the
possibility for non-glycemic benefits like amelioration of renal hyperfiltration. In type 2 diabetes, Dr. Taylor
suggested that key risk factors for DKA include surgery, low-carb diets, rapid weight loss, and insulin
deficiency. He even suggested that clinicians consider avoiding SGLT-2 inhibitors entirely in truly insulin-
dependent patients, regardless of diagnosis. He closed by cautioning against relying on urine ketone tests or
severe hyperglycemia to diagnose DKA, as there is evidence that SGLT-2 inhibitors can actually reduce
ketonuria by promoting reabsorption of ketone bodies and a number of the reported cases of DKA have
occurred at blood glucose levels <250 mg/dl.

▪ As a sidenote/postscript to Dr. Taylor's talk, we note that we have been surprised to
learn how many patients with both type 1 and type 2 diabetes do not have experience
identifying DKA (2/5 of those with type 2 diabetes in a recent dQ&A survey say they
are not confident they could recognize the symptoms of DKA), do not have a ketone
meter even if they are on an SGLT-2, and may not have insurance coverage for ketone
meters and strips. Although we agree the DKA risk can be managed for patients, we do not think
patients in the US (and possible elsewhere) have appropriate education in this sphere. For more
information on this data, contact Richard Wood (richard.wood@d-qa.com).

Questions and Answers

Q: The evidence seems to be that the effects of this class in general are not dose-dependent but
the risks including DKA and bone fractures are dose-dependent.
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A: I think it depends on which benefits you're talking about. They may have some degree of dose dependence.
A1c lowering is slightly more at the higher dose. I think the peak effect is maximized at the lower dose, but the
biggest difference is 24 hours later; when you use the higher dose it's still giving you something but the lower
dose is falling off at the end. There could be complex factors relating to whether you need 24-hour coverage.

Q: Can you speculate about the use of SGLT-2 inhibitors in type 1 diabetes?

A: They are not approved in type 1 diabetes and I absolutely do not recommend them. I think it's a legitimate
research question but I don't think the drug should be used routinely in type 1 diabetes. Clearly some people
can take them safely, but the real question is what is the proven benefit of using it? But I don't want to use my
personal opinions. The drugs are simply not approved there.

Q: Based on the presentations at the AACE/ACE consensus conference, quite a few patients
developed DKA without antibodies, so I don't think that's a helpful way to rule it out. The
pharmaceutical companies excluded people with high A1cs from their trials, and it was those
people with high A1cs and low insulin secretory ability who got DKA.

A: I agree, I don't think it's a full explanation but it's possible that patients with antibodies have greater risk.

ADA Diabetes Care Symposium: Lagniappe - A Little Something Different

THE EMPA-REG OUTCOME STUDY ENIGMA: ARE FUEL ENERGETICS THE ANSWER?
CARDIOPROTECTION IN EMPA-REG: A THRIFTY FUEL HYPOTHESIS

Ele Ferrannini, MD (University of Pisa, Italy)

Dr. Ele Ferrannini hypothesized that a shift toward ketone body metabolism could have been responsible for
the cardioprotective effect in EMPA-REG OUTCOME. This hypothesis was also outlined in a paper just
published in Diabetes. Dr. Ferrannini explained that patients with type 2 diabetes have consistently higher
lipid oxidation than people without diabetes, and the glucosuria produced by SGLT-2 inhibitors amplifies
this effect by decreasing glucose and insulin levels and increasing glucagon levels. This effect has become a
common point of discussion over the past year in the context of the potential increased risk of DKA, but Dr.
Ferrannini suggested that it could produce positive effects as well. In his model, the increased availability of
lipid substrates leads the liver to produce more ketone bodies, which are then taken up by the heart. Ketone
bodies are very efficient fuel sources, meaning that at any given level of oxygen they generate more ATP
compared to other substrates like glucose. Dr. Ferrannini noted that SGLT-2 inhibitors also lead to
increased hematocrit (the ratio of oxygen-carrying red blood cells to total blood volume) and therefore
could increase oxygen delivery to the heart. That combination of more oxygen and more efficient energy
utilization could improve the heart's contractile ability and lessen the strain on a failing heart. Dr.
Ferrannini emphasized that this is only a hypothesis and that it should not preclude other more
"conventional" explanations such as a diuretic effect, but it certainly adds an interesting new dimension to
the discussion. At a BI/Lilly-sponsored corporate symposium later that evening, Dr. Lawrence Blonde
(Ochsner Health System, Jefferson, LA) and Dr. Carol Wysham (Rockwood Clinic, Spokane, WA) both
described this hypothesis as very compelling, and we are sure we have not heard the last of it.

THE EMPA-REG OUTCOME STUDY ENIGMA: ARE FUEL ENERGETICS THE ANSWER?
KETONE BODIES IN DIABETIC HEART FAILURE AND KIDNEY DISEASE: FRIEND OR FOE?

Sunder Mudaliar, MD (UCSD, San Diego, CA)

Dr. Sunder Mudaliar outlined a similar fuel energetics hypothesis as that presented by Dr. Ele Ferrannini
(also published in a paper in Diabetes) to explain the renal protective effects demonstrated in EMPA-REG
OUTCOME. He explained that the kidneys have very high energy needs and rely primarily on oxidative
metabolism - their level of oxygen consumption is second only to that of the heart. The kidneys' workload
and oxygen requirements are even higher in diabetes due to abnormally high glucose reabsorption, and Dr.
Mudaliar noted that the resultant renal hypoxia and oxidative stress are increasingly being recognized as
independent pathways involved in the progression of chronic kidney disease. SGLT-2 inhibitors could
relieve some of this stress by shifting renal metabolism toward ketone bodies instead of oxygen. Because
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ketone bodies are a more efficient fuel source, the kidneys do not need to expend as much energy or consume
as much oxygen. Dr. Mudaliar acknowledged that these changes are subtle but argued that they could
translate to large differences in clinical outcomes over time. That said, he emphasized that this model is only
a hypothesis and advocated for more studies measuring oxygen consumption in the kidneys and heart to
test it.

Insulin Therapy

Oral Presentations: Treatment Choices after Orals in Type 2 Diabetes

CLINICAL IMPACT OF TITRATABLE FIXED-RATIO COMBINATION OF INSULIN GLARGINE/
LIXISENATIDE VS. EACH COMPONENT ALONE IN TYPE 2 DIABETES INADEQUATELY
CONTROLLED ON ORAL AGENTS: LIXILAN-O TRIAL

Julio Rosenstock, MD (University of Texas Southwestern Medical Center, Dallas, TX)

Dr. Julio Rosenstock presented results from the phase 3 LixiLan-O trial demonstrating significantly greater
A1c reductions with Sanofi's iGlarLixi (formerly LixiLan) vs. either of its components in patients with type 2
diabetes on oral agents. Sanofi announced topline results from the trial in July 2015 and the dataset was
included in the company's briefing documents for the recent FDA Advisory Committee meeting for iGlarLixi.
The open-label trial randomized 1,170 patients with type 2 diabetes not at goal on metformin and another
oral agent to receive either iGlarLixi (n=469), Lantus (insulin glargine; n=467), or lixisenatide (n=234) for
30 weeks. A1c reductions were significantly greater with iGlarLixi (1.6%) vs. both Lantus (1.3%) and
lixisenatide (0.9%) (baseline = 8.1%; p<0.0001). A significantly higher percentage of patients achieved an
A1c <7% with the combination (74%) compared to Lantus (59%) and lixisenatide (33%). Fasting plasma
glucose reductions were comparable with iGlarLixi (62 mg/dl) and Lantus (59 mg/dl) and less impressive
with lixisenatide (27 mg/dl) (baseline = 176-178 mg/dl; p<0.0001). As expected, lixisenatide's greatest
contribution was on postprandial glucose. iGlarLixi was superior to both Lantus (by 43 mg/dl) and
lixisenatide (by 20 mg/dl) on two-hour postprandial glucose; the combination was superior to Lantus (by
38 mg/dl) but inferior to lixisenatide (by 16 mg/dl) on postprandial glucose excursions. Seven-point glucose
profiles showed lower overall glucose throughout the day with iGlarLixi and lower peaks compared to
Lantus, especially at breakfast. The combination also demonstrated a 1.4 kg weight benefit compared to
Lantus and allowed a significantly higher percentage of patients to achieve the composite endpoint of A1c
<7% with no weight gain (43% vs. 25% with Lantus and 28% with lixisenatide).

▪ Especially relevant in light of the AdComm discussion, Dr. Rosenstock highlighted the
potential for dosing flexibility with the two iGlarLixi pens. Sanofi plans to market iGlarLixi
in two pens, one (pen A) with a 2:1 insulin glargine/lixisenatide ratio and insulin doses ranging from
10-40 U/day and another (pen B) with a 3:1 insulin glargine/lixisenatide ratio and insulin doses
ranging from 40-60 U/day. Dr. Rosenstock emphasized that this allows insulin titration up to 60 U
without going above the maximum dose of 20 mcg lixisenatide. Data on the final dose distribution in
LixiLan-O showed that 56% of patients achieved good control with pen A, 44% required
intensification to pen B, and only 8% reached the maximum dose of 60 U without achieving target. A
number of panelists at the AdComm meeting expressed concerns about distinguishing between the
two pens and about the nomenclature of "units" used to dose the combination. These concerns were
fairly unexpected to us, and we hope Sanofi and the FDA can work together to resolve them in short
order.

▪ Adverse events were generally similar between groups in the trial. Nausea rates were
substantially lower with iGlarLixi (9.6%) compared to lixisenatide (24%), confirming one of the
main expected with these combinations compared to GLP-1 agonists alone. Dr. Rosenstock
highlighted the fact that only 0.4% of the iGlarLixi group discontinued treatment due to nausea
(compared to 2.6% in the lixisenatide group). The rate of documented symptomatic hypoglycemia
was low and comparable between the iGlarLixi and Lantus groups (1.4 vs. 1.2 events/patient-year).

Questions and Answers
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Q: Given the short duration of action of lixisenatide, might it make more sense to use it twice a
day?

A: That sounds like common sense but you don't need to. With the results you get, why would you need to?
You get an effect on postprandial glucose mainly in the morning, you do have some carry over for lunch, and
by dinner there's not much, but you get down to 6.5%. We shouldn't use it twice a day because it's not
approved.

Q: Would you use it twice a day if A1c deteriorates over time?

A: I don't know. We need longer-term studies.

Q: I'd like to see a study where you challenge the fixed-ratio combination not only to glargine +
lixisenatide but to degludec + liraglutide, comparing the fixed ratio with split injections. I
think it would highlight the convenience of the fixed ratio and on the other side the ability to
individualize the combination because we know patients have different characteristics.

A: There's no question that what you suggest would be a nice study. The question is whether simultaneous
therapy is better than sequential. All these years we've done sequential. We have a bit of indirect evidence on
this from GetGoal Duo 1, where patients were on basal insulin for 12 weeks and then added lixisenatide. That
got people down to 7% and here we got down to 6.5%. The important bottom line is that we get down to 6.5%.
The same was true with IDegLira. Both combinations get people down to levels we were never able to get
before with any of the components alone.

Q: What concentration of insulin glargine was used?

A: U100.

Oral Presentations: Beyond Basal Insulin in Type 2 Diabetes - Treatment Intensification
Options

EFFICACY AND SAFETY OF THE INSULIN GLARGINE/LIXISENATIDE FIXED-RATIO
COMBINATION VS. INSULIN GLARGINE IN PATIENTS WITH T2DM: THE LIXILAN-L TRIAL

Vanita Aroda, MD (MedStar Health Research Institute, Hyattsville, MD)

Dr. Vanita Aroda presented results from the phase 3 LixiLan-L trial demonstrating significantly greater A1c
reductions with Sanofi's iGlarLixi (formerly LixiLan) vs. Lantus (insulin glargine) in patients with type 2
diabetes on basal insulin, driven by improvements in postprandial glucose. Sanofi announced topline results
from the trial in September 2015 and the dataset was included in the company's briefing documents for the
FDA Advisory Committee meeting for iGlarLixi. The open-label trial randomized 736 patients not at goal on
basal insulin and oral drugs to treatment with iGlarLixi (n=367) or Lantus (n=369) for 30 weeks. The
insulin glargine dose in both groups was titrated to a fasting glucose target of 80-100 mg/dl and the dose
was capped at 60 U/day (to match the maximum dose in the combination). A1c reductions were
significantly greater with iGlarLixi (1.2%) than Lantus (0.6%) (baseline = 8.1%). A significantly higher
percentage of patients achieved an A1c <7% with iGlarLixi (55%) than with Lantus (30%; p<0.0001).
Fasting plasma glucose reductions were similar in both groups (21 mg/dl vs. 23 mg/dl), as expected given
the almost identical average daily doses of insulin glargine at the end of the trial (46 vs. 47 U). The main
contribution of lixisenatide to the combination was on postprandial glucose: iGlarLixi produced
significantly greater reductions in both two-hour postprandial glucose (85 mg/dl vs. 25 mg/dl) and
postprandial excursions (70 mg/dl vs. 8 mg/dl) compared to Lantus. Seven-point glucose profiles illustrated
this improvement in postprandial control, particularly after breakfast. iGlarLixi led to a 1.4 kg weight
benefit and comparable hypoglycemia rates to Lantus. The combination also allowed a greater percentage
of patients to achieve an A1c <7% without weight gain (34% vs. 13%), an A1c <7% without hypoglycemia
(32% vs. 19%), and an A1c <7% without weight gain or hypoglycemia (20% vs. 9%) - while the benefit is
encouraging, the low absolute percentages in both groups illustrate the remaining need for more effective
therapies.

Questions and Answers
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Q: Do you think the weight loss is less when lixisenatide is used in combination with insulin vs.
separately when added to insulin or without insulin?

A: I would refer you to the LixiLan-O trial, where we saw greater weight loss with lixisenatide alone. Here we
have mitigation of the weight gain with insulin glargine.

Q: But the average weight loss seems to be less here than when you add on a GLP-1 agonist
without insulin or even separately.

A: Part of it might be the final dose, which was 17 mcg of lixisenatide on average.

Q: I'm guessing the combination was administered before breakfast. Was the administration
of glargine alone done at the same time?

A: Glargine could be administered at any time and it was consistent throughout the trial. The combination
was injected an hour before breakfast.

Q: From the seven-point profile, it's obvious that the main effect is on that first meal, yet it was
a fixed schedule of dosing before breakfast. Do you think the results would be different if it
was administered with the largest meal rather than breakfast? My patients don't all eat
breakfast, and dinner is typically the biggest meal in the US.

A: That's an intriguing question that can only be answered by a trial. There was a sub-study looking at dosing
at the main meal vs. the morning and the main effect seems to be in the morning, but we would need a trial to
know.

Q: You didn't save a single dose of insulin by adding lixisenatide and you had the same rate of
hypoglycemia. Is there any information on the PK/PD data? Were the profiles of both
components really preserved? It seems like a very weak effect.

A: The PK data were consistent with what was seen in the lixisenatide standalone program. Your point is
appreciated that there's not necessarily an insulin-sparing effect. I would also state here that we had a greater
A1c reduction down to 6.9% without increased hypoglycemia. We're looking at two different end A1cs with
comparable hypoglycemia.

Q: Looking at the meal data in the control group, you still have glucose values of 230 mg/dl two
hours after a meal - people are clearly not well controlled. Would you anticipate different
results if you had a more well-controlled group?

A: The 230 mg/dl was from a mechanistic substudy highlighting the mechanism of action of iGlarLixi on
postprandial glucose. The 7-point SMPG, reflective of control in the comparator group, showed the control we
typically see with titration with insulin glargine (postprandial glucose of 160s-190s during the day). This,
along with detailed review of titration, superimposable fasting glucoses, and insulin doses all support
appropriate titration in the control group.

FASTER-ACTING INSULIN ASPART VS. INSULIN ASPART AS PART OF BASAL-BOLUS
THERAPY IMPROVES POSTPRANDIAL GLYCEMIC CONTROL IN UNCONTROLLED T2D IN
THE DOUBLE-BLIND ONSET 2 TRIAL

Keith Bowering, MD (University of Alberta, Edmonton, Alberta, Canada)

Dr. Keith Bowering presented results from the phase 3 Onset 2 trial demonstrating non-inferior A1c
reductions and significant improvements in postprandial control with Novo Nordisk's faster-acting insulin
aspart vs. NovoLog (insulin aspart) in patients with type 2 diabetes. The double-blind study enrolled 689
patients who were randomized to receive either faster aspart or NovoLog for 26 weeks in addition to
Sanofi's Lantus (insulin glargine) and metformin. A1c reductions were comparable in both groups: A1c
dropped from 8% to 6.6% with faster aspart and from 7.9% to 6.6% with NovoLog. Faster aspart produced
a significant 10.6 mg/dl improvement in one-hour postprandial glucose (p=0.0198) and a numerical but not
significant improvement of 6.6 mg/dl in two-hour postprandial glucose. Fasting glucose and three- and
four-hour postprandial glucose was comparable in both groups, and both products led to a 2.7 kg weight
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gain. Adverse event rates and overall hypoglycemia rates were also balanced; there were numerically more
severe hypoglycemia events in the faster aspart group (27 vs. 17 events), but Dr. Bowering explained that 18
of the events in the faster aspart group occurred in the same three patients, likely skewing the results. These
results are consistent with our sense that faster aspart offers a real but incremental improvement over
existing rapid-acting insulins. The improvement in postprandial glucose and the potential for more dosing
flexibility should be meaningful for many patients, but we do not expect faster aspart to be a
transformational therapy in the same league as other Novo Nordisk products like Xultophy (insulin
degludec/liraglutide) and semaglutide.

Questions and Answers

Q: You started by showing area under the curve for the first 30 minutes. You didn't show more
classical endpoints like total area under the curve or Cmax. Do you have any data on that?

A: That is available in a poster here. I believe Cmax was 10 minutes earlier than standard aspart.

Q: What was the time between the injection of insulin and the start of the meal? Could the
dosing be more flexible? Based on the Biodel studies, there might be less late hypoglycemia.
Did you see anything like that?

A: They were supposed to inject within two minutes of a meal. There was a small number of hypoglycemic
events in the first two hours, and in that time frame there was more hypoglycemia seen with faster aspart than
standard aspart. Those numbers were small in comparison with the later events.

ADDING FASTER-ACTING INSULIN ASPART TO BASAL INSULIN SIGNIFICANTLY
IMPROVED GLYCEMIC CONTROL: THE ONSET 3 TRIAL

Helena Rodbard, MD (Endocrine and Metabolic Consultants, Rockville, MD)

Dr. Helena Rodbard (Endocrine and Metabolic Consultants, Rockville, MD) presented results from the
Onset 3 trial of Novo Nordisk's faster-acting insulin aspart in patients on basal insulin. The 18-week, open-
label, parallel group trial (n=236 patients with type 2 diabetes on basal insulin therapy) found that
intensification to a basal-bolus regimen with faster-acting aspart resulted in a statistically superior mean
A1c reduction of 0.94% (baseline A1c=7.9%; p<0.0001) compared to continued treatment with basal insulin
alone. Furthermore, 60% of those in the faster-acting insulin aspart group achieved an A1c <7% at the end
of the 18 weeks (compared to 18% in the basal-only group, p<0.0001) and 45% achieved an A1c ≤6.5%
(compared to 7% in the basal-only group, p<0.0001). Even more impressively, in the faster-acting insulin
aspart group, 59% were able to achieve the target A1c <7% without experiencing severe hypoglycemia
(compared to 7% with basal-only, p<0.0001) and 43% were able to achieve the target A1c ≤6.5% without
experiencing severe hypoglycemia (compared to 7% with basal-only, p<0.0001). 8-point SMPG profiles
indicated improved glycemic control with faster-acting insulin aspart at all points in throughout the day.
Regarding postprandial glucose (PPG) specifically, 81% of participants taking faster-acting insulin aspart
were able to achieve a PPG ≤140 mg/dl (compared to 22% in comparator arm, p<0.0001) and 80% were
able to do so without severe hypoglycemia (compared to 21% in comparator arm, p<0.0001). Fasting
plasma glucose (FPG), on the other hand, was not significantly different between the two arms. As expected
and consistent with prandial insulin intensification, adverse events included weight gain (mean weight
gain=1.66 kg in the faster-acting insulin aspart group) and increased rate of hypoglycemia.

Oral Presentations: Novel Therapeutics in Type 1 Diabetes

DOUBLE-BLIND MEALTIME FASTER-ACTING INSULIN ASPART VS. INSULIN ASPART IN
BASAL-BOLUS IMPROVES GLYCEMIC CONTROL IN T1D: THE ONSET-1 TRIAL

David Russell-Jones (Royal Surrey County Hospital, University of Surrey, UK)

Dr. David Russell-Jones gave us our first full look at results from the Onset 1 trial, which examined Novo
Nordisk's faster-acting insulin aspart formulation (Faster aspart) in type 1 diabetes. As a reminder, Novo
Nordisk shared topline results from Onset 1 & 2 in early 2015 and submitted Faster aspart to the FDA at the
end of last year. Onset 1 found a modest but statistically significant improvement in A1c with Faster aspart
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(-0.17% vs. standard aspart) with no increase in severe or confirmed hypoglycemia. In our view, among the
most important findings among the new data were: (i) in addition to the modest A1c benefits, two-hour
postprandial blood glucose levels were superior with Faster aspart than regular aspart (by ~12 mg/dl), and
(ii) in terms of A1c reduction, post-meal Faster aspart administration was non-inferior compared to
standard pre-meal administration of the current insulin aspart. The latter finding makes for a pretty cool
claim and stands to make a difference for patients who find it challenging to consistently take their insulin
pre-meal, though it bears remembering that although post-meal Faster aspart was comparable with pre-
meal NovoLog, pre-meal Faster aspart was still the winner in this trial.

▪ Study design: Onset 1 randomized 1,143 type 1 diabetes patients on basal-bolus therapy with
Levemir (insulin detemir) and NovoLog (insulin aspart) to either stay on that treatment regimen,
switch the NovoLog for Faster aspart dosed pre-meal, or to switch to Faster aspart dosed post-meal.
The main portion of the trial ran for 26 weeks. Average age at baseline was in the mid-40s, with a
mean BMI around 26 kg/m and mean A1c of 7.6%.2

Questions and Answers

Q: Was the total dose at the end of the study similar?

A: Yes, they were similar across groups. Because of continuous bolus titration, there was a slight increase from
baseline in bolus dose after titration.

Q: Was the insulin dosed at the time of the meal or 20 minutes before?

A: At the onset of the meal.

Q: I would have expected that the Faster aspart group might have had less delayed
hypoglycemia if it is more rapid-on, rapid-off. Was there any CGM data?

A: There was no difference in nine-point profiles.

Q: I'm surprised that insulin doses were adjusted based on premeal glucose, because the main
benefit was post-meal. Wouldn't you expect better results if you targeted post-meal control
rather than premeal results?

A: I think in clinical trials, post-meal glucoses are much more variable. It's safer to do protocol as defined. As
you can see, people did see a reduction in A1c.

Q: Did you see any benefits in hypoglycemia immediately post-meal?

A: Overall, the rate of hypoglycemia was similar. If you were going to have a hypoglycemic episode right at the
beginning, which is a pretty low proportion of overall cases, you had a slightly higher chance with Faster
aspart, which you would expect. But the overall rate was incredibly low.

Q: How should we think about nutrient matching with this insulin? What would happen with a
high fat meal, or someone who is a very marked carbohydrate restrictor? Would that
potentially lead to a dangerous risk of hypoglycemia early after the meal?

A: The short answer is that those studies have not yet been done. Although Faster aspart is incrementally
faster, it's only by degrees. In practicality, I don't think that would be a problem.

Q: Why didn't you test both insulins with post-meal administration?

A: What I think is important is that this trial shows that if you use Faster aspart after a meal, you still get as
much benefit as if you took ordinary aspart before the meal. A lot of patients do this sometimes, so I think this
is an important finding.

Q: What about stability in insulin pumps?

A: This insulin is going to be extremely useful for people on pumps. The pump PK data is very impressive.
There are a large number of pump studies ongoing, and I suspect that it will be a topic for next year's ADA.

www.closeconcerns.com 100



EFFICACY AND SAFETY OF MK-1293 INSULIN GLARGINE COMPARED WITH ORIGINATOR
INSULIN GLARGINE (LANTUS) IN TYPE 1 DIABETES (T1D)

Philip Home, DPhil (Newcastle University, Newcastle Upon Tyne, UK)

Professor Philip Home presented phase 3 data showing that Merck's Samsung-partnered biosimilar insulin
glargine MK-1293 demonstrated similar efficacy and safety to Sanofi's Lantus in people with type 1
diabetes. Professor Home presented the 24-week data of this phase 3, active-controlled, open-label, 52-week
study, in which 506 participants with type 1 diabetes were randomized 1:1 to once-daily MK-1293 or Lantus,
guided by a fasting glucose-based dosing algorithm. At week 24, from a baseline A1c of ~8%, the MK-1293
and Lantus groups achieved A1c reductions of 0.65% and 0.68%, respectively, meeting the non-inferiority
and equivalence criteria with a difference of only 0.03%. Total insulin dose between the two arms was also
similar, with the MK-1293 group on 49.4 U/day vs. the Lantus group's 50.4 U/day. Basal and prandial
insulin doses between the arms differed by 0.8 U/day and 2.3 U/day, respectively. Regarding fasting
plasma glucose, MK-1293 and Lantus arms achieved reductions of 16.4 mg/dl and 25.9 mg/dl, respectively.
Professor Home noted that this relatively larger difference may be due to the not-so-reliable measure of the
clinic samples and pointed to the 7-point average SMPG difference as more consistent (-4.9 mg/dl for
MK-1293 vs. -4.6 mg/dl for Lantus), as he called for regulators to consider CGM approaches for these
measures in the future. As for the safety profile, the difference of percentage of participants experiencing
symptomatic hypoglycemia remained small, with 71% and 76% of the MK-1293 and Lantus groups,
respectively. Professor Home pointed out an imbalance in severe hypoglycemia (6.1 events/person-year in
MK-1293 vs. 3.2 in Lantus), but highlighted that only two participants on MK-1293 were accounting for
49% of the severe episodes. For other adverse events, there were minimal treatment group differences (241
events in MK-1293 vs. 248 events in Lantus) and the anti-insulin antibody (AIA) response was similar
between the two arms, with regards to cumulative incidence, neutralizing antibodies, and immunological
insulin resistance. Thus, Professor Home concluded that the overall therapeutic profile of MK-1293 was
similar to that of Lantus in type 1 diabetes.

▪ As background, Merck recently shared that MK-1293 is filed in Europe; the candidate is
one of the first three insulin glargine biosimilars (the other two being from Lilly/BI and Biocon/
Mylan) and while we have not explicitly heard plans for a US filing, we would expect one to come
soon alongside Europe's. These data are certainly promising and we continue to express cautious
hope that the movement of biosimilars into the market will cut down on the increasing costs of
insulin for patients - we also wonder, of course, how much providers will trust these new
formulations.

BIOCHAPERONE® COMBO (BC COMBO) IMPROVES POSTPRANDIAL GLYCEMIA VS.
HUMALOG® MIX 75/25™ (HMX) IN PEOPLE WITH TYPE 1 DIABETES MELLITUS (T1DM)

Steve Edelman, MD (UCSD, San Diego, CA)

Dr. Steve Edelman presented new phase 1 data of Adocia's BioChaperone Combo (insulin glargine/insulin
lispro), demonstrating superior postprandial glycemic control compared to Lilly's Humalog (insulin lispro)
in people with type 1 diabetes. In this double-blind, randomized, crossover mixed-meal study
(ClinicalTrials.gov Identifier: NCT02514954), 28 participants with type 1 diabetes (baseline A1c of 7.3%)
received equivalent individualized doses of BioChaperone Combo or Humalog, immediately prior to a
standardized meal (508 kcal [68 g], 56% carbs/17% protein/27% fat). Looking at the six-hour post-meal
glycemic profiles, Dr. Edelman showed that starting from identical baseline blood glucose levels,
BioChaperone Combo reduced post-meal blood glucose over two hours and had a lower blood glucose
maximum compared to Humalog (72 mg/dl vs. 95 mg/dl), as well as a reduced PPG excursion at one hour
(-24 mg/dl) compared to Humalog. Within the first two hours, BioChaperone Combo also had a
comparative 24% reduction in post-prandial glucose excursions (as measured by glucose area under the
curve, p=0.008). In addition, the Humalog arm experienced a late post-prandial blood glucose drop below
baseline ~3.5 hours post-meal (BioChaperone Combo dropped below baseline at around 5.5 hours) and
those on Humalog had a lower blood glucose minimum compared to the BioChaperone Combo group (65
mg/dl vs. 94 mg/dl). Regarding hypoglycemia, the Humalog group experienced numerically more
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hypoglycemic episodes than the BioChaperone Combo group (15 vs. 9 for ≤70 mg/dl; 8 vs. 4 for ≤50 mg/dl),
as the BioChaperone Combo group spent more time in target (80 to 180 mg/dl) with 274 minutes vs. 183
minutes. On safety and tolerability, Dr. Edelman noted that there were no significant differences between
treatment groups' safety profiles with three adverse events reported in each group (mostly consisting of
headaches, nausea, and flu-like symptoms) and the treatments proved to be well-tolerated with no injection
site reactions. This study is one of several trials that Adocia is conducting on its insulins, as the company has
also recently initiated phase 1b studies for its HinsBet (BioChaperone human insulin) and BioChaperone
Lispro. These new promising findings for BioChaperone Combo prompt us to continue wondering if the
product could potentially be incorporated into the Lilly partnership - please see our Adocia 1Q16 report for
more on the company's latest.

Questions and Answers

Q: How do you anticipate to see this clinical benefit?

A: To me, as someone who sees patients quite a bit, you have a more effective reduction in PPG and you have
a reduced rate of delayed hypo. As you know, using current premixes, they do have a rapid acting analog but
combined with insulin, they have the same PK/PD profile as NPH. This'll impact the timing of injections and
lead to hypo. And those insulins don't last as long. Similar to the Novolog product, these types of premixes
will be great for type 2 diabetes. I think that's why a lot of clinicians don't use these premixes - because of the
PK/PD.

Q: Was it a solid or liquid meal test?

A: It was a solid meal. It was prepared in kitchen with 69 grams of carbs, proteins, and fats. It was an Italian
meal.

Q: Anything done to impact the timing of the glargine component?

A: As I understand it, these molecules are basically the same. But when you put them in a combo through this
technology, the time course may change. The most obvious was the lispro. I do believe that it's the nature of
the bonding of these molecules that allow the PK/PD to be different. The molecules themselves are
unchanged. It's the combo through this technology that's affecting it.

ULTRA-RAPID BIOCHAPERONE LISPRO AMELIORATES POSTPRANDIAL BLOOD GLUCOSE
(PPG) CONTROL COMPARED WITH HUMALOG IN SUBJECTS WITH TYPE 1 DIABETES
MELLITUS

Tim Heise, MD (Profil GmbH, Neuss, Germany)

Dr. Tim Heise (Profil GmbH, Neuss, Germany) presented results from a phase 1b meal study showing
greater improvements in postprandial glucose with Lilly/Adocia's ultra-rapid BioChaperone Lispro
compared to Lilly's Humalog (insulin lispro). The single-center, double-blind, randomized, single-dose,
cross-over study in patients with type 1 diabetes (n=38, baseline A1c=7.4%) found that mealtime
BioChaperone Lispro administration resulted in a mean one-hour postprandial glucose (PPG) difference of
42 mg/dl compared to mealtime Humalog administration (mean one hour PPG=135 mg/dl with
BioChaperone Lispro vs. 177 mg/dl with Humalog, baseline blood glucose=100 mg/dl). Two-hour PPG was
also lower with BioChaperone Lispro compared to Humalog, with a mean difference of 27 mg/dl (mean
two-hour PPG=126 mg/dl with BioChaperone Lispro vs. 153 mg/dl with Humalog). As was previously
reported in the topline results, BioChaperone Lispro administration produced a 61% reduction in two-hour
postprandial glucose excursions (as measured by glucose area under the curve, p<0.0001) compared to
Humalog. BioChaperone Lispro also reduced 30-minute postprandial excursions by 51% (p=0.0004), one-
hour excursions by 58% (p<0.0001), three-hour excursions by 75% (p=0.0002), and eight-hour excursions
by 42% (p=0.04). In terms of blood glucose concentration, BioChaperone Lispro led to a 73% reduction in
one-hour post-meal blood glucose concentration (p<0.0001) and a 67% reduction in two-hour blood glucose
concentration (p=0.0014). Peak blood glucose was reduced by 24% with BioChaperone Lispro
administration compared to Humalog (p=0.016). Hypoglycemia rates were comparable between the
BioChaperone Lispro and Humalog groups, with 18 events with BioChaperone Lispro and 19 events with
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Humalog. Adverse events were similar between the two groups as well; infection and headache were the
most frequent adverse events and there were no severe adverse events in either group.

▪ BioChaperone Lispro uses Adocia's proprietary carrier technology, resulting in a
faster-on, faster-off profile. BioChaperone Lispro reached its half-maximal concentration 37%
faster than Humalog (in 18 min, compared to 29 min for Humalog). BioChaperone Lispro also
achieved a 168% higher insulin exposure vs. Humalog in the first 30 minutes post-administration
(p<0.0001) and a 52% higher insulin exposure in the first hour post-administration. Post-peak,
BioChaperone Lispro concentration also declined 15% more rapidly than Humalog: the candidate
reached its half-maximal concentration in 135 min post-administration, compared to 160 min for
Humalog. Eight-hour insulin exposure, as measured by area under the curve, was 21% lower with
BioChaperone Lispro. Overall, BioChaperone Lispro achieved its maximum concentration 25%
faster than Humalog (after 47 min vs. 62 min) and its maximum concentration was 13% higher than
Humalog (117 mU/l vs. 104 mU/l). Overall exposure was similar between the two insulins, however.
These results are consistent with previous studies.

▪ In Q&A, Dr. Heise suggested that the faster absorption rate of BioChaperone Lispro
could support more flexible dose timing in addition to improved postprandial control.
He especially sees potential for the use of BioChaperone Lispro and other ultra-rapid-acting insulins
in children or elderly patients. There has been some hope that MannKind's inhaled insulin Afrezza
could serve as a convenient mealtime insulin with a more rapid absorption profile, but uptake as
been sluggish due to a combination of complicated prescribing requirements and potential safety
concerns - we strongly believe both barriers can and should be mitigated. The "next-generation"
rapid-acting insulin analog field has not progressed as rapidly as the basal insulin analog field
(where Novo Nordisk's Tresiba [insulin degludec] has been characterized as a near-perfect basal
insulin in terms of PK/PD profile), but we're energized by the positive data that's emerging
surrounding BioChaperone Lispro and Novo Nordisk's faster-acting insulin aspart.

NOCTURNAL GLYCEMIC CONTROL WITH GLARGINE TITRATION BASED ON BEDTIME IN
ADDITION TO FASTING PLASMA GLUCOSE IN TYPE 1 DIABETES

Francesca Porcellati, MD, PhD (University of Perugia, Italy)

Dr. Francesca Porcellati presented study findings showing the benefits of an insulin titration algorithm
based on the relationship between nocturnal plasma glucose (PG) and next morning fasting plasma glucose
(FPG) levels. In this study, 58 participants with type 1 diabetes on basal-bolus therapy and FPG >130 mg/dl
were randomized to algorithm #1 (the usual glargine titration based on FPG of six days) or algorithm #2
(based on the difference between bedtime PG and next morning FPG on days with post-dinner PG at the
target 100-130 mg/dl with optimized evening prandial insulin) for three months. At three months, fasting
plasma glucose decreased with both algorithms, but more so with algorithm #2 (154±17 mg/dl to 140±16
mg/dl vs. 151±18 mg/dl to 128±8 mg/dl, p<0.05). In addition, both intra-subject variability of FPG (CV
9±1.4% vs. 15±2.7%, p<0.05) and incidence of nocturnal confirmed hypoglycemia (5.4±1.4 vs, 7.6±2.7
events/patient-year) were lower on algorithm #2 compared to algorithm #1. Thus, Dr. Porcellati concluded
that using an algorithm that incorporates bedtime PG may bring about several advantages in glycemic
control, hypoglycemia risk, and A1c.

Questions and Answers

Q: We're driven to overbasalize patients, largely because pharma companies have basal
insulins. Why not also use this in type 2 diabetes?

A: In type 2, it's different because if you use basal insulin, you are really following fasting. But I partly agree -
for some of our patients with basal insulin, it's important to check bedtime glucose.

Q: From my experience, I can recommend you to expect differences in type 1 diabetes. That's
why we are free to titrate basal first. The difference between bedtime and morning glucose
levels is important. A three-point profile is quite simple.
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A: We need to move attention more to postprandial control, which is tough to ask from patients.

Oral Presentations: Treatment and Management of Complications - Can a Dog Really Smell
Hypoglycemia?

GLYCEMIC CONTROL AND HYPOGLYCEMIA BENEFITS WITH INSULIN GLARGINE 300
U/ML (GLA-300) EXTEND TO PEOPLE WITH TYPE 2 DIABETES (T2DM) AND MILD-TO-
MODERATE RENAL IMPAIRMENT

Javier Escalada MD, PhD (Clinica Universidad de Navarra, Spain)

Dr. Escalada presented a post-hoc meta-analysis of the EDITION 1, 2, and 3 trials that compared the effects
of glargine 300U/ml (Gla-300) and glargine 100U/ml (Gla-100) on A1c reduction and hypoglycemia in
type 2 diabetes patients with renal impairment. The meta-analysis included patients with moderate (GFR
≥30 to 60; n=401) or mild renal impairment (GFR ≥60 to 90; n=1,390), and those with normal renal
function (GFR ≥90; n=685). Those with severe impairment (GFR <30) were excluded due to low numbers,
and Dr. Escalada noted that this was a drawback to the meta-analysis. In reviewing the rationale for this
analysis, Dr. Escalada stated that renal impairment increases the risk of hypoglycemia in type 2 patients,
and thus may limit treatment options. Across all three subgroups, at six months, Gla-300 and Gla-100
provided similar reductions in A1c, and the percentage of patients who achieved an A1c of <7% and <7.5%
was similar between the two drug doses. Of note, regardless of renal function, Gla-300 led to a lower rate of
confirmed (≤70 mg/dl) or severe nocturnal hypoglycemia (rate ratio of 0.59 [95% CI: 0.39-0.90], 0.72
[0.56-0.93], and 0.69 [0.43-1.10] for the moderate, mild, normal groups, respectively), with comparable or
lower rates of any-time hypoglycemic events.

▪ In opening, Dr. Escalada cited the results of EDITION 1, 2, and 3 - multicenter,
randomized, open-label, phase 3a studies where patients received once daily injections of glargine
300U/ml or glargine 100U/ml titrated to a fasting SMPG of 80-100 mg/dl. EDITION 1 enrolled
patients on basal and prandial insulin with or without metformin; EDITION 2 recruited patients on
basal insulin and oral therapy; and EDITION 3 enrolled insulin-naïve patients taking oral therapy.
The six-month data from these studies showed that in patients with type 2 diabetes, Gla-300
provided comparable glycemic control with less hypoglycemia compared to Gla-100. Post-hoc
analyses have shown that these benefits persisted when controlling for age, BMI, and duration of
diabetes.

▪ Regarding baseline characteristics, the three groups had comparable gender balance (% male
48-54) and BMI (34-35 kg/m ). Those with moderate renal impairment were older (average age of2

65 vs. 59 for mild impairment and 52-53 for normal renal function). These participants also had a
longer duration of diabetes (15 years vs. 12 for mild impairment and 10 for normal renal function),
as well as a longer duration of basal insulin use (5.7-6.0 vs. 5.4-5.5 for mild impairment and 4.1-4.3
for normal renal function).

▪ Glargine 300 U/ml and 100U/ml provided comparable A1c reductions, a finding
observed in all three subgroups (Table 1). The percentage of patients that achieved an A1c of
<7% and <7.5% was similar between the two drug doses, and this result was also observed across all
three subgroups (Table 2).

Table 1: A1c reductions observed with Glargine 300 U/ml vs. Glargine 100U/ml

Group Gla-300 Gla-100

Overall 1.02 1.01

eGFR ≥90 1.00 1.10

eGFR 60-90 1.06 1.04

eGFR 30-60 0.95 0.92
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Table 2: Percentage of patients that achieved an A1c of <7% and <7.5%

% patients achieving A1c <7% % patients achieving A1c <7.5%

Group Gla-300 Gla-100 Gla-300 Gla-100

eGFR ≥90 27.9 29.4 45.9 46.1

eGFR 60-90 40.1 37.4 57.9 54.6

eGFR 30-60 37.2 39.8 56.3 58.2

Table 3: Participants with at least one event of hypoglycemia

Group n Nocturnal (midnight - 6am) Anytime (24 h)

Gla-300 Gla-100 Gla-300 Gla-100

Overall 2,468 371 (30%) 490 (40%) 812 (66%) 884 (72%)

eGFR 30-60 399 79 (40%) 102 (51%) 159 (80%) 160 (80%)

eGFR 60-90 1,386 225 (32%) 274 (40%) 470 (67%) 489 (71%)

eGFR ≥90 683 67 (20%) 114 (33%) 183 (55%) 235 (67%)

Questions and Answers

Q: While the relative benefit of glargine 300 is clear, one of the questions was whether there
were indeed more hypoglycemic episodes in the group with decreased renal function. It was a
little difficult to tell that from the slides.

A: [Dr. Escalada referred to a slide with Table 3 (shown above)]. You can see here that patients with the worse
renal function had a higher percentage of patients suffering from severe hypoglycemia. So you are right that in
this case, the hypoglycemia burden was higher in patients with lower eGFR.

Oral Presentations: Management of Hyperglycemia in the Hospitalized Patient (with State-of-
the-Art Lecture)

EFFICACY AND SAFETY OF U500 INSULIN USE IN HOSPITALIZED PATIENTS AT VA
PITTSBURGH HEALTH CARE SYSTEM (VAPHS)

Ha Nguyen, MD (University of Pittsburgh Medical Center, PA)

Dr. Ha Nguyen shared data from a retrospective chart review of 90 hospitalizations of patients on
outpatient U500 insulin between 2000-2015. Dr. Nguyen shared that U500 is a concentrated human insulin
that is often the best option in markedly insulin resistant diabetes, but noted that it can have deleterious side
effects. Accordingly, 44 patients switched to U100 during their hospital stays, while 46 remained on U500.
There was no significant difference between the two groups in mean blood glucose level or incidence of
hypoglycemia, indicating that U500 insulin therapy is indeed safe in the hospital setting. However, given its
inherent risks, Dr. Nguyen emphasized that U500 should be administered under the supervision of an
endocrinologist and with prefilled syringes to minimize dosing errors.

Questions and Answers

Q: A recent study found that a group of patients on U500 insulin had more hyperglycemia and
hypoglycemia than a group on U100 insulin; why do you think your study found different
results?
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A: I saw that study, actually. We believe this discrepancy is because, in that study, only 60% of patients had
endocrine consult - that could be why U500 had more hyperglycemia and hypoglycemia. In our study, 95%
had endocrine consult.

Posters

NOVO NORDISK'S BASAL INSULIN TRESIBA BEATS LANTUS ON HYPOGLYCEMIA IN
SWITCH 1 AND 2

Novo Nordisk presented data from the phase 3b SWITCH trials in two late-breaking posters (87-LB and
90-LB) demonstrating significant reductions in overall, nocturnal, and severe hypoglycemia with Tresiba
(insulin degludec) vs. Sanofi's Lantus (insulin glargine). We saw topline results from both SWITCH 1 (type 1
diabetes) and SWITCH 2 (type 2 diabetes) in February. Novo Nordisk plans to submit the data to regulatory
authorities in 3Q16 in the hopes of gaining some sort of label update, though we will keep our expectations
in check given the FDA's historically conservative approach in this area. While we were quite impressed
with the data, we were also struck by how high the hypoglycemia rates were in both groups, particularly in
the type 1 diabetes trial. To us this underscores the enormous complexity of managing diabetes with current
insulin therapy and illustrates the need for as many tools as possible to help patients reduce their risk. We
are also starting to see we need a different narrative for patients "in control" - currently, a patient's
"control" reflects their A1c, not their A1c combined with their time spent in hypoglcyemia, which seems like a
limited way to assess success.

▪ SWITCH 1 demonstrated significant hypoglycemia reductions with Tresiba vs. Lantus
in patients with type 1 diabetes at high risk for hypoglycemia. The double-blind trial
randomized 501 patients to receive once-daily doses of Tresiba or Lantus for 32 weeks, followed by
crossover to the other treatment for 32 weeks. Each 32-week period consisted of a 16-week titration
period and a 16-week maintenance period, and both groups received injections of NovoLog (insulin
aspart) at mealtime. Results showed a significant 11% reduction for the primary endpoint of severe
or blood glucose-confirmed symptomatic hypoglycemia with Tresiba vs. Lantus during the
maintenance period (event rates of 2,220.9 vs. 2,462.7 events/100 patient-years; p<0.0001).
Tresiba also produced a significant 36% reduction in severe or blood glucose-confirmed nocturnal
symptomatic hypoglycemia (event rates of 277.1 vs. 428.6 events/100 patient-years; p<0.0001) and
a significant 35% reduction in severe hypoglycemia (event rates of 69.1 vs. 92.2 events/100 patient-
years; p<0.05) in the maintenance period compared to Lantus. Results were similar for the full
treatment period with significant reductions of 6%, 25%, and 26% with Tresiba vs. Lantus for the
three respective endpoints. The results for other efficacy and safety parameters were comparable
between groups; a post-hoc analysis found a 3% significantly lower total daily insulin dose in the
Tresiba group.

▪ SWITCH 2 demonstrated significant hypoglycemia reductions with Tresiba vs. Lantus
in patients with type 2 diabetes at high risk for hypoglycemia. The double-blind trial
randomized 721 patients to receive once-daily doses of Tresiba or Lantus in addition to oral diabetes
drugs (excluding sulfonylureas/meglitinides) for 32 weeks, followed by crossover to the other
treatment for 32 weeks, with the same titration/maintenance periods as in SWITCH 1. Results
showed a significant 30% reduction in severe or blood glucose-confirmed symptomatic
hypoglycemia with Tresiba vs. Lantus during the maintenance period (event rates of 185.6 vs. 265.4
events/100 patient-years; p<0.0001). Tresiba also produced a significant 42% reduction in severe or
blood glucose-confirmed nocturnal symptomatic hypoglycemia (event rates of 55.2 vs. 93.6 events/
100 patient-years; p<0.0001). Rates of severe hypoglycemia were low in both groups and
numerically but not significantly lower with Tresiba (event rates of 5.3 vs. 9.1 events/100 patient-
years; p-value not given). Results were similar for the full treatment period with significant
reductions of 23% and 25%, respectively, for the first two endpoints and a 51% reduction in severe
hypoglycemia that just reached statistical significance (p=0.03). The results for other efficacy and
safety parameters were comparable between groups; a post-hoc analysis found a 4% significantly
lower insulin dose in the Tresiba group.
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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)

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

This poster featured initial phase 3 data demonstrating the non-inferiority of Sanofi's SAR342434 to Lilly's
Humalog (U100 insulin lispro), in combination with insulin glargine. Developed as a rapid acting follow-on
product to Humalog, SAR has an identical amino acid sequence to that of LIS and a previous clamp study
determined that SAR was similar in pharmacokinetic exposure and pharmacodynamics activity to LIS. This
phase 3 study - entitled SORELLA 1 - randomized 507 type 1 patients to either a multiple daily injection
regimen of SAR or LIS in addition to once-daily GLA-100. At 26 weeks, the SAR and LIS groups achieved
A1c reductions of 0.42% and 0.47%, respectively, with a LS mean difference of 0.06%. In addition, both
groups showed similar post-prandial glucose excursions and insulin dosages. Almost all patients reported
at least one episode of hypoglycemia, and a similar percentage of SAR- and LIS-treated patients reported
hypoglycemia or severe hypoglycemia difference. In both SAR- and LIS- treated patients, anti-insulin lispro
antibody incidence levels were similar (59.1% vs. 59.5% respectively). Each treatment group had one patient
who discontinued treatment due to a treatment-emergent adverse event: 42.9% of SAR-treated and 41.7% of
LIS-treated reported any adverse event. One death was reported in the SAR group due to a cardiovascular
event not considered to associated with either hypoglycemia or the experimental treatment. In addition,
both SAR-treated and LIS-treated patients reported similar weight gains of .69 kg and .67 kg, respectively.
Thus, the study's findings concluded that SAR was just as effective and well-tolerated as insulin lispro in
people with type 1 diabetes.

EFFICACY AND SAFETY OF LIXILAN VS. INSULIN GLARGINE ACCORDING TO BASELINE
CHARACTERISTICS IN PATIENTS WITH TYPE 2 DIABETES FROM THE LIXILAN-L TRIAL
(1018-P)

C Wysham, R Bonadonna, V Aroda, MP Domingo, C Kapitza, W Stager, C Yu, E Niemoeller, E
Souhami, and R Bergenstal

This analysis from the LixiLan-L trial demonstrated consistent efficacy and safety with Sanofi's iGlarLixi
(formerly LixiLan; insulin glargine/lixisenatide) across subgroups divided by baseline A1c, diabetes
duration, and BMI. Primary results from the trial presented as an oral presentation demonstrated superior
glycemic control with iGlarLixi vs. insulin glargine (Lantus) in patients not at goal on basal insulin. In this
analysis, participants were divided into groups based on their baseline A1c (<8% or ≥8%), time since
diagnosis of type 2 diabetes (<10 or ≥10 years), and BMI (<30 or ≥30kg/m ). After 30 weeks, the results for2

A1c reduction, percentage of patients with an A1c <7%, and hypoglycemia were consistent across all
subgroups. iGlarLixi consistently led to ~0.5% greater A1c reductions and ~20-30% more patients achieving
an A1c <7% compared to insulin glargine, and there were no significant differences in hypoglycemia
between treatment groups. iGlarLixi also offered a significant weight benefit vs. insulin glargine in
subgroups divided by baseline A1c and BMI (results for duration of diabetes subgroups not given. See the
table below for detailed results.

iGlarLixi Insulin GlargineSubgroup

A1c
Reduction

Percentage
with A1c
<7%

Hypoglycemia
Incidence

A1c
Reduction

Percentage
with A1c
<7%

Hypoglycemia
Incidence

A1c <8% 0.8% 67.5% 32.7% 0.3% 45.4% 42.3%

A1c ≥8% 1.4% 44.5% 46.0% 0.8% 16.8% 42.6%
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Duration
<10 years

1.1% 56.0% 41.0% 0.6% 35.3% 36.7%

Duration
≥10 years

1.1% 54.3% 39.2% 0.6% 25.7% 46.7%

BMI < 30
kg/m2

1.1% 58.3% 47.7% 0.5% 27.6% 50.0%

BMI ≥30
kg/m2

1.1% 52.4% 34.3% 0.6% 31.1% 36.8%

EFFICACY AND SAFETY OF MK-1293 INSULIN GLARGINE COMPARED WITH ORIGINATOR
INSULIN GLARGINE (LANTUS) IN TYPE 2 DIABETES (T2D) (926-P)

P Hollander, G Golm, W Carofano, R Eldor, M Crutchlow, M Marcos, M Rendell, P Home, B
Gallwitz, and J Rosenstock

Merck's Samsung-partnered biosimilar insulin glargine candidate MK-1293 demonstrated similar efficacy
and safety to Sanofi's Lantus in people with type 2 diabetes over 24 weeks. In this phase 3, active-controlled,
open-label trial, people with type 2 diabetes (A1c ≤11%) were randomized 1:1 to once-daily MK-1293
(n=265) or Lantus (n=266), guided by a fasting glucose-based dosing algorithm, and with oral agents and
prandial insulin continued. At 24 weeks, from a baseline A1c of ~8.3%, the MK-1293 and Lantus groups
achieved A1c reductions of 1.28% and 1.30%, respectively, with a difference of 0.03%, meeting the non-
inferiority and equivalence criteria. In addition, the two groups had very similar insulin doses: the MK-1293
and Lantus groups had basal doses of 48.3 U/day and 46.9 U/day, respectively. On safety, both groups also
had similar anti-insulin antibody (AIA) responses and the study showed no clinically meaningful between-
group differences in the reported adverse events including symptomatic hypoglycemia, injection site
reaction, systemic allergic reaction, anaphylactic response, and angioedema. As background, Merck
recently shared that MK-1293 is filed in Europe, with expectations of data being released this year (data
from the phase 3 trial in type 1 diabetes was presented by Dr. Philip Home at this meeting - see above).
MK-1293 is one of the first three insulin glargine biosimilars (the other two being from Lilly/BI and Biocon/
Mylan) and while we have not explicitly heard plans for a US filing, we would expect one to come soon
alongside Europe's. For more on these latest developments, please read our coverage of Merck's 1Q16
update.

IDEGLIRA IS EFFICACIOUS ACROSS BASELINE HBA CATEGORIES IN SUBJECTS WITH1C
TYPE 2 DIABETES UNCONTROLLED ON SU, GLP-1RA OR INSULIN GLARGINE: ANALYSES
FROM COMPLETED PHASE 3B TRIALS (925-P)

C Sorli, S Harris, E Jódar, I Lingvay, K Chandarana, J Langer, and E Jaeckel

Novo Nordisk presented a post hoc analysis of the phase 3b DUAL trials for GLP-1 agonist/basal insulin
combination IDegLira (Xultophy; insulin degludec/liraglutide), showing that the drug's efficacy was
consistent regardless of baseline A1c. The analysis included populations uncontrolled on a GLP-1 agonist
(DUAL III; IDegLira vs. continued GLP-1 agonist therapy), a sulfonylurea (DUAL IV; IDegLira vs. placebo)
and insulin glargine (DUAL V; IDegLira vs. continued insulin glargine therapy). Patients in each trial were
split into three different baseline A1c categories: ≤7.5%, >7.5-≤8.5% and >8.5%. In all categories, IDegLira
led to significantly greater A1c reductions than the comparator therapy; as expected, the greatest
reductions occurred in the highest baseline A1c category. See the table below for detailed results. Perhaps
most impressively, IDegLira led to a mean final A1c <7% in all categories, underscoring its status as one of
the most efficacious and versatile type 2 diabetes drugs available.

Table: A1c Reductions Across Baseline A1c Categories in the DUAL Trials
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Overall Baseline A1c
≤7.5%

Baseline A1c
>7.5%-≤8.5%

Baseline A1c
≥8.5%

DUAL III IDegLira (n=292):

-1.3%

IDegLira (n=113):

-1.0%

IDegLira (n=141):

-1.4%

IDegLira (n=38):

-1.9%

GLP-1 (n=146):

-0.3%

GLP-1 (n=66):

-0.3%

GLP-1 (n=66):

-0.3%

GLP-1 (n=14):

-1.0%

DUAL IV IDegLira (n=289):

-1.5%

IDegLira (n=93):

-1.0%

IDegLira (n=156):

-1.5%

IDegLira (n=40):

-2.1%

Placebo (n=146):

-0.5%

Placebo (n=48):

-0.2%

Placebo (n=80):

-0.6%

Placebo (n=18):

-0.7%

DUAL V IDegLira (n=278):

-1.8%

IDegLira (n=63):

-1.0%

IDegLira (n=102):

-1.6%

IDegLira (n=113):

-2.5%

IGlar (n=279):

-1.1%

IGlar (n=64):

-0.5%

IGlar (n=118):

-1.0%

IGlar (n=97):

-1.7%

P=0.004 for DUAL III baseline A1c ≥8.5%; p<0.001 for all other categories

IMPACT OF BASELINE HBA1C, BMI, AND DIABETES DURATION ON THE EFFICACY AND
SAFETY OF LIXILAN (INSULIN GLARGINE/LIXISENATIDE TITRATABLE FIXED-RATIO
COMBINATION) VS. INSULIN GLARGINE AND LIXISENATIDE IN THE LIXILAN-O TRIAL
(1028-P)

M Davies, L Leiter, G Grunberger, FJ Ampudia-Basco, B Guerci, C Yu, W Stager, E Niemoeller,
E Souhami, and J Rosenstock

This analysis of the LixiLan-O trial demonstrated consistent efficacy and safety with Sanofi's iGlarLixi
(formerly LixiLan; lixisenatide/insulin glargine) across subgroups divided by baseline A1c, diabetes
duration, and BMI. Primary results presented as an oral presentation demonstrated superior glycemic
control with iGlarLixi vs. either component alone in patients with type 2 diabetes not at goal on oral
medications. In this analysis, participants were separated into groups by baseline A1c (<8% or ≥8%),
duration of type 2 diabetes (<7 or ≥7 years) and BMI (<30 or ≥30 kg/m ). After 30 weeks, the results for2

A1c reductions, the percentage of patients with an A1c <7%, and hypoglycemia were consistent across all
subgroups. iGlarLixi consistently led to significantly greater A1c reductions (~0.3% vs. insulin glargine and
0.7%-0.9% vs. lixisenatide) and more patients achieving an A1c <7% compared to both components;
hypoglycemia was comparable between the iGlarLixi and insulin glargine groups. See the table below for
detailed results.

Subgroup iGlarLixi Insulin Glargine Lixisenatide

A1c
Reduction

A1c
<7%

Hypoglycemia A1c
Reduction

A1c
<7%

Hypoglycemia A1c
Reduction

A1c
<7%

Hypoglycemia

A1c <8% 1.2% 83.8% 23.0% 0.8% 67.7% 22.4% 0.5% 50.5% 5.5%

A1c ≥8% 1.9% 69.8% 27.9% 1.6% 53.9% 24.6% 1.1% 19.4% 7.3%

Duration
<7 years

1.5% 75.2% 21.3% 1.2% 61.9% 19.0% 0.8% 37.5% 7.3%
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Duration
≥7 years

1.6% 72.6% 28.8% 1.3% 57.4% 27.2% 0.7% 29.9% 5.8%

BMI <30
kg/m2

1.6% 78.6% 31.6% 1.2% 57.9% 29.1% 0.7% 28.4% 12.0%

BMI ≥30
kg/m2

1.5% 75.2% 22.0% 1.3% 62.2% 20.1% 0.8% 36.5% 3.8%

CONSISTENT OUTCOMES ACROSS DOSE RANGES WITH TITRATABLE LIXILAN, INSULIN
GLARGINE/LIXISENATIDE FIXED-RATIO COMBINATION, IN THE LIXILAN-O TRIAL
(1017-P)

R Henry, B Ahrén, M Davies, Y Wu, Y Handelsman, E Souhami, E Niemoeller, and J
Rosenstock

Sanofi presented data from the LixiLan-O trial showing that iGlarLixi (formerly LixiLan; lixisenatide/
insulin glargine) was consistently safe and effective and produced minimal weight gain across all dose
ranges. Primary results from the trial presented as an oral presentation demonstrated superior glycemic
control with iGlarLixi vs. either component alone in patients with type 2 diabetes not at goal on oral
medications. During the trial, the dose of insulin glargine (Lantus) was titrated weekly in both the iGlarLixi
and insulin glargine groups to a fasting plasma glucose target of 80-100 mg/dl, with a cap of 60 U/day (the
maximum dose available in the combination). In the iGlarLixi group, two different pens with different
insulin glargine/lixisenatide fixed ratios were used depending on the required dose of insulin glargine.
Patients requiring 10-40 U/day of insulin glargine were treated with the lower-dose pen (ratio of 2 U
insulin glargine/1µg lixisenatide), while those requiring insulin glargine doses of 30-60 U/day were treated
with the higher-dose pen (ratio of 3 U insulin glargine/1 µg lixisenatide). In this analysis, patients in the
iGlarLixi group were divided into subgroups based on their final doses of insulin glargine (≤10-<20 U,
≥20-30 U, ≥30-≤40 U, and >40-≤60) and lixisenatide (≥5-<10 µg, ≥10-<15 µg, and ≥15-≤20 µg). A1c
reductions, the percentage of patients achieving an A1c <7%, and the incidence of hypoglycemia in the
iGlarLixi group were consistent across all dose categories, and the weight gain seen with insulin glargine
alone was mitigated with all doses of iGlarLixi. The incidence of nausea/vomiting was low, which the
authors attributed to the gradual titration of lixisenatide.

Symposium: The New Face of Injectable Options

BENEFITS AND LIMITATIONS OF CONCENTRATED INSULIN

Wendy Lane, MD (Mountain Diabetes and Endocrine Center, Asheville, NC)

Concentrated insulin guru Dr. Wendy Lane took to the podium to discuss the newly expanded range of
concentrated insulins available to clinicians and patients. We appreciated the nuance in how Dr. Lane
described the strengths and weaknesses of new concentrated basal analogs Toujeo (insulin glargine U300)
and Tresiba (insulin degludec) U200, relative to the reigning heavyweight Humulin U500, Lilly's
concentrated human insulin formulation. Dr. Lane seemed to favor slightly more things about Tresiba
U200, namely that: (i) its pen holds more units than the Toujeo pen (also meaning fewer copays); (ii) its
duration of action is the "longest of any basal insulin;" (iii) bioequivalence with Tresiba U100 means no
need for dose titration with the switch to U200, whereas you need to up-titrate in the switch from insulin
glargine U100 (Lantus) to U300 (Toujeo). Despite the differences, she was positive on both new insulins
when used appropriately. Later at a corporate symposium on concentrated insulins, Dr. Lane shared that
she is using Humulin U500 less often following the introduction of Toujeo and Tresiba U200. For more on
this topic, see our coverage of her discussion on this topic at this past year's ENDO.

▪ Dr. Lane is optimistic about the potential for concentrated rapid-acting analogs like
Humalog (insulin lispro) U200 in pumps. Even Humulin U500 - an imperfect insulin for use
in a pump - has demonstrated efficacy in pumps in patients with very high daily insulin needs. Dr.
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Lane pragmatically pointed out that part of the advantage of a more concentrated rapid-acting
insulin would be fewer cartridge replacements and fewer copays.

▪ For those not familiar with the world of concentrated insulin formulations, the
benefits are real, and include: (i) improved absorption from smaller-volume insulin depots,
leading to more predictable insulin action; (ii) fewer injections and/or lower volume per injection to
enhance patient comfort, potentially with a positive effect on compliance; and (iii) in some cases
(such as insulin glargine), concentrating insulin can prolong its action profile.

Questions and Answers:

Q: In my view, Humulin U500 is not a bolus insulin anymore, and it's too slow to put in a
pump. The advantage of concentrated insulin is to flatten the PK profile for longer duration.

A: What you're saying makes sense if you're looking at the PK profile, but if you put it into a pump, you
change its behavior somewhat. I've found that it works well in high dose users - it has a good postprandial
effect. The problem is that patients need to bolus ahead of meals. Right now, it's being studied in a clinical
trial as MDI monotherapy, because it has both basal and prandial characteristics. In our clinical experience in
several hundred patients, if you put U500 into a pump in a high dose insulin user, you get good results.

Q: There is a big risk of dosing errors for insulin in inpatient settings. Should we be saying no
to concentrated insulins in-house for safety reasons?

A: For safety reasons, it's probably best to use a U100 insulin for inpatient use.

Q: Is there strong evidence that concentrated insulins have better absorption?

A: There is not strong evidence - it's clinical evidence, and to some degree, speculation. When you inject a
high dose of U100 insulin, especially glargine, you're going to see a point of titration that doesn't give you a
better effect. It's either a decrease in absorption, or some sort of decreased activity either due to high volume
or insulin-ase causing some sort of degradation. There is at least one paper published indicating that when
you start to titrate above 0.5 U/kg, you start to lose benefit.

SWALLOWING YOUR BIOLOGICS AND NOT YOUR PRIDE

Chandra Sharma, PhD (Sree Chitra Tirunal Institute for Medical Sciences and Technology,
Thiruvananthapuram, India)

Dr. Chandra Sharma discussed the theoretical advantages of oral insulin (better compliance, more
physiological delivery of insulin to the liver) before discussing his own research group's work on oral insulin
technology. His group's investigational platform involves a pH-sensitive polymer of layered nanoparticles
that can be absorbed across the intestinal mucosa. According to his group's preclinical studies, 93% of the
particles are less than 100nm in size, and a 30-45 U/kg dose in a diabetic rat model yielded maximum
glucose level reductions of 50%-70% with bioavailability of 22%-24%. We don't have much to compare this
to as we haven't seen much equivalent data on other investigational oral insulin delivery systems (much of
which, presumably, is proprietary), but it's exciting to see all the progress being made on the challenging
task of oral peptide delivery.

SMART INSULINS AND NANOTECHNOLOGY FOR DIABETES MANAGEMENT - REALITY OR
MYTH?

Daniel Anderson, PhD (MIT, Cambridge, MA)

Dr. Daniel Anderson's fascinating talk covered a range of topics at the forefront of smart insulin. He opened
by discussing three approaches to modifying the insulin structure and imparting glucose-responsive
behavior: binding of insulin to endogenous targets such as albumin and lectin (which would then be
displaced by glucose, freeing the insulin molecule), changing the solubility or aggregation of insulin in a
glucose-dependent way, and developing an insulin that relies on glucose to bind to its receptor. Dr.
Anderson then highlighted the potential to package insulin molecules into "smart" microspheres. He shared
that his lab has constructed a microgel that swells and enlarges its pores in response to glucose, thereby
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providing a potential glucose-dependent mechanism of insulin release. Notably, Dr. Anderson also
considered the possibility of using nanoparticles to alter gene expression and cure rare genetic forms of
diabetes. In concluding his presentation, Dr. Anderson turned to a different topic of interest - using new
biomaterials to make capsules that can promote and protect transplanted islet cells in their new human
host.

▪ Dr. Anderson covered three types of covalent modifications to the insulin structure
that could impart glucose-responsive behavior. First, experiments dating back to 1979 have
investigated the use of insulin bound to endogenous targets such as lectin and albumin. Glucose can
disrupt such binding, leading to release of free insulin. The technology led to the foundation of the
company SmartCells, which was acquired by Merck in 2010. Dr. Anderson expressed excitement as
he remarked that several clinical trials on this technology are currently ongoing - see our Merck
1Q16 report for the latest on the company's smart insulin candidate MK-2460. Secondly, Dr.
Anderson's lab has focused on conjugating insulin to phenylboronic acid (PBA), a compound that
can reversibly bind glucose. Binding of glucose to the PBA-insulin complex can alter the charge on
insulin, thus influencing its availability. Dr. Anderson's team has already developed several forms of
a PBA-detemir complex, which has performed better than both native insulin and detemir in mouse
studies. Lastly, Dr. Anderson commented that glucose-dependent binding of insulin to its receptor is
a third promising mechanism for smart insulin.

▪ Dr. Anderson then discussed the potential to package insulin molecules into smart
microspheres that respond to glucose - either by breaking down or by swelling up and
enlarging their pores. Dr. Anderson highlighted the need for rational design of biomaterials, noting
that the sugar polymers found in biodegradable sutures have also been used to make the
microcapsules that work in exenatide. A next would be to use such capsules not just for sustained
release (as in the case of exenatide), but for glucose-responsive release. Dr. Anderson cited an
example from his lab, which has used glucose oxidase to construct microgels that swell in response
to glucose, and that are biodegradable.

▪ Dr. Anderson remarked that despite current advances in technology, significant
challenges lie ahead in order to make a smart insulin that meets the requirements - i.e., rapid on/off,
no dose dumping, biocompatibility, antigenicity, and clearance of the encapsulating materials.

▪ Dr. Anderson posited whether nanoparticles could be used to correct genetic
elements, and thus potentially cure the very rare forms of diabetes that are based on single gene
mutations. He noted that nanoparticles have already been used to deliver siRNA into cells (to inhibit
gene expression in certain types of liver disease) and to bring mRNA into cells (to promote specific
protein production).

▪ In concluding his talk, Dr. Anderson turned to islet transplantation, noting that new
materials can be used to make the capsules that hold transplanted islet cells in the host body. These
capsules must allow for the delivery of nutrients and oxygen to the islet cells, permit transport of
insulin out of the capsule, and avoid the host immune system. His lab has used analogs of alginate (a
compound derived for seaweed) to create such capsules, which so far have been shown to keep islet
cells alive for up to four months.

Questions and Answers

Q: This is fascinating. I have a basic question - is there shared technology between the
production of nanoparticles and biosimilar drugs?

A: No; each is customizable for its application.

Q: One of your former post-docs has received a JDRF award looking at smart patches. Can you
share some information about those?
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A: The vision is that patients could have a painless patch. The microneedles in the patch would provide
delivery, but would not hurt because they aren't deep enough. And you can have a patch that provides not only
delivery, but smart delivery.

INHALED INSULIN - WHERE ARE WE GOING FROM HERE?

Stefano Del Prato, MD (University of Pisa, Pisa, Italy)

Dr. Stefano Del Prato offered a fairly negative take on inhaled insulin, arguing that clinical trials have not
demonstrated clear advantages in terms of clinical outcomes or patient convenience and that more long-
term data is needed to fully understand pulmonary safety. He noted that MannKind's inhaled insulin
Afrezza has demonstrated non-inferiority at best compared to injected insulin in terms of A1c reductions. He
acknowledged the potential advantages on postprandial control but noted that there have not been any
studies comparing inhaled insulin to other solutions like GLP-1 agonists that could provide the same benefit.
For Dr. Del Prato, the biggest clinical advantage of inhaled insulin is that it may facilitate the initiation of
insulin therapy among patients who would otherwise be reluctant based on data from the EXPERIENCE
trial of Pfizer's Exubera. Dr. Del Prato was fairly skeptical about the promised convenience advantages of
inhaled insulin, noting that clinical trials of Afrezza did not show a significant benefit on patient-reported
outcomes. In terms of safety, Dr. Del Prato believes that questions still remain about inhaled insulin's effects
on the lungs and that long-term studies are needed to evaluate the risk of lung cancer and declining
pulmonary function. Dr. Del Prato received some pushback during Q&A from clinicians who have had
positive experiences with Afrezza (see more below); he responded that he believes the subject is still open for
discussion but that the field must rely on hard evidence from clinical trials rather than anecdotal reports.

▪ During Q&A, Dr. Nancy Bohannon (California Pacific Medical Center, San Francisco,
CA) stated that it has taken her a year of experience to determine how to optimize
inhaled insulin therapy for each of her patients. She spoke very positively about her overall
experience with Afrezza but suggested that individualization of therapy requires a lot of trial and
error. For example, many of her patients needed to take an extra dose of Afrezza a few hours after
the first dose, and some needed to increase their basal insulin dose because they had been
unknowingly relying on injected rapid-acting insulin for part of their basal coverage. If other
clinicians have had similar experiences, that could help explain why Afrezza has struggled with new
patient retention while still receiving very positive reviews from a subset of patients.

Questions and Answers

Q: You said it's not clinically advantageous, but I've had a number of patients who really like
using this.

A: I'm not saying it can't be used. I'm saying if you look at the data and define an advantage as an
improvement in the clinical outcome of A1c, so far the data don't suggest any specific advantage. If it can
facilitate the use of insulin, that is welcome.

Q: Maybe we need a study to capture patient-reported outcomes in a better way.

A: Yes, we need to identify people gaining from this treatment.

Dr. Nancy Bohannon (California Pacific Medical Center, San Francisco, CA): A1c is only a poor
reflection of control. I've had a really good experience with the current inhaled insulin. I
believe the clinical trials were not done optimally because they didn't know how to use it
optimally. It took me a year of experience to figure out how to use it in each patient. Some
need to increase the dose to the nearest next four units; others require four times as much.
Many required an extra little dose at 90 minutes or three hours after the last dose. Some
required an increase in basal insulin. For a standard injection of fast-acting insulin, let's say
the duration of insulin action is four to six hours. If this is gone in two hours, there's a three-
hour period there where fast-acting insulin was acting as basal insulin. On an individual basis
you can often achieve much better control. In a study using the same method and the same
way of administering it for every patient, we're not seeing an improvement in A1c.

www.closeconcerns.com 113

http://www.ncbi.nlm.nih.gov/pubmed/18435781
http://www.ncbi.nlm.nih.gov/pubmed/18435781


A: My point is that this is sensation and experience, not controlled trials. We need to design trials to respond
to your question; otherwise we can't conclude anything. I totally agree that we have to be smarter and come
up with better ways to appreciate the potential of this treatment. I'm open to discussion but we don't have the
results.

Symposium: Inpatient Management of Diabetes and Hyperglycemia - Novel Insights and
Effective Approaches

EFFECTIVE TRANSITION FROM IV TO SQ INSULIN THERAPY - BEST PRACTICES AND
TRICKS OF THE TRADE

David Baldwin, MD (Rush University Medical Center, Chicago, IL)

Dr. Baldwin discussed the many subtle yet key considerations a physician needs to make when deciding how
and when to transition a patient from intravenous (IV) to subcutaneous (SQ) insulin therapy. Readiness is
determined by whether the patient is hemodynamically stable, whether they are dependent on vasopressors
or epinephrine, and whether the current IV insulin requirement can realistically be mimicked with SQ
insulin dosing. Particular attention also needs to be paid to whether the patient is eating regularly. Dr.
Baldwin also highlighted the importance of judging transition success over the following 2-4 days rather
than simply the first 24 hours, noting that many adjustments in basal/bolus doses over that time period are
to be anticipated.

Corporate Symposium: A Case-based Approach to Understanding a Once-Daily Basal Insulin
Option for Your Patients (Sponsored by Novo Nordisk)

SUMMARY

Davida Kruger, MSN (Henry Ford Health System, Detroit, MI), Anne Peters, MD (USC, Los
Angeles, CA), Christopher Sorli, MD, PhD (Billings Clinic, MT), Todd Hobbs, MD (North
America CMO, Novo Nordisk, Plainsboro, NJ)

This star-studded, Novo Nordisk-sponsored corporate symposium featured an in-depth look at the
company's next-generation basal insulin Tresiba (insulin degludec), which was recently launched in the US.
Ms Davida Kruger (Henry Ford Health System, Detroit, MI) and Drs. Anne Peters (USC, Los Angeles, CA)
and Christopher Sorli (Billings Clinic, MT) spoke very highly of Tresiba's long profile of action and, in
particular, the opportunity for flexible dosing in the case of missed injections. Ms. Kruger pointed out that
with other basal insulins, there is no recourse for a missed dose other than waiting until the next scheduled
dose time, which often means the patient's fasting glucose will be poorly controlled for the whole day. On the
other hand, patients who miss a dose of Tresiba can inject it as soon as they remember as long as it's at least
eight hours before the next scheduled dose. Dr. Peters pointed out that the flexible dosing feature could be
especially helpful for shift workers and other patients with unpredictable schedules. Dr. Peters also noted
that, due to the enhanced stability of the steady state of Tresiba, her patients don't have to adjust the dose
day-to-day as some do for other basal insulins. Though Tresiba's only been available on the US market for a
few months, its clear that the product is already winning over many healthcare providers and educators
with the clinical advantages offered by the product.

Product Theaters

A TREATMENT OPTION FOR PATIENTS WHO ARE SEVERELY INSULIN RESISTANT
(SPONSORED BY SANOFI)

Timothy Gilbert, MD (Texas Diabetes & Endocrinology, Dallas, TX) and Jeremy Pettus, MD
(University of California San Diego, San Diego, CA)

Dr. Pettus asked the audience to think of Toujeo (U300 insulin glargine) as a completely new basal insulin,
as it has a PK profile distinct from that of Lantus (U100 insulin glargine). He reviewed the basic
characteristics of the drug, including its lower injection volume (one-third that of Lantus), the fact that it
forms a smaller precipitate than Lantus, and the convenience offered by the one-to-one unit conversion
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between the Lantus and Toujeo pens. Both Dr. Pettus and Dr. Gilbert highlighted that Toujeo is more stable
than Lantus over 24 hours. In reviewing the six-month non-inferiority phase 3 EDITION studies that
compared Toujeo to Lantus, both physicians focused on EDITION 3, which recruited insulin-naïve type 2
diabetes patients uncontrolled on oral agents. They highlighted that both drugs had similar A1c reductions,
and that Toujeo had improved rates of hypoglycemia. During the second half of the talk, the two physicians
reviewed a patient example, walking the audience through the considerations of starting basal insulin.

▪ For insulin-naïve patients, Dr. Gilbert recommended starting with a Toujeo dose of
0.2U/kg/day for type 2 patients and with one-third to one-half of the total daily insulin
dose for type 1 patients. For patients on once-daily long or intermediate acting insulin, he
recommended a 1:1 conversion. Lastly for those on twice-daily NPH insulin, he recommended
starting with 80% of the total daily NPH dose. Dr. Pettus suggested increasing the Toujeo dose every
three to four days based on the patient's personalized fasting plasma glucose target.

▪ In reviewing the EDITION 3 data, Dr. Pettus highlighted that both Lantus and Toujeo
had similar A1c reductions, and that the rates of severe hypoglycemia and documented
symptomatic hypoglycemia with Toujeo were 0.9% and 8%, respectively. Dr. Pettus acknowledged
that the data for Lantus were not shown, and stated that studies have indicated a trend toward less
hypoglycemia with Toujeo. That said, hypoglycemia with Toujeo has not been studied in a dedicated
trial as it has with Novo Nordisk's Tresiba (insulin degludec) in the SWITCH 1 and SWITCH 2 trials.
We'll be curious to see if Sanofi initiates a similar trial of hypoglycemia in Toujeo as it vies with
Tresiba within the next-generation basal insulin market.

OPTIONS IN BASAL INSULIN: BASAGLAR (SPONSORED BY LILLY/BI)

Tom Blevins, MD (Texas Diabetes & Endocrinology, Austin, TX)

In this Lilly/BI Saturday afternoon product theater, Dr. Tom Blevins reviewed Basaglar's (biosimilar
insulin glargine) phase 3 efficacy and safety data, highlighting its non-inferiority vs. Sanofi's Lantus.
Throughout the presentation, Dr. Blevins emphasized that while Basaglar is identical to Lantus in terms of
amino acid sequence and dosing information, the FDA does not technically consider it a biosimilar - it was
approved under the 505(b)(2) regulatory pathway, which will be consolidated with the newer "official"
biosimilar pathway in 2020. Dr. Blevins also commented on the delivery device - Basaglar will be delivered
in a uniquely-colored KwikPen that is compatible with BD's ultrafine needles. This is different than the
delivery device for Lantus and could potentially make Basaglar more appealing for patients averse to
needles. While Dr. Blevins did not comment on pricing during the presentation, he suggested during Q&A
that the cost would "probably be more or less the same compared to Lantus." We would be surprised and
disappointed if this is the case given the widespread hope that biosimilar insulins can help counteract the
trend toward skyrocketing insulin prices. So far, the product has been priced at about a 10%-20% discount
compared to Lantus in the EU countries where it has launched. We have assumed that the discounts could be
even steeper in the US given the higher list prices for basal insulin analogs there compared to Europe,
though the discounts are still expected to fall well short of those for small-molecule generics. Dr. Blevins
confirmed that Basaglar is expected to launch in the US launch around December 15, 2016 as per the terms
of Lilly's patent lawsuit settlement with Sanofi. During the presentation, Dr. Blevins also reviewed results
from the phase 3 ELEMENT I and ELEMENT II trials (presented at ADA 2014) demonstrating non-
inferiority between Basaglar and Lantus in terms of A1c reduction and percentage of patients achieving an
A1c <7% in type 1 and type 2 diabetes.

Questions and Answers

Q: Are there any differences in cost between Basaglar and Lantus?

A: The cost will probably be more or less the same. I'm not sure, as that information isn't available yet. I
would suggest continuing to communicate directly with BI and Lilly to find out exact information on pricing.

Q: Can you speak to the interchangeability in treatment with Basaglar and Lantus?
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A: Basaglar did meet the criteria for non-inferiority vs. Lantus. However, I don't believe that these two are
officially interchangeable - that is not worked out. Basaglar is another option, that's my best answer. However,
there is no difference in achievement; Basaglar is non-inferior to Lantus.

A: Because Basaglar is regulated through an NDA, and interchangeability is a regulatory status, this follow-on
is not deemed interchangeable in the US. We know that for sure.

Q: What does the experience of someone who is pregnant and on Basaglar look like?

A: We haven't studied Basaglar in pregnancy.

TOUJEO: A ONCE-DAILY BASAL INSULIN (SPONSORED BY SANOFI)

Bruce Bode, MD (Atlanta Diabetes Associates, Atlanta, GA), Bill Polonsky, PhD (University of
California San Diego, San Diego, CA) Steven Edelman, MD (TCOYD, Del Mar, CA), Debbie
Hinnen, APRN, CDE (Touro University California, Vallejo, CA)

At a relatively well-attended Sanofi product theater, Drs. Bruce Bode, Steve Edelman, Bill Polonsky, and
Debbie Hinnen made a strong case for why providers should prescribe Toujeo (insulin glargine U300) in
type 2 diabetes. The speakers began by taking turns presenting on Toujeo's pharmacology, clinical data,
and administration before walking through different case studies to demonstrate how to dose for a wide
range of patients, from those who are insulin-naïve to those on basal-bolus therapy. Notably, the
formulation was described as a particularly "forgiving" insulin, both in terms of its smooth basal rate
(which allows patients to get away with errors - Dr. Bode actually noted that the flat profile is just like
"what you see with an insulin pump") and flexible dosing (which allows patients to get away with missing a
morning dose). We got the sense that Toujeo fits better into patients' lives - rather than patients having to fit
their lives around the insulin - which led Dr. Edelman, in particular, to highlight the potential adherence
benefits. He also acknowledged the company's "very good" COACH program, stressing that more patient
contact and support leads to better outcomes. Lastly, panelists spent time discussing the clinical transition
from Lantus (insulin glargine) to Toujeo, stressing that it takes 3-4 days for the latter to achieve steady
state - indeed, all the speakers had stories of patients who claimed Toujeo "didn't work" because they did not
stick with it long enough, and with that in mind, stressed that setting expectations is key.

DPP-4 Inhibitors

Posters

SITAGLIPTIN AND RISK OF FRACTURES IN TYPE 2 DIABETES: RESULTS FROM THE TECOS
TRIAL (587-P)

R Josse, S Majumdar, J Buse, J Green, K Kaufman, C Westerhout, Y Zheng, E Peterson, R
Holman, P Armstrong, and TECOS Study Group

This analysis of data from the TECOS CVOT demonstrated no increased risk of fractures with sitagliptin
(Merck's Januvia). Primary results from the trial presented at ADA 2015 demonstrated a neutral effect on
cardiovascular outcomes with sitagliptin vs. placebo, including no signal of increased heart failure risk.
This analysis found that during 43,222 person-years of follow-up, 375 patients (2.6%; 8.7 per 1,000 person-
years) experienced a fracture. Of these, 146 were major osteoporotic fractures (hip [n=31], upper extremity
[n=81], clinical spine [n=31]). There were 189 incident fractures in the sitagliptin group (8.7 per 1,000
person-years) compared to 186 incident fractures in the placebo treatment group (8.6 per 1,000 person-
years). There was no significant difference between the groups in total incident fractures (hazard ratio [HR]
1.01, 95% CI 0.82-1.23, p=0.944), major osteoporotic fractures (p=0.779), or hip fractures (p=0.747). An
adjusted analysis indicated that fracture risk increased independently with older age (p<0.001), female sex
(p<0.001), white race (p<0.001), lower diastolic blood pressure (p<0.001), and diabetic neuropathy
(p=0.003). It also found that insulin therapy was associated with increased fracture risk (HR 1.40, 95% CI
1.02-1.91, p=0.035) and metformin was associated with decreased risk (HR 0.76, 95% CI 0-.59-0.98,
p=0.035). Fracture risk is an important consideration with type 2 diabetes drugs given the increased risk
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associated with type 2 diabetes itself and the potential for additional increased risk with drug classes such
as TZDs; this analysis therefore provides welcome reassurance that sitagliptin does not carry undue risk.

HYPOGLYCEMIA IS ASSOCIATED WITH INCREASED RISK OF CARDIOVASCULAR EVENTS:
RESULTS FROM THE EXAMINE TRIAL (1091-P)

W White, R Bergenstal, C Cannon, S Kupfer, C Wilson, and S Heller

This analysis aimed to evaluate potential links between hypoglycemia and adverse cardiovascular
outcomes in the EXAMINE study (CVOT for Takeda's Nesina [alogliptin]). Of the 5,380 patients enrolled in
the study, 354 (6.6%) reported experiencing hypoglycemia; rates of severe hypoglycemia were low in both
groups (0.7% with alogliptin and 0.6% with placebo). Using a Cox proportional hazards model adjusted for
age, sex, A1c, and study treatment, the researchers found that patients with reported severe hypoglycemia
had a significantly higher risk of major adverse cardiovascular events (MACE) vs. those without (35.5% vs.
11.4%;hazard ratio [HR] = 2.42; p =0.007). Patients with any reported hypoglycemia also experienced a
significant increase in MACE vs. those without hypoglycemia, though the difference was not as dramatic
(18.1% vs. 11.1%; HR = 1.38; p=0.019). However, when the analysis was limited to MACE occurring after a
hypoglycemic episode, the association was less strong and not statistically significant. The authors
suggested that this may indicate the presence of a confounding variable. The authors also noted that
classification of hypoglycemia in EXAMINE was determined by the discretion of local investigators and was
not standardized. Greater standardization of the definition and measurement of hypoglycemia across
clinical trials is essential and would go a long way toward enabling more robust analyses and would
perhaps facilitate an easier regulatory path for hypoglycemia label claims.

RENAL OUTCOMES ASSOCIATED WITH ALOGLIPTIN VS. PLACEBO IN PATIENTS WITH
TYPE 2 DIABETES MELLITUS AND RECENT ACUTE CORONARY SYNDROME: RESULTS
FROM THE EXAMINE TRIAL (1203-P)

M Vaduganathan, W White, D Chartyan, C Wilson, S Kupfer, L Lei, Y Liu, F Zannad, C Cannon,
and G Bakris

This analysis examined renal outcomes and chronic kidney disease (CKD) progression with Takeda's Nesina
(alogliptin) vs. placebo in the EXAMINE trial. Primary results presented at ESC 2013 demonstrated a
neutral impact of alogliptin on cardiovascular outcomes. This analysis looked at reported renal adverse
events and renal function evaluation in follow-up; mean follow-up was 18 months. Renal outcomes were
similar between the two groups: 22.5% of patients in the alogliptin group were reported to have renal
adverse advents vs. 21.85% in the placebo group (p=0.53). Very few patients in each group initiated
dialysis: 0.9% in the alogliptin group and 0.8% in the placebo group (p=0.79). Participants with mild to
severe baseline renal impairment (eGFR<90 ml/min/1.73 m ) experienced a slight increase in eGFR in both2

groups, and those with normal baseline renal function (eGFR≥90 ml/min/1.73 m ) experienced a decline in2

both groups. The authors concluded that alogliptin appears comparable to placebo in terms of CKD
progression over 18 months but called for more research on the longer-term effects.

MORTALITY FINDINGS FROM THE EXAMINE TRIAL (1090-P)

WB White, S Kupfer, CP Cannon, CR Mehta, SR Heller, C Wilson, GL Bakris, WC Cushman, SE
Nissen, RM Bergenstal, P Fleck, and F Zannad

This study compared fatal outcomes between participants in the EXAMINE trial who previously
experienced a major non-fatal cardiovascular event and those who did not. CV events included myocardial
infarction (MI), stroke, hospitalized heart failure (hHF), and unstable angina (UA). The CV death rates in
EXAMINE were 4.1% for those given the DPP-4 inhibitor alogliptin and 4.9% for those given placebo.
Overall, the mortality rates were comparable for the alogliptin and placebo groups, but the majority of CV
deaths in the EXAMINE trial occurred in those who had not suffered a major non-fatal event beforehand;
however, those who had suffered such an event did see an elevated risk of CV mortality. The researchers
found that patients who experienced a major non-fatal CV event had an adjusted hazard ratio for death
compared with those who had not suffered an event as follows: 3.12 after MI, 3.08 after stroke, 4.96 after
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hHF, and 1.66 after UA. These findings ultimately help guide ongoing opportunities to reduce mortality in
the large patient population of those with both type 2 diabetes and CV diseases.

▪ According to the results, those who did not experience a non-fatal major CV event had
a shorter diabetes duration compared to those who did experience such an event.
Specifically, those who did not experience an event had an average disease duration of 6.8 years
compared to 10.2 years, 9.9 years, 8.9 years, and 9.3 years for those who experienced an MI, hHF,
stroke, and UA, respectively. Other differences in baseline characteristics between groups included
age, BMI, likelihood of having coronary revascularization, rates of peripheral artery disease, and
eGFR.

▪ The EXAMINE trial had 2,701 patients in the alogliptin arm and 2,679 in the placebo
group, with 153 any-cause deaths and 112 CV deaths in the former arm and 173 any-
cause and 130 CV deaths in the latter. The most prevalent cause of death was sudden cardiac
death, seen in 59 alogliptin and 73 placebo patients.

▪ First non-fatal CV events during the median follow-up of 18.8 months included MI in
316 patients, hHF in 159, stroke in 57, and UA in 204. The remaining 4,644 patients
experienced no such event, of whom 233 died, included 172 of CV causes.

HYPOGLYCEMIA IS ASSOCIATED WITH INCREASED RISK OF CARDIOVASCULAR EVENTS:
RESULTS FROM THE EXAMINE TRIAL (1091-P)

WB White, RM Bergenstal, CP Cannon, S Kupfer, C Wilson, and SR Heller

This poster evaluated the consequence of reported hypoglycemia on the risk for subsequent major adverse
CV events from the EXAMINE trial of alogliptin, with findings suggesting an association between
hypoglycemia and cardiac arrests in patients with type 2 diabetes and high cardiovascular risk. Building on
previous research on this topic, this study found significantly higher incidence of major acute
cardiovascular events (MACE) among those who had a serious hypoglycemic episode (12 incidences of
MACE out of 34 such patients, or 35.3%) vs. those who did not (609 out of 5,346, or 11.4%), for an adjusted
hazard ratio (HR) of 2.42. The researchers similarly found an association in patients who had experienced
any hypoglycemia (64 out of 354, or 18.1%) vs. those who had not (557 out of 5,026, or 11.1%), for an HR of
1.38. The researchers concluded that this more robust relationship between MACE and hypoglycemia
suggests at least some role for a confounding variable - for example, that hypoglycemia may be associated
with other underlying comorbidities that increase the likelihood of MACE.

▪ Previous research such as the 2008 ACCORD trial has suggested that hypoglycemia
may contribute to cardiac event for a variety of reasons. These include an increased risk of
cardiac arrhythmia during spontaneous hypoglycemia, particularly at night; an observed link
between hypoglycemia and low A1c levels with an increased risk of death in patients with diabetes
who are hospitalized for myocardial infarction; and the fact that experimental hypoglycemia could
increase CV risk by impairing endothelial function, prolonging low-grade inflammation, and causing
sympatho-adrenal activation.

RENAL OUTCOMES ASSOCIATED WITH ALOGLIPTIN VS. PLACEBO IN PATIENTS WITH
TYPE 2 DIABETES MELLITUS AND RECENT ACUTE CORONARY SYNDROME: RESULTS
FROM THE EXAMINE TRIAL (1203-P)

M Vaduganathan, WB White, DM Charytan, C Wilson, S Kupfer, L Lei, Y Liu, F Zannad, CP
Cannon, and GL Bakris

This poster evaluated the effects of the DPP-4 inhibitor alogliptin on chronic kidney disease (CKD)
progression in the EXAMINE trial. The study's authors noted that patients with type 2 diabetes are at
higher risk of developing CKD and found that the effect of alogliptin was comparable to that of placebo in
the EXAMINE trial, though they highlighted that longer-term evaluation of DPP-4 inhibitors' renal effect is
needed. CKD endpoints, including creatinine doubling and dialysis initiation, were assessed in patients with
type 2 diabetes and recent acute coronary syndrome randomized to either alogliptin (n=2,701) or placebo
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(n=2,679), with a median follow-up of 18 months. The findings showed that 21.8% in the placebo arm and
22.5% in the alogliptin arm experienced a composite renal on-study adverse events, including albuminuria
(1.5% vs. 1.1%), microalbuminuria (0.8% vs. 1.2%), and acute renal failure (3.3% vs. 3.6%). Thus, there were
no significant differences in rates of CKD progression, albuminuria change, dialysis initiation, or other
renal laboratory parameters. While no big safety signals were indicated, the study's authors continued to
emphasize the importance of developing therapies to prevent or slow diabetic nephropathy, as this remains
a significant unmet clinical need.

ONCE-WEEKLY TREATMENT WITH OMARIGLIPTIN, A DPP-4 INHIBITOR, IMPROVES
GLYCEMIC CONTROL IN PATIENTS NOT AT GOAL ON METFORMIN (1120-P)

R Shankar, S Inzucchi, I Gantz, V Scarabello, P Ceesay, S Suryawanshi, and E Lai

This randomized trial examined the effects of Merck's once-weekly DPP-4 inhibitor omarigliptin vs. placebo
in 402 patients with type 2 diabetes with inadequate glycemic control on metformin. After 24 weeks,
omarigliptin led to significantly greater reductions in A1c (0.54% vs. 0%; baseline = 8-8.1%; p<0.001), two-
hour postprandial glucose (26.8 mg/dl vs. 12.2 mg/dl; baseline = 236-240 mg/dl; p=0.011), and fasting
plasma glucose (10.7 mg/dl vs. 1.2 mg/dl; baseline = 169 mg/dl; p=0.010) compared to placebo. In addition,
a significantly greater percentage of the omarigliptin group achieved an A1c <7% (35.8% vs. 16.9%;
p<0.001). There were no significant differences in adverse events or hypoglycemia between the groups and
no significant changes in body weight in either group. These results are consistent with our perception that
omarigliptin offers fairly modest glucose-lowering efficacy and that its once-weekly dosing regimen would
be its main advantage over other DPP-4 inhibitors. Merck announced in April that it had decided not to
submit omarigliptin in the US or Europe due to "business reasons," namely the concern that it would
cannibalize market share from Januvia (sitagliptin) and the desire to commit greater resources to SGLT-2
inhibitor ertugliflozin. To us, this decision underscores the rising bar for new diabetes drugs and the
relatively greater focus on SGLT-2 inhibitors compared to DPP-4 inhibitors in recent years. The commercial
decision is depressing in our view since we see huge potential for better adherence with a once-weekly - the
research on the payer state may not have been particularly positive, which is unfortunate for patients,
payers, and providers.

EFFECT OF ERTUGLIFLOZIN PLUS SITAGLIPTIN ON GLYCEMIC CONTROL VS. EITHER
TREATMENT ALONE IN SUBJECTS WITH T2DM INADEQUATELY CONTROLLED WITH
METFORMIN (125-LB)

R Eldor, R Pratley, G Golm, S Huyck, Y Qiu, S Sunga, J Johnson, S Terra, J Mancuso, S Engel,
and B Lauring

Dr. Eldor and colleagues presented interim, 26-week results from an ongoing 52-week randomized, double-
blind, phase 3 trial comparing the safety and efficacy of Merck/Pfizer's ertugliflozin plus sitagliptin
(Merck's Januvia) versus either drug alone in patients with type 2 diabetes. The study recruited 1,233
patients inadequately controlled (A1c 7.5-11%) on stable metformin (≥8 wks at ≥1,500 mg/day), who were
randomized to one of five groups: ertugliflozin 5mg or 15mg daily plus sitagliptin 100mg daily, ertugliflozin
5mg or 15mg daily alone, or sitagliptin 100mg daily alone. Data at 26 weeks showed that co-administration
of ertugliflozin with sitagliptin led to significantly greater reductions in A1c (1.5% for both groups)
compared to either drug alone (1%-1.1% across the three groups; p<0.002). A similar effect was observed
with fasting plasma glucose and percentage of patients achieving A1c <7%. Co-administration also led to
significantly greater reductions in body weight and systolic blood pressure compared to sitagliptin alone.
Static beta-cell responsivity increased across all treatment arms and no difference was observed with the
co-administration groups.

▪ The retention rate across all groups at 26 weeks was 92-96%. The authors provided
the ranges of baseline characteristics across all five groups: average age of 55 years, %
male of 51-62%, mean A1c of 8.50-8.57%, duration of T2DM of 6-7 years, eGFR of 92 mL/min/
1.73m , weight of 88-90 kg [194-198 lbs], and BMI of 32-33 kg/m .22
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Table 1: Data from 26 weeks showing greater reductions in A1c, FPG, weight, and SBP with
combined ertugliflozin + sitagliptin versus either drug alone.

Reduction

from baseline:

ERTU

5mg

ERTU

15mg

SITA

100mg

ERTU 5mg +

SITA 100mg

ERTU 15mg + SITA 100mg

N 250 248 247 243 244

A1c (%) 1 1.1 1.1 1.5* 1.5*

FPG (mg/dl) 35.5 37.1 25.9 44.4* 48.9*

Body weight 2.7 kg

[6.0 lbs]

3.7 kg

[8.2 lbs]

0.7 kg

[1.5 lbs]

2.5 kg [5.5 lbs] 2.9 kg

[6.4 lbs]

SBP 3.9 3.7 0.7 3.4# 3.7#

Pt with A1c

<7%

66

(26%)

79

(32%)

83

(34%)

127 (52%)∏ 120 (49%)∏

p<0.002 vs. individual treatments*

p<0.005 vs. sitagliptin treatments (comparisons to ertugliflozin alone were not performed)#

p<0.001 based on model-estimated odds ratio comparing ERTU+SITA vs. individual treatments∏

▪ The safety profiles were similar between the five groups, with the exception of a higher
observed rate of genital mycotic infections in the groups that included ertugliflozin. The authors
note that there was no meaningful difference in urinary tract infection incidence between the
groups, and that the rate of hypovolemia and symptomatic hypoglycemia were low across treatment
groups.

EFFECTS OF LINAGLIPTIN ON GLYCEMIC CONTROL AND ALBUMINURIA IN TYPE 2
DIABETES - THE MARLINA-T2D TRIAL (17-LB)

P Groop, M Cooper, V Perkovic, B Hocher, K Kanasaki, G Schernthaner, K Sharma, R Stanton,
R Toto, J Cescutti, M Gordat, T Meinicke, A Koitka-Weber, H Woerle, and M Eynatten

Dr. Groop (who is a big deal) and colleagues presented full results of the MARLINA-T2D trial, a double-
blind, placebo-controlled clinical trial that gauged glycemic and renal effects of the DPP-4 inhibitor
linagliptin (Lilly/BI's Tradjenta) in adult patients with type 2 diabetes and confirmed albuminuria (UACR
30-3000 mg/gCr). At baseline, participants (n=360) were on up to two oral glucose-lowering drugs or
insulin and a stable dose of ACE inhibitor or ARB. After a two-week placebo run-in period, participants
were randomized into linagliptin (n=182) and placebo (n=178) groups. Placebo-adjusted data collected at
the end of the 24-week treatment period indicated a significant association between a once-daily 5
mglinagliptin treatment and reduced A1c levels (-0.60%, baseline A1c= 7.84%; p<0.0001). 36.2% of
linagliptin-treated individuals with baseline A1c≥7% achieved a target A1c <7% in the trail, compared to
9.3% of placebo-treated individuals (p<0.0001). However, the placebo-adjusted treatment difference of
UACR from baseline, -6.0%, was not significant. UACR reduction for patients with UACR <300 mg/gCr at
baseline was near significant (-10%, p=0.059). Additional clinical studies are needed to determine renal
effects of linagliptin, which is believed to have a more long-term anti-fibrotic mechanism. In terms of safety
and adverse events, linagliptin was well-tolerated and had a safety profile similar to that seen in previous
clinical trials. Hypoglycemic events were numerically higher in the linagliptin-treated group but event rate
was low in both groups overall.
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Oral Presentations: Treatment Choices after Orals in Type 2 Diabetes

SUPERIOR EFFICACY OF ITCA 650 VS. SITAGLIPTIN IN UNCONTROLLED TYPE 2 DIABETES
ON METFORMIN: THE FREEDOM-2 RANDOMIZED, DOUBLE-BLIND, 1-YEAR STUDY

Julio Rosenstock, MD (University of Texas Southwestern Medical Center, Dallas, TX)

Dr. Julio Rosenstock presented results from the phase 3 FREEDOM-2 study demonstrating significantly
greater A1c reductions (1.5% vs. 0.8%; p<0.001) and weight loss (4 kg vs. 1.3 kg; p<0.001) with Intarcia's
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ITCA 650 vs. Merck's Januvia (sitagliptin). Intarcia announced topline results from the trial in August. The
double-blind trial randomized 535 patients with type 2 diabetes on metformin to receive either ITCA 650 +
oral placebo or Januvia + implantable placebo for 52 weeks. Patients received the initiation dose of ITCA
650 for 13 weeks and switched to the maintenance dose for the remaining 39 weeks. The A1c difference
between the groups was already significant at six weeks and stabilized at week 26; final reductions were
1.5% with ITCA 650 vs. 0.8% with Januvia (baseline = 8.6%-8.7%; p<0.001). ITCA 650 also produced
significantly greater reductions in fasting plasma glucose (47 mg/dl vs. 28 mg/dl; p<0.001). Weight loss
followed a similar pattern as the A1c reductions, with a fairly early separation that stabilized at around
week 26 and remained stable throughout the trial. The final weight reduction was 4 kg (~8.8 lbs) with ITCA
650 vs. 1.3 kg (~2.9 lbs) with Januvia (baseline BMI = 33 kg/m ; p<0.001). ITCA 650 was also superior in2

terms of the percentage of patients achieving the composite endpoint of A1c reduction >0.5% and weight loss
≥2 kg (61% vs. 28%; p<0.001) and the percentage achieving A1c targets of <7% (61% vs. 42%) and <6.5%
(44% vs. 21%). As expected, there were more GI events in the ITCA 650 group, though the discontinuation
rates due to these events were low (4.5% for nausea and 2.3% for vomiting). Importantly, the rate of
procedure-related adverse events was quite low (<1%) in both groups. Dr. Rosenstock also emphasized that
nausea rates peaked when the initial dose was started and when the dose was escalated, but rates were
quite low throughout the rest of the trial.

▪ We are particularly impressed with the durability of the A1c and weight reductions -
the difference between the groups held steady from week 26 through the end of the
trial. We also found the results for the composite endpoint especially compelling and expect that
payers will as well. Intarcia has reported results from three additional trials for ITCA 650: results
from FREEDOM-1 and FREEDOM-HBL demonstrating significant A1c reductions vs. placebo were
presented at ADA 2015 and topline results from the FREEDOM-CVO trial demonstrating a neutral
effect on CV outcomes were announced in May. The impressive efficacy and guaranteed adherence
should make ITCA 650 an appealing option for a wide range of patients and could significantly
expand use of the GLP-1 agonist class, although we would not be surprised if the product's
commercial performance falls a bit short of the extremely high expectations that some in the field
have set for it, particularly less informed investors looking at the first year or two. We have big
expectations that the GLP-1 field will continue to grow, and expect Intarcia to be a meaningful part
of this. We appreciate very much Intarcia's focus on helping improve patient adherence and
engagement and look very forward to seeing how the launch emerges. Ideally, this therapy will
continue the path that a range of companies are trying to take to make various therapies easier to
prescribe and take and stay on.

Questions and Answers

Q: Are there any issues around removal in terms of fibrosis?

A: There were no issues of fibrosis. The technique has been highly revised. It's now done with a delivery device
and different tools to ensure the placement is very superficial. Before there was not a tool to really make sure
the device was not placed too deep. Now they have a device where you can't get too deep, so that's no longer
an issue.

Q: Do you have to take the device out to change the dose?

A: Yes. This device could be used for six months, and eventually it will be one year. Taking it out takes less
than two minutes.

LINAGLIPTIN (LINA) AS ADD-ON TO EMPAGLIFLOZIN (EMPA) AND METFORMIN IN
PATIENTS WITH TYPE 2 DIABETES (T2DM): TWO 24-WEEK RANDOMIZED, DOUBLE-
BLIND, PARALLEL-GROUP TRIALS

Baptist Gallwitz, MD (Eberhard Karls University, Tubingen, Germany)

Dr. Baptist Gallwitz presented positive phase 3 data on the glycemic efficacy of Lilly/BI's Tradjenta
(linagliptin) as add-on to Lilly/BI's Jardiance (empagliflozin) and metformin compared with placebo. These
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findings come from two 24-week randomized, double-blind, parallel group studies of Tradjenta vs. placebo,
as add-on to Jardiance at either the 10 mg or 25 mg doses and metformin in participants with type 2
diabetes. Participants received metformin and either Jardiance at the 10 mg (study 1; n=352) or 25 mg
(study 2; n=354) doses for 16 weeks in an open-label period, which was followed by a randomization to 24
weeks of double-blind, double-dummy treatment with additions of Tradjenta (n=126) or placebo (n=130).
The findings demonstrated that at 24 weeks, the Tradjenta group resulted in statistically significant
reductions in A1c compared with placebo: from a baseline A1c of ~8%, participants achieved placebo-
adjusted A1c reductions of 0.32% and 0.47% in the Jardiance 10 mg and 25 mg dose groups, respectively. In
addition, the proportion of participants who reached A1c levels below 7% at week 24 in the Tradjenta add-
on groups was more than double that of the placebo groups (26% vs. 11% in study 1; 36% vs. 15% in study 2).
There were no significant changes in body weight with either treatment group. Regarding safety and
tolerability, no new signals emerged: the placebo group reported more adverse events than the Tradjenta
add-on group, with three hypoglycemic events occurring in the placebo arm of study 2 (Jardiance 25 mg +
metformin). Ultimately, these findings support an SGLT-2 inhibitor/DPP-4 inhibitor combination as a
promising treatment option for patients who are inadequately controlled with metformin and an SGLT-2
inhibitor. Such a combination has certainly received increasing attention, as Merck has recently expressed
greater excitement on the potential of a Januvia (sitagliptin)/ertugliflozin combination. We look forward to
seeing longer-term data on this approach, as these data could potentially help craft more individualized
guidance into treatment algorithms.

Questions and Answers

Q: What was the baseline A1c?

A: Around 8%.

Q: Did you add lina or did you switch the empagliflozin to an empa/lina combination?

A: We did not use the fixed-dose combination. We added the lina on.

Q: Do you have glucagon levels?

A: We do not have these yet.

Q: Did you perform a meal test?

A: No, we did not.

Oral Presentations: Beyond Basal Insulin in Type 2 Diabetes - Treatment Intensification
Options

COMPARISON BETWEEN SGLT-2 INHIBITORS AND DPP-4 INHIBITORS ADDED TO
INSULIN THERAPY IN TYPE 2 DIABETES: A SYSTEMATIC REVIEW WITH INDIRECT
COMPARISON META-ANALYSIS

Se Hee Min, MD (Seoul National University Hospital, South Korea)

Dr. Se Hee Min presented the results of an indirect meta-analysis that compared the effect of SGLT-2
inhibitors plus insulin (SGLT-2i/INS) vs. DDP-4 inhibitors plus insulin (DPP-4i/INS) in type 2 patients. The
group performed a systematic review that yielded 14 studies which investigated either SGLT-2i/INSU vs.
placebo/INS or DPP-4i/INS vs. placebo/INS (five and nine studies, respectively). Results of the covariate-
adjusted indirect comparison using meta-regression analyses showed that SGLT-2i/INS provided greater
reductions in A1c (weighted mean difference [WMD] of -0.24%; 95% CI: -0.43 to -0.05%), as well as greater
reductions in fasting plasma glucose (WMD -18.0; 95% CI: -28.5 to -7.6 mg/dl) and body weight (WMD
-2.38 kg [lbs]; 95% CI: -3.18 kg [7.0 lbs] to -1.58 kg [3.5 lbs]). No difference in hypoglycemia was observed
with SGLT-2i/INS compared to DPP-4i/INS (RR 1.19; 95% CI: 0.78-1.82). Dr. Min remarked that in the
absence of head-to-head comparisons, these results could serve as the best available evidence for selecting
oral agents in patients uncontrolled on insulin. These findings are not surprising to us, as we feel that it is
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widely understood that the DPP-4 class is slightly inferior in efficacy, but its solid tolerability profile (as well
as how easy it is to prescribe) keeps it as a mainstream treatment option.

▪ Dr. Min noted that her group focused on SGLT-2 inhibitors and DPP-4 inhibitors
because the drugs do not require injections and do not contribute to significant weight
gain. Thus, the team views them as preferable add-on agents compared to GLP-1 agonists and
TZDs. Furthermore, Dr. Min highlighted that SGLT-2 inhibitors and DPP-4 inhibitors have
complementary effects to insulin with regards to hypoglycemia and weight gain.

▪ To perform their systematic review, Dr. Min and colleagues searched Medline, Embase,
LILACS, the Cochrane Central Register of Controlled Trials, and ClinicalTrials.gov for randomized
controlled trials before June 2015 that compared either SGLT-2i/INSU vs. placebo/INS or DPP-4i/
INS vs. placebo/INS. They included only trials that were ≥12 weeks long and that measured A1c as
an endpoint. The search yielded 14 trials - five SGLT-2 inhibitor studies and nine DPP-4 inhibitor
studies.

▪ The indirect analysis involved comparing each drug's efficacy over placebo. After the
initial evaluation yielded no differences between SGLT-2i/INSU and DPP-4i/INS, the authors
performed a meta-regression that guided a subsequent covariate adjustment, which yielded the
results presented above.

Questions and Answers

Q: The DPP4i/INS studies generally looked at a single dose while the SGLT-2i/INS studies
usually had a lower dose and a higher dose. Did you include both doses or the maximum dose?

A: We included the data from the maximum approved dose.

Q: I'm not sure if you could do this because you would need patient-level data, but would you
consider comparing the two drugs by baseline A1c category?

A: Thank you for your question. We did not stratify the patients by A1c.

Oral Presentations: Management of Hyperglycemia in the Hospitalized Patient

SAFETY AND EFFICACY OF SAXAGLIPTIN FOR GLYCEMIC CONTROL IN NON-CRITICALLY
ILL HOSPITALIZED PATIENTS

Rajesh Garg, MD (Brigham and Women's Hospital, Boston, MA)

Dr. Rajesh Garg presented study findings, demonstrating non-inferiority of saxagliptin compared with the
customary intravenous basal-bolus insulin treatment regimen in hospitalized hyperglycemia patients. In
this study, type 2 diabetes patients hospitalized for hyperglycemia were randomized to receive either
saxagliptin (2.5 mg or 5 mg) (n=30) or basal-bolus insulin therapy (n=32) over the course of six days of
hospitalization. Correctional insulin was provided to both groups. According to the findings, there was no
significant difference in mean blood glucose levels between the saxagliptin and insulin therapy groups.
Across study days 2-5, blood glucose levels averaged 146.6 ± 26.7 mg/dl for the saxagliptin-treated patients
and 150.9± 32.9 mg/dl for the insulin-treated patients (p=0.36). Dr. Garg thus concluded that the use of
saxagliptin provides an opportunity to reduce insulin use in the hospital without compromising the patients'
glycemic control. As the DPP-4 inhibitor class appears to be inching out of the spotlight with the recent
cardioprotection shown in SGLT-2s and GLP-1s, these findings remind us of the potential of this class in the
in-patient setting - a use case in which this class is likely favored, due to its impressive tolerability. We are
also keen to see more on the combination use of this drug.

Questions and Answers

Q: The FDA has a controversial warning about saxagliptin and heart failure. Do you have any
comments?

A: I really don't believe there is the risk for heart failure; we did our best including those patients.
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Q: Can you speculate about why blood glucose got better in the treatment group over the
control group?

A: I think it is the fear of the use of insulin. I think we should take that into the calculation when we talk about
improving diabetes care on the inpatient side. Despite all the things it can do, there is still fear of insulin.

Q: Were there any treatment failures in the treatment group?

A: There were two patients who had to be switched to the control insulin treatment because they
demonstrated two consecutive blood glucose readings above 200 mg/dl.

Q: What is your data on hypoglycemia?

A: There was no hypoglycemia. One patient in each the treatment group and the placebo group had blood
glucose readings below 70 mg/dl, but none had readings below 50 mg/dl.

Oral Presentations: Tissue Lipids and Lipoproteins and their Consequences

DPP-4 INHIBITOR, ANAGLIPTIN, AMELIORATES FASTING AND POSTPRANDIAL
HYPERTRIGLYCERIDEMIA

Masami Sairyo, MD (Osaka University, Osaka, Japan)

Dr. Masami Sairyo presented results from a preclinical study demonstrating that the DPP-4 inhibitor
anagliptin (Kowa's Suiny, approved in Japan), diminished the accumulation of triglycerides (TG) and
chylomicron remnants (CM-R) and decreased appetite and weight gain in Western diet-fed mice. Both
effects attenuated postprandial hypertriglyceridemia (PHTG), a condition strongly associated with type 2
diabetes and cardiovascular disease that results from invasion of arterial walls by CM-R. In the study,
8-week old JAX mice were fed normal chow diets either without or with 0.3% anagliptin for one month.
Then, oral fat loading (OFL) tests were performed with olive oil (17 µL/g body weight) after overnight
fasting. Plasma concentration measurements of triglycerides, total cholesterol, free fatty acids, and
apoB-48 (a chylomicron remnant) were taken in the fasting state and two, four, and six hours after OFL.
Results showed that anagliptin-treated mice had significantly lower (p<0.05) levels of triglycerides and
apoB-48 in both the fasting and postprandial states. RT-qPCR showed suppressed mRNA expression of
NPC1L1, DGAT1, and MTP, which are associated with cholesterol uptake and chylomicron composition.
Additional high-performance liquid chromatography analyses showed that treatment with anagliptin
decreased both plasma and intestinal lymph peaks of CM and VLDL lipoproteins. In conclusion, these
results suggest that anagliptin decreases the synthesis and secretion of chylomicrons, which decreases the
risk of PHTG.

Symposium: Management of Hyperglycemia in the Hospitalized Patient

RANDOMIZED, CONTROLLED TRIAL ON THE EFFICACY OF SITAGLIPTIN THERAPY FOR
THE INPATIENT MANAGEMENT OF GENERAL MEDICINE AND SURGERY PATIENTS WITH
TYPE 2 DIABETES: SITA-HOSPITAL TRIAL

Francisco Pasquel, MD (Emory University, Atlanta, GA)

Dr. Francisco Pasquel presented data from a study of hospitalized patients with type 2 diabetes, which
found that treatment with sitagliptin plus once daily glargine (n=140) results in fewer insulin injections and
a smaller average daily insulin dose than a basal bolus regimen plus once daily glargine and rapid-acting
insulin at mealtimes (n=140). The trial enrolled patients from hospitals at Emory, the University of
Michigan, Temple University, and Ohio State University. Patients treated with sitagliptin required a mean
of 2.2 insulin injections per day, significantly fewer than patients in the basal bolus group (2.9 injections/
day, p<0.001). Similarly, patients treated with sitagliptin required a lower average dose of insulin (24
units/day vs. 34 units/day, p<0.001). The study found no significant differences in daily blood glucose,
number of patients within range for blood glucose, length of hospital stay, rate of complications, extreme
hypoglycemia events (<40 mg/dL), or extreme hyperglycemia events (>200 mg/dL) between groups. In
fact, there wasn't a single episode of severe hyperglycemia for any patient in this trial. Dr. Pasquel
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underscored that the decreased need for insulin makes sitagliptin a safe and convenient option to control
hyperglycemia in hospitalized patients. These findings further confirm the DPP-4 inhibitor class as a very
well-tolerated class with versatile use in patients.

▪ Sitagliptin was dosed based on a patient's eGFR (100 mg/day if eGFR >50 ml/min/
1.73m , 50 mg/day if eGFR 30-50 ml/min/1.73m ).22 Patients with more severe chronic kidney
disease were excluded from the trial, along with any patients who had already experienced a severe
hyperglycemia crisis, had diagnosed mental illness, or were pregnant.

▪ Dr. Pasquel asserted that sitagliptin might be preferable to subcutaneous insulin as a
treatment for hyperglycemia in non-ICU hospital settings. Current clinical guidelines
recommend subcutaneous insulin for hospitalized type 2 diabetes patients, but according to these
findings, sitagliptin alongside once daily glargine appears to be just as effective while reducing the
frequency and dose of daily insulin injections.

Questions and Answers

Q: Many hospitalized patients with type 2 diabetes have renal or hepatic disease. For these
individuals, was sitagliptin the best DPP-4 inhibitor? Would linagliptin have been better?

A: These patients are typically excluded from such studies, as we would expect higher hyperglycemia. We
cannot extrapolate our findings to these two populations. If we were to try and extend our results, perhaps
linagliptin would be a better choice because of lower accompanying insulin doses.

Q: I didn't see pancreatitis or pancreatic cancer listed as exclusion criteria.

A: I presented a summarized list, but yes, we excluded patients with pancreatitis or pancreatic cancer.

Q: Many patients in hospitals aren't eating well, or regularly. Were these people excluded?
What are your thoughts on the utility of sitagliptin for patients who frequently miss meals at
home?

A: In our study, the investigator could decide if a patient shouldn't receive a full dose of insulin if he/she was
not eating well. Maybe that's why patients in the basal bolus group didn't receive high doses of insulin,
because of surgical procedures and not being able to eat well.

Q: What time did you administer sitagliptin?

A: For logistical reasons, it was administered ideally in the morning but at least by 2 or 3 pm on the first day.
Subsequent doses were given around 9 am every morning.

Novel Therapies

Posters

MEDI4166: A PCSK9 AB-GLP-1 FUSION MOLECULE THAT ELICITS ROBUST ANTIDIABETIC
AND ANTIHYPERLIPIDEMIC EFFECTS IN RODENTS AND NON-HUMAN PRIMATES (35-LB)

J Trevaskis, A Suckow, T Hummer, M Chodorge, A Celeste, D Hornigold, J Naylor, L
Jenkinson, M Feigh, D Fairman, M Agoram, C Lee, S Coats, J Grimsby, C Rondinone, and A
Konkar

AstraZeneca presented preclinical data for its PCSK9 inhibitor/GLP-1 agonist combination MEDI4166
demonstrating improvements in glucose, body weight, and LDL cholesterol in rodents and non-human
primates. First, MEDI4166 was proven to be an effective GLP-1 agonist based on cAMP production after
transfection of Chinese hamster ovary cells with a series of mammalian GLP-1 receptors. Second, ELISA
assays indicated that MEDI4166 inhibited PCSK9 and restored LDL uptake in HepG2 hepatoma cells. Third,
single subcutaneous injections of 0.1, 1, and 10 mg/kg MEDI4166 into diet-induced obese (DIO) mice
improved glucose tolerance, measured by glucose excursions seven days after the injection. Two- and six-
hour fasting blood glucose levels also decreased in a dose-dependent fashion. Repeated weekly injections of
either 3, 10, or 30 mg/kg MEDI4166 also reduced body weight of DIO mice over a 28 day period and
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prevented diabetes progression in db/db mice. Lastly, single injections of either 10 or 100 mg/kg MEDI4166
into healthy male cynomolgus monkeys showed that the higher dosage produced greater reductions in LDL
cholesterol. AZ is currently conducting a two-part phase 1/2 trial of MEDI4166 in patients with type 2
diabetes that is expected to complete in November 2016 - see our AZ 1Q16 report for more details. This
combination could have enormous potential given how many patients with type 2 diabetes are at high risk
for cardiovascular disease, particularly if the GLP-1 agonist and PCSK9 inhibitor classes are eventually
both established as cardioprotective.

MEDI0382, A GLP-1-GLUCAGON DUAL AGONIST, MEETS SAFETY AND TOLERABILITY
ENDPOINTS IN A SINGLE-DOSE STUDY IN HEALTHY VOLUNTEERS (107-LB)

P Ambery, S Klammt, M Petrone, W Pu, S Dicostanza, L Jermutus, and C Rondinone

This poster presented the findings of a phase 1 randomized, blinded study of GLP-1/glucagon dual agonist
MEDI0382, which demonstrated that the candidate met safety and tolerability endpoints. The study was
conducted in six cohorts of healthy participants in Germany; each cohort included eight participants, six of
whom received one dose each of MEDI0382 at 5, 10, 30, 100, 150, and 300 µg, and two of whom received
placebo. Blood pressure, pulse, food intake, and adverse events were monitored for 28 days. At the end of
this study period, larger doses of MEDI0382 showed decreases in daily food intake and plasma glucose
levels as compared to placebo. Specifically, doses of 30, 100, 150, and 300 µg respectively showed 96%, 82%,
60%, and 23% of daily food intake compared with placebo. Post-meal glucose level peaks decreased in all
patients receiving doses of MEDI0382 compared to the placebo. Heart rate over the 28-day observation
period did not statistically differ from the pre-dose baseline, except in the 300 µg dosing group. In addition,
MEDI0382 was found to be well-tolerated, although vomiting, increased pulse rate, and blood pressure
were observed at the higher doses, establishing a tolerability window for future studies in patients with
diabetes (doses starting at 100 µg caused episodes of vomiting; 1 patient with 1 total episode of vomiting, 4
patients with 9 episodes, and 5 patients with 30 episodes at 100, 150 and 300 µg of MEDI0382,
respectively). Otherwise, gastrointestinal disorders were the major reported adverse event (33.3% of
participants). On the pharmacokinetic side, MEDI0382 showed a maximum concentration between 4.5-9
hours, as the data showed to be consistent with a profile indicating once-daily dosing. This candidate
remains early in development, but we find this combination approach potentially promising, as it has clear
benefits in both glycemic control and weight management. Next question - how cardioprotective or renal
protective is it?

A LEUCINE, METFORMIN, AND SILDENAFIL COMBINATION REGRESSES NONALCOHOLIC
STEATOHEPATITIS (NASH) IN MICE (260-LB)

M Zemel, A Bruckbauer, and O Flores

NuSirt presented data from a dose-finding study of its leucine/metformin/sildenafil combination in a mouse
model of nonalcoholic steatohepatitis (NASH). This study builds on previous work showing that leucine
allosterically overexpresses Sirt1, that leucine/metformin combination therapy reverses non-alcoholic fatty
liver disease (NAFLD) in mice, and that the triple combination with sildenafil provides even greater
efficacy. In this study, mice (n=90) were fed either a low-fat diet (10% calories from fat) or a high fat/
atherogenic diet (1.25% cholesterol by weight and 60% of calories as saturated fat) for eight weeks and then
randomized to one of nine treatment groups for an additional eight weeks. Treatment groups included two
control groups (low-fat diet and high-fat diet) and seven active treatment groups involving 24 g/kg leucine
paired with different doses of metformin (either 0.5 or 1.0 g/kg) and sildenafil (either 12.5, 25, 50 or 100
mg/kg). Treatment with the drug combination resulted in, on average, a 43% reduction in steatosis, a 55%
reduction in inflammation, and a 50% reduction in fibrosis after the eight-week treatment period. These
data confirmed previous results demonstrating that the appropriate dose for metformin is 0.5 g/kg in mice,
with no additional benefit seen with higher doses. Sildenafil produced dose-dependent effects up to a dose of
25mg/kg, at which point there was no additional benefit. The optimal human equivalent doses were
determined to be 2.2 g/day of leucine, ~500 mg/day of metformin and 2mg/day of sildenafil. NuSirt is
currently conducting a phase 2a trial of the combination (also referred to as NS-0200) in patients with
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NAFLD-NASH that is expected to complete in 4Q16; see our interview with management earlier this year
for more updates on the company's plans.

ANTIDIABETIC EFFECTS OF NOVEL, LONG-ACTING AMYLIN ANALOGUE ZP4982 IN ZDF
RATS (283-LB)

J Skarbaliene and R Just

This study aimed to explore the anti-diabetic impact of Zealand's long-acting amylin analog ZP4982, which
improves glycemic control by inhibiting food intake and gastric emptying and suppressing glucagon
secretion. Over the course of four weeks, Zucker Diabetic Fatty (ZDF) rats were subcutaneously
administered either vehicle, ZP4982 (30 nmol/kg, dosed every fifth day), or liraglutide (40 nmol/kg, dosed
twice daily). ZP4982-treated rats showed significantly lower non-fasting blood glucose levels after two
weeks and significantly lower non-fasting and fasting blood glucose levels at the end of the study (p < 0.001
vs. vehicle for all; p-value vs. liraglutide not given). ZP4982 also resulted in significantly lower A1c levels
compared to both vehicle- and liraglutide-treated rats after four weeks (p<0.001 vs. vehicle; p<0.05 vs.
liraglutide). Additionally, ZP4982 significantly increased insulin levels and lowered blood glucose levels
during an intra-peritoneal glucose tolerance test (p < 0.001 vs. vehicle; p-value vs. liraglutide not given).
This is the first data we have seen for this candidate, and we are excited to see continued early-stage activity
in diabetes from Zealand despite the company's stated shift toward specialty disease areas. We imagine that
weight loss could be a key advantage for this candidate compared to existing type 2 diabetes drugs and look
forward to seeing data on this endpoint in future studies.

POTENT CHOLESTEROL LOWERING EFFECT OF THE NOVEL LONG-ACTING GLP-1/
GLUCAGON DUAL AGONIST HM12525A (1026-P)

SY Jung, YJ Park, JS Lee, EJ Kim, YM Lee, YH Kim, M Trautmann, and S Kwon

This poster presented preclinical data suggesting a range of metabolic benefits for Janssen/Hanmi's long-
acting once-weekly GLP-1/glucagon dual agonist HM12525A. This study investigated HM12525A's effects
on levels of total cholesterol, HDL cholesterol, LDL cholesterol, liver LDL cholesterol receptor expression,
serum cholesterol, serum PCSK9, hepatic triglycerides, NAFLD scores, PPAR-α and CPT-1, and ketone
bodies in mice, hamsters, and rats. Previously studies had shown that HM12525A produced greater weight
loss compared to GLP-1 agonist liraglutide (Novo Nordisk's Victoza). In this study, HM12525A was found to
lower serum cholesterol levels, decrease LDL cholesterol levels, and decrease the LDL/HDL ratio more than
liraglutide. HM12525A treatment was associated with a 68% reduction in total cholesterol and a 48%
reduction in LDL cholesterol, compared to 12% and 2% reductions, respectively, with liraglutide. HM12525A
had little effect on increasing HDL cholesterol levels (and we've seen from CETP trials that increasing HDL
cholesterol may not translate into positive cardiovascular effects). Mechanism of action studies showed that
the use of HM12525A leading to decreases in levels of cholesterol and the LDL/HDL ratio may be attributed
to its ability to increase hepatic β-oxidation, decrease the hepatic LDL receptor clearance by decreasing
PCSK9 expression, inhibit hepatic cholesterol biosynthesis, and increase HDL cholesterol. These results
suggest that HM12525A may have therapeutic potential to treat hyperlipidemia. Combined with previous
mouse studies indicating greater reductions for HM12525A vs. liraglutide in terms of A1c (-1.4% vs +1.2%)
and body weight (-31% vs. -17%), the efficacy profile of this dual agonist appears particularly promising.
The GLP-1/glucagon dual agonist class has been the focus of significant industry interest and investment for
some years and we're intrigued by the possibility of a once-weekly drug that can offer a winning
combination of A1c, body weight, and cholesterol reductions. We certainly hope these impressive results
translate into human studies and into positive effects on cardiovascular outcomes down the line.
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LONG-ACTING GLP-1 AND GLUCAGON RECEPTOR DUAL AGONISTS FOR THE TREATMENT
OF TYPE 2 DIABETES (1049-P)

S You, M McDonald, M Case, D Steiner, T Tat, C Jenkinson, R Pick, J Hart, V Moreno, J Parise,
W Yan, R Camacho, R Swanson, E Chi, K Demarest, and J Leonard

Janssen introduced a new preclinical GLP-1/glucagon dual agonist, JNJ-54728518 candidate in this poster.
The candidate is a PEGylated derivative of oxyntomodulin with an increased half-life (18 hours in lean
mice) and retained potency for both the GLP-1 and glucagon receptors. Diet-induced obese (DIO) mice
treated with JNJ-54728518 were found to be much more tolerant of glucose associated with greater
secretion of glucose-dependent insulin. Compared to 10 nmol/kg of GLP-1 agonist liraglutide (Novo
Nordisk's Victoza), administration of 10 nmol/kg of JNJ-54728518 produced lower glucose levels (59 vs. 118
mg/dl), lower daily food intake (0.04 vs. 0.07 g/g body weight, more fat loss (12.3 vs. 6.0 g), and greater
body weight loss (-27% vs. -7%). Janssen also shared that JNJ-54728518 "markedly" reduced cholesterol
levels. Late last year, Janssen acquired Hanmi's phase 2 GLP-1/glucagon dual agonist, which has a
similarly promising efficacy profile in terms of A1c-lowering, body weight reduction, and cholesterol-
lowering. We'll be curious to see how this preclinical candidate fits into Janssen's pipeline and wonder if
Janssen may be "hedging its bets" by including multiple GLP-1/glucagon agonists in its pipeline in case one
doesn't quite meet the increasingly high efficacy bar for new diabetes drug.

EFFECTS OF LEUCINE-METFORMIN COMBINATIONS ON GLYCEMIC CONTROL IN TYPE 2
DIABETES (1144-P)

K Niswender, O Kolterman, M Kosinski, and M Zemel

NuSirt BioPharma presented results from their phase 2a head-to-head study of a leucine/metformin
combination compared to 850mg metformin BID. After a washout period, a fixed dose of leucine was
combined with different levels of metformin (125mg, 250mg and 500mg) and administered twice daily. The
control, 500mg metformin, was administered twice daily for two weeks then titrated up to 850mg twice
daily for an additional two weeks. Meal tolerance tests were conducted at day 0 and day 28 to analyze
changes in glucose area under the curve (AUC). Fasting plasma glucose and insulin, A1c, and 24-hour
glucose tests were also undertaken. In a per-protocol analysis, the metformin control arm exhibited greater
improvements in fasting glucose (p<0.05) and average daily glucose (p<0.05) and non-significantly greater
improvements in total, but not incremental, glucose AUC. An intention-to-treat (ITT) analysis demonstrated
comparable glucose improvements between leucine/metformin and the metformin control. The authors
attributed the lackluster results partly to the metformin control arm exhibiting markedly greater
improvements in glucose and glucodynamics than expected (from previous trials). The metformin control
arm had an ~two-fold greater loss of glycemic control during washout (p<0.05) resulting in poorer baseline
control and a larger potential improvement with treatment compared to the other arms. Adjusting for this
difference resulted in comparable effects of leucine/metformin and the control.

Oral Presentations: Obesity and Related Conditions

SAFETY, PHARMACOKINETICS, AND PHARMACODYNAMICS OF THE NOVEL DUAL GLP-1/
GLUCAGON AGONIST SAR425899 IN HEALTHY SUBJECTS AND DIABETES PATIENTS

Joachim Tillner, PhD (Sanofi, Paris, France)

Dr. Joachim Tillner (Sanofi, Paris, France) presented positive phase 1 data for Sanofi's GLP-1/glucagon
dual agonist SAR425899 demonstrating a reassuring safety/tolerability profile, a half-life consistent with
once-daily dosing, and improvements in glycemia and body weight. We saw some of this data at the
Keystone Symposia on Molecular and Cellular Biology meeting in April demonstrating significant
reductions in weight (-5.5 kg [~12 lbs] vs. -2.4 kg [~5.2 lbs]; p<0.001) and "clear" (p-value not specified)
reductions in A1c (-0.59% vs. +0.06%) and fasting plasma glucose (-55 mg/dl vs. -22 mg/dl) with
SAR425899 vs. placebo after four weeks in 36 patients with type 2 diabetes. In this presentation, Dr. Tillner
also shared data from the other two parts of Sanofi's phase 1 program for the candidate: a single ascending
dose study in 32 healthy males and a three-week multiple ascending dose study in 40 healthy males. The
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three studies together demonstrated a safety/tolerability profile for SAR425899 that was comparable to
GLP-1 single agonists. GI side effects were the most prominent adverse events (nausea was the limiting
factor for dose escalation in the single ascending dose study) and the drug produced an increase in heart
rate in the same range as previously studied GLP-1 agonists. Based on these results, Dr. Tillner expressed
confidence that GLP-1/glucagon dual agonism works, despite his initial incredulity at the idea of a diabetes
treatment that stimulates glucagon production. He stated that Sanofi's goal for SAR425899 is to equal
GLP-1 agonists in terms of glycemic control and surpass them in terms of weight reduction. We assume the
company is planning to pursue a type 2 diabetes indication for the candidate, but we wonder whether there
could be any potential in obesity or prediabetes as well. GLP-1/glucagon dual agonists have attracted a
significant amount of industry interest and we will be curious to see how the various candidates can
differentiate themselves - see our competitive landscape page for an overview of the current field.

Questions and Answers

Q: What kind of ratio are you expecting between GLP-1 and glucagon? Are you seeing evidence
of glucagon target engagement?

A: Target engagement is something we discussed from the beginning. Glucagon increases blood glucose, so
the idea is that if you increase the dose you'll see a U-shaped curve of blood glucose. We haven't seen that so
far. We've thought about biomarkers like FGF21 and have measured them but seen no real effect. We've
measured blood lipids hoping that glucagon might have an effect on lipid metabolism. For me the results are
not absolutely clear. They don't confirm that there's no effect. We've measured ketone bodies and seen a
change but that data is still in discussion. There's no clear answer. Our plan is to go to the target of energy
expenditure and do dedicated studies to see if glucagon does what it needs to do.

Oral Presentations: Preclinical Therapeutic and Signaling Regulation of Insulin Sensitivity

ACUTE METABOLIC EFFECTS OF MEDI0382, A GLP-1/GLUCAGON DUAL AGONIST, IN WILD
TYPE AND GLP-1 RECEPTOR KNOCKOUT MICE

Sarah Will (MedImmune, Gaithersburg, MD)

Ms. Sarah Will provided a rapid-fire summary of data characterizing the acute effects of AstraZeneca's
GLP-1/glucagon receptor dual agonist MEDI0382 for diabetes and obesity. Results showed that a single
subcutaneous dose of MEDI0382 reduced fasting glucose levels, glucose AUC, and food intake in wild type
but not GLP-1 receptor knockout (KO) mice. Specifically, in wild type mice, MEDI0382 (3 nmol/kg) reduced
fasting glucose levels by 42% (p<0.01) compared to vehicle, while an equimolar dose of liraglutide did not.
Further, MEDI0382 reduced glucose AUC (area under the curve) levels to a greater degree than did
liraglutide following an intraperitoneal glucose challenge (53% vs. 26%). In addition, MEDI0382 reduced
food intake in overnight fasted mice by 18%, while an equimolar dose of liraglutide reduced food intake by
34%. These effects were completely blocked in GLP-1 receptor KO mice for both MEDI0382 and liraglutide;
further, MEDI0382 elevated glucose levels in GLP-1 receptor KO mice but did not do so in wild type mice. In
contrast, treatment with IUB118 (a selective glucagon-receptor agonist) significantly elevated glucose levels
and failed to inhibit food intake in both wild type and GLP-1 receptor KO mice. Ms. Will noted that taken
together, these data indicate that MEDI0382 engages both GLP-1 and glucagon receptors, though the acute
effects of glucose tolerance and food intake are mediated solely by GLP-1 receptors. We have high optimism
for dual agonists, and these results do not disappoint - however, greater research is required to determine
the safety, efficacy, and durability of MEDI0382 in human participants.

Oral Presentations: Lipid Mediators

TREATMENT OF TYPE 2 DIABETES THROUGH HEPATIC INSULIN SIGNALING

Rongya Tao, PhD (Harvard Clinical and Translational Science Center, Cambridge, MA)

Dr. Rongya Tao presented data on the role of hepatic insulin signaling in metabolic homeostasis with the
goal of unearthing possible treatment options for type 2 diabetes that target insulin resistance. Specifically,
insulin receptor substrates 1 and 2 were investigated in liver-specific knockout mice (LDKO), a diabetic
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mouse model. Studies showed that insulin regulation of hepatic glucose production was disrupted in LDKO
mice, but this was corrected when Fox01 was deleted in triple knockout mice (LTKO). Therefore, hepatic
insulin signaling is independent from the liver's reduction of glucose production, and Fox01 is necessary to
maintain hepatic glucose production at regular levels. LDKO mice also had deregulated metabolic
homeostasis in fat, but this was normalized in the LTKO mice. The LDKO mice also showed greater oxygen
consumption and energy use and remained resistant to high fat diet-induced obesity, while the LTKO mice
consumed oxygen normally. Insulin also did not inhibit lipolysis in LDKO mice, which suggests higher lipid
synthesis and secretion. A further RNA microarray revealed more than 20 secreted proteins that are
different in the livers of LDKO mice, which may contribute to diabetes. This research should shed more light
on the role of hepatic insulin signaling in the pathogenesis of type 2 diabetes and hopefully lead to the
discovery of new therapeutic targets.

Oral Presentations: Clinical Therapeutic and Signaling Regulators of Insulin Sensitivity

DUODENAL MUCOSAL RESURFACING IMPROVES METABOLIC MEASURES IN TYPE 2
DIABETES: FIRST-IN-HUMAN STUDY, 6 MONTH DATA

Alan Cherrington, PhD (Vanderbilt University, Nashville, TN)

Dr. Alan Cherrington (Vanderbilt University, Nashville, TN) provided new details on the six-month data for
Fractyl's Revita Duodenal Mucosal Resurfacing procedure for type 2 diabetes. The procedure, which
recently received CE Mark approval, involves ablation of a portion of the duodenal mucosa via a technique
that the company has characterized as similar to an upper endoscopy. Dr. Cherrington shared that
significant A1c reductions occurred in both patients with a baseline A1c >10% (mean baseline A1c=~11%)
and those with a baseline A1c of 7.5%-10% (mean baseline A1c=~9%) who had a "long" segment of more
than 9 cm ablated (mean= ~9.3 cm). The procedure demonstrated peak efficacy at three months, with A1c
reductions of ~3.5% in the higher baseline A1c cohort and ~2% in the lower baseline A1c cohort. However,
the effect was substantially attenuated at six months, (much more so in the subjects who reduced their
diabetes medications), resulting in a final six-month A1c reduction of 2.1% in the higher baseline A1c group
and 1.0% in the lower baseline A1c group. These A1c reductions are not as strong as we might have hoped,
given the high starting A1c and the relatively invasive procedure (as compared to a more traditional oral or
injectable medication). We imagine that Fractyl will need to demonstrate sustained efficacy in order for the
procedure to appeal to a large number of patients, and we hope future trials can provide more clarity on
this point. Dr. Cherrington also shared that the Revita DMR procedure improved insulin sensitivity (as
measure by HOMA-IR) and metabolomic analysis indicated improved insulin sensitivity, reduced oxidative
stress, and improved mitochondrial function following the procedure.

▪ We previously saw six-month data demonstrating a mean A1c reduction of 1.2%
(p<0.001) at six months, as well as improvements in fasting glucose (non-significant,
p=0.09), postprandial glucose (p<0.05), and weight loss (-1.8 kg, p<0.05) in the
cohort of patients who had a "long" segment ablated. Fractyl also recently presented data at
the EASL International Liver Conference demonstrating improvements in hepatic transaminase
levels (AST and ALT specifically, p<0.01) with the procedure.

Oral Presentations: Treatment and Management of Complications - Can a Dog Really Smell
Hypoglycemia?

SUPERIOR EFFICACY OF A DUAL GLP-1/GLUCAGON RECEPTOR AGONIST IN REVERSING
STEATOSIS AND IMPROVING INDICES OF NONALCOHOLIC STEATOHEPATITIS (NASH)
COMPARED WITH GLP-1 RECEPTOR AND FXR AGONISTS IN A MOUSE MODEL OF NASH

James Trevaskis, PhD (MedImmune, Gaithersburg, MD)

Dr. James Trevaskis presented results, showing the superior efficacy of dual GLP-1/glucagon agonist G49
in the mouse model of nonalcoholic steatohepatitis (NASH) compared to GLP-1 agonist liraglutide and FXR
agonist obeticholic acid (OCA). As background, the dual agonist G49 combines elements of glucagon and
exenatide. The study stratified C57BL6 mice (who were maintained on a high fat, fructose, and cholesterol
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diet) to liraglutide, OCA, G49, or placebo for 28 days. The findings demonstrated G49's superiority to both
liraglutide and obeticholic acid (OCA) in lowering blood glucose, hepatic triglycerides and collagen, and
overall NASH score. Specifically, hepatic triglycerides were decreased 52% by G49, and less so by
liraglutide (32%) and OCA (23%), p<0.001. G49 reduced hepatic collagen by 40% (p=0.053 vs. placebo
vehicle), with more modest reductions by liraglutide (29%) and OCA (19%). Body weight declined
approximately 10% in mice treated with G49 or liraglutide, but not OCA, and the weight loss was driven by
changes in fat mass without substantial changes in lean mass. Dr. Trevaskis attributed this superiority to
the greater impact of G49 on fibrosis, since the drug's effect on steatosis was comparable to that of
liraglutide. Dr. Trevaskis used this data to point out the promise of the dual agonist drug class, especially in
treating NASH.

▪ According to Dr. Trevaskis, the promise of G49 lies in its ability to work on three axes
- reducing steatosis, reducing fibrosis, and improving metabolism. He stressed that there
is a critical, unmet need for effective NASH therapies and shared that parallel to ongoing clinical
trials for liraglutide and Intercept Pharmaceutical's OCA, there is emerging interest in dual agonists
like G49, which Dr. Trevaskis called a "magic drug" due to its multiple physiological targets.

▪ Despite its pronounced effect on overall NASH score, G49 was less effective than
liraglutide and OCA in reducing plasma ALT. Liraglutide resulted in a 61% decrease in ALT.
OCA resulted in a 43% decrease, while G49 resulted in a 38% decrease (p=0.052 vs. placebo).

Questions and Answers

Q: One of your intriguing findings was that improvement in ALT was better with liraglutide
than with other drugs. Clinicians tend to use ALT as a dominant measure, but is it as good of a
marker for fat or fibrosis in the liver?

A: ALT is not a specific liver damage marker for NASH, but it's how many patients come to realize that they
have high liver fat. So ALT may indicate that there's something else impacting liver health.

Q: What is the exact contribution of glucagon-receptor activation?

A: Glucagon-receptor activation increases lipid oxidation quite dramatically in isolated hepatocytes. This gives
us reason to believe that there's some kind of mobilization at the mitochondrial level, along with some links to
lipid metabolism that are underappreciated at this point. The combined effect of glucagon-receptor activation
and GLP-1 activation seems to override any negative effects of glucagon. The potency of the two compounds
working together is very important. Too much glucagon alone will drive excessive weight loss.

Q: Have you looked at GLP-1 receptors in the pancreas, kidneys, or other organs?

A: A follow-up study is looking at the pancreas, but we haven't looked at any other tissues.

Symposium: Fifty Winks of Diabetes

CIRCADIAN TIMING OF METABOLISM IN MOUSE MODELS AND HUMANS

Charna Dibner, PhD (University of Geneva, Switzerland)

Dr. Dibner presented a series of studies from her lab on rhythmic insulin and glucagon release. She opened
with a broad view on peripheral clocks, noting that they control body metabolism in nearly all tissues,
including the pancreas. She reviewed experiments that confirmed the presence of cell-autonomous,
functional clocks in islet cells. A key component of this mechanism is the transcription factor CLOCK, which
regulates rhythmic gene expression. Dr. Dibner showed that basal insulin secretion is circadian in nature,
and is altered by disruptions in CLOCK. She then turned to studies comparing oscillation properties in alpha
vs. beta cells. RNAseq data show that several important genes in these cells - including insulin and glucagon
- are regulated in a circadian manner, with similar and distinct characteristics between the two cell types.
Notably, under constant in vitro glucose conditions, both hormones are secreted in a rhythmic manner,
though the glucagon peak appears to lag behind that of insulin (per Dr. Dibner, this is to be confirmed with
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future data). Circadian timing has also been shown as a potential contributing factor to obesity, as this
work likely has broad implications across the metabolic disease spectrum.

Questions and Answers

Q: Do you think that if you use an inhibitor against glucagon in your mice, that you will block
the glucagon signal on beta cells and thus disrupt the circadian rhythm?

A: That's a good question. We are doing this study. It is difficult to get glucagon knock-out mice, but we are
blocking glucagon with siRNA. We are on the way to showing it. That is a very good point.

Q: You showed the difference in phase in the synchronized alpha and beta cells. That suggests
that there is a period difference. The only alternative explanation would be an autocrine
resetting that is occurring with each cycle. Can you clarify this? Your studies separated alpha
and beta cells, so autocrine signaling is unlikely.

A: I can see your point. We have to consider the viability of the cell. Here, we rarely did more than 2.5 cycles. I
am careful with the period - I don't take the first period seriously. I think the alpha cells have a shorter period
length, if you synchronize with forskolin.

Q: That would suggest that the composition of the clock mechanism is different in these two
cell types. One explanation could be post-translational modification.

A: Right. I know you're trying to help, but that's difficult to imagine. It's not very clear because we're only
doing 2.5 cycles. It's difficult.

Q: To understand the idea that the cycles are staggered - this has the implication that the beta
cells and alpha cells are intrinsically expressing a different period, or that they are being re-
entrained with each cycle.

A: My feeling is that this is more on the entrainment level; but yes, it has to be better thought out.

Q: Have you thought about testing insulin secretagogues such as SFUs to see whether treating
beta cells with these agents leads to different insulin secretion at different times of day?

A: Yes, Dr. Bass has shown that.

Symposium: Novel Experimental and Therapeutic Strategies to Target the Central Nervous
System (CNS)-induced Regulation of Metabolism

MULTI-AGONISM THERAPEUTIC STRATEGIES TO CNS REGULATION OF ENERGY
HOMEOSTASIS

Brian Finan, PhD (Novo Nordisk, Indianapolis, IN)

While GLP-1/glucagon dual agonists are known to induce greater body weight loss due to reduction in food
intake and increase in energy expenditure compared to GLP-1 agonists alone, the benefits of adding
additional components to that co-agonist is less clear. Dr. Finan discussed preliminary data regarding the
potential of a GLP-1/glucagon/GIP triple agonist, presenting rodent and primate studies that demonstrated
superiority of the triple agonist to a GLP-1/glucagon dual agonist in increasing body weight loss while
maintaining robust glycemic control. Adding GIP agonism to a GLP-1/glucagon dual agonist introduces
anorectic effects and buffers from glucagon-induced hyperglycemia. Dr. Finan further argued that
targeting thyroid hormone via GLP-1 powerfully reverses obesity via synergistic central nervous system
actions, in a molecular "Trojan horse-like approach." Though the triple agonist is clearly still in its early
stages of development, it's clear that the triple agonist approach is gaining traction among those in the
diabetes field. In particular, Dr. Richard DiMarchi (Indiana University, Indianapolis, IN) is a big proponent
of the triple agonist approach involving GIP. The significant interest in multi-agonists involving some
combination of GLP-1, glucagon, and GIP was a clear theme of the recent Keystone Symposia on New
Therapeutics for Diabetes and Obesity and it appears that the significant potential for weight loss benefits
on top of glucose-lowering is a major attraction for this approach.
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Questions and Answers

Q: Was thyroid stimulating hormone measured when combining the three agonists?

A: Yes, we measured circulating levels of thyroid stimulating hormone, but we didn't see any changes there.

Symposium: Genetic Analysis of Gut Flora in Diabetes and Metabolic Diseases

THE HUMAN MICROBIOME

George Weinstock, PhD (The Jackson Laboratory for Genomic Medicine, Farmington, CT)

Dr. George Weinstock spoke on one of the hottest areas of early-stage research in diabetes, the human
microbiome. He explained that since its founding in 1998, research funding and publications on the
microbiome field have grown exponentially. Characterizing microbial communities (e.g. salivary, gut) by
next-generation or shotgun sequencing of 16s rRNA provides rich visual representations of the types of taxa
within each body site, all of which are vastly distinct from each other. Stool sample analyses consistently
show three microbe divisions: Ruminococcus, Prevotella, and Bacteroides. However, the gut microbiome
makeup is extraordinarily sensitive to environmental effects. Mice from different geographical locations can
have distinct microbiomes, despite being controlled for genotype and diet - a crucial point for researchers to
consider. Dr. Weinstock and Mike Snyder are currently pursuing a Personal "Omics" Profiling (POP) project
for people with diabetes. They plan to document genomes, microbiomes, cytokines, and other measures for
adults (n=300) with diabetes over three years in order to build integrated profiles that may provide
markers for disease progression. Biochemical analyses are also profiling differences in microbiomes within
household environments (e.g. dust vs. filter) to further develop the hygiene hypothesis. Scientists hope in the
near future to harness microbiomes therapeutically, though that will likely be many years down the road in
diabetes. It is particularly encouraging that fecal transplants from healthy individuals to those with C.
difficile infections have proved more effective than antibiotic treatments.

▪ Dr. Weinstock presented data showing that compared to average healthy subjects,
athletes have "golden" microbiomes. A study of downhill bike racers show that Prevotella are
significantly more abundant in athletes than otherwise normal people (40% v. <5%), as is
Clostridiales. More notably, the main archaebacteria found in humans, Methanobrevibacer smithii,
is more abundant in professional racers. One hypothesis suggests that M. smithii metabolizes
bacterial waste products, providing nutrients and energy used by athletes' bodies.

▪ One POP subject with prediabetes progressed to diabetes after an RSV infection, which
prompted Dr. Weinstock to sequence viral genomes in conjunction with the microbiome. The advent
of human rhinovirus, for example, was shown to spike gut Ruminococcaceae and deplete
bacteriodetes, which likely affects glucose levels and contributes to diabetes.

Questions and Answers

Q: How are you going about trying to functionalize the role of taxa in promoting health or
disease, and how are you trying to distinguish species to the level of granularity needed? For
example, E. coli are both pathogenic and non-pathogenic.

A: For bacteria, the action is not at the genus or species level - it's at the strain level. With shotgun sequencing,
we can see everything; we can go down to the SNP level, we can see individual genes. Often, the analysis of
shotgun is not at the taxonomical level, but rather at the individual and functional levels. With 16S, you can
narrow it down to a species (we've done other papers where we look for polymorphisms within 16S genes that
hit down to strain level) and look for associations that way.

Q: In the clustering of C57BL/6 mice at Bar Harbor v. West, was there a small group that was
from Bar Harbor but had the microbiome equivalent to the JAX West site?

A: There could be some overlap. We didn't have as many mice from Bar Harbor as we had from JAX West.

Q: If Bar Harbor were to buy a B6 from JAX West and import it, would the microbiome be
impacted?
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A: First, when a mouse comes to you from Bar Harbor or JAX West, it will change over time. Those
experiments in Bar Harbor and JAX were not done at same time in the year. They were all fed the same
monkey chow, but could be getting different grain at different parts of the year. Within JAX west, we did eight
rooms that fell into two different groups. Groups of four were on different sides of the building and had
different microbiomes. The microbiome is an extremely sensitive asset. You pick up things you otherwise
didn't see. How important it is and how to manage it is not clear yet, but it is something we should be officially
aware of.

Symposium: Diabetes and Precision Medicine - What Can We Learn about Diabetes with
"Omics"?

MICROBIOMICS: UNDERSTANDING THE ROLE OF NUTRITION IN VASCULAR AND
METABOLIC DYSFUNCTION

Nathalie Delzenne, PhD (Université Catholique de Louvain, Brussels, Belgium)

Dr. Nathalie Delzenne discussed the role of gut microbiota in metabolic diseases such as diabetes and
obesity. Dysbiosis, the changes that occur in the gut microbiome due to diabetes, leads to a decrease in
bacterial diversity and beneficial bacteria and an increase in potentially harmful bacteria. Therefore, the
development of probiotics and prebiotics that target certain gut bacteria is an intriguing area of research in
diabetes. Dr. Delzenne presented data showing that more than 100 microbial genes are modified after
treatment with prebiotics; these modifications include an increase in bacteria correlated with intestinal L
cells in mice, which is thought to be GLP-1 dependent. In addition, metabolic diseases often are associated
with omega-3 polyunsaturated fatty acids depletion, which is considered to be linked to the gut microbiome;
just three months of depletion in a low fat diet induces hepatic insulin resistance and vascular dysfunction in
mic, and prebiotics improve the metabolic disorders in this context. Researchers are aiming to modify the
gut microbiome to restore vascular function, which may have a positive impact on obesity and type 2
diabetes as well. Although there was plenty of buzz about the gut microbiome at this year's ADA, much more
work is needed to solidify the associations between the microbiome and diabetes and to translate this early-
stage research into viable treatments for patients.

Symposium: Microbiota, Inflammation, and Diabetic Cardiovascular Disease

PROBIOTICS AND MICROBIOTA MODULATION

Max Nieuwdrop, MD, PhD (University of Amsterdam, Netherlands)

A clear theme at ADA 2016 was a surge of interest in the effects of microbiota on diabetes and metabolic
disease. Much of the research in this emerging field has been conducted in animals, but Dr. Max
Nieuwdrop's work explores the human microbiome. He and his colleagues transplanted microbiota from
lean individuals into individuals with obesity and type 2 diabetes using a procedure called fecal microbial
transplantation (FMT). To their surprise, this procedure increased the patients' insulin sensitivity to a
comparable extent as oral diabetes medications, suggesting that microbiota play a role in mediating insulin
sensitivity. In future studies, Dr. Nieuwdrop hopes to determine which particular bacterial strains are
responsible for these benefits. He foresees that engraftment with beneficial bacterial strains may soon be
used in combination with diet, exercise, and drugs as a therapy for diabetes. Although studies like this
clearly demonstrate that the microbiome meaningfully influences metabolic health, Dr. Nieuwdrop was
quick to point out that science is still a long way from demonstrating a causal relationship between
microbes and metabolism. This is a particularly relevant caveat to bear in mind when considering human
microbiome studies, which, unlike rodent studies, do not control for age, diet, or genetic background and
are thus far less reproducible.

Questions and Answers

Q: Could the success of the engraftment process be modulated by diet? In your fecal transfer
experiments did you report HOMA?
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A: We studied HOMA and oral glucose tolerance test. We did not see strong effects there; you need large
groups or a clamp to pick up a signal. And yes, I believe that diet can improve the chances of engraftment. We
are trying that with the Mediterranean diet. Of course, diet would only help the chances of bacterial
engraftment if the system is unstable to begin with. A large effect may not be expected.

Q: You talked about the Mediterranean diet having probiotic effects. It is known to be beneficial to
cardiovascular health. Could there be some magic bullet in this diet?

A: Yes, we are studying that. We are also studying the vegan microbiome. It is interesting to consider how
strong the influence of the microbiome can be on a disease that has been developing for years.

Joint ADA/ASN Symposium-Innovations in Treating Inflammation for Diabetic Kidney
Disease

THE MCP-1 INHIBITION STORY FOR DIABETIC KIDNEY DISEASE

Hermann Haller, MD (Hannover Medical School, Hannover, Germany)

Dr. Hermann Haller shared exciting preliminary data from a trial of Emapticap pegol (NOX-E36), a novel
drug that decreased albumin/creatinine ratio (ACR) by 32% compared to control in patients with diabetic
kidney disease. According to Dr. Haller, the drug targets inflammation, as it is strongly implicated in the
development and progression of diabetic nephropathy. Researchers specifically zeroed in on MCP-1, a factor
that recruits inflammation-inducing monocytes from bone marrow to the kidneys and is found at higher
concentrations in the kidney in conjunction with proteinuria and kidney injury. They developed a small,
stable left-handed RNA aptamer (a type of molecule known commercially as a Spiegelmer), Emapticap
pegol, that selectively binds and neutralizes the function of MCP-1. An initial animal study in db/db mice
offered encouraging results, demonstrating a robust reduction in glomerulosclerosis following Emapticap
treatment. A subsequent small (n=75) double-blind, 24-week phase IIa clinical trial randomly assigned type
2 diabetes patients with albuminuria (ACR >100mg/g) to either an Emapticap treatment regimen (n=50) or
a placebo (n=25). After 12 weeks, the Emapticap group saw a 32% reduction in ACR relative to the placebo
group (p=0.014). Notably, this reduction persisted for at least 12 weeks after treatment termination, a
phenomenon that Dr. Haller surmised was due to diminished monocytes in the kidneys leading to reduced
inflammation and proteinuria.

▪ Though theoretically promising, Emapticap pegol requires patients to self-administer
sub-cutaneous injections twice daily. This frequency and route of administration may be a
barrier to use, and we wonder whether it would lead to sub-optimal regimen adherence.

▪ The placebo group experienced decreases in ACR during the 12-week treatment period
that closely mirrored the decreases in the treatment group. To this point, one could argue
that the improvements in ACR were solely due to behavioral and/or psychological changes.
However, the placebo group returned to baseline ACR after the treatment period, while the
experimental group's ACR was maintained at lower levels at 12 weeks post-treatment.

▪ Though not specifically a glycemic control agent, Emapticap reduced patients' A1c by
~0.5% at the end of the 12-week treatment phase. Dr. Haller explained that MCP-1 has been
implicated in insulin resistance, so inhibiting it has the added benefit of decreasing blood glucose
and A1c.

▪ Dr. Haller was initially concerned about infections and serious adverse events in
patients taking Emapticap, but observed none in the phase IIa trial. Monocytes exist to
fight infection, he stated, so using this drug "interferes with a system that is in place for a reason."
However, inhibiting the recruitment of monocytes to the kidney did not result in a greater risk of
infection.

Questions and Answers

Q: We need to work on the biomarker side of the equation. Do you think that phenotyping
MCP-1 would be sufficient, or do you think other biomarkers should be in such a panel?
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A: I think we should first focus on MCP-1, because there may well be differences amongst healthy and
unhealthy individuals in this gene.

Q: If you were designing the next clinical trial, at what point do you think it would be the right
time to introduce anti-MCP-1 therapy?

A: We have to rely on albuminuria for the time being. Traditionally, no albuminuria means no kidney disease,
but we know this isn't always the case. The question is, can we define more phenotypic metrics? I'm a big
proponent of biopsies, we need to do more of these to diagnose diabetic kidney disease.

Pathway to Stop Diabetes Symposium

SUMMARY

A high-powered group of researchers and industry representatives gathered in a closed session on Friday
morning to hear presentations from the most recent recipients of the ADA's Pathway to Stop Diabetes
grants. Introductory remarks by ADA President Dr. Des Schatz and Dr. C. Ronald Kahn (Joslin Diabetes
Center, Boston, MA) emphasized the program's goals of promoting long-term, transformational change in
diabetes care and encouraging collaboration. They also highlighted the selectiveness of the program: the 17
grant recipients selected thus far were chosen from a pool of 330 applicants, and as Dr. Kahn put it, "those
330 people were all pretty damn good." The introductory speakers also noted that there was a concerted
effort to focus attention on this program at this year's ADA, with a dedicated poster session on Sunday and
an oral presentation session on Monday in addition to this symposium. We remain very impressed with the
Pathway initiative, which awards grants of up to $1.6 million over five to seven years to young diabetes
researchers working on innovative projects focused on everything from neuronal regulation of feeding
behavior to impaired wound healing. The program is supported by several heavy hitters in the diabetes
industry, including Sanofi, Novo Nordisk, AstraZeneca, and Lilly, and we imagine this could make it easier
for the researchers to eventually translate their findings into novel therapies. We think this program can
play a major role in shaping the next generation of KOLs in diabetes. We also hope it can promote a more
diverse group of leaders compared to the current crop (in a sign of some progress, 35% of the Pathway
grant recipients are women compared to 26% of the mentors). See below for a more detailed overview of
their work, though we unfortunately cannot provide specifics on the data presented at the symposium due to
the closed nature of the session.

▪ Dr. Praveen Sethupathy (University of North Carolina, Chapel Hill, NC) is exploring
links between obesity and the gut microbiome. His research aims to identify genetic factors
that contribute to the intestine's response to microbes under normal conditions and in obesity and
diabetes. Due to the intestine's crucial role in metabolism, Dr. Sethupathy is optimistic that this
research could eventually reveal targets for future therapies.

▪ Dr. Zachary Knight (UCSF, San Francisco, CA) is investigating neuronal circuits that
regulate food intake. While the field has a basic understanding of the mechanisms of weight
regulation by the brain, Dr. Knight aims to delve deeper into the specific circuits that allow external
cues to override normal regulation of feeding behavior. His research is focused on identifying the
signals that activate the sensation of hunger and understanding how neural circuits promote food
consumption. His goal is then to discover how these circuits are dysregulated in obesity, hopefully
opening the door for new therapies.

▪ Dr. Philip White (Duke University, Durham, NC) is using metabolomics to better
understand the biochemical signatures of diabetes and obesity. As compared to lean mice,
the metabolome of obese mice is characterized by a disequilibrium in levels of enzymes involved in
the breakdown of keto-acids in the liver. Dr. White hypothesizes that restoring homeostasis among
these enzymes could be an effective strategy for improving glucose and lipid metabolism.

▪ Dr. Andrew Scharenberg (Seattle Children's Hospital, Seattle, WA) is using gene
editing to engineer stable regulatory T cells (Tregs) in patients with type 1 diabetes.
There is evidence suggesting that Treg dysfunction is one element of the immune imbalance in type 1
diabetes that leads to autoimmune attack on the beta cells. Dr. Scharenberg aims to edit genes in T
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cells to engineer Tregs that will remain stable and protect beta cells from autoimmune attack,
potentially preventing or reversing type 1 diabetes. Dr. Jeffrey Bluestone (UCSF, San Francisco, CA)
is currently furthest along in the Treg field with a therapy in phase 1 trials, but this approach (while
at a much earlier stage) could potentially produce even more stable and robust cells with greater
efficacy.

▪ Dr. Sui Wang (Harvard University, Boston, MA) is developing biological tools to
dissect the gene regulatory networks (GRNs) mediating diabetic retinopathy. Dr. Wang
is interested in understanding the unique roles of different retinal cell types, with particular
emphasis on the molecular events underlying the disease's early pathogenesis. She hopes that an
understanding of these complex forces will leave researchers well-positioned to identify potential
therapeutic targets to arrest the progression of retinopathy in its early stages.

▪ Dr. Daniel Ceradini (New York University, New York, NY) is investigating whether
restoring a key antioxidant pathway can reverse the impaired tissue regeneration
associated with diabetes. His research has previously demonstrated that this pathway is
disrupted by hypoglycemia, and he aims to develop a therapy that can restore it and enable faster
wound healing in people with diabetes. Wound healing is an area of particularly great unmet need in
diabetes - the current standard of care consists of glycemic control and pressure off-loading - and we
are very glad to see efforts to develop novel therapies.

Type 1 Diabetes Cure Therapies and Pathophysiology

Oral Presentations: Transplantation - Basic

TISSUE ENGINEERING OF AN INTRA-ABDOMINAL ENDOCRINE PANCREAS USING A
BIOLOGIC SCAFFOLD

David Baidal, MD (University of Miami, FL)

Dr. David Baidal discussed results from a study investigating the safety and efficacy of islet transplantation
in the omentum of a 43-year-old woman with type 1 diabetes complicated by severe hypoglycemia and
hypoglycemia unawareness. According to Dr. Baidal, the omentum is an appealing transplantation site due
to its vascular supply, portal vein drainage, anti-inflammatory properties, and accessibility by minimally
invasive surgery. The transplantation process involved a total of 602,395 islet equivalents from a single
donor, which were combined with plasma from the recipient and applied gently to the omentum surface via
a laparoscopic approach. Next, recombinant thrombin and additional plasma were layered over the islets to
create a 3D biologic scaffold that adhered to the omentum, which was then folded over the scaffold.
Seventeen days after the operation, the patient displayed full insulin independence. At 75 days after
transplant, fasting and stimulated C-peptide 90 minutes after a mixed meal tolerance test were 0.80 and
2.8 ng/mL, respectively. Notably, mean glucose measured by CGM was an incredible 99±17 mg/dl; A1c
dropped to 5.6%; and euglycemia remained at six months follow-up with resolution of hypoglycemia. The
patient has required immunosuppression with anti-thymocyte globulin, etanercept, tacrolimus, and
mycophenolate sodium since the time of her surgery. Overall, islet transplantation into the omentum was
well tolerated and resulted in insulin independence; Dr. Baidal expressed hope that the "biodegradable
scaffold" platform technology may allow for future elimination of systemic immunosuppression, a key step
in enabling long-term transplantation success.

Oral Presentations: Mechanistic Insights into Genetic Risk for Diabetes

ENHANCED EARLY PROLIFERATION OF BETA-CELLS PREVENTS PROGRESSION OF TYPE 1
DIABETES

Ercument Dirice, PhD (Joslin Diabetes Center, Boston, Massachusetts)

Dr. Ercument Dirice discussed the results of several studies in mice to explore whether enhanced beta cell
proliferation early in life can prevent progression of type 1 diabetes. To do this, a liver-specific insulin
knockout (LIRKO) mouse, which is characterized by enhanced beta cell proliferation, was crossed onto the
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non-obese diabetic (NOD) model. NOD control mice developed diabetes and died at about 20 weeks of age,
whereas over 95% of the NOD-LIRKO mice survived with normoglycemia for two years. Dr. Dirice
described further studies of the NOD-LIRKO phenotype, which showed that these mice have hyperplastic
islets, increased beta cell mitosis and decreased beta cell apoptosis. The mice also showed a significant
increase in regulatory T cells (p=0.008), which prevented the progression of type 1 diabetes. Dr. Dirice
concluded that this research serves as new evidence that enhanced beta cell proliferation early in life alters
the identity of beta cells and increases T cell counts, which prevent the progression of type 1 diabetes.

Questions and Answers

Q: I wonder whether the genetic manipulation might also lead to changes early in
development or tolerance early in development that protects the beta cells? Have you looked
at that?

A: No, we did not check that, but it is something that we want to do.

Oral Presentations: Update on Cell Sources for Beta-Cell Replacement

PIG IGLET XENOTRANSPLANTATION

David Cooper, PhD (Thomas E. Starzl Transplantation Institute, Pittsburgh, PA)

Dr. David Cooper explained that for the 1.5 million patients with type 1 diabetes awaiting islet transplants
each year, allotransplantation (transplantation of cells/organs from a human donor) is incredibly unlikely,
primarily due to the shortage of donor islets. This shortage has spurred research across the globe to
genetically engineer animal organs, particularly pig islet cells, for xenotransplantation. Current research
focuses largely on eliminating barriers including immunologic responses, physiological differences, and
safety hazards. Dr. Cooper's team, in collaboration with biotech company Revivcor, is working on
genetically engineering organs from donor pigs to eliminate potential rejection by transplant recipients. He
presented research demonstrating that islet transplantation from pigs, both adult and neonatal, eliminated
insulin dependence for more than six months in nonhuman primate models in seven research groups across
the world. Anticoagulation agents (e.g. heparin), anti-complement agents, and immunosuppression therapy
were used to combat the likelihood of rejection. Safety hazards were minimized by keeping pigs in biosecure
housing and testing for 'clean' islets in culture. Combined, these techniques and precautions have enabled
graft survival for longer than 12 months after xenotransplantation. While we believe the development of
renewable sources of islet cells is a more sustainable solution to the current islet cell shortage, this approach
could represent a valuable interim option if it is validated in clinical trials.

▪ One solution that significantly delays organ rejection is engineering a transgenic pig
for human complement-regulatory proteins (e.g. CD55) to provide protection from
human complement-mediated injury. Another solution is to remove the Gal gene from the
islet-source pig, which eliminates attack of pig galactose antigens by primate antibodies.

▪ Islet xenotransplantation can be conducted either with or without
immunosuppression. Encapsulated islet transplantation is aimed toward protecting the islets
from immune injury without the need for immunosuppressive therapy, but is not entirely successful
and also results in poor nutrition of the islets. A clinical trial in New Zealand has been carried out
using encapsulated islets from wild-type pigs. Graft survival was limited. Free islet transplantation
requires immunosuppressive therapy, but has been more successful. Research groups are
continually working to knock-out further pig antigens to minimize the primate immune responses.

Symposium: ADA Pathway To Stop Diabetes Symposium

AUTOREACTIVE CD4 T CELLS TARGET HYBRID INSULIN PEPTIDES IN TYPE 1 DIABETES

Thomas Delong, PhD (University of Colorado, Aurora, Colorado)

Dr. Thomas Delong elaborated on the autoimmune pathogenesis of type 1 diabetes based on the results of a
2016 study of T cells from non-obese diabetic (NOD) mice as well from two human patients. He provided the
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background that previous research implicated the CD4 T cell response as a key component of beta cell
destruction, but these findings lacked more depth of information on the specific proteins that elicit the
autoimmune response. In a series of antigenic studies, Dr. Delong's team identified a library of hybrid
insulin peptide (HIP) sequences recognized by NOD mouse CD4 T cells. Beta cells secrete HIPs as a
byproduct of protein synthesis and degradation, so to translate these findings to human patients, Dr.
Delong's team identified similar candidate HIPs using CD4 T cells isolated from pancreatic islets of two
patients with type 1 diabetes. In particular, HIPs formed by a fusion of proinsulin C-peptide to neuropeptide
Y elicited a significant immunogenic response as compared to control media (p<0.05). The link between HIP
secretion and T cell autoimmunity thus leads to a more definitive explanation for the mechanism of beta cell
destruction, and provides an intriguing explanation for the pathogenesis of type 1 diabetes as well as other
autoimmune disorders.

Symposium: Immunobiology of Type 2 Diabetes

DENDRITIC CELLS, INFLAMMATION, AND DIABETES

Kristin Tarbell, PhD (National Institutes of Health, Bethesda, MD)

Dr. Kristin Tarbell discussed two innate immune pathways that may play important roles in the
pathogenesis of inflammation associated with diabetes and obesity: (i) the type 1 interferon pathway, which
is the body's main anti-viral response and can induce tissue damage if there is interference; and (ii) the
interleukin-I pathway, an antibacterial response induced by lipopolysaccharides that includes cells such as
monocytes and macrophages. Dendritic cells help balance immunogenic and regulatory signals in all
phases of type 1 diabetes pathogenesis, and researchers hypothesize that antigen-specific immunotherapy
will require signals that block chronic autoimmune inflammation. Dr. Tarbell focused on the type 1
interferon signal and found that non-obese diabetic (NOD) mice make more type 1 interferon but display a
blunted TLR9/IFNαR response. Lower induction of CD86 after TLR9 stimulation was observed in the spleen
and peripheral/pancreatic lymph nodes. NOD mice also have reduced STAT1 activation, which may impair
IFN-dependent tolerogenic pathways such as the indoleamine 2,3-dioxygenase (IDO) pathway. These
insights could potentially lead to new drug targets for type 1 diabetes immune therapies, though this
research is of course at a very early stage.

Symposium: Genetic Analysis of Gut Flora in Diabetes and Metabolic Disease

THE ENVIRONMENTAL DETERMINANTS OF DIABETES IN THE YOUNG (TEDDY) PROJECT

Joseph Petrosino, PhD (Baylor College of Medicine, Houston, TX)

Dr. Joseph Petrosino introduced the TEDDY project and highlighted some of its major findings. He opened
by stressing that there are many known and hypothesized contributing factors toward type 1 diabetes, such
as risk factors and environmental exposures. According to Dr. Petrosino, the goal of the TEDDY project is to
identify those environmental factors and study the immune-pathogenesis of those factors across diverse
populations in order to establish a "central repository of data and biological samples." The project recruited
8,500 neonates from various clinics in the US and Europe and followed them for 15 years, documenting
early childhood diet, cases of infection, vaccinations, and many other factors, with the goal of identifying
possible candidates that may trigger type 1 diabetes and to associate various microbiome changes with
disease progression. Dr. Petrosino showed that the study found that there are significant differences in
species abundance between islet autoimmunity cases and controls in the metagenomics data, but no
significant associations between specific taxa and outcomes. He thus noted that the working hypothesis is
that islet autoimmunity is associated with the failure to reach and maintain intestinal microbiome maturity.
As the microbiome remains extremely complex, we see these findings as a first step in attempting to find a
link but the field hasn't quite reached a point where it can identify specific players in the microbiome.
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Symposium: Issues Facing Clinical Beta Cell Replacement - Now and Later (Supported by a
grant from the Leona M. and Harry B. Helmsley Charitable Trust)

ISLET AUTOTRANSPLANTATION AFTER PANCREATECTOMY FOR CHRONIC
PANCREATITIS - MIXED BLESSINGS

R. Paul Robertson, MD (University of Washington, Seattle, WA)

Dr. R. Paul Robertson discussed a fascinating implementation of treating chronic pancreatitis with total
pancreatectomy followed by intrahepatic islet transplant to the liver (TPIAT), with the overall goal of
reducing patient pain. He shared that he feels strongly about this treatment solution, due to its alleviation of
pain, which he saw as the main issue driving poor quality of life in these patients. Dr. Robertson presented
the results post-TPIT operation outcomes, which included normally timed insulin secretion from islet beta
cells. However, a down side was the significant amount of time spent in hypoglycemia (15% time with
glucose <70 mg/dL), and defective alpha cell glucagon secretion (likely the cause of the time spent in
hypoglycemia). From these findings, he suggested that one way to counteract the hypoglycemia is to
implant the islets at the liver but also in an additional site so that glycogenolysis is not prevented by local
intrahepatic insulin secretion. Ultimately, because pancreatitis can eventually cause diabetes, Dr. Robertson
concluded very passionately that clinicians should not wait to consider the treatment of patients with
chronic pancreatitis by TPIAT.

WHY ARE SO FEW ISLET TRANSPLANTS CURRENTLY BEING DONE FOR TYPE 1
DIABETES?

Camillo Ricordi, MD (University of Miami, Florida)

Dr. Camillo Ricordi outlined the major challenges and barriers to islet transplantation in patients with type
1 diabetes. First, clinical islet transplantation procedures are reimbursed poorly and the cost, especially in
the US, is enormous: about $235,000 per transplant. On this note, Dr. Ricordi emphasized the skyrocketing
R&D costs and lengthy drug development cycles, sharing that he would rather encourage prioritizing
investment in cures over better treatment options. Second, Dr. Ricordi identified systemic chronic
immunosuppression as a major barrier to accessibility for patients with type 1 diabetes. Moving to a more
promising note, he highlighted recent good news from his institution: on June 9, a 41-year-old man became
the first type 1 diabetes patient in Europe to discontinue insulin therapy following an islet cell transplant
using a new tissue engineering technique, successfully developed by Dr. Ricordi's team at the Diabetes
Research Institute (see the presentation by Dr. Baidal). Dr. Ricordi expressed hope that this novel tissue
engineering technology will allow for more research in technologies that prevent the use of anti-rejection,
which currently limit the applicability of the procedure to the most severe cases of type 1 diabetes. Dr.
Ricordi concluded his presentation with possible solutions to the barriers on the path to developing cures.
He emphasized that cellular products and cell-based therapies should be regulated differently than drugs,
that accelerated pathways should exist for therapies in pilot trials that do not impose safety concerns for the
general population, and that public-private-partnerships are necessary to reduce R&D costs.

Symposium: More than a Gut Instinct - Potential of the Microbiome from Pregnancy through
the Life Cycle

THE EARLY MICROBIOME AND RISK FOR DEVELOPMENT OF TYPE 1 DIABETES

Mark Atkinson, MD (University of Florida, Gainesville, FL)

Dr. Mark Atkinson focused on the implications of the microbiome in type 1 diabetes, especially in children.
He reviewed major findings from the TEDDY study and presented the hypothesis that probiotic
supplementation increases diversity of the microbiome in young, high-risk patients, which then reduces
their risk of developing islet autoimmunity. According to Dr. Atkinson, diversity of microbiota is largely
considered a good sign of health, and pediatric patients who develop type 1 diabetes often lack this diversity.
A major obstacle for microbiome research in disease-specific populations is that the human microbiome
shows tremendous variability across the board. Still, Dr. Atkinson explained that the microbiome is an
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attractive area of research for those interested in type 1 diabetes because it ties together many of the
disparate environmental agents that have been associated with increasing type 1 diabetes prevalence.

Questions and Answers

Q: Have studies found the microbiome to be associated with one specific autoantibody, like
insulin, or with any autoantibody?

A: It could be any, although the first autoantibody to present is often the one for insulin.

Q: There was a recent paper comparing children in Estonia and Finland which found that loss
of bacteria early on is implicated in glucose intolerance.

A: Yes, these studies are having an important impact, because we want to stress that type 1 diabetes is
probably dependent on more than autoimmunity. There are other factors - beta cell development, pancreas
development, pancreas size, and perhaps the microbiome.

Q: Is it possible that these bacteria are making antigens contributing to the autoimmune
response?

A: From the mid-1960s until the 1980s, that was the dominant thought on how autoimmunity developed, not
just for type 1 diabetes but for many diseases. It was the molecular mimicry hypothesis - the thought that
peptides secreted by bacteria resemble something foreign and elicit an autoimmune response. Unfortunately,
that hasn't held up well for type 1 diabetes, though the notion keeps getting resurrected every few years.

Symposium: Genetic Analysis of Gut Flora in Diabetes and Metabolic Diseases

GUT MICROBIOTA AND TYPE 1 DIABETES

Aleksandar D. Kostic, PhD (Broad Institute of MIT and Harvard, Cambridge, MA)

Dr. Kostic shared evidence from several studies supporting the hypothesis that gut microbiota are rheostats
of inflammation that can detect and predict type 1 diabetes incidence prior to diagnosis. A study on non-
obese diabetic (NOD) mice showed that knockout of the MYD88 gene, thought to decrease immune response
to symbiotic microbiota, decreased incidence of diabetes. In the DIABIMMUNE Consortium study, monthly
stool samples were collected from HLA-risk-adjusted Finnish infants (n=400) from birth until four
individuals were diagnosed with type 1 diabetes. Longitudinal analysis showed that alpha diversity,
essentially the number of unique microbial species in the gut, dropped steeply one year before diagnosis for
all four children. The next study delved into Finland and Russian Karelia, adjacent regions of the world.
Habits of food storage and hygiene are relatively more developed in the former compared to the latter,
which Dr. Kostic suggested likely influenced the six-fold higher rate of diabetes in Finnish children. A three-
year study of Finnish, Estonian, and Russian children (n=74 each) controlled for HLA-risk showed higher
serum antibody levels in Finnish/Estonian than Russian infants. Distinct phylum-level bacterial profiles
showed that within the first year of life, significantly more gram-positive Actinobacteria were present in
Russian microbiomes and more gram-negative Bacteroidetes in Finnish/Estonian ones. Notably, microbial
lipopolysaccharide (LPS) acyl chains were different between the cohorts, which holds major implications on
TLR-4 activation. Also Bacteroidetes dorei LPS was shown to inhibit TLR4 activation by E. coli LPS, a
crucial species in the gut microbiome, at a 100:1 ratio in Finnish microbiomes. Lastly, B. dorei and E. coli
LPS were injected weekly NOD mice, after which the E. coli LPS showed significantly protective qualities
against T1D.

▪ In the DIABIMMUNE study, pro-inflammatory taxonomies (e.g. Ruminococcus
gnavus) spiked prior to T1D arrival, and fatty acid producers responsible for T cell
induction (e.g. Lachnospiraceae) decreased. Microbe-associated stool lipids in the children
with diabetes also showed strong associations - lithocholic acid, which actives intestinal epithelial
cells, was positively correlated with T1D while sphingomyelin, an anti-inflammation agent, showed
anti-correlation.
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▪ For the first, there is evidence showing that members of the gut microbiota have
strong immune-modulatory effects on TLR4. In vitro human monocyte stimulation of both
E. coli and B. dorei with LPS as a follow-up to the Finnish and Russian infant study showed high
levels of activation in E. coli and virtually none in B. dorei, which indicates functional differences in
microbiome species. Furthermore, stimulation of macrophages with E. coli and B. dorei LPS showed
strong differences in TNF-α activation.

▪ The gut microbiome is emerging as an increasingly important focus of study across
multiple disease areas, including type 1 and type 2 diabetes and obesity. ADA Chief
Medical Offer Dr. Robert Ratner has previously hypothesized that the rise of C-section births are
altering the gut microbiome compositions of many children at birth, which may be contributing to
the rising incidence of type 1 diabetes. At this point, little is definitely known about the impact of the
microbiome and we're likely many years of research away from any sort of therapeutic intervention
for diabetes or obesity based on the gut microbiome. We were certainly glad to see recognition of
this need for research into the microbiome at the federal level with the launch of the White House's
National Microbiome Initiative (NMI).

Questions and Answers

Q: Can you draw two cohorts together? It looks like for the Estonian kids, earlier microbial
species may provide education of immune cells, leading to inflammatory response. In the first
cohort, everything looks normal until diverges after a year. This draws the question back to
what is in cohort 1 that might be effective in priming and might be something seeing. For
example, C-sections and breastfeeding could be co-founders.

A: We tried to control for confounders - C-section and breastfeeding were pretty similar between the cohorts.
The sample consisted of only four individuals, so there is not a strong effect. Also, the first cohort was entirely
Finnish. If we compare the microbiomes early on, they are generally more pro-inflammatory compared to the
Russian cohort.

Symposium: Joint ADA/EASD Symposium - Beta-Cell Heterogeneity - Are Some Cells More
Equal than Others?

BETA-CELL SURFACE MOLECULES REVEAL DIFFERENT SUBPOPULATIONS

Philip R Streeter, PhD (Oregon Health & Science University, Portland, Oregon)

Dr. Philip Streeter presented a thorough review of his work to develop and characterize monoclonal
antibodies for cell surface molecules in order to isolate and study beta-cell subsets. He explained that
normal human beta cells have a consistent distribution of subset markers and that beta cell populations can
be defined by sequential surface antibody labeling. In contrast, type 2 diabetes beta cells are variable, often
with high expression of the cell subsets ST8SIA 1, CD9 or both, suggesting that individuals with type 2
diabetes have very different pathologies that need to be explored further. Dr. Streeter concluded that human
beta cells are in fact antigenically heterogeneous and that beta cell subtypes are not a culture artifact.
Additionally, it appears that a small set of genes that are differentially expressed in beta cell subsets affect
insulin release kinetics to control release of insulin in response to glucose. Dr. Streeter finished his talk by
calling for more research to better understand the abnormal beta cell subtype distribution in type 2 diabetes
and for more research in type 1 beta cells. We've heard from luminaries such as Dr. Robert Ratner that
diabetes - both type 1 and type 2 - is a beta cell defect at its heart and Dr. Streeter's research further
supports the view that there is something fundamentally different about beta cells within the context of
diabetes.
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Symposium: Update on Cell Sources for Beta-Cell Replacement

BETA-CELL REPLACEMENT IN TYPE 1 DIABETES - CONSIDERATION IN DESIGN OF
CLINICAL TRIALS

Bruce Schneider, MD (FDA, Silver Spring, MD)

Dr. Bruce Schneider outlined FDA recommendations on clinical trial design for beta-cell replacement
therapies and discussed strategies to improve trial design. Of the four types of cell sources (allogeneic,
hESC-derived, porcine, and genetically modified [e.g. iPSC] cells), Dr. Schneider focused on allogeneic islets
for having abundant preliminary clinical safety and effectiveness data. For phase 3 trials of allogeneic
islets, FDA guidelines acknowledge that randomized controlled trials are not feasible and find that single
arm trials may be able to provide evidence of effectiveness if the response rate is based on achievement of
insulin independence (or the composite of A1c≤6.5% and absence of severe hypoglycemic events) and the
trial is adequately sized to rule out a response rate of less than 50%. While many promising beta-cell
replacement therapies are still a while away from phase 3 trials, we're glad to see the FDA has thought
about this and proactively implemented guidelines. We hope clearer guidelines on the regulatory process for
this area of study may encourage more biotech and pharmaceutical companies to invest in the development
of such therapies though we are not holding our individual or collective breath.

▪ Dr. Schneider suggested that the traditional landmark analysis based on a single
endpoint may not provide an accurate estimate of the treatment effect. Researchers can
consider trial designs that measure overall time spent in a beneficial state (e.g. creating a composite
endpoint combining time while insulin independent with a state where A1c≤6.5% without
hypoglycemia instead of a single endpoint for severe hypoglycemia events). These trials may provide
greater insight into the short- and long-term benefits of allogeneic islet implants and Dr. Schneider
remarked optimistically on the ability of new technology to capture more detailed patient data from
these small trials.

Symposium: Protecting the Beta Cell

ENCAPSULATION

Girish Chitnis, PhD (Harvard Medical School, Boston, MA)

Dr. Girish Chitnes presented the overall biological engineering progress that has been made in
encapsulation of islet cells as a potential treatment for people with type 1 diabetes. In his eyes, the vast
benefit of utilizing the encapsulation method during an islet transplant is that is provides immunoprotection
to the islet cells, therefore eliminating the requirement for immunosuppressant drugs. He reviewed the key
components of the capsule structure that allow it to serve its function including: a semipermeable cell
containment barrier (for nutrition input and therapeutic output); surface vascularization (to stimulate
communication with the host); and a single layer islet arrangement (to maximize surface area and
therefore nutrition exposure of each islet cell). Dr. Chitnes noted that the prime challenge of this method is
that currently, the encapsulation devices hold too few islet cells, as it would take up to as many as fifty
encapsulation devices to hold the three million islet cells required for treatment functionality. According to
Dr. Chitnes, this work is ongoing with prototypes being tested in vivo with the vision of developing a more
compact functional encapsulation device for islet transplants to treat people with type 1 diabetes.

HUMAN LEUKOCYTE ANTIGEN MATCHING/IMMUNOSUPPRESSION

Bashoo Naziruddin, PhD (Baylor University, Waco, TX)

Dr. Bashoo Naziruddin discussed the evolving role of how human leukocyte antigen matching plays into the
pathogenesis of type 1 diabetes and how immunosuppression can affect transplantations in this context. He
shared that while pancreatic islet transplantation is an effective and minimally invasive procedure to attain
normoglycemia in some individuals with type 1 diabetes in the first year post-transplant, the islet graft
tends to deteriorate over the long term. Although the exact mechanism of islet graft rejection is unclear,
human leukocyte antigen (HLA) mismatching appears to play an important role in the development of an
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alloimmune response. Dr. Naziruddin explained that the HLA system encodes the major histocompatibility
complex (MHC) in humans, which is responsible for regulation of the immune system. According to him,
allogenic islet transplantations are often performed via multiple infusions, which exposes the islet
transplant recipient to a high number of HLAs. Immunosuppression can decrease HLA sensitization,
resulting in more effective transplantations. Looking to the data, Dr. Naziruddin compared the results of
several small studies evaluating different modes of immunosuppression, including the Edmonton Protocol,
anti-CD3 based immunosuppression, calcineurin inhibitor-free immunosuppression, and anti-
inflammatory treatment. Of these, anti-inflammatory treatment was found to be most effective in safely
improving islet engraftment and function, though larger and more long-term studies will be needed.

NEXT-GENERATION ISLET GRAFTS

Jose Oberholzer, MD (University of Illinois, Chicago, IL)

Dr. Jose Oberholzer illustrated the needs, benefits, and challenges of next-generation islet grafts in today's
type 1 diabetes islet graft environment. He opened by stressing that individuals with type 1 diabetes who
receive current generation islet grafts can experience satisfactory glycemic control for many years
following transplantation. Dr. Oberholzer shared that there is also considerable debate into the benefits and
risks of immunosuppression in graft recipients, and showed encouraging long term studies showing a
reduction in overall cardiovascular risk in patients with functional islet transplant despite the
immunosuppression. While some individual have passed the 10 year mark of being insulin independent
after single donor islet transplants, there still remain many challenges in making islet grafts beneficial for
all people with type 1 diabetes. As the number of human organs suitable and available for transplantation is
small, there have been serious efforts underway to investigate stem-cell derived islet cells, islet cells
originating from pigs and other animals, and non-endocrine cells of the pancreas, as well as making
isolated human islet cell grow. The latter can be achieved by viral delivery of cell cycle gene, but the use of
viruses harbors risks to the future recipients of such bioengineered islet cell sources. However on the bright
side, modified gold nanoparticle vectors have been recently developed as a biocompatible intracellular
delivery system for pancreatic islet cell transplantation, which have proven to be nontoxic while still
penetrating islets completely. Finally, once islet cells are delivered, long-term islet function can only be
achieved by forming a capsule surface around the islet cells that is permanently free of fibrosis to ensure
free oxygen, nutrition, and insulin diffusion. According to Dr. Oberholzer, researchers at MIT have
developped microencapsulation techniques that provide a drug-free bioengineering approach for beta cell
protection that could potentially be clinically applied. However, all of these methods still need to be further
researched and tested in non-human primates before being implemented in human trials.

SCAFFOLDING

Lonnie Shea, PhD (University of Michigan, Ann Arbor, Michigan)

Dr. Lonnie Shea discussed the potential of scaffolding as a powerful option for islet transplants. He noted
the promise of this strategy, as it targets extrahepatic delivery, which contrasts with the currently islet
transplantation approach used clinically and is often associated with complications such as steatosis,
lipotoxicity, inflammation and low oxygen tension. The transplantation of islets on scaffolds has allowed for
efficient engraftment of transplanted islets, and the scaffold can be manipulated to deliver factors that
enhance engraftment. Dr. Shea noted that scaffolding, however, comes with its own set of challenges.
Specifically, the scaffold for islet transplants is not immunoprotective, so patients are required to take
immunosuppressant drugs. Alternatively, scaffolds can be modulated to locally protect the islets by
modulating the innate and/or adaptive immune responses through strategies such as TGF beta delivery,
and co-transplantation of regulatory T cells. This approach is currently being investigated in large animal
models as a precursor to initiating human trials.
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Symposium: What is the Future of Immunotherapy for Type 1 Diabetes?

IL-2 IMMUNOTHERAPY

Thomas Malek, PhD (University of Miami, Miami, FL)

Dr. Thomas Malek reviewed progress made in the field to restore immune tolerance in autoimmunity with
low-dose interleukin (IL)-2. He explained that low-dose IL-2 therapy increases the number of regulatory T
cells in most individuals. As background, regulatory T cells modulate the immune system and prevent
autoimmune disease, as they can down-regulate induction and proliferation of effector (i.e., helper) T cells.
According to Dr Malek, in mouse models, low-dose IL-2 was found to safely prevent and reverse type 1
diabetes with no evidence of enhancing self-reactive effector T cells. A preliminary study of 24 individuals
with type 1 diabetes demonstrated that low-dose IL-2 therapy (typically 0.3-3 x 10 IU daily subcutaneously6

for five days) did not result in serious adverse events or deleterious changes in glucose metabolism at 60
days of follow-up. Although Tregs increased in all patients receiving low-dose IL-2, some evidence was also
presented suggesting that the response to IL-2 varied is some individuals. These findings suggest that
personalizing this therapy may eventually be helpful to identify individuals most responsive to this type of
immunotherapy. Looking forward, Dr. Malek noted that there is an ongoing phase 2 trial by Dr. David
Klatzmann (Pierre and Marie Curie University, Paris, France) that is testing the clinical benefit of low-dose
IL-2 for individuals with type 1 diabetes, which we hope provides a greater look into the mechanisms of
action of this approach in the human model.

OVERVIEW OF PREVENTION/REVERSAL TRIALS IN TYPE 1 DIABETES

Jay Skyler, MD (University of Miami, FL)

In this presentation, Dr. Jay Skyler reviewed what has and hasn't worked in the prevention and reversal of
type 1 diabetes and provided his take on the field's next steps and challenges. Dr. Skyler first opened with a
discussion on the thoughts around immunological mediation and beta cell destruction and function, noting
the wide variety of interventions that all target different mechanisms to stop immune destruction (i.e. GAD
vaccine, anti-CD20, etc.). Examining the field's research, Dr. Skyler highlighted that many efforts have
proved successful in the NOD mouse model, but very rarely in humans, as he reviewed various approaches
(i.e. antigen-based studies, immune-modulatory new onset studies, etc.) and how many of these have shown
transient or no effects in humans. Turning to approaches that have shown some success, he highlighted
studies involving cyclophosphamide, an ATG/GCSF combo, and a filgrastim/exenatide combo. Looking
forward, Dr. Skyler stressed that one of our key challenges is to identify factors that will predict specific
patients' potential responses to particular interventions. Specifically, he touched on the differences in age
seen in model-based estimates of average slopes of AUC C-peptide as well as how various blood and islet
phenotypes indicate immunological heterogeneity in type 1 diabetes. Additionally, Dr. Skyler stressed the
need for a combination therapy approach in this space, as he highlighted the potential of combining agents
involved in anti-inflammation, immunomodulation, and beta cell preservation.

Questions and Answers

Q: On combination approaches, what do you think in decision on whether or not to include an
antigen?

A: With my experience at the FDA and TrialNet, when we propose taking five drugs, people say the FDA will
never allow it. So we like to pick five drugs that are already approved, and four already combined together. All
of these have had testing in type 1 already. I wouldn't want to include a non-approved drug because then that
creates more confusion in the regulatory process. Ideally, I'd choose it but I'd choose a path easier for
regulators.

Q: The FDA has a guidance on combination therapy where none of the components are meant
to be marketed individually. What's needed to facilitate more combo therapy in
immunosuppression for type 1 diabetes? What would you like to see from ADA, JDRF, and
NIH?
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A: The FDA has been quite cooperative in thinking about this and in looking at animal models of
combinations. If you have a good rationale for something and you put it together, I think you can make a case
for regulators. Depending on how strong you make your case, regulators can be more flexible. There was a
study of Tregs in 12-17 year-olds. And one would not think about starting in that group but it happened so
they're wiling to think about doing things in new manners. I hope people on the drug side will get that view as
well.

Comment: It's disappointing that for decades now, we haven't really made much progress. We
have to get rid of the NOD mouse model for preclinical testing because we need a solid
preclinical model to transfer the best approaches to the human situation and not just on the
NOD mouse. When you use the right models, you will be able to distinguish and identify very
few combinations.

A: People should use more than just the NOD model, but I'm not quite ready to throw the NOD model down
the river yet.

Comment: The NOD mouse model is a PhD-friendly model. It's nice for PhD students to feel
like they see something positive. But it's disappointing for patients and for us. And it costs a
huge amount of money.

REPURPOSING IMATINIB FOR TYPE 1 DIABETES

Stephen Gitelman, MD (UCSF, San Francisco, CA)

Dr. Stephen Gitelman discussed the rationale, hypothesized mechanisms of action, clinical observations, and
current clinical trial of (GleeT1D) imatinib, an approved cancer drug, as immunotherapy for people with
type 1 diabetes. He shared that Imatinib or Gleevec is a tyrosine kinase inhibitor (TKI) and standard chronic
myeloid leukemia treatment drug and affects various arms of the immune system including pathways of
both the innate and acquired immune systems. According to Dr. Gitelman, there have been multiple pre-
clinical studies along with several cases of anecdotal evidence in which Imatinib has demonstrated positive
results as a treatment for type 1 diabetes. In particular, he noted that there have been cases in humans, in
which patients with both cancer and type 1 diabetes were treated with Imatinib and consequently required
lower insulin doses. With this background, Dr. Gitelman shared his design for the ongoing clinical trial
titled GleeT1D, a phase 2, randomized, double-blind, placebo-controlled, multicenter study studying the
safety and efficacy of Imatinib therapy in adults with type 1 diabetes. According to Dr. Gitelman, the study
will treat 66 newly diagnosed adults ages 18 to 45 with either 400mg of Imatinib or placebo for 6 months
with the primary outcome measurement of c-peptide levels to mark for endogenous insulin secretion, with
results expected in the summer of 2017. We love the idea of looking to cancer as an area of innovation for
diabetes, as cancer has built itself a strong evidence base and has comparatively greater resources and
expertise to pull from.

Questions and Answers

Q: In the NOD mouse models, was there still a diabetic immune system after short term
treatment?

A: Approximately half of the mice that have been treated for 10 weeks remain in lasting remission when
Imatinib is withdrawn. We suspect that the reason is multi-factorial, including a reduction of endoplasmic
reticulum stress and preservation of beta cells; reduced trafficking of T-cells to islets; and improved insulin
sensitivity. There may be additional effects on arms of the immune system, which are being further evaluated.

Q: Given the fact that you can block various tyrosine kinases, from an oncology perspective, is
there a mechanistic biomarker to assess what kinases are inhibited? Will this treatment block
the Tcells' effect of dendritic cells?

A: We have attempted to pinpoint if there is a single tyrosine kinase that must be blocked, but have concluded
from analysis to date that it is probably targeting of at least several that results in the positive effects seen in
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the NOD mouse. Further studies are also underway to determine what arms of the immune system are
affected by this therapy.

Closing the Loop and Insulin Delivery

Posters

PIVOTAL TRIAL OF A HYBRID CLOSED-LOOP SYSTEM IN TYPE 1 DIABETES (99-LB)

R Bergenstal, B Buckingham, S Garg, S Weinzimer, R Brazg, J Ilany, B Bode, T Bailey, S
Anderson, R Slover, J Shin, S Lee, F Kaufman

Medtronic presented a late-breaking poster on its single-arm, non-randomized, three-month pivotal study
of the MiniMed 670G/Enlite 3 hybrid closed loop system in 124 participants (n=94 adults, 30 adolescents).
The topline data compared to a two-week open-loop run-in period was excellent: (i) a solid 0.5% reduction
in A1c from a low baseline (7.4%); time <70 mg/dl declined 44% (6% to 3%); and time <50 mg/dl declined
40% (1% to 0.6%). Nice! - it was impressive to see the impact on A1c, given the strong reduction in
hypoglycemia and the very well-controlled population of pumpers. Notably, those with a baseline A1c >7.5%
actually saw a 1% reduction after three months on the 670G. Time-in-range (71-180 mg/dl) improved from
67% during the baseline run-in to 72% during the study, with time >180 declining moderately (27% to 25%).
While that improvement does not sound significant, it is clear from the compelling glucose profiles (see
below) that the MiniMed 670G made extreme highs (e.g., 300 mg/dl) more moderate (e.g., 200 mg/dl),
which didn't show up as improvement in time in 70-180 mg/dl. The profiles are really worth looking at -
they show how the MiniMed 670G tightened the range of glucose values throughout the entire day in both
populations, with particularly strong efficacy overnight. Total daily dose increased ~7% from baseline (48 u
to 51 u; p<0.001), though a smaller proportion of insulin was given as basal insulin (we unpack this below).
Both adolescents and adults gained a bit of weight on the MiniMed 670G: +3 lbs (1.4 kg) in adults and +2 lbs
(1.0 kg) in adolescents. While weight gain is never a positive, this does not strike us as big concern for the
670G or other hybrid closed loop systems, given potential for less hypoglycemia-induced weight gain.
Hybrid closed loop was used for an impressive 87% of the three-month study period (median), with slightly
higher usage in adults (88%) than adolescents (76%). The new Enlite 3 sensor showed a solid improvement,
with an overall MARD of 10.3% vs. reference (i-STAT) over a 24-hour measurement period (part of the
study's six-day hotel phase). This was consistent with data shown at ATTD, though only 2% of points were
in hypoglycemia.

▪ Overall, we see these pivotal data as very encouraging for the entire field of automated
insulin delivery. This study was clearly designed for speed and to prove safety to the
FDA, so it's hard to read too much into the efficacy results, where were not pre-specified
endpoints. Still, reducing A1c 0.5% at the same time hypoglycemia declined 44% is a huge win - and
the results were consistent in adolescents and adults. This was also a very real-world study in
current pump users, some of whom were on CGM prior to study start. It's clear that automated
insulin delivery will make a difference even with first-gen hybrid closed loop products, and even in
well-controlled patients. Of course, the hope is it can really improve outcomes for those with an A1c
>10% or at high risk of severe hypoglycemia, groups that were both excluded from this study.

▪ In talking to investigators, the patient reactions they've heard have been even more
impactful than the data. Said Dr. Rich Bergenstal, "This is a definite step forward. Beyond what
the numbers say, the true benefit is in the stories of sleeping at night, peace of mind. I'm happy to
get a little help from technology." With an FDA submission planned before the end of this month,
and 80% of pivotal study patients using this device as part of the FDA's continued access program,
we assume many of the other pump companies are nervous about these results. Of course, that will
push all of them to move faster and differentiate their offerings.

RESULTS

▪ The MiniMed 670G drove a strong 0.5% reduction in A1c from a low baseline (7.4%;
p<0.001), including a 1% A1c reduction in patients with a baseline A1c >7.5%. Those
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with a baseline A1c of 7.0-7.5% saw a 0.3% reduction in A1c, while those with an A1c under 7% saw a
0.1% reduction in A1c. By the end of the study, 55% of trial participants had an A1c <7%, up from
31% at baseline.

◦ The A1c improvement was consistent and highly significant across adults and
adolescents: -0.5% in adults (baseline: 7.3%) and -0.6% in adolescents (baseline: 7.7%).
Both were highly significant with p<0.001.

◦ It is notable to see the impact on A1c, given the 44% reduction in
hypoglycemia (see below) and the well-controlled population. We're especially
glad to see a strong 1% improvement in those with an A1c >7.5%, which brings hope this
will be even more effective in those with an A1c >10% (who were excluded from the study).

Baseline
(open loop:

pump+CGM)

Study Phase
(hybrid closed loop)

Change P-value

A1c - All 7.4% 6.9% -0.5% p<0.001

A1c - Adults 7.3% 6.8% -0.5% p<0.001

A1c - Adolescents 7.7% 7.1% -0.6% p<0.001

A1c Change if Baseline <7.0% -0.1%

A1c Change if Baseline 7.0%-7.5% -0.3%

A1c Change if Baseline >7.5% -1.0%

▪ The MiniMed 670G tightened the range of glucose values throughout the entire day,
particularly overnight. The modal day plots below show the median and interquartile range of
sensor glucose values throughout the day and night in all patients (Panel A), adults (Panel B) and
adolescents (Panel C). The gray band and dotted line shows the run-in phase, while the pink band
and solid line show the study phase.

◦ Consistent with pre-pivotal trials, the MiniMed 670G is most impactful
overnight, driving patients down to ~140 mg/dl by early morning, tightening the range of
overnight values, and eliminating hypoglycemia.

◦ These modal plots really capture how much hybrid closed loop can make a
difference at all times of day, even if it still requires manual boluses. Of course,
systems are only going to get better with subsequent generations and faster insulin, and
hybrid closed loop is a valuable first step.

Figure A: Modal Day - All Patients
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Figure B: Modal Day - Adults

▪ The 670G narrowed the range of glucose values in well-controlled adults, though was
slightly more conservative than open-loop therapy during the day. Note in the below that
the black average line at most daytime points is higher than the dotted average line. This makes
sense given the well controlled, early adopter study population and first-gen hybrid closed loop.
Future generation products with more aggressive algorithms and faster insulins should drive further
improvement during the day.
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Figure C: Adolescents

▪ The 670G showed excellent efficacy in the tough adolescent population, improving
hyper glycemia at all times of day, particularly extreme highs after breakfast and moderate
highs in the evening. Average glucose levels were fairly consistent, with perhaps a slight edge to the
670G.
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▪ Time-in-range (% of SG in 71-180 mg/dl) improved from 67% during the baseline run-
in to 72% during the study, with time <70 mg/dl nearly halved (6% to 3%), time <50
mg/dl declining 40% (1% to 0.6%), and time >180 improving moderately (27% to 25%).
All had p<0.001, and the improvements were pretty consistent between adults and adolescents.
[Exceptions: adults saw more benefit on time <50 mg/dl, while adolescents saw more improvement
in time >180 mg/dl.]

◦ While the improvement in time-in-range does not sound significant, there are
several critical factors to consider: (i) the reduction in hypoglycemia is very
meaningful; (ii) patients were doing quite well during the run-in (67% in range); and (iii)
based on the glucose profiles below, the MiniMed 670G clearly made extreme highs (e.g.,
300 mg/dl) more moderate (e.g., 200 mg/dl), which didn't show an improvement in time
in 70-180 mg/dl, but still improved overall glycemia (see profiles below). The latter also
explains why A1c improved at the same time hypoglycemia declined (which should raise
A1c) and time >180 mg/dl didn't change significantly.

Run-in
(open loop: pump+CGM)

Study Phase
(hybrid closed loop)

P-value

% of SG* <50 mg/dl 1.0% 0.6% p<0.001

% of SG <70 mg/dl 5.9% 3.3% p<0.001

% of SG 71-180 mg/dl 66.7% 72.2% p<0.001

% of SG >180 mg/dl 27.4% 24.5% p<0.001

Within Day SD of SG 50 mg/dl 47 mg/dl p<0.001

* SG= Sensor Glucose

▪ The MiniMed 670G increased total daily dose ~7% from baseline (48 u to 51 u;
p<0.001), though a smaller proportion of insulin was given as basal insulin. Since the
MiniMed 670G only automates basal insulin delivery, the implication is patients were taking more
manual boluses on hybrid closed loop (either in number or larger in size). Were they eating more or
differently while on hybrid closed loop? If so, this could also explain the slight weight gain (see
below)? The increase in insulin dose does not seem clinically significant, and many other studies
have shown less or the same amount of insulin given.

Baseline
(open loop: pump+CGM)

Study Phase
(Hybrid closed loop)

P-value

Total Daily Dose 47.5 u 50.9 u p<0.001

% as Basal Insulin 53% 47% p<0.001

▪ Both adolescents and adults gained a bit of weight on the MiniMed 670G: +3 lbs (1.4
kg) in adults and +2 lbs (1.0 kg) in adolescents. Oddly, these were both higher than the
average weight gain for the overall study population reported on the poster (+1.5 lbs / 0.7 kg), so
we've broken them out separately - we're not sure what's happening there but are following up with
Medtronic.

◦ While weight gain is never a positive, this does not strike us as a major
concern for the 670G or other hybrid closed loop systems. We would not be
surprised if further analyses reveal different eating behaviors while on hybrid closed loop.
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Keeping patients out of hypoglycemia could also help them lose weight, so the weight piece
seems a bit difficult to interpret at this stage.

Baseline
(open loop:

pump+CGM)

Study Phase
(hybrid closed loop)

Change P-value

Weight - Adults 79.9 kg 81.3 kg +1.4 kg p<0.001

Weight -

Adolescents

67.4 kg 68.4 kg +1.0 kg p<0.001

▪ Hybrid closed loop was used for an impressive 87% of the three-month study period
(median), with slightly higher usage in adults (88%) than adolescents (76%). This was
not further specified, but we see this usage as encouraging in a well-controlled population. Plus,
>80% of pivotal study participants have continued using the system through the FDA's continued
access program, a good sign the benefits are worth it from a patient perspective.

ENLITE ACCURACY

▪ The new Enlite 3 sensor showed a solid improvement, demonstrating an overall
MARD of 10.3% vs. reference (i-STAT) over a 24-hour measurement period (part of
the six-day hotel phase). There were very few points in hypoglycemia (2%) and hyperglycemia
(25%), making it hard to compare this accuracy with other sensors. Still, the results are pretty
consistent with what we've seen for Enlite 3 in other studies, including 11% in the pre-pivotal study
presented at ATTD. Larger and more robust studies of Enlite 3, presented in four poster abstracts
here at ADA 2016 (879-P, 897-P, 901-P, 916-P), suggest a similar ~10% MARD.

◦ Medtronic still recommends 3-4 daily calibrations for Enlite 3, though the poster
did not specify how many occurred in this study. We're also not sure on what day of the
sensor life this 24-hour CGM-reference accuracy comparison occurred.

Reference Glucose Range Mean Absolute Relative
Difference (MARD)

Percentage of Points in
Range

Overall 10.3% -

>180 mg/dl 11% 25%

71-180 mg/dl 9.8% 73%

<70 mg/dl 12 mg/dl* 2%

STUDY STRENGTHS AND LIMITATIONS

Strengths Limitations

Multicenter design to evaluate safety (10 sites)

Large number of subjects, both adults and

adolescents, using the system for 24 hours per day

Three months of unsupervised home use of system

Time in target confirmed by reference blood

glucose measurements during hotel stay

Single-arm, non-randomized design with no pre-

specified efficacy endpoints

Data quantity imbalance between run-in (two

weeks) and study phases (three months)

Exclusion of subjects with A1c >10%, recent

episodes of severe hypoglycemia or recent DKA

STUDY BACKGROUND AND POPULATION
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▪ This single-arm, non-randomized study enrolled pump users (≥6 months), with or
without current use of CGM. Participants had to have type 1 diabetes for ≥2 years, an A1c <10%,
and age 14-21 years old (adolescents) or 22-75 years old (adults).

◦ Adolescent participants (n=30) had a mean age of 17 years, mean A1c of 7.7%, a mean
BMI of 24 kg/m , and a total daily dose of 0.8 u/kg/day. The study enrolled 16 adolescents2

females and 14 adolescent males.

◦ Adult participants (n=94) had a mean age of 45 years, mean A1c of 7.3%, a mean BMI
of 27 kg/m , and a total daily dose of 0.6 u/kg/day. The study enrolled 53 adult females2

and 41 adult males.

▪ The MiniMed 670G/Enlite 3 was used in open-loop mode (with CGM) during a two-
week run-in phase (baseline), then in closed-loop mode in a three-month study phase
(unsupervised). The three-month phase included a six-day, five-night hotel stay for supervised
activity and frequent venous blood glucose measurements (during one 24 hour period) with a
reference instrument (i-STAT). This study was conducted at 10 sites in the US and Israel.

▪ The 670G hybrid closed loop algorithm (ePID) automatically increases or decreases
basal insulin, but all boluses require user input and confirmation (i.e., meal and
correction boluses). Though not noted on the poster, here's what we know about the algorithm: it
targets 120 mg/dl, which can be raised to 150 mg/dl during exercise; it has a max limit on insulin
delivery per hour and uses basal modulation to keep blood glucose in range (i.e., a hybrid closed
loop that still requires meal boluses, and it cannot just correct a 350 mg/dl in one big correction
bolus); it gives a new dose every five minutes; the 670G uses open-loop parameters to initialize
hybrid closed loop (total daily insulin, basal, insulin:carb, insulin sensitivity factor); at the start of
hybrid closed loop, there is a sensor accuracy check, along with a glycemic target adjustment for a
smooth transition to closed-loop; the algorithm can adapt over time as things change; the 670G will
revert to open loop if the sensor is inaccurate; and it will switch to safe mode or the pre-
programmed basal rate in cases like sensor failure.

◦ It's worth noting that a missed meal bolus on the 670G hybrid closed loop
could still mean several hours above range, as the higher basal rate will take a while
to bring blood glucose back in zone. Still, the system is clearly much better than most
patients are doing right now, and the hybrid closed loop is a great way to go until insulin
gets faster and algorithms get even smarter.

POST 670-G UPDATE

▪ Medtronic's post-670G product will further close the loop by performing automatic
correction boluses based on CGM values. Medtronic's dinner during ADA suggested it
will enter a clinical study this month (June) and be called the MiniMed 690G. This
product will integrate the DreaMed MD-Logic algorithm to close the loop further - instead of only
increasing basal insulin to gradually mitigate highs (670G) and bring blood glucose back to target,
the next-gen algorithm will add automatic bolusing to correct highs. That should improve time-in-
range much more and make the system more aggressive with missed meal boluses. The pre-ADA
Analyst Meeting showed a picture of a smaller, touchscreen-looking, future-gen pump platform, but
we've confirmed with Medtronic that is not the 690G.

REAL-WORLD USE OF OPEN SOURCE ARTIFICIAL PANCREAS SYSTEMS (104-LB)

D Lewis, S Leibrand, and the #OpenAPS Community

This illuminating poster presented self-reported outcomes from 18 out of the first 40 users of OpenAPS, the
DIY automated insulin delivery system created by Ben West, Dana Lewis, and Scott Leibrand (now over
150,000 hours of AID use outside any clinical trial setting!). While using OpenAPS, self-reported outcome
measures showed median A1c dropped from 7.1% to 6.2%, an impressive 0.9% reduction in a well-controlled
and motivated population. Self-reported median percent time-in-range (80-180 mg/dl) increased from 58%
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to 81% - consistent with presentations of actual data we've seen recently from Mark Wilson (Day #1) and
Chris Hanneman (D-Data last fall). Fourteen out of 15 respondents reported some improvement in sleep
quality, and 56% reported a large improvement. Respondents were "extremely satisfied with the "life
changing" improvements associated with using an APS," even if they "require significant effort to build and
maintain" and "cannot be considered a technological cure." The poster notes that OpenAPS is designed to be,
and has been, far safer than standard pump/CGM therapy, as measured by duration of hypoglycemia and
hyperglycemia, with no reports of severe hypoglycemia or hyperglycemic events. The OpenAPS design
considerations posted here are pretty instructive on the safety front (only temp basals, no automatic
correction boluses, etc. - much like the 670G hybrid closed loop!). Our takeaways from this poster and
inspiring community are: (i) automated insulin delivery can make a huge difference, even for well-
controlled patients; (ii) even though the system is burdensome to set up and wear, patients would not do it
and use it unless the benefits were worthwhile; (iii) lots of learning is occurring in the OpenAPS community
that could be leveraged for commercial systems; (iv) OpenAPS could push the FDA and industry to move
faster, and that is a good thing; and (v) the relative risks here seem low, given the setup burden, the solid
design for safety, and real-world dangers of insulin therapy.

▪ As an aside, and as would be expected, patient researchers - like any other researchers
- buy badges to present posters. That is part of supporting ADA in bringing together so
many researchers for discussion. However, patient-researchers do not have funding
from work environments like manufacturers or universities. This creates a wonderful
opportunity for a foundation or other organization to endow funds to create a pathway for patient
researchers to not lose savings to present their data. We hope patient research will increasingly be
supported by the existing healthcare community, since greater dialogue can be particularly
beneficial. We are eager to see more patient learning make its way into professional organizations,
such as Dr. Joyce Lee's commentary from "Digital Health: Hope or Hype?" and we hope that can
change. We salute Dana and Scott for submitting this poster and getting it accepted as a late-breaker
and we look to the field to come up with creative solutions to support this work.

▪ OpenAPS now has over 80 users worldwide, though only 40 were using the system at
the time of abstract submission, which makes this 18-person evaluation a near 50% response
rate. Of course, as with any other research, the self-reported component of the outcomes may be
interpreted cautiously.

▪ The poster has an instructive discussion section, noting that some healthcare
providers are supportive of OpenAPS, and others showed a "lack of interest." However,
OpenAPS experiences "are instructive for what patients can expect from commercial APS when they
become widely available, and can help HCPs be prepared to set patients' expectations properly when
discussing or recommending APS." We totally agree and hope to see more dialogue between the
traditional healthcare community and the OpenAPS community.

▪ The poster's questions for HCPs to consider are also fascinating:

◦ Artificial pancreas systems are already here. One of your patients may already
be building one. Would you know it if they are? Do you discuss with your patients which
tools they choose to use to help manage their diabetes?

◦ APS are a powerful tool, but not a cure. Patients and HCPs will still need to do a lot
of work to use them effectively to improve diabetes management.

◦ Patients and HCPs must educate themselves and each other on how APS can be
used effectively in daily life.

▪ Though OpenAPS has improved in wearability and form factor, it still requires
carrying extra gear, as accessing pump commands remains difficult. The community has
posted all the reference design, documentation, code, and community channels at
www.openAPS.org, though this system requires a fair amount of effort and motivation to put
together - hence why we don't see it as high risk right now. In the process of building it, users must
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intimately understand how it works, and it is certainly not plug and play. We know smart people
using the system now that spent hundreds of hours setting it up.

PATIENT USER EXPERIENCE EVALUATION OF BOLUS PATCH INSULIN DELIVERY SYSTEM
(995-P)

V Zraick, D Dreon, R Naik, D Shearer, S Crawford, J Bradford, and B Levy

This poster presented solid data demonstrating that patients (n=44; 40 with type 2, four with type 1) were
very pleased with J&J's OneTouch Via (formerly Calibra's Finesse), a "discreet, wearable, on-demand,
mealtime insulin delivery solution." Over 50% of the cohort completed product training within a half hour -
a strong testament to the usability of the bolus-only, three-day wear device. Following the eight-week trial,
86% of users reported being extremely/very satisfied with the system, and 79% were extremely/very likely
to request a prescription from their HCP. Similarly, 74% of patients said that they would incorporate the
Via into their routine. There was an interesting learning curve that emerged in the data: After week one,
patients reported that they dosed with the Via the same number of times that they typically would with their
pen/syringe. By the midway and end points of the study, patients had adjusted to the device, and >50%
reported injecting prandial and snack-time insulin more frequently than they had with their pens/syringes.
Of course, because information about dosing frequency was self-reported, it's hard to know how dosing
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actually changed. We will be curious to see the results of the ongoing OneTouch Via outcomes study (n=312),
which has a primary completion date set for this December. J&J reported at its Medical Device Business
Review last month that it will file OneTouch Via for approval in 2H16, and we've learned from the company
that it will be commercially available in select market outside the US by late 4Q16, with US to follow soon
thereafter in early 2017 - this is an update from the Medical Device Business review, which called for a
launch within the next 12 months (by May 2017).

▪ HCPs were also big fans of the OneTouch Via! Every single one was satisfied at the end of the
eight-week usage period and was likely to recommend. A large majority also viewed the Via
favorably when compared with syringes and pens.

▪ This simple device has the potential to improve regimen adherence. With the Via, the
majority of users in this study reported satisfaction with their abilities to (i) discreetly and easily
administer a bolus in public without painful injections, (ii) worry less about the possibility of
forgetting pens/syringes, and above all, (iii) lead less stressful lives. Thus the Via overcomes many
barriers to usage associated with MDI.

GLUCOMMANDER OUTPATIENT, A CLOUD-BASED INSULIN MANAGEMENT SOLUTION
ADJUSTED INSULIN DOSES AND ACHIEVED 2.7% DROP IN A1C PERCENTAGE POINTS
(84-LB)

John G. Clarke, Bruce W. Bode

A Glytec poster (84-LB) showcased very impressive results from a 41-patient, uncontrolled, 3-month,
outpatient study testing its Glucommander insulin dosing clinical decision support software - from a high
baseline A1c of 10.3%, patients ended three months with an estimated average A1c of 7.6% (p<0.000001).
The study enrolled 41 type 1 and type 2 patients (mean age: 38 years, BMI: 32 kg/m ) at Dr. Bruce Bode's2

clinic in Atlanta, who were treated for 12 weeks with Glucommander Outpatient. The cloud-based software
provided periodic insulin dose titration recommendations to a provider based on analysis of a patient's
SMBG glucose data, communicated wirelessly via the cellular-enabled Telcare meter. The provider then
communicated the new insulin doses to patients via text message or email. The topline findings from this
small study are very impressive - patients using Glucommander saw a 2.7% reduction in A1c (baseline:
10.3%) at three months, and only 1.6% of blood glucose values were <70 mg/dl. Strikingly, no values were
<40 mg/dl and, on the human factors side, patients satisfaction results indicated that 96% of patients would
recommend the service to family and friends. The poster hinted at Glytec's strong long-term data as well,
citing a smaller cohort of patients that have continued on Glucommander for six (n=14) and nine (n=5)
months and have maintained this 2.7% reduction. Small cohorts, but still, this is a whopping improvement.
The outcomes are encouraging given the challenges of titrating insulin and the potential for this software to
scale expertise, though larger prospective randomized clinical trials are needed to confirm these positive
early findings from an uncontrolled study. The company does plan to begin a larger study that includes
cost-related metrics such as readmissions, emergency room visits, medication adherence, and healthcare
provider productivity, and we're hopeful that data will show this kind of clinical decision support is very
warranted (a "no-brainer" many say). We're not sure what the business model looks like going forward, but
assume Glytec's in-hospital experience will be very valuable as it thinks about going outpatient. As a
reminder, Glucommander Outpatient is already FDA-cleared and is in the process of being deployed across
the US. See our previous in-depth coverage here.

▪ How could the Glucommander software be scaled? Could it be packaged with existing
devices or even drugs? We've long thought that insulin-dose titration is a missing piece in the
diabetes data ecosystem, and this early data shows how much can be done (and parallels what
Hygieia has shown in Europe). We wonder how this Clinical Decision Support software could be
packaged with existing devices or even drugs on the market to enhance their effectiveness in the
hands of providers. We also have to assume this product saved tremendous provider time, and we
look forward to seeing larger studies showing cost-effectiveness. This is where we see digital health
really driving better outcomes: collecting data seamlessly and making valuable recommendations
that drive seriously better outcomes with less effort.
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DO TYPE 1 DIABETES PATIENTS REALLY WANT AN ARTIFICIAL PANCREAS? (1005-P)

S Franc, I Xhaard, L Orlando, M El Makni, M-H Petit, C Randazzo, and G Charpentier

This poster investigated real-world attitudes about closed-loop systems, asking 101 patients with type 1
diabetes to fill out an artificial pancreas questionnaire before and after a presentation about what such a
system entails. The informational forum increased the number of patients expressing a desire to use
automated insulin delivery - from 40% to 67% - though we were far more surprised by what the
questionnaire revealed about the confusion around "artificial pancreas" terminology. Before the session,
42% of patients thought that an artificial pancreas involved an organ graft and 18% thought it was a
smartphone app; these numbers changed to 16% and 68%, respectively, following the informational forum,
though we're still a bit shocked that many patients maintained these perspectives following the session [It
does makes us wonder about how rigorous and engaging this training was, and how hard automated
insulin delivery is to explain.] The session was more successful, however, at convincing patients that the
artificial pancreas will be safe and beneficial: the percentage of patients reporting that they would be
"extremely likely" to wear an artificial pancreas if it were available grew from 24% before the forum to 41%
after it. Overall, it's tough to read too far into the results considering how little is known about how these
questions were asked, how the informational session was conducted, and who these patients were -
however, the findings do hint at a general lack of knowledge about these devices and at the need for more
rigorous educational efforts to counter misperceptions about what an artificial pancreas actually is.

▪ The poster reported that the recency of diagnosis (p=0.014), the existing use of pumps
vs. MDI (p=0.058), and the willingness to use a smartphone to manage the device
(p=0.038) were all positive predictors of desire to use an artificial pancreas. However, a
number of other factors were not positively correlated: (i) dissatisfaction with current therapy; (ii)
hope of improved HbA1c levels, decreased risk of hypoglycemia, or associated complications; (iii)
hope of improved freedom or comfort; and (iv) the length of time needed to develop the device.

▪ Given that pump use positively predicts desire to use the artificial pancreas, we
wonder whether this study may have overestimated the number of patients that would
be accepting of such a device. Notably, 67% of patients who filled out the survey reported that
they use an insulin pump. In a cohort that is more representative of the global MDI vs. pump
distribution, we wonder whether fewer subjects would have expressed interest in an artificial
pancreas.

▪ The artificial pancreas will make insulin therapy safer, increase time-in-range, and
could improve burden, but patients certainly will not accept it if they do not
understand it. We came away from this study reminded that for the product to make the impact
we hope it will, the field needs a much more coordinated education effort to teach patients and
providers how an artificial pancreas works and how it could benefit them.

BARRIERS TO DEVICE UPTAKE IN ADULTS WITH TYPE 1 DIABETES (914-P)

M Tanenbaum, S Hanes, K Miller, D Naranjo, and K Hood

This study invited 1,503 adult patients (mean age=35 years) in the T1D Exchange to take a 30-minute web-
based survey in order to understand barriers to insulin pump and CGM uptake. Coming into the survey,
32% of patients reported using both a pump and CGM, while 5% used just a CGM, 38% used just a pump,
and 25% used neither. Unsurprisingly, a majority of patients cited financial burden as the biggest barrier to
the use of either device - 60% of patients expressed concern about insurance coverage, the cost of the device,
and the cost of supplies. Other popular barriers appeared far more modifiable: 35% did not like having
diabetes devices on their bodies, 47% did not like the hassle of having to wear the device all of the time, 26%
did not like how the diabetes devices looked on their bodies, and 20% were nervous that the device might not
work. The survey also asked patients who had discontinued use of their devices for their rationale - patients
reported abandoning CGM because of too many alarms, inaccurate data, a distaste for the device on their
body, time requirements, or discomfort, while a majority of patients discontinued use of pumps because
they didn't like the device on their bodies or because the device was uncomfortable. We wonder how
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attrition breaks down by manufacturer. Younger adults (18-25 years old) were less likely to use devices
than older adults, and this younger population had higher levels of diabetes distress and higher A1cs.
Overall, findings suggest that cost remains the biggest barrier to address, but size on the body is not far
behind. We wonder if many of the CGM quitters were on earlier systems that were less accurate (e.g., Seven
Plus), and perhaps they would be less frustrated with the more accurate out now or coming soon. Of course,
with self-reported data, there is always some question about the reliability of results, though the data echo
much of what we hear about the real-world barriers to device uptake anecdotally.

▪ We'd note that CGM users in this study were five times more likely to be on a pump
(38% used pump+CGM vs. 5% used MDI+CGM), echoing what Dexcom has long said - patients are
more likely to be prescribed a CGM if they are already on a pump. We hope the positive results from
Dexcom's DIaMonD study can change that (see Drs. Howard Wolpert and Elena Toschi's talks
elsewhere in this report).

▪ The survey also compared the differences between CGM users and non-users. CGM
users were, on average, five years older than non-users (38 years vs. 33 years; p <0.001), viewed
technology more favorably, and had significantly lower A1cs (7.3% vs. 7.7%; p =0.003).

CLOSED-LOOP CONTROL REDUCES HYPOGLYCEMIA DURING EXTENDED WINTER-SPORT
EXERCISE IN YOUTH WITH T1D: THE AP SKI CAMP (103-LB)

Daniel R. Chernavvsky, Mark Deboer, Jessica Robic, Boris P. Kovatchev, Marc D. Breton

This poster shared findings from an RCT that investigated the efficacy and durability of UVA's DiAs closed-
loop system (n=8) vs. SAP therapy (n=8) in 16 adolescents with type 1 diabetes at a five-day ski camp (five
hours of skiing/day!). The intense physical activities - compounded by altitude (~1,300 meters) and cold
weather (-10 degrees Celsius) - brought a higher risk of hypoglycemia and a super challenging setting for
testing closed loop. Overall, findings were consistent with the group's previous impressive results and
indicated that patients on closed-loop therapy experienced far tighter glycemic control than those on SAP -
overall time spent <70 mg/dl decreased from 4.1% (SAP) to 1.6% (CL) (p=0.008) and nocturnal time spent
<70 mg/dl decreased from 3.6% (SAP) to 1.6% (CL). Consistent with these findings, the incidence of
overnight hypoglycemia treatments were cut roughly in half on closed-loop control (2.6 treatments/subject/
day vs. 5.3 treatments/subject/day (p=0.04). There were no AP-related adverse events and patient
evaluations of the system and study were reportedly overwhelmingly positive. Ultimately, the results
confirm that UVA's closed-loop system performs reliably and safely in cold temperatures, reducing
hypoglycemia during and after intense prolonged exercise. The UVA's system's daytime target is 160 mg/dl,
which makes it a bit conservative for tightly controlled patients, but excellent at mitigating lows. Bigger
picture, we loved the very real-world nature of this study, and as systems get closer to commercialization,
we'd love to see additional groups test their closed-loop systems in similarly rigorous environments in even
larger populations. These "edge cases" will inform patients' experience with closed-loop systems, and it's
crucial (for safety and peace of mind) that products are robust to the toughest real-world challenges: sensor
offline, sensor inaccurate, incorrect fingerstick calibration, kinked or occluded infusion set, denatured
insulin, water, high heat, etc.

Oral Presentations: Closing the Loop on Insulin Management - Are We There Yet?

AUTOMATED ARTIFICIAL PANCREAS SYSTEM IN TYPE 2 DIABETES IN THE GENERAL
WARD: A RANDOMISED, CONTROLLED, PARALLEL-DESIGN STUDY (84-OR)

Hood Thabit, MD (University of Cambridge, UK)

Dr. Hood Thabit presented brand new, exciting data from the Cambridge team's automated insulin delivery
system in inpatient type 2 diabetes - the first of this kind of closed-loop study ever done. The study shared
striking improvements in efficacy and safety vs. the truly grim standard of care achieved with open-loop in
the hospital. The parallel-arm study randomized 24 patients to receive either closed-loop therapy (n=12) or
conventional subcutaneous insulin therapy per clinical guidelines with masked CGM (n=12) for a period of
72 hours. The data looked outstanding and terrifying at the same time - closed-loop control significantly
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improved time-in-target from 38% to 61% for the 100-180 mg/dl range (p<0.001). Mean glucose improved
from 182 mg/dl to 161 mg/dl (p=0.065), though that signal was not significant. The study used
unannounced meals, which made control much harder in the closed-loop arm. There was absolutely no
difference in hypoglycemia in this type 2 population: time spent < 63 mg/dl = 0% [CL] vs. 0% [OL]. On
safety, there were no severe hypoglycemia or adverse events associated with diabetes therapy and total
daily insulin did not differ between the groups (63 units per day [CL] vs. 66 units per day [OL]). Ultimately,
we were not sure what to expect coming into this oral, but the group's impressive track record certainly
delivered in another new setting. Ultimately, we left the presentation reminded yet again of the very
negative state of current inpatient glucose management. Indeed, we were downright disheartened by the
standard of care overnight (mean glucose = 202 mg/dl; see below), and the findings served as a striking
reminder of: (i) the need for glucose management education in the hospital setting; and (ii) the great
potential for inpatient technology to improve diabetes management and resulting outcomes. The tendency
to accept hyperglycemia in inpatients is truly wrong.

▪ We were particularly impressed with data overnight Dr. Thabit shared - see Table 1
below. Closed-loop control doubled nocturnal time-in-target from 29% to 59% for the 100-180 mg/
dl range (p<0.001), while mean glucose improved from 202 mg/dl to 161 mg/dl (p=0.065) with no
hypoglycemia. There were zero episodes of glucose < 63 mg/dl on closed-loop vs. isolated incidents
on open loop, making the hypoglycemia difference significant overnight too. We imagine nurses and
other hospital-based HCPs would appreciate the chance to safely reduce blood glucose - many are
very scared from what we know to have patients at "normal" blood glucose levels, given the risk (real
or perceived) of hypoglycemia. Many inpatients likely run "high" against their wishes.

▪ This trial did NOT use meal announcements, making this the first fully automated
closed-loop Cambridge study. All the type 1 studies have used meal announcements, but Dr.
Thabit stressed that a fully automated system is particularly practical in the inpatient type 2 setting
where patients and nurses are less well educated - more on this below.

▪ Dr. Thabit shared very positive user experience data from type 2 patients on the
closed-loop system. According to Dr. Thabit, a majority of these patients had never been on a
device previously, making these glowingly positive results all the more impressive.

◦ Were you happy with your glucose levels in the hospital during the study?

◦ Better than expected: 17 patients.

◦ What you expected: 3 patients.

◦ Worse than expected: 0 patients.

◦ Were you happy to have your glucose levels controlled automatically by the
system?

◦ Better than expected: 18 patients.

◦ What you expected: 1 patient.

◦ Worse than expected: 1 patient.

◦ If a friend or family member was in the hospital, would you recommend this
system to them?

◦ Yes: 19 patients.

◦ No: 1 patient.

◦ Would you be willing to wear a portable version of this system as part of your
diabetes treatment at home?

◦ Yes: 17 patients.

◦ No: 3 patients.

Questions and Answers
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Q: This is a very important study. Thank you. On the first day when sensors were not as
accurate, did you wait any period of time before starting closed loop?

A: We did not wait. Once the sensor was put in and one hour warm-up period elapsed, closed loop went
online.

Q: In the closed-loop group, how did you decide how much Lantus to use?

A: Our decision to give 20% Lantus was a pragmatic one after chatting with clinical colleagues abut what
would avoid ketosis.

Dr. Hans DeVries (Academic Medical Center, Netherlands): I believe this is the first study
from Cambridge when meals were not announced. Can you talk about the rationale behind
that?

A: The decision to go with a fully closed-loop system was pragmatic because we expect this will be used this
way in the real world. The last thing we want is for nurses or patients to miss a meal announcement. Our
hypothesis was that in the type 2 diabetes population in the hospital, a fully closed-loop system is needed
because patients and nurses are not as well educated.

Q: What was the patient perception like?

A: We got a very positive endorsement from patients. Many patients had never worn devices in their lives and
live had a very good experience.

SIMILAR ESTIMATED A1C RESULTS REPORTED BETWEEN PATIENTS WITH DIABETES
USING CGM WHETHER ON MULTIPLE DAILY INJECTION (MDI) OR CONTINUOUS
SUBCUTANEOUS INSULIN INFUSION (CSII) (81-OR)

David Price, MD (Dexcom, San Diego, CA)

Dexcom's Dr. David Price shared a retrospective database evaluation from six months of G4 Share users,
showing no differences in mean glucose, estimated A1c, or glucose variability between pump (n=939) or
MDI (n=648) users. The de-identified data on glucose values were supplemented by customer info (age,
insulin delivery) that Dexcom collects. The pump and MDI groups had identical average glucose values and
variability across every age group (from 2-6 year-olds all the way to 65+ year olds), with just a single small
exception: glucose variability was statistically significantly lower in adolescents (13-18 years) using
injections. As would be expected, adult CGM users had better average glucose values vs. pediatric CGM
users by ~30 mg/dl (see tables below estimated from the charts shown). This analysis also aligns with
results from the T1D Exchange showing that in every age group, the same pattern holds - similar A1cs for
CGM users on MDI or a pump. Dr. Price noted that CGM use is increasing (now up to 16% in the T1D
Exchange), but is overwhelmingly prescribed to pumpers: of all Exchange CGM users, 85% are on pumps
vs. just 15% on MDI. Studies like this also underscore the inherent value in data streaming from devices to
the cloud automatically - companies can use it to put data behind their arguments, drive study design, and
inform marketing. Medtronic has written the book on this with CareLink, and we expect Dexcom will begin
driving this too.

All Pediatrics 2-18 years

MDI
(n=300)

Pump
(n=301)

P-value

Mean CGM Glucose ~180 mg/dl ~180 mg/dl 0.92

Estimated A1c ~7.9% ~7.9% --

Standard Deviation ~65 mg/dl ~60 mg/dl 0.39

~ Estimated from Bar Graphs
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Adults >18 years

MDI
(n=403)

Pump
(n=369)

P-value

Mean CGM Glucose ~158 mg/dl ~159 mg/dl 0.55

Estimated A1c ~7.1% ~7.1% --

Standard Deviation ~57 mg/dl ~59 mg/dl <0.23

~ Estimated from Bar Graphs

HOME USE OF A BIHORMONAL BIONIC PANCREAS VS. CONVENTIONAL INSULIN PUMP
THERAPY IN ADULTS WITH TYPE 1 DIABETES-A MULTICENTER, RANDOMIZED CLINICAL
TRIAL (77-OR)

Ed Damiano, PhD (CEO, Beta Bionics / Boston University, Boston, MA)

Beta Bionics' CEO Dr. Ed Damiano revealed that Zealand's phase 2 liquid stable glucagon analog will be
tested in the 4Q16 bridging study of the fully integrated iLet Bionic Pancreas. The pivotal studies are still
expected to start in 2Q17, and the bihormonal pivotal will last 12 months to gain chronic glucagon exposure
data. Zealand actually put out a press release announcing the collaboration with Beta Bionics, a big win for
Dr. Damiano's new public benefit corporation to commercialize the Bionic Pancreas. Xeris has not moved
particularly fast on its stable glucagon, and Zealand's deep experience in protein chemistry will be a major
asset on this intractable problem. Dr. Steven Russell hinted at ATTD that Zealand's phase 2 glucagon might
be used, though today was the first confirmation it is the glucagon of choice going forward. Dr. Damiano
did not comment on the submission timing, but we assume the plan is still an end of 2017 insulin-only PMA
submission, with a potential PMA supplement to add glucagon in early 2019.

▪ Dr. Damiano's oral presentation focused on the Bionic Pancreas 11-day multi-center
home study (n=39), shared at several symposium presentations since GTCBio 2015
over a year ago. As a reminder, the study was the team's first true home-use study, comparing 11
days of Bionic Pancreas to 11 days of conventional pump therapy. Mean CGM glucose improved
from 162 mg/dl on usual care to 141 mg/dl on the Bionic Pancreas, projecting an A1c improvement
of 0.8% (baseline: 7.3%). Time <60 dropped by two-thirds (from 1.9% to 0.6%), while time >180
declined from 34% to 20%. Dr. Damiano emphasized the device's ability to dramatically reduce
inter-subject variability, to not deliver excess insulin (0.62 u/kg/day vs. 0.66 u/kg/day), and to
adapt to patients based on using just body weight at initialization.

OUTPATIENT GLYCEMIC MANAGEMENT IN TYPE 1 DIABETES WITH INSULIN-ONLY VS.
BIHORMONAL CONFIGURATIONS OF A BIONIC PANCREAS (79-OR)

Laya Ekhlaspour, MD (MGH, Boston, MA)

MGH's Dr. Laya Ekhlaspour reiterated the insulin-only vs. bihormonal glycemic target studies first shared
at ATTD. "Glucagon allows more subjects to have a mean glucose <154 mg/dl without increasing
hypoglycemia." We've reproduced the key findings below from the randomized, crossover study (n=20)
comparing usual care to insulin-only and bihormonal versions of the Bionic Pancreas at different glycemic
targets (insulin-only: 130 and 145 mg/dl; bihormonal: 100, 115, 130 mg/dl). The insulin-only and
bihormonal systems were actually very similar with a glycemic target of 130 mg/dl: a mean glucose of 161
vs. 156 mg/dl and time <60 mg/dl of 0.8% vs. 0.5%. As the bihormonal target dropped to 115 and 110 mg/dl,
mean glucose improved to 146 and 136 mg/dl without increasing hypoglycemia. The team is now exploring
an insulin-only target of 110 mg/dl, as the use of 130 mg/dl was intentionally conservative.

▪ This study shows just how important glycemic target is to system performance, and
echoes the takeaway from the D-Data Exchange that closed-loop system should have
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adjustable target set points. The big question for glucagon, of course, is how much mean
glucose, hypoglycemia, and user experience improves when the hormone is added to an insulin-only
system.

System

Target

BG

Control Insulin
Only
145 mg/
dl

Insulin
Only
130 mg/
dl

Bihormonal
130 mg/dl

Bihormonal
115 mg/dl

Bihormonal
100 mg/dl

Mean 158 mg/dl 174 mg/dl 161 mg/dl 156 mg/dl 146 mg/dl 136 mg/dl

Time
<60 mg/
dl

1.4% 1.0% 0.8% 0.5% 0.9% 0.8%

RANDOMIZED CROSSOVER CLINICAL TRIAL COMPARING MPC AND PID CONTROL
ALGORITHMS FOR ARTIFICIAL PANCREAS (80-OR)

Frank Doyle, PhD (Harvard, Cambridge, MA)

Dr. Frank Doyle presented results from what he termed the "first, balanced, randomized study" comparing
MPC and PID closed-loop control algorithms that came to two major conclusions: (i) that MPC
outperformed PID on both the primary outcome and several secondary clinical metrics; and (ii) that both
algorithms provided safe and effective glycemic control. This is the first time we've seen results from this
crossover study, which randomized 20 patients to each algorithm for a supervised 27.5-hour session that
incorporated both announced and unannounced meal challenges. Broadly, findings very strongly favored
the MPC algorithm - patients using MPC saw significantly greater time in range (70-180 mg/dl) throughout
the study vs. those on PID (74% vs. 64%, p=0.02). Patients on MPC also seriously reduced their mean
glucose both during the entire trial (138 vs. 160 mg/dl, p=0.012) and during the five-hour period after the
unannounced meal (181 vs. 220 mg/dl, p=0.019). Dr. Doyle noted that there were no statistically significant
differences in hypoglycemia (<70 mg/dl) though he did acknowledge that the frequency of hypoglycemic
episodes was higher in the MPC group. Ultimately, we would point out that these were both relatively basic
iterations of both control systems and that the results do not preclude the use of PID in the closed-loop
setting or suggest that all MPC systems are superior to those leveraging PID. Instead, we felt Dr. Doyle
made the case that the core of the MPC algorithm may be better suited to managing artificial pancreas
(insulin delays and pump constraints), in addition to that fact that MPC is a more flexible platform for
adding other functionality.

▪ For context, Dr. Doyle shared that standard and matched versions of both the MPC
and PID algorithms were developed using well-known model-based methods. The
algorithms had identical set-point control objectives (110 mg/dl) and had similar built-in features to
prevent insulin stacking to ensure equitable testing conditions. Indeed, Dr. Doyle presented data
from an in silico modeling experiment confirming that both algorithms performed very comparable
in this controlled setting.

▪ Study design: Dr. Doyle explained that both algorithms were compared in two supervised
27.5-hour closed-loop sessions. Challenges in the study were designed to mimic the use of an
artificial pancreas in the real world and to stress the algorithms. These challenges included no prior
optimization of insulin pump parameters to initialize the system, overnight control after a 65 g
carbohydrate (CHO) dinner, response to a 50 g CHO breakfast (both bolused at mealtime), and an
unannounced 65 g CHO lunch to evaluate a missed meal bolus scenario.

Questions and Answers

Q: This may be an artifact of the short study but I noticed that your two algorithms were pretty
convergent for first day and where you saw separation was in evening. Do you have differences
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between these algorithms overnight? Because that's when you really see that separation
occurring.

A: There was insulin-on-board vs. insulin feedback built into the MPC and PID algorithms, respectively, so it
could have to do with that. I will say that the number of occurrences of pump suspension was higher for PID,
so there's an indication that MPC was more effectively using insulin in the presence of pump constraints
(including IOB).

QUANTITATIVE EVALUATION OF A PREDICTIVE LOW-GLUCOSE MANAGEMENT (PLGM)
SYSTEM (83-OR)

Bruce Buckingham, MD (Stanford University, Palo Alto, CA)

Dr. Bruce Buckingham shared results from an in-clinic, overnight study testing the MiniMed 640G
predictive low glucose management (PLGM) algorithm's ability to prevent hypoglycemia - this would have
served as the 640G US pivotal study, though Medtronic is of course now leapfrogging the 640G to launch
the 670G hybrid closed loop in the US. The 68-person trial induced hypoglycemia (via basal rate increase),
and patients wearing the 640G/Enlite 3 were monitored with YSI over a nine-hour period to confirm
hypoglycemia and sensor accuracy. The 640G's predictive suspend algorithm successfully prevented
hypoglycemia (two YSI values <65 mg/dl) in 41 of the 68 experiments, a solid 60% prevention rate. The
mean duration of pump suspension was 105 minutes, and mean glucose was 83 mg/dl one hour after pump
suspension, 129 mg/dl after three hours, and 152 mg/dl after six hours. It was good to see no significant
hyperglycemic rebound, a testament to the algorithm's design - it automatically resumes basal insulin
delivery once glucose levels are recovering, a big step up over the 530G/Veo. This encouraging
hypoglycemia prevention data parallels what we have previously seen on the 640G's PLGM algorithm: the
SportGuard trial from ATTD 2015 (41% reduction in hypoglycemia events <65 mg/dl) and the PILGRIM
study presented at ADA 2013 (!) (80% hypoglycemia prevention). A deeper dive on the 640G can be found in
our ATTD 2015 report, and our initial report on its January 2015 international launch.

▪ Will all pumps have PLGS (at minimum) in a few years? We'd note that Tandem is also
developing a PLGS system (before its hypoglycemia-hyperglycemia minimizer), though all other
companies are jumping straight to hybrid closed loop. See our AID landscape here.

▪ As we've previously noted, the MiniMed 640G suspends insulin delivery with a
30-minute prediction horizon and resumes insulin delivery once glucose levels
recover. The suspend-before-low limit was set at 65 mg/dl in this study. For a "suspend before
low" event to occur, both of these must happen: (i) the sensor glucose value is at or within 70 mg/dl
above the low limit; and (ii) the sensor glucose value is predicted to reach or fall below a level that is
20 mg/dl above the low limit within approximately 30 minutes.

◦ Following a mandatory 30-minute suspend time, basal insulin delivery will
automatically resume if the following conditions are met: (i) the sensor glucose is
at least 20 mg/dl above the low limit; and (ii) the sensor glucose is estimated to be more
than 40 mg/dl above the low limit in 30 minutes. The pump will resume basal insulin
delivery after a maximum two-hour suspension.

Questions and Answers

Q: Nice study, Bruce. This looks at one of the milder ways you can go hypoglycemic overnight,
but another way is that you can overshoot the bolus dose before bed. What does this system do
for these more immediate blood glucose decreases?

A: There was actually a study released this month from Australia - it looked at 28 patients given a morning
bolus projected to bring them down to 55 mg/dl. 14% of patients became hypoglycemic in the control
condition, 4% became hypoglycemic in PLGM. Also, overnight, everyone went hypoglycemic in the control
condition, but only 13% did in PLGM.
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Q: You were involved in both of these last two studies. There was 60% prevention in this one,
78% didn't go below 60 mg/dl in the last one. Could you please compare the effectiveness of
the two therapies?

A: This study was much bigger. We had 100% effectiveness at Stanford - other centers are not as experienced
with these kinds of studies. It is hard to take one set of patients and compare them to another. Dr. Ly
presented studies done at home…this was at a research center. I'm impressed with the similarities between
the studies, given this fact. Bottom line, this system is fairly safe, it works, no hyperglycemia rebound, no
DKA. But it's not perfect, the amount of insulin on board really determines how effective these systems are.

Q: Has it been assessed in exercise induced hypoglycemia?

A: Not that I'm aware. [Editor's Note: The PILGRIM study presented at ADA 2013 did test the PLGM
algorithm under exercise-induced hypoglycemia; it was a small study in 22 patients, but showed 80%
prevention.]

OVERNIGHT CLOSED-LOOP (OCL) AT HOME COMPARED WITH SENSOR-AUGMENTED
PUMP WITH LOW-GLUCOSE SUSPEND (SAP-LGS) IMPROVES TIME IN TARGET RANGE IN
ADULTS AND REDUCES HYPOGLYCEMIA IN ADOLESCENTS (78-OR)

David O'Neal, MD (University of Melbourne, Melbourne, Australia)

Dr. David O'Neal presented data from a small crossover study showing that overnight closed-loop systems
offer benefits for both adults and adolescents vs. sensor-augmented pumps. The study randomized 16 adults
(baseline A1c = 7.3%) and 12 adolescents (baseline A1c = 7.8%) to either the MiniMed 530G overnight
(control) or closed-loop control (intervention - Enlite 2 CGM, Medtronic pump, proprietary PID algorithm)
for four nights at home. In adults, overnight closed-loop performance was strong - time in the tight range of
72-144 mg/dl increased from 45% to 58% vs. SAP (p=0.005) and time <72 mg/dl decreased from 1% to 0%
(p=0.025) without a concurrent increase in mean glucose (145 mg/dl on closed loop vs. 152 mg/dl on open
loop). There were fewer instances of symptomatic hypoglycemia on closed loop (13 events vs. 5 event;
p=0.059), and all these benefits carried into the following day as time in range from 8 AM to 4 PM rose
from 47% to 53%. In adolescents, the difference between the treatment arms was more nuanced - the main
benefit was a reduction in overnight time spent <70 mg/dl from 2% to 0% vs. SAP along with a reduction in
instances of symptomatic hypoglycemia (10 events vs. 1 event; p=0.007). Adolescents achieved quite
impressive open-loop glucose control (time in range = 64%), leaving little room for time-in-range
improvement with automation.

▪ There's little question that automated insulin delivery will make a big difference
overnight, even in very tightly controlled patients. In fact, we expect many patients doing
pretty well on open loop therapy now to adopt early closed-loop systems, even if they only wear
them overnight.

▪ We love too that overnight automation can actually live up to patients' high
expectations for AID systems. Overnight closed loop will really ensure patients wake up at a
good glucose on most mornings, and patients' open-loop control while ASLEEP can't possibly be
better than an automated system. First-gen hybrid closed loops are well suited for nighttime
anyways, since they will modulate basal insulin delivery and won't have to deal with meals or
exercise.

▪ Aside from glucose control, the key overnight design principle is alarms - systems must
take care of things in the background and let patients sleep overnight.

Questions and Answers

Q: What do you think was the driving factor for the differences between the populations you
studied?

A: I suspect that part of what we're seeing is the impact of parental oversight of adolescents. Because these
patients were moving on sensor-augmented pump from less sophisticated systems, I think adolescents in
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particular were able to achieve very good control overnight given the accessibility of these new tools (e.g., 64%
time in target range in the control group).

Q: The adults and adolescents used different CGMs, didn't they? Does that impact our
interpretation?

A: We found that the MARDs in adults and adolescents were very similar, so we do not think the differences
in CGMs played a role.

PREDICTIVE HYPERGLYCEMIA AND HYPOGLYCEMIA MINIMIZATION: IN-HOME
EVALUATION OF SAFETY, FEASIBILITY, AND EFFICACY IN TYPE 1 DIABETES (82-OR)

Trang Ly, MD (Stanford University, Stanford, CA)

Dr. Trang Ly presented results from a randomized, crossover, at-home overnight study comparing a
hypoglycemia-hyperglycemia minimizer algorithm to a predictive low glucose suspend (PLGS) algorithm
(Enlite 2, Veo pump, bedside laptop with algorithm). The six-week trial accumulated 641 nights on PLGS
and 648 nights with hypoglycemia/hyperglycemia minimization, recruiting 30 patients who were
randomized every evening for six weeks to either system. As expected, results showed the hyperglycemia
mitigation made an incremental difference - time in range (70-180 mg/dl) increased from 71% to 78%
(p<0.001) and mean glucose decreased from 152 mg/dl to 143 mg/dl (p<0.001). The benefit came largely
from less time spent >250 mg/dl, which dropped from 4.5% to 1.6% (p<0.001), while average time spent <
70 mg/dl was not significantly different between the groups (1.1% [HHM] vs. 1.0% [PLGS]). Dr. Ly stressed
that the group has taken a conservative approach in designing the algorithm, opting for safety in this study
with the intention of tweaking the system to get greater glycemic control in the future. Indeed, larger
randomized trials and studies in pediatrics are planned for the near-term and we look forward to seeing
more data on the added benefits of a hypo/hyper minimizer component vs. just PLGS. In addition to better
glycemia, shaving off those extreme overnight highs is highly valuable from a sleep and quality of life
perspective too! We'd note that most of the field is skipping straight to commercial products with
hypoglycemia/hyperglycemia minimization, with the exception of Tandem, who is pursuing PLGS first

▪ J&J has previously used the name "Hyperglycemia and Hypoglycemia Minimization,"
though this algorithm was not connected to Animas' work. Still, it shows what can be done
by adding even a conservative insulin modulation algorithm to shave off highs >250 mg/dl.

Questions and Answers

Q: Can you contrast this system with the UVA system?

A: We use a more conservative algorithm where the goal was not perfect control. This is very different from
UVA's overnight algorithm that targets a glucose of 120 mg/dl by morning. This algorithm was designed to be
more conservative and to essentially provide a little bolus on top of the basal insulin people are getting. We're
still learning and it's still evolving and we're tweaking parameters. We're going to be doing further studies in
younger children. This was our first large trial using the full system.

Q: Have you considered a stricter target?

A: We started with a lower target of 120 mg/dl and we were seeing a bit of hypoglycemia so that's why we
raised it. We have to start somewhere, and it's a constant balance between safety and efficacy.

Oral Presentations: ADA Presidents Oral Session

CLOSED-LOOP GLUCAGON ADMINISTRATION FOR THE AUTOMATED PREVENTION AND
TREATMENT OF HYPOGLYCEMIA IN TYPE 1 DIABETES (378-OR)

Courtney Balliro, RN, CDE (MGH, Boston, MA)

Ms. Courtney Balliro presented updated, full results from the Bionic Pancreas team's placebo-controlled,
double-blind, glucagon-only study in patients with type 1 diabetes. Time spent in hypoglycemia declined
78% overall and 93% overnight. The study enrolled 22 people with type 1 diabetes, who wore a Bionic
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Pancreas at home for 14 days that administered glucagon-only on seven of those days vs. placebo-only on
seven of those days, interspersed in random order (insulin was self-regulated). Results were just as
impressive as those first presented by Dr. Steven Russell at AADE 2015 - time spent in hypoglycemia (<60
mg/dl) was reduced from 5.8% with placebo to 1.3% with glucagon for the entire day (a 78% reduction). The
overnight improvement was even more striking - 7.9% time spent <60 mg/dl with placebo vs. 0.5% with
glucagon, a 93% improvement! Glucagon administration reduced hypoglycemia exposure (area over the
curve and less than 60 mg/dl) by 77% (p<0.001) relative to placebo administration without affecting mean
blood glucose (mean: ~154 mg/dl, in both arms). Performance was not at the expense of hyperglycemia, as
time spent >180 mg/dl was not significantly different - 28% (glucagon) vs. 29% (placebo) (p=0.7) - nor due
to greater insulin utilization - 39 units/day (glucagon) vs. 37 units /day (placebo) (p=0.12).

▪ Ms. Balliro stressed that the Bionic Pancreas did not deliver excessive glucagon
(~0.48 mg/day - on par with previous studies) and noted that there were no
differences in self-reported nausea. The team continues to show strong data on this front,
countering those arguing that glucagon administration may prove problematic on nausea.

◦ The other big question is the effects of chronic glucagon exposure, and it will
take some time to get an answer. We learned from Dr. Ed Damiano on during ADA
that the team will use Zealand's liquid stable glucagon analog and plans to begin clinical
trials with the iLet device in 2H16. As we noted on Day #2, the pivotal studies of the
insulin-only iLet are still expected to start in 2Q17. The bihormonal pivotal trial, which will
begin after the start of the insulin-only pivotal trial, will require that a subset of the study
cohort use the iLet for 12 months in order to gain chronic glucagon exposure data for the
FDA. Dr. Damiano has forecasted an end of 2017 insulin-only PMA submission, with a
potential PMA supplement to add glucagon in early 2019.

▪ Ms. Balliro confirmed that the Bionic Pancreas team plans to test its glucagon-only
Bionic Pancreas in patients with post-bariatric hypoglycemia and chronic
hyperinsulinemia "in the next year or so." The device could be particularly suited to the
former group given that carbohydrate intake was reduced 35% in the glucagon arm. That said, Ms.
Balliro stressed that the near-term focus is on bringing the dual-hormone device to the market - no
surprise there - but it was terrific to hear that the team thinks a glucagon-only system does have
commercial application.

▪ Glucagon-only study design: Patients wore a Bionic Pancreas at home for 14 days that
administered glucagon-only on seven of those days vs. placebo-only on seven of those days,
interspersed in random order (insulin was self-regulated). Patients were not restricted in their daily
activities and were blinded to which days they were on glucagon vs. placebo, which Ms. Balliro noted
was effective: patients were able to distinguish glucagon from placebo treatment on < 50% of days
[i.e., less than chance].

Questions and Answers

Q: In the individuals that had partial hypoglycemia unawareness at baseline, did they have
restoration of hypoglycemia awareness at the end of the study?

A: We did not look at that, but I'm going to say probably not because the amount of symptomatic
hypoglycemia reported did not correlate with actual hypoglycemia.

Q: Can you talk about why you switched back and forth between glucagon and placebo?

A: We didn't want patients to recognize patterns between hypoglycemia and other adverse effects they
experienced. In other studies, they have days in a row so the reason we did this was to make sure it was
blinded.

Q: Do you have plans to test the system in other groups?
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A: We have plans to test the system in patients with post-bariatric hypoglycemia and chronic
hyperinsulinemia in the next year or so. However, the hope is any patient that wants it will be able to get a
bihormonal bionic pancreas first - so that's our priority.

Oral Presentations: Management of Hyperglycemia in the Hospitalized Patient (with State-of-
the-Art Lecture)

SENSOR-AUGMENTED PUMPS VS. MULTIPLE DAILY INJECTIONS FOR ACHIEVING
GLYCEMIC GOALS IN HOSPITALIZED PATIENTS WITH TYPE 2 DIABETES IN CHINA
(18-OR)

John Shin, PhD (Medtronic, Northridge, CA)

Dr. John Shin presented results from a Medtronic RCT comparing use of sensor-augmented pump (SAP)
therapy to MDI in people with type 2 diabetes hospitalized for high glucose levels. The study enrolled 81
patients who were randomly assigned to use either the Medtronic MiniMed 722 (n=40) or MDI (n=41) to
manage their diabetes (baseline A1c = 10.0%). Patients were given general instructions to increase or
decrease their insulin bolus and basal dose according to real-time CGM (intervention group) or seven daily
fingerstick tests (control), with physicians overseeing the adjustments. Patients were discharged once their
glucose levels were between 80-130 mg/dl pre-meal and 80-180 mg/dl post-meal. Patients using SAP had
significantly shorter hospital stays (3.7 days vs. 6.3 days, p <0.001), with greater time spent between
70-180 mg/dl (77% vs. 64%, p<0.05) and less time spent < 50 mg/dl (0.04% vs. 0.32%, p<0.05). Apart from
some mild bleeding around the sensor insertion site, there were no adverse safety events reported. We
would have loved to see patients go home on the different arms and tracked over time - would the pump
advantage last outside the inpatient setting?

▪ The proportion of time spent in relevant ranges almost unanimously improved with
SAP. The one exception was time <70 mg/dl, which was not significantly different in the two arms

SAP MDI p-value

≤ 50 mg/dl 0.04% 0.32% p<0.05

<70 mg/dl 1.00% 0.64% NS

70-180 mg/dl 77.44% 64.33% p<0.05

≥ 180 mg/dl 21.56% 35.03% p<0.05

≥ 250 mg/dl 4.13% 8.53% p<0.05

Questions and Answers

Q: Why were the patients in the hospital?

A: Glucose management issues.

Q: People would not be hospitalized for this in the US. So this was not really a hospital study,
but more of a randomized pump vs. MDI study.

A: Yes. We essentially looked at the current therapy patients were on and saw how we could decrease time
spent in a Chinese hospital.

Q: Who was making the adjustments in the algorithm on a day-to-day basis?

A: It was done by a physician.

Q: Upon release, did the patients stay on the SAP?
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A: No, they did not go home with the technology. Once they achieved the target, they left without the pump.
We haven't tested what happens after the hospital stay - whether they remain in range or if they have to come
back.

EFFICACY, SAFETY, AND USABILITY OF A CLINICAL DECISION SUPPORT SYSTEM FOR
BASAL-BOLUS INSULIN THERAPY IN HOSPITAL ROUTINE CARE (15-OR)

Katharina Neubauer, BSc, MSc (Medical University of Graz, Austria)

Ms. Katharina Neubauer presented data demonstrating the efficacy, safety, and usability of GlucoTab - a
mobile decision support system that provides suggestions for insulin dosing - in non-critically ill type 2
patients (n=92). The software aids nurses by providing a starting basal dose based on a patient's age,
weight, renal function, and insulin sensitivity and recommending subsequent bolus dosing depending on the
patient's food consumption and blood glucose levels throughout the day. Results were solid, especially given
the typically inadequate care inpatients with diabetes receive - patients on GlucoTab achieved a mean
glucose of 159 mg/dl (baseline: ~220 mg/dl) with 69% of blood glucose measurements in-range (70-180
mg/dl). Notably, the software completely eliminated episodes in which blood glucose dropped below 40 mg/
dl and only 2.3% measurements came in <70 mg/dl. Equally importantly, findings suggested that provider's
adherence with advised insulin doses exceeded 91%, implying that there was a relatively high level of trust
in the automated system (this is always a key question when talking about handing over decision-making to
technology). This confirms the huge potential of meaningful clinical decision support in the hospital setting,
which could shorten hospital stays and make healthcare professionals' jobs easier. This was not a
randomized controlled study, so there could be some study effect, but it's clear that digital insulin titration is
a heck of a lot better than what's happening in hospitals right now. We hope to see more work on hospital
insulin management, particularly in automating insulin delivery with the technology that is already
available.

▪ GlucoTab aids nurses by providing a starting basal dose based on a patient's age,
weight, renal function, and insulin sensitivity and recommending subsequent bolus
dosing depending on the patient's food consumption and blood glucose levels
throughout the day. The process is repeated the following morning, with the new basal dose
informed by the objective experience of the patient the previous day - i.e., if there were many
hypoglycemic episodes, then the basal dose of insulin would be decreased. This study enrolled 92
hospitalized patients (40 female, mean age = 70 yrs), most of whom were already on insulin.

▪ We noticed one unexpected result - pre-lunch blood glucose values were elevated
compared with other pre-meal blood glucose levels. We wonder whether the algorithm
could be tweaked to address this concern or whether this was an artifact of the study design in some
way.

Questions and Answers

Q: Does GlucoTab account for the number of carbohydrates that the patient eats?

A: No, it only considers if the patient is eating or not.

Q: Do you make adjustments for steroids?

A: Not many patients in our studies were on steroids. It was not in the exclusion criteria, but we have an
ongoing clinical trial for patients treated with steroids.

JDRF/NIH Closed-Loop Research Meeting

PIVOTAL STUDY DESIGN

Steven Russell, MD, PhD (MGH, Boston, MA)

Dr. Steven Russell summarized a paper he co-authored with Dr. Roy Beck, soon to be published in Diabetes
Care. The table below highlights their thought on pivotal study design for artificial pancreas systems,
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building off the question we asked last year, "What is the appropriate control group for an artificial
pancreas pivotal study?" Below the table is further commentary on this very tricky topic.

▪ Pivotal AP studies have several goals besides regulatory approval: advantageous
labeling, reimbursement by payers, prescribing by practitioners, and adoption by
patients. We loved hearing Dr. Russell emphasize the payer point upfront: "There's approval, and
then there's approval. The design of the trial itself can make a very big difference in how persuasive
the case is to payers." This is where the study design considerations (see below) might really drive
payer decisions about this technology. For instance, if a pivotal trial only enrolls sensor-augmented
pump users, will payers only offer closed-loop to this group of patients?

▪ Sensor-augmented pump therapy is a scientifically valid control group (the best
therapy available), but it is also a small slice of type 1 diabetes. "We want to
democratize good glycemic control," said Dr. Russell. Those already using a pump and
CGM "are atypical, self-selected patients that may not be representative" of the broader population.
Drs. Russell and Beck recommend that studies enroll those on MDI and pumps, with few exclusions
(i.e., representative of the candidate population for artificial pancreas systems).

◦ "Sensor-augmented pumps without automation will be obsolete soon." This is
another reason SAP may not make sense as the control group - what a good point! It will be
interesting to see what the pump field looks like in five or ten years; will the vast majority
of SAP users be on automated insulin delivery? Will it take much longer than expected for
patients to move to automation? Will some SAP users never convert?

▪ "Time-in-range doesn't tell you what's happening with time outside range. We argue
that A1c and time in hypoglycemia are the best outcome measures." This is consistent
with the co-primary outcomes the Bionic Pancreas team has always reported (mean glucose and
time <60 mg/dl), and we wonder if other companies and investigators will pursue this going
forward.

◦ For comparison, Medtronic's MiniMed 670G pivotal was a single-arm safety study
comparing baseline control to three months, and it was not actually statistically powered to
show a reduction in A1c. As we noted on Day #2, however, it did show a statistically
significant 0.5% reduction. CGM endpoints were secondary: time-in-range (% of SG in
71-180 mg/dl) improved modestly from 67% during the baseline run-in to 72% during the
study, with time <70 mg/dl nearly halved (6% to 3%), time <50 mg/dl declining 40% (1%
to 0.6%), and time >180 improving moderately (27% to 25%).

▪ The FDA wants pivotal trials to include all ages, rather than limiting exposure to
adults. "They know that this is likely to be prescribed off-label." This echoes early June
commentary from FDA's Dr. Courtney Lias during her live Q&A webinar on the artificial pancreas.

▪ The FDA wants pivotal studies to be at least three month long, meaning a parallel group
design makes sense to keep the study short.

▪ "You need range of A1c's to make sure the system works well." This has been a historic
challenge in automated insulin delivery trials, and we hope investigators can really enroll a wide
spectrum of patients going forward. Those most likely to benefit from these systems - high A1c
patients, severe hypoglycemia - need to be included in studies!

▪ To encourage retention in the usual care group, the Bionic Pancreas bi-hormonal
pivotal will include an "incentive study" - those randomized to usual care will get three
months on the Bionic Pancreas at the end of the trial.

Pivotal Study Design
Consideration

Recommendation Alternative Comment
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RCT Type Parallel Crossover Crossover design

requires long washout

Study Population Representative of

population, patients

who use MDI and CSII,

with few exclusions.

Range of A1c's.

Adults-only, high-risk

patients excluded

Given the potential for

off-label use, the FDA

may not approve if the

device is not

demonstrated to be safe

in a broad population

and payers may limit

coverage to only the

population that was

studied

Randomization
(artificial pancreas:
Control)

2:1 1:1 2:1 randomization

provides greater

exposure to artificial

pancreas, 1:1

randomization will

require a smaller

sample size or give

greater power for same

sample size if equal

variance.

Control group Usual care SAP Both scientifically valid,

usual care has

numerous pragmatic

advantages

Superiority vs. non-
inferiority

Superiority Non-inferiority Non-inferiority may be

sufficient for approval

but is not likely to drive

reimbursement and

adoption

Run-in period Blinded CGM

monitoring

Unblinded CGM (SAP

training)

Unblinded run-in must

be sufficient to achieve

competency for SAP

trial enrolling non-SAP

users

Duration 6-12 months 3 months 3 months min for A1c;

longer duration shows

continuation of use and

durability of effect

Primary outcome(s) A1c, time <60 mg/dl A1c only A1c does not capture

hypoglycemia; CGM
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more reliable and

quantitative than

participant recall

OUTCOME MEASURES FOR ARTIFICIAL PANCREAS CLINICAL TRIALS: A CONSENSUS
REPORT

David Maahs, MD (Barbara Davis Center, Aurora, CO)

Dr. David Maahs also summarized a soon-to-be-published Diabetes Care paper focused on standardizing a
short set of basic, easily interpreted outcomes in artificial pancreas studies. The paper has 24 authors, all of
whom are leading thinkers in the field. The goal is to facilitate interpretation and basic comparison between
studies, and more importantly, to accelerate adoption of artificial pancreas technologies via regulators,
HCPs, payers, and patients.

Outcome Metrics Comment

A1c

Mean CGM glucose

If intervention >3 months)

% time in 70-140 mg/dl

% time in 70-180 mg/dl

All CGM measures should be reported for the

overall 24-hour period, and also stratified by

daytime and nighttime period. The time

midnight to 6am is proposed as a nighttime

definition.

% time <50, <60, <70 mg/dl

% time >180, >250, >300

Standard Deviation

Coefficient of Variation

SD much more dependent on mean than CV

Severe hypoglycemia As defined by ADA (adults) and ISPAD

(children/adolescents)

DKA events ADA definition

% of time closed loop active

TDD of insulin

TDD of glucagon or other hormones

Other considerations
# of symptomatic hypoglycemia events per week

CGM calibration, MARD

Study design and stratification into relevant subgroups

ITT analysis

Report medians (quartiles) instead of mean if not normally distributed
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DRIVING ACCESS TO ARTIFICIAL PANCREAS SYSTEMS

Amanda Bartelme (Director, Avalere Health, Washington, DC)

Ms. Amanda Bartelme provided a reimbursement overview of automated insulin delivery, highlighting
some of the key challenges: too much focus on A1c, hard-to-predict contracting negotiations, data needs that
differ from FDA approval requirements, and more. JDRF is already talking to payers about AID
reimbursement, though there was no commentary on what is being learned from those conversations. From
what we can tell, Medtronic will pursue the existing reimbursement channels for the MiniMed 670G (i.e.,
sensor-augmented pump reimbursed via DME), though this field seems ripe for a new business model (e.g.,
AID for $75 a month). Ms. Bartelme cautioned that "if a payer thinks every type 1 patient wants to go on
this tomorrow, that's huge dollar signs and huge panic." It served as a reminder that nothing is a given with
payers in this environment - even devices that reduce A1c, hypoglycemia, and patient burden. How can
industry show a positive short-term return-on-investment for AID?

▪ Diabetes therapies and technologies cannot be fully assessed by A1c alone." Ms.
Bartelme provided a value graphic showing the "current" and "desired" states, noting that payers
and FDA (drug division) both have a ways to go before they accept outcomes beyond A1c. This ADA
had much more discussion on the limitations of A1c, but it will take time for this to trickle up to
decision makers. As a reminder, JDRF has an ongoing health policy initiative to define the key
outcomes beyond A1c, and an FDA meeting will occur on August 29 on this very topic.

Current State Desired State

▪ Regulators and payers have a singular

focus on A1c

▪ Regulators do not always allow other

outcomes on product labeling

▪ Achieving payer coverage for diabetes

technologies that improve other

outcomes, but do not reduce A1c is

challenging

▪ Expanded set of diabetes outcome

measures that reach beyond A1c, and that

better reflect the impact of emerging

therapies on people with diabetes

▪ Regulator and payer acceptance of a full

range of diabetes outcomes

▪ Increasingly, payers require more and different data than are necessary to receive
FDA approval. Most of all, payers look at whether something is worth paying for -is it safe and will
it improve outcomes? What does the label look like? How was the study designed? Ms. Bartelme
highlighted that the timing of data collection is important to ensure payer coverage post FDA
approval - yet another reason why pivotal studies should be designed with reimbursement in mind.

▪ The payer contracting process brings uncertainty and can be a gating factor to access.
Sometimes payers limit coverage to the FDA label, sometimes they expand beyond it, and sometimes
they narrow it. Ms. Bartelme noted that "creative contracting" can support post-market data
collection, patient affordability, and improved access. We wonder how that specifically played a role
in the UHC/Medtronic partnership announced a few weeks prior to ADA.

◦ "Fantastic data might make more challenging contract discussions. If a payer
thinks every type 1 patient wants to go on this tomorrow, that's huge dollar
signs and huge panic." Whoa - we hadn't thought about that, but it's a good point, and
one we're not sure companies can control. It serves as a reminder that nothing is a given
with payers, and the key may be showing that short-term return-on-investment is very
positive with AID.

◦ Increasingly, payers are willing to entertain value-based contracts in addition
to traditional fee for service arrangements. Will subscription approaches to pump
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therapy and automated insulin delivery become more common? If so, companies like
Insulet and Bigfoot would seem to have an advantage, as their hardware has lower upfront
costs. Would Medtronic be able to change its DME business model (~$5,000 upfront), or
would their pump hardware need to be overhauled? What will Tandem, Animas, and
Roche do?

▪ "FDA approval is necessary but not sufficient for payers to provide coverage. To be
considered for coverage, a new therapy or tech must be reasonable and necessary,
which is: determined by clinical evidence that shows an improvement in net health outcome;
determined by proving that is non-inferior to or beneficial over existing alternatives; increasingly
determined by showing improvement is attainable in a real-world setting." That latter point is the
trickiest in our view - clinical trials are almost always not real-world, particularly because the control
group does so much better (and thus, underestimates the incremental impact of new technology).

◦ A technology or therapy may also only be covered when certain other criteria
are met: age, not achieving desired outcomes on traditional therapies. Both of these
continue to make CGM reimbursement challenging, and we wonder if automated insulin
delivery will make the process easier or harder.

PSYCHOSOCIAL OUTCOME ASSESSMENT

Korey Hood, PhD (Stanford University, Stanford, CA)

Stanford's Dr. Korey Hood revealed that by fall 2016, a full set of validated questionnaires will be available
to assess the psychosocial impact of automated insulin delivery. Fantastic news! The team has done 60 focus
groups, 89 individual interviews, and engaged 400 participants ranging from no experience with closed
loop technology to OpenAPS users. Some of the thematic areas include: burden, concerns, features, financial
aspects, benefits, context, human vs. system, nighttime, quality of life, and relationships. Dr. Hood shared
some example questions, such as, "I believe that using an AID system will... help me worry less about
diabetes..." The assessment will also ask about benefits and tradeoffs to using systems - "If the AID system
improves my A1c, I will put with ... meal announcement, carb counting, etc." We love the holistic, behavioral
view of these systems, which will be just as important as the impact on glucose. Enormous thanks to the
Helmsley Charitable Trust for funding this major project!

BRIEF SUMMARY OF AP HIGHLIGHTS FROM THE PAST YEAR

Vincent Crabtree, PhD (JDRF, New York, NY); John Lum, MS (Jaeb Center for Health
Research, Tampa, FL)

Dr. Vincent Crabtree and Mr. John Lum gave a broad overview of JDRF and NIH-funded artificial
pancreas highlights from the past year, offering several updates we had not heard previously.

▪ Dr. Roman Hovorka's NIH-funded DAN05 study will investigate closed loop therapy in
6-18 year-olds over 12 months. The study will randomize patients on pumps to either
automated insulin delivery (n=65; MiniMed 640G/Enlite 3 + the Cambridge algorithm running on
an Android phone) or standard pump therapy (n=65). It's not clear when it will start. It's
outstanding to see this study getting off the ground after it received ~$6.4 million of the UC4 grant
for major artificial pancreas trials (announced at DTM 2015). We're not sure if Dr. Hovorka would
apply for regulatory approval after this study, though it is notable that he is now using Medtronic
hardware to do his research.

◦ The planned CLOuD study will test automated insulin delivery in new onset
type 1 diabetes over two years. The study will have 96 participants randomized to
either closed loop or usual care, and the goal is to show an impact on C-peptide - wow! As a
reminder, Dr. Bruce Buckingham and colleagues did a similar study, though the time on
closed loop was just a brief period at diagnosis, followed by sensor-augmented pump
therapy. Hopefully this study can show this technology makes a difference in preserving
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beta cell function if it is added right at diagnosis, which could be transformative for
guidelines and treatment approaches.

◦ Dr. Hovorka also has three 24/7 home studies underway, continuing the team's
trailblazing work of longer-term, outpatient studies. We assume we'll see some of this data
at EASD 2016 or ATTD 2017.

▪ Dr. Crabtree is "hopeful" that the upcoming International Diabetes Closed Loop study
(n=240) could be used to support regulatory approval. This is consistent with what
TypeZero CEO Chad Rogers told us earlier this year. We've learned that the TypeZero control
algorithm will reside on an Android phone, and the study intends to use insulin pumps from more
than one manufacturer (Cellnovo has signed on thus far).

▪ Dr. Tim Jones will conduct an independent, six-month RCT of the MiniMed 670G
hybrid closed loop (n=80), starting in 3Q16. The trial will randomize patients to standard
therapy (both CSII and MDI) or use of the hybrid closed loop. An ongoing study has been examining
the MiniMed 640G over six months of use, with completion expected in November. We love the idea
of independent academic investigators validating commercial systems - this can grow the body of
evidence around these systems, but do so impartially (helpful for payers).

▪ SGLT-2 inhibitors are now being studied in conjunction with closed loop at Yale (Dr.
Jennifer Sherr) and Montreal (Dr. Ahmad Haidar). This could help cut the need for manual pre-
meal boluses and make systems more fully automated.

▪ Plenty of work is happening to advance algorithms further, including fault detection
(infusion set issues; CGM errors); coping with exercise; and making algorithms more adaptive. All
clearly have a role in making this technology safer and enabling tighter control and lower glucose
targets.

OPENING REMARKS

Aaron Kowalski, PhD (JDRF, New York, NY)

Dr. Aaron Kowalski gave brief introductory remarks before handing it over to JDRF's Dr. Vincent Crabtree
and Jaeb's Mr. John Lum. Dr. Kowalski highlighted the completed MiniMed 670G pivotal study, which
reported earlier in the day with strong outcomes: a 0.5% reduction in A1c from a low baseline (7.4%); time
<70 mg/dl declined 44% (6% to 3%); and time <50 mg/dl declined 40% (1% to 0.6%). "I cannot believe we
are on the cusp; we are right around the corner from artificial pancreas. We are now talking about broader
issues: special populations, reimbursement, etc. These are incredible times. I'm really grateful." It's been an
amazing journey since JDRF founded its artificial pancreas program ten years ago, and we cannot wait to
see how the 670G fares once it hits the market as the first commercial closed-loop product (FDA submission
by the end of this month).

PANEL DISCUSSION

Dr. Aaron Kowalski: Steve [Dr. Russell] captured the best bullet I've seen in a long time.
Sensor-augmented pump therapy without automation will soon be obsolete. It's so cool to see
that on paper.

Dr. Rich Bergenstal: I love the standardization for outcomes of artificial pancreas studies. My
request is that it be branded not just metrics for artificial pancreas, but general metrics. To
have one definition for artificial pancreas community, and then have "this long-acting insulin
vs. this insulin" reported a different hypoglycemia is no good. These don't sound like artificial
pancreas metrics, this sounds like broader metrics. If I'm in clinic and wanting to know if I'm
improving, I could use these too.

Dr. Maahs: We had that in the paper - studies of all type 1.

Dr. Roy Beck: You did not include LBGI or AUC. I actually like the ones you picked, but those
seem like they might be better - they capture not just time but amount?
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Dr. Maahs: We should consider this paper a first step. It was something we could agree on, a basic set of
measures. Drs. Hovorka, Kovatchev, and Weinzimer wrote a paper with more details and more math. There is
lots of room to do more.

Dr. Beck: We should be cautious about using the standard metrics to compare across studies, particularly
those without a control group. The best way to compare across studies is to determine the within study
intervention group versus control group difference and then to compare this difference among studies. Even
then there are potential problems since study designs vary, clinics are different, and eligibility criteria may be
different.

Dr. Peter Chase: We need some help with patient selection. We have these high tech families
with low A1c's. How do you go about getting a representative population?

Dr. Hood: Great question. In the pilot projects, we often don't get a representative sample. The larger project
is developing measures that can assess some of these aspects in CGM naïve, pump naïve, and system naïve
users. The data that we have, data from participants is the first wave of information. We might have double
and triple the barriers and problems when access is broadened. It's likely that once you get beyond this early
adopter population, we're going to face the same barriers to uptake. We are working to design interventions so
that once we get beyond that first wave, we can onboard people.

Dr. Russell: It may be the only way to get more representative population is to achieve geographic diversity.
We selected 16 sites with a geographical consortium, not just eastern and western seaboard. Clinics that had
different populations and different socioeconomic data.

Dr. Beck: And higher A1c's. Roman will use 25% above 8% or 8.5% to force that issue with a quota. Then, you
fill the quota of under 8.5%. Boris will have half the patients with higher A1c's.

Dr. Roman Hovorka: What happens at the end of the trial in those recruited from MDI to
closed loop. Unless we are a big company, they cannot continue using an investigational device
for treatment. What does the panel suggest?

Dr. Helen Murphy: In cancer trials, there is a cancer drugs fund that is made available to participants. Maybe
Aaron and JDRF can start advocacy for artificial pancreas funding. [Editor's Note: Dr. Murphy also gave a
presentation on closed-loop in pregnancy, but it included confidential material, and we have not covered it in
this report.]

Dr. Hovorka: I asked in the UK, and you cannot actually continue using an investigational
device in the UK.

Dr. Maahs: In the MiniMed 670G trial, many adults were allowed to continue devices, though that is in the
US.

Adam Brown (Close Concerns, San Francisco, CA): One of my biggest worries is we will
undersell the benefit of this technology, because of the patients being enrolled in these
studies. In the MiniMed 670G pivotal, they had a baseline A1c of 7.4% and spent 67% time-in-
range during the run-in. How can we get a broader patient group? What about those with
severe hypoglycemia? Those with really high A1c's?

Ms. Bartelme: We can't let perfect be the enemy of the good. Taking people in really poor control, and
showing changes is not easy. There's also the mental burden that is harder for people to wrap their head
around. We have to educate payers on this front.

Dr. Beck: In the study today presented on CGM in MDI users, their mean time-in-range 70-180 at baseline
was about 45%. I think that is pretty reflective of what the average probably is.

Dr. Beck: What is the ideal study design and potential to get payers to agree on what they
might expect for the magnitude of effect?

Ms. Bartelme: We need a targeted approach: find a couple of high functioning payers that are more
innovative. I think there is some value there. But you don't want to have conversations with payers who say,
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"These are the 14 endpoints we want to see." Typically six months to a year before FDA approval is a good
time to start talking to payers. With more innovative payers, you can do progressive things and partner earlier
on in the process. There is a desire among payers to do risk-based contracting and value-based payments.
There is lots of talk about that in the drug world. Once you get people in the real world, the data is very
difficult to collect. Fortunately, artificial pancreas technologies are collecting data with patients all the time.

Brandon Arbiter (Tidepool, San Francisco, CA): Across board, we hear that people would
gladly take the device home; that was not my experience in the study. The user experience
around alarms was so illogical and awful that I withdrew. But my question is that I realized i
wasn't in an end of study focus groups. Is there a process to collect feedback from those who
drop out?

Dr. Hood: We can do the focus group later if you would like [Laughter]. You raise a great question. Tomorrow
I will be talking about responders vs. non-responders to a treatment. There is an attribution, often false, that
you didn't respond to a treatment because of some set of reasons that didn't have to do with the intervention.
That means when an intervention works, it's because of the intervention; when it fails, it's because of the
person. We don't do enough about that. You offer a valuable set of experiences. Many times, when we get
beyond two and four weeks and do an evaluation in six months, we got lots of good info on high vs. low users.
We haven't tapped into that enough.

Dr. Russell: We can learn from these reasons - we've only had one person voluntarily drop out of one of our
studies. That person had spectacular blood glucose control with no hypoglycemia. But she felt very
uncomfortable at that mean glucose. She was used to running very, very high, and actually felt low at a mean
of 110 mg/dl. That's one of the reasons why there is option to raise the target and get a higher mean glucose if
you don't want to achieve the lowest mean. Maybe over time, a person would become more comfortable. That
wasn't a problem I would have anticipated.

Joint ADA/JDRF Symposium: Optimizing Use of Technology and Therapeutics in Pediatric
Diabetes

AUTOMATED INSULIN DELIVERY AND BIHORMONAL ARTIFICIAL PANCREAS IN
PEDIATRICS―COMING SOON!

Trang Ly, MD (Stanford University, Stanford, CA)

Stanford's Dr. Trang Ly provided a whirlwind tour of automated insulin delivery systems in development,
highlighting the now-complete MiniMed 670G pivotal study ("outstanding results," particularly in
adolescents and in well-controlled patients; see here); UVA's DiAs system (pivotal trial starting later in
2016, but final device not decided on), Beta Bionics (works in insulin-only mode; big wins: adjustable
target, qualitative meal boluses, few alarms; insulin-only pivotal starting in 2Q17, followed by the
bihormonal pivotal), Tandem's predictive low glucose suspend system (pivotal trial later this year), Animas'
hypoglycemia hyperglycemia minimizer (pivotal trial later this year), Bigfoot Biomedical (smartphone app
to interface with system and bolus), Cambridge ("amazing results," but no commercial partner), Diabeloop
with Cellnovo's pump and Dexcom CGM (pivotal trial later this year, apply for CE Mark in 2017), Insulet's
artificial pancreas system (first ever picture we've seen, human trials starting later in 2016), and Inreda's
bihormonal system in Europe (studies ongoing, CE Mark in 2017) WOW! We had not previously heard these
timelines for Diabeloop or Inreda. Dr. Ly also highlighted that the next-gen Medtronic pump, the MiniMed
690G, is already in development and will include the DreaMed algorithm to perform automatic correction
boluses based on CGM readings (entering a trial this month, according to Medtronic's Saturday dinner).

At a higher level, Dr. Ly called for customizable glucose targets that allow patients to titrate algorithms'
aggressiveness. While this isn't available in the first-gen 670G, it could be available in other systems (e.g.,
Beta Bionics' iLet), and hopefully it will be widespread in next-gen products (of course, there is tough
balance to strike here between complexity and customizability). Dr. Ly summarized that closed loop
represents "a new paradigm in diabetes management," and "these therapies will be transformative for
pediatric diabetes care." She emphasized that first-generation systems are still going to be conservative, still
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require maintenance, and will not be a cure - in short, "managing expectations" is critical, particularly with
the first-to-market 670G. We couldn't agree more on that point!

▪ Dr. Ly noted called the 670G pivotal trial data "outstanding," and was particularly
impressed with the adolescent results (see our coverage here). She noted that the adolescent
patients were already doing well at baseline (A1c: 7.7%), and still saw an "incredible" 0.6% reduction
in A1c AND less hypoglycemia.

◦ Managing expectations will be the big challenge with the 670G. Dr. Ly noted that
the glucose control "is not perfect," and in this first-gen hybrid closed loop, the algorithm
has to be conservative because it needs to be safe. She explained that the 670G will work
great for patients who are already testing and doing pre-meal boluses, but it's not going to
do everything - in other words, it's not a device you turn on, do nothing, and get an A1c of
7% with no hypoglycemia. Still, she called it "incredibly promising data" and is clearly
psyched about its potential.

◦ "Dr. Ly, thank you for giving me back the son I had before he was diagnosed
with diabetes," shared one mom of a 670G pivotal trial participant. This echoes
what we have heard for a long time about automated insulin delivery - it frees up mind
space and brings awesome quality of life benefits. We hope those are captured as the FDA
weighs risk-benefit, and as payers weigh reimbursement. As a reminder, 80% of 670G
pivotal study patients are still using this device as part of the FDA's continued access
program, a strong vote of confidence in the benefits vs. burden balance.

▪ Dr. Ly showed the first picture we've ever seen of Insulet's artificial pancreas system,
which included a slim handheld controller, an MPC algorithm built directly into the
pod, and Dexcom CGM. Clinical studies will start in 2016, consistent with expectations, and we
assume the plan to be in market in 2018 still stands. Insulet management had previously hoped the
system might use a phone, but obviously a handheld is likely a faster and easier development path -
we assume a phone app could still show data and perhaps add remote bolusing over time. We're glad
to see the handheld will be pretty slim and small, an improvement from the fairly clunky PDM that
has not changed much since the OmniPod originally launched. As a reminder, the MPC algorithm is
a commercial version of the UCSB algorithm licensed from Mode AGC in 4Q15.
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Questions and Answers

Q: If you're looking for A1c improvement, why not try this in A1c's of 12-14%?

A: That will be the next challenge. You have to think about why a patient has a 12-14% A1c. If they are doing it
because they are not testing and not bolusing, closed loop is not going to fix that. Closed loop will ideally be
the new normal like pump therapy should be the new normal. But we're not going to fix a 14% A1c that doesn't
want to take insulin because he or she is trying to lose weight.

Q: People don't want to push buttons. Won't this make a huge difference now that patients
don't have to push the buttons?

A: In the first-gen you will have to push buttons. You need to calibrate the sensor, for instance, otherwise you
won't stay in closed loop. There is still a lot of work to be done on the patient side.

Q: What about pump failures, failure to insert, kinking, etc.?

A: It depends what you mean by pump failures. I think you mean infusion set failures. There are lots of
different companies developing better infusion sets. From our experience with the 670G, it has better
detection for that occlusion. I think that is still a work in progress. We've done some work at Stanford, UCSB,
and RPI to develop closed loop algorithms to better detect infusion set failures. It's tricky because it's hard to
tell. There is a balance between false alarms and true alarms. It's really hard to develop those algorithms to
better detect that, and we need to make them functionally better. Companies are working on that and studies
are happening.

Q: In the first gen, it's amazing that system can be way better than control group with a target
range of 70-180. Can you imagine the next gen will be even better range, say a range of 70-130?
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A: I think we need to get it out, and after the first-gen, allow patients to modify the set point, so it's the right
percentage of time-in-range for them. That's what systems need to have. When patients first test it, they say
it's great and it works really well. But when we started to test it out for longer, say three or six months, patient
say, "Well, actually, sometimes I want the algorithm to be more aggressive and I want to be a bit lower." So it
needs to be adjustable for patient needs.

Q: We have a lot of Medicaid and managed care patients; just getting CGM is difficult. Where
do you see closed loop? Will it be harder or easier? Looking at the data, with a reduction of
0.6%, will insurance companies say that is not relevant?

A It's going to take long conversations, lots of work, patient advocacy groups, and Aaron might be able to talk
more about this. We need to get it out, and I think it will actually help improve things once it becomes
standard of care, potentially all systems will need to have automated closed-loop control to remain
competitive on the market. But someone is going to have to pay for it.

Q: My concern when CGM first came out is that all insurance companies were paying for it.
But two years down the line, all the sudden they're saying we're not paying for it.

Dr. Aaron Kowalski (JDRF): This is a top priority at JDRF. We have started a large health policy initiative
with the Helmsley Charitable Trust. It doesn't do any good if we develop new technology or therapies that are
not accessible. The payer feedback has been pretty positive, and we are engaging with the major players. We
want to make sure these are accessible for anybody who would benefit.

STATUS OF INSULIN PUMP AND CONTINUOUS GLUCOSE MONITORING USE IN PEDIATRIC
DIABETES

Jenise Wong, MD, PhD (UCSF, San Francisco, CA)

Dr. Jenise Wong provided a comprehensive overview of device utilization in pediatric type 1 diabetes.
Beginning with pumps, she noted that there are a host of studies documenting the glycemic and quality-of-
life benefits in children and adolescent but noted that use remains very variable by country. Dr. Wong
attributed the variability to a number of factors from reimbursement and guidelines around pump use to
the availability of pump reps and supplies - she cited T1D Exchange data suggesting that pump penetration
is as high as 60% in the US, more than three or four times the penetration in EU countries. She contrasted
that level of penetration with CGM, noting that the penetration of this technology remains VERY sparse
(~15% in the Exchange). She was very positive on the benefits of sensor technology, though noted that a
significant discontinuation rate prevents serious uptake. We do think that part of this has to do with
patients' sky-high expectations for CGM technology and the reality that the devices - while improving in
accuracy and usability - are still not perfect, particularly on day one. She noted that even among CGM
users, few patients take full advantage of the technology since such a minority of patients routinely review
device data (see below) - we think this is because device data does not offer nearly enough benefits relative
to the hassle of obtaining it and making sense of it. Once powerful, automated pattern recognition and
compelling insulin titration algorithms are in place, we think device downloading will improve, or perhaps
move to a real-time notification model. Ultimately, she suggested that education on the importance of device
data (both on a provider and patient level) is a key step toward greater penetration in the future. We agree
with her, though believe that CGM reimbursement, factory calibration, on-body form factor, a BGM
replacement claim, and clinical decision support are more important for expanding uptake.

▪ Dr. Wong presented valuable data on the lack of device data utilization from the T1D
Exchange. Unsurprisingly, utilization is lowest among young adults with higher use among
children and adolescents (where we assume parents are very involved with care). This does not
surprise us one bit - CGM download software does not yet provide enough benefits to make the
hassle of obtaining it and interpreting it worth it. Further, we believe the retrospective data mindset
must change to a real-time model that gives patients more in-the-moment pattern recognition. What
is more useful - a "morning high" pattern alert that is triggered every few months someone
downloads, or a real-time notification at 10 am ("High pattern after breakfast observed for the past
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six days")? In our view, personal CGM is a real-time technology, and patients stand to benefit the
most from real-time, in-the-moment data analysis.

CGM Download
Frequency

Never 1-3x per month 1x per week

Children 24% 37% 8%

Adolescents 36% 22% 12%

Young Adults 45% 16% 4%

Adults 42% 17% 5%

◦ Dr. Wong also shared broader data comparing data downloading frequency (BGMs +
CGMs) among adult patients and caregivers. We assume these numbers are self-reported
(meaning they are probably overestimates), and they still fall woefully short of where we would like
them to be. This will unquestionably improve as devices become connected to the cloud and stream
data automatically, such as Dexcom's G5, Abbott's LibreLink, Medtronic's MiniMed Connect, and a
host of cellular- and Bluetooth-enabled meters. However, it still begs the philosophical question - is
the future of diabetes data in real-time decision support and automatic pattern recognition? Is it
realistic to ever expect patients to download and review their historical data?

Device Download
Frequency

Never Sometimes Routinely

Adults 69% 20% 12%

Caregivers 44% 40% 27%

Questions and Answers

Q: What is surprising to me is the lack of penetration of pumps in pediatric patients
considering the low discontinuation rate. That must mean we're not getting people onto
pumps in the first place?

A: Yes, that's the first barrier - getting people onto pumps. We talked about the 60% on a pump; what we
didn't talk about is what is keeping those other 40% from starting. There are social factors to be sure - racial
disparities, socioeconomic disparities. There are very real ways we could change the system and address
cultural barriers that would help. So you're right that discontinuation isn't as much of a factor in pump use.
The factor is getting people to start.

Q: Is discomfort a limiting factor with CGM? I've heard with Libre in the EU that skin reactions
stops some kids from using the device.

A: Skin reactions are a common reason for discontinuation for all CGMs. I don't know if the solution is better
troubleshooting from an educator and clinician standpoint or a device innovation that needs to happen.
However, it is a common cause of discontinuation and people who are using it will still complain.

DiabetesMine D-Data Exchange

The standing-room-only DiabetesMine D-Data Exchange gathered some of the best minds in diabetes
technology, headlined by: a vision for interoperable, component AP systems (FDA's Dr. Courtney Lias); a
standing ovation for OpenAPS developer Mark Wilson; a masterful overview of different closed-loop
systems from Stanford's Dr. Trang Ly; a strong desire for customizable closed loop algorithm glucose
targets; and more need for industry to engage with and learn from the DIY community. See a couple themes
immediately below, followed by full talk write-ups.
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THEMES

▪ There was consensus that closed-loop devices should: (i) include algorithms with
customizable glucose targets; (ii) insulin-on board on the home screen; and (iii) have
highly adjustable alarm settings. The patient panel was clear that customizing an algorithm's
aggressiveness is very key - some patients want more control, particularly because early-generation
systems are more conservative. Indeed, Dr. Trang Ly pointed to this as an area for improvement in
the Medtronic MiniMed 670G, which targets 120 mg/dl and does not allow the user to lower the
target. Of course, there is a tough balance between customizability and simplicity - tweaking every
parameter might be ideal for early adopters, but will add too much complexity that could hinder
adoption. Dr. Ly felt strongly that systems should include insulin-on-board, a sentiment we agree
with.

▪ The DIY community is dying to interact with industry, though companies are still
resistant. OpenAPS co-creator Dana Lewis indicated that industry's regulatory
concerns are a "phantom worry." Dr. Courtney Lias urged the DIY community to talk
to the FDA. Ms. Lewis argued that companies can still talk to and learn from the OpenAPS
community, even if it is not an "approved" product - engaging does not imply support or anything
illegal. Dr. Lias said the FDA "comes from a place of understanding," but OpenAPS technically falls
under FDA jurisdiction. The agency has the option of using enforcement discretion and will enforce
based on risk - FDA may not choose to spend resources on someone building a system for their own
personal use. However, the Agency does want a level playing field: "There is no difference between a
movement developing a platform, and a small company developing a platform. We are definitely
open to talking about the community, and how we cover the responsibility piece and make sure
adverse events are reported...I would push the patient community to start solving the responsibility
piece, even if it's not the current FDA path, we are open to talking about that. There are lots of ways
to meet the FDA requirements...Vendors are skittish because of the area of responsibility....We can
solve problems by talking together, not by assuming FDA will or won't do something. I would invite
people to talk with me about it, and encourage bigger discussion between this community and FDA -
how do we get you what you want, and how do we get what we need?"

FDA ON INTEROPERABILITY & ARTIFICIAL PANCREAS PROGRESS: WHERE GUIDANCE
CAN TAKE US

Courtney Lias, PhD (FDA, Silver Spring, MD)

FDA's Dr. Courtney Lias shared a strikingly optimistic goal to build an infrastructure for interoperable,
modular, component artificial pancreas systems. "We don't see a way artificial pancreas can be what it
needs to be without this. I'm sharing our intention of solving this problem." As she noted at last week's AP
Webinar, the current regulatory paradigms are easier for single companies submitting a combined pump/
CGM/algorithm system (e.g., Medtronic's MiniMed 670G). Showing a "FACE PALM" slide, she noted that
this "system" framework could hamper innovation and product iteration. Dr. Lias highlighted Dexcom's
pump partnerships with Animas and Tandem as two examples, which were hampered by months of legal
contracts and ironing who is responsible when things go wrong - a very inefficient process. Dr. Lias
envisioned a day with standardized, interoperable devices, allowing patients to swap in different system
components (pumps, CGMs, and algorithms; see picture below). She outlined a list of current challenges
that FDA and the scientific community/industry must address (see table below), noting this might take
~10-15 years to totally solve though certain pieces could be accomplished in the short term. [Many in the
audience thought it could be faster.] It was clear that device communication standards are mission critical
in all of this, leading us to wonder how Dr. Joe Cafazzo's and Melanie Yeung's work in Toronto on diabetes
device standards could be integrated into commercial products. Dr. Lias concluded that FDA wants to be the
"lead penguin" on artificial pancreas component interoperability, which might even include forward-
looking guidance to pave an easier path for interoperable products. Nice! We were highly impressed with
her open and forward-looking perspective, and wonder if industry will consider more modular approaches
to AP system design. Plug and play component AP systems could significantly enhance patient choice, spur
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innovation, and improve automated insulin delivery far more quickly than the current paradigm. This will
be a further topic of discussion at the FDA/NIH Artificial Pancreas workshop in Washington, DC on July
6-7.

▪ "Mobile phones are a must. We're very pro putting artificial pancreas systems on
mobile phones." The strikingly positive commentary was great to hear, since this has been an
open question mark - what are the risks of patients dosing insulin from a phone? The devil is of
course in the details here: will the algorithm sit on the phone and communicate to the pump and
CGM separately, or will the phone simply act as a window to what's happening in the fully integrated
pump? We were definitely encouraged to hear optimism on this front, since it opens up so many
advantages to developers: faster iteration (software updates), remote monitoring, better user
experience, etc.

▪ Dr. Lias succinctly summarized the challenges around modular, component artificial
pancreas systems, with a clear emphasis on the lack of device communication standards.

Challenge FDA Industry/Scientific
Community

Data format Need assurance that devices

compatible - standards will

facilitate

Need to develop standards?

Discuss needs

Secure/private
communication protocols

Need assurance that devices

secure - standards will facilitate

Standard under discussion,

discuss needs
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Component device
modifications

Need assurance that device

modifications will not have

unintended impact on systems

Need to develop standards?

Post-market responsibility Need to define who is

responsible in case of

component/system failure

(investigations, complaints, etc.)

Should provide suggestions/

input

Mobile phone capabilities
(alarms, app priority)

FDA encourages use of mobile

apps

Need to address current

limitations and difference

between operating systems

Operating system updates FDA already has efficient

pathway developed

Needs to identify technical

challenges to allow multiple

systems

ACADEMIC ARTIFICIAL PANCREAS UPDATE

Trang Ly, PhD (Stanford University, Palo Alto, CA)

Stanford's Dr. Trang Ly provided an outstanding overview of artificial pancreas systems, calling the
technology "transformative"; characterizing first-gen product algorithms as "conservative"; and
summarizing systems' strengths, areas for improvement, and algorithm nuances (see tables below). Dr. Ly
argued that the biggest challenge Medtronic's MiniMed 670G faces is managing expectations ("This is not
going to cure you. That will be their biggest problem"). She also noted that MiniMed Connect doesn't work
with the 670G right now (and Bluetooth is not built in), and the lack of an adjustable glucose target needs to
improve. On the bright side, she noted that the 670G is a very nicely integrated system and the pivotal trial
is complete, putting it first in line to market. Dr. Ly said some of the next challenges for closed loop systems
include user interface and human factors: "These will not last on the market if we don't see improvement in
user interface and how a person interacts with the system." Totally agree there, and this is where a
multitude of companies selling products is going to drive innovation and better all-around user experiences.
Dr. Ly also highlighted room for improvement in fail-safe modes - "going back to pump mode with preset
settings is not necessarily safer."

System Strengths and Challenges

Medtronic
MiniMed
670G

UVA /
TypeZero

Cambridge Harvard BU

Strengths Integrated

system

124 patients,

three-month

pivotal trial

Six-month

data, n=13

Remote

monitoring

Software

updates

Pump agnostic

Three months,

n=33

Lots of clinical

data

Run-to-run

optimization

currently

being tested

N=48 over 12

days

Integrated,

system

Adjustable set-

point ("really

important")

Meal

adaptation
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Challenges Managing

expectations

Need remote

monitoring

(won't work

with MiniMed

Connect)

Adjustable set

point

Moving to

commercial

platform

Connectivity

Set-point may

be too high

during day

No

commercial

partner

No remote

monitoring

System not

integrated

No

commercial

partner

(different

algorithm

from Insulet/

Mode AGC)

No remote

monitoring

Need longer

studies

Glucagon -

long-term

effects

Design being

worked out -

IOB

Need longer

studies

▪ Initialization Parameters: BU's Bionic Pancreas has the clear advantage here, requiring only
weight to start closed loop, and then it adapts over time. Initialization could play an important role
in who these systems appeal to (current pumpers vs. MDIs) and how hard they are to train providers
and patients on.

Medtronic
MiniMed
670G

UVA /
TypeZero

Cambridge Harvard BU

Parameters
to Start

TDD

Basal

I:C

ISF

Sensor for 48

Hours

TDD

Basal

I:C

ISF

Weight

TDD

Basal

I:C

ISF

Weight

TDD

Basal

I:C

ISF

Weight

▪ Setpoint (Glucose Target): Cambridge, Harvard, and BU have the most aggressive targets; UVA/
TypeZero is notably conservative during the day (160 mg/dl).

Medtronic
MiniMed
670G

UVA /
TypeZero

Cambridge Harvard BU

Setpoint 120 mg/dl Day: 160 mg/

dl

Night: 120

mg/dl

Treat-to-

target: 104-131

mg/dl

Optional

individual

setpoint

Day: 80-140

mg/dl

Night: 90-140

mg/dl

Insulin and

Glucagon

setpoint is 100

mg/dl

Adjustable by

user up to 130

mg/dl

Exercise Temp target:

150 mg/dl

Safety: no

more than

usual basal

Exercise-

specific

setpoint
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▪ Automated Component: Most of the systems dose every five minutes, and most use MPC. It's
hard to know how meaningful these algorithm differences are before seeing them head-to-head in
clinical trials.

Medtronic
MiniMed
670G

UVA /
TypeZero

Cambridge Harvard BU

Algorithm PID-IFB Control to

Range

MPC MPC MPC: Insulin

PD: Glucagon

Dosing Microbolus, 5

minutes

Basal: 5 mins

Correction: 1

hr

Insulin

infusion rate:

10 mins

5 mins 5 mins

System-

calculated

meal dosing

#OPENAPS AND THE DRIVE TO DIY DIABETES TECHNOLOGY

Mark Wilson (OpenAPS, Freelance Software Developer, San Francisco, CA)

Mark Wilson received a standing ovation after his talk on the do-it-yourself OpenAPS, noting that open,
interoperable diabetes devices will facilitate an ecosystem of diabetes innovation that manufacturers could
never have imagined - and that will help drive adoption and dramatically improve products. Mr. Wilson
predicted that the first pump to securely enable patients to access it (e.g., from a phone app) will see
tremendous success. As an example of what devices with open APIs can offer, Mr. Wilson cited Fitbit's
wireless scale, Aria - the scale connects to Wi-Fi and sends the data to the cloud, allowing developers to
connect to it and build novel apps that use the data. BeeMinder allows a user to connect their credit card
and Fitbit scale seamlessly: "If I don't weigh 160 lbs in three months, charge me $150. Fitbit won't think of
that, but it adds value to Fitbit. This is what we need from diabetes devices." He characterized OpenAPS as a
"platform" that enables different devices, closed-loop algorithms, and data displays to be tailored to each
patient's preferences. Indeed, he boluses from his Apple Watch, and in addition to selecting quantity of
carbs, he denotes whether it is a lollipop, taco, or pizza bolus. Mr. Wilson lamented the difficulty of accessing
current devices, citing Ben West's ultimately successful six-year quest (!) to hack into the Medtronic pump.
There is even a $13,000 reward being offered to crack the OmniPod's communication protocol! Mr. Wilson
characterized this as a waste of time, subtracting valuable resources from building compelling user
interfaces and new ways of managing diabetes. His diabetes device-as-car analogy beautifully explained
the rationale for OpenAPS: "Diabetes is not about the car; it's about the drive. There is a perception that DIY
people are car fanatics, and we just have to tinker with our devices - we want the fancy rims. The reality is
we were sentenced to drive, and we were given a car - clearly by someone who has never been behind the
wheel. We [OpenAPS] happen to open up the car and hotwire it, and it makes our drive so much better." We
fervently hope some of the learning from OpenAPS will make it into the hands of industry. There are now 81
people on the system globally, collecting over a thousands hours of closed-loop data every day.
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Symposium: Inpatient Management of Diabetes and Hyperglycemia - Novel Insights and
Effective Approaches

AUTOMATING INSULIN DOSING DECISIONS - BENEFITS, LIMITATIONS, AND COST
EFFECTIVENESS

Thomas Pieber, MD (Medical University of Graz, Austria)

Dr. Thomas Pieber shared results of a study that evaluated the clinical usefulness and cost-effectiveness of
GlucoTab, a tablet-based workflow management software that provides suggestions for inpatient insulin
dosing. The system provides glucose management advise directly at the point of care, by documenting blood
glucose levels over time and recommending changes in insulin delivery based on a patient's age, weight,
renal function, insulin sensitivity, and food consumption. In a non-randomized study of the device in four
clinical wards, results indicated that patients using GlucoTab experienced substantial improvements in
glycemic management - the odds of a patient experiencing a hypoglycemic event was 3.1 times lower among
patients managed with GlucoTab vs. those not managed with the software (95% CI: 1.4-6.8) while the odds
of hyperglycemic events was 2.2 times lower (95% CI: 1.1-4.6). Notably, Dr. Pieber shared that these
benefits could theoretically result in cost savings of as much as 26 million euros (~$30 million) per year in
direct costs (excluding indirect costs and costs due to medication errors) if GlucoTab were implemented in
all hospitals in his home country of Austria - this would more than cover the projected cost of implementing
the program (six million euros). Dr. Pieber admitted that the software's greatest shortcoming is that there is
not yet RCT outcome data to support it. However, his team hopes to conduct a larger trial across
Switzerland, Austria, and Germany in the near future that will strengthen the body of evidence supporting
the software. He did not share any timing and it sounded like financial resources are the gating factor. We
wonder if such a trial is even needed, given how grim and difficult some inpatient management is - software
really can do this better.

www.closeconcerns.com 187



Questions and Answers

Q: How accepting was the nursing staff to this degree of digitalization?

A: This is an important question because it's subjective. We measured acceptance with a questionnaire and
they liked it overall because it was organized. However, there is a threshold you have to overcome when
introducing a new system, but they grew to like it.

Q: How many different medical or surgical departments and countries has this been evaluated
in?

A: We want to get the funding to do a large randomized controlled trial in Switzerland, Austria, and Germany.
Currently, our studies are in regional hospitals. Non-university hospitals are our next step.

Q: Was there one tablet per floor? Does the tablet provide other functions, or is the tablet
solely dedicated to the practice of insulin management?

A: There would be one in a nursing group, which would take care of between 8-12 patients. The software is
also web-based so they would not be limited by the single tablet.

Corporate Symposium: Partnering to Improve Patient Care: A Technological Evolution in
Insulin Delivery (Sponsored by Johnson & Johnson)

ADDRESSING THE UNMET NEEDS IN THE DIABETES SPACE

John Wilson (Worldwide VP, Insulin Delivery, J&J Diabetes Care Companies, Wayne, PA)

Mr. John Wilson kicked off Johnson & Johnson's Sunday night corporate symposium with an overview of
the company's contributions in the diabetes space. Indeed, J&J's commitment to the field emerged as a
theme throughout the evening, with Mr. Wilson stressing that the segment has a strong foundation and one
that will be "enduring." This commentary comes on the heels of similar optimistic remarks from J&J's May
Medical Device business review, which shared plans to launch the OneTouch Via (formerly Calibra Finesse)
insulin delivery device by May 2017 and its long-awaited hypoglycemia-hyperglycemia minimizer with
Dexcom CGM by November 2017 (within 18 months). [J&J has informed us that the OneTouch Via timing
has now moved up slightly (launching in limited markets OUS in late 2016, with US launch to follow shortly
thereafter), while the hypoglycemia-hyperglycemia minimizer is now more conservatively slated to launch
within 18-24 months of May 2016 = November 2017-May 2018.]

ARTIFICIAL PANCREAS: WHAT MORE DO WE NEED TO SUCCEED?

Brian Levy, MD (Chief Medical Officer, J&J Diabetes Care Companies, Wayne, PA)

Dr. Brian Levy shared perspective on what it will take to succeed in the artificial pancreas race. Dr. Levy
did not share specifics on the planned hypoglycemia-hyperglycemia minimizer with Dexcom CGM, but did
confirm in Q&A that the pivotal study will start this fall (consistent with the May Medical Device business
review, which called for a late 2016 pivotal trial). Commentary in Q&A suggested Animas is still working
with the FDA on the study design, and though it will not be first to market, it does intend to be best in the
market (particularly in pediatrics). Dr. Levy spent a good portion of his talk on the importance of
incorporating quality pump systems, and shared confidence that the Animas pump platform is superior in
terms of precision, accuracy, and bolus delivery. We're not sure whether this difference is clinically
meaningful from an outcomes perspective (as Lane Desborough has humorously said, "We precisely deliver
inaccurate amounts of insulin"). Of course, small bolus increments are very important for children, and fast
bolus delivery is important for those taking very large doses at one time (e.g., 10-15 units). Just as we heard
at ATTD, J&J will have ancillary cloud-based software for its automated insulin delivery product - great to
see and a definite must-have to stay competitive with Medtronic's expanding data ecosystem.

▪ Dr. Levy spent most of his talk focusing on the pumps that will be used in closed-loop
systems, highlighting Animas pumps' accuracy and precision. He stressed that these
improvements make Animas pumps more suited to insulin-sensitive populations, such as in children
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or the elderly. He also highlighted the water proofing as particularly useful in children, who "may be
less gentle than desired."

▪ J&J's closed-loop ancillary software will be a cloud-based diabetes management
ecosystem, "with the patient at the forefront." Dr. Levy highlighted the ability to
communicate data with friends and family, health professionals, and payers - consistent with several
of Dr. Levy's references to children, the slide presenting these ideas featured two young children at
the center of the network.

◦ Dr. Levy also highlighted Animas Academy, an educational website first
discussed at ATTD, launched in the EU, and hopefully coming to the US soon.
It offers practical pump therapy tips for patients, caregivers, and healthcare providers.
Animas has done a good job of making the content holistic (everything from basal rates to
exercise to sleepovers), layering the content within five broad chapters (Get started with
your pump, pump therapy essentials, day to day life, for your kids, HCPs), and refining the
content down to key bullet points. See the Animas Academy website.

▪ Dr. Levy noted that closed-loop developers still have a ways to go in terms of the
psychosocial and practical elements of artificial pancreas design (e.g., minimizing burden
of wear, user interface, human factors, etc.). We certainly agree that the questions of form factor and
design will have critical implications for product development and market uptake of AP systems.
Our biggest worry is that these systems will be designed for current pump and CMG users, which
would be a mistake

▪ Dr. Levy wrapped up by touching on the necessary improvements needed in CGM
technology, noting that while accuracy has improved, he believes that MARDs in the
single digits are needed for commercial AP systems to meet patient's sky-high expectations -
of course, this is where its partner, Dexcom stands with G5 (MARD: 9.0%). [For context,
Medtronic's much-improved Enlite 3 has an MARD of 10%, which is technically double digits, but
certainly good enough to drive better outcomes. The 10% threshold is arguably arbitrary (it's based
on modeling work from Dr. Boris Kovatchev), but it does make for good memorable marketing.]

PATHWAYS TO THE ARTIFICIAL PANCREAS

Satish Garg, MD (University of Colorado, Aurora, CO)

Dr. Satish Garg set the scene for the evening's discussions with an overview of data on CGM/pump use and
automated insulin delivery (AID), emphasizing the meaningful reduction in hypoglycemia offered by these
technologies. He highlighted Medtronic's 2013 ASPIRE study of the MiniMed 530G, showing a 38%
reduction in nocturnal hypoglycemia with threshold suspend. Dr. Garg also referenced the recent Medtronic
670G trial (also presented at ADA 2016) showing a 44% reduction of both nocturnal and daytime
hypoglycemia and a 0.5% reduction in A1c - "we are down to nearly zero hypoglycemia," he stated, noting
that the future for the artificial pancreas is bright, especially with the promise of sophisticated data
analytics. In addition, Dr. Garg contextualized the "pathway to the artificial pancreas" by showing T1D
exchange data (n=27,000) demonstrating that only ~33% of patients with type 1 diabetes are using insulin
pumps, though a greater percentage of pediatric patients (65%) use the technology. Further, CGM usage has
increased from 6% in 2012 to 15% in 2016; he noted, however, that uptake is still far below what was
expected. In closing, Dr. Garg mentioned the July 21 FDA Advisory Committee meeting to discuss a
replacement claim (non-adjunctive) for Dexcom CGM, suggesting that a positive outcome could increase
uptake of the technology (especially in Medicare, of course). An insulin-dosing claim would be a key
regulatory win for the field, and we will be curious to see how much it impacts penetration, if approved.
This approval is not the only reason keeping people from adopting CGM (cost, perceived inaccuracy, device
burden, inconvenience), though it does play a role in the value proposition and prescribing.
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THE ARTIFICIAL PANCREAS ROADMAP: FINDING THE WAYS TO KEEP GLUCOSE IN A
SAFE ZONE

Eric Renard MD, PhD (Montpellier University, France)

Dr. Eric Renard provided an overview of several closed-loop control algorithms, including proportional-
integral-derivative (PID), model predictive control (MPC), and fuzzy-logic (MD-logic), emphasizing the
overall movement from reactive systems (PID) to predictive systems (MPC) that adjust insulin delivery
according to expected glucose trends. However, Dr. Renard stated that MPC meal control remains a "weak
point", noting that current insulin kinetics and delivery route (e.g. subcutaneous injection) limit the ability
for AID systems to mimic pancreas activity by delaying insulin action. To that end, he noted that elements
such as meal announcement and insulin-on-board can help the system respond to blood glucose trends
before they reach extreme highs or lows. Next, Dr. Renard walked the audience through the "roadmap to the
AP in clinical practice": from low-threshold insulin suspension to predictive low-glucose suspension to
hypo-hyper minimization, and finally to multi-hormone systems (glucagon, amylin, etc.). According to Dr.
Renard, these systems will progressively flatten glucose levels and keep them in a safer range. Of course, a
hugely important part of new technology commercialization will be managing patient expectations as none
of these technologies will be a perfect replacement pancreas, and all will require some degree of action by
the user.

PARTNERING FOR A PATIENT-CENTRIC APPROACH TO INNOVATION

Krishna Venugopalan, PhD (Worldwide Director, Research & Development, Insulin Delivery,
J&J Diabetes Care Companies, Wayne, PA)

Dr. Krishna Venugopalan shared his belief that improvements in closed-loop algorithms and the integration
of sleep, activity, and meal-tracking data into closed-loop systems will prove to be the "most salient"
advances as this field moves forward. He spoke specifically to the high expectations of closed-loop care -
more automation, data analytics, personalized therapy - noting that researchers are going to have to
integrate more inputs to achieve these goals. Dr. Venugopalan also noted the importance of improved
infusion site management for improved reliability of insulin delivery, remarking that this goes hand-in-
hand with still-needed extensions of pump/infusion set life (to reduce the burden of site and device changes).
In conclusion, he suggested that the field is still some ways from addressing all patients concerns about the
artificial pancreas (e.g., safety, discreteness, complexity, etc.) but acknowledged on a positive note that calls
for patient-centered innovation have moved this conversation in the right direction of late.

Questions and Answers

Q: Will the first-ever closed loop Animas product be the HHM?

Dr. Levy: The simple answer is yes. That is the product we are working on to bring to market now. We are very
excited to be starting a pivotal study that will hopefully meet FDA approval in the fall of this year.

Q: How far apart should the CGM sensor be from the pump needle to avoid inaccuracy in
reading?

Dr. Renard: As a matter of fact, we have done some studies in the EU where we put sensors inside the insulin
cannula - because we have a dream where patients will have to only make one insertion into their body - and
we learned that this works perfectly well. So, there doesn't need to be a large distance between the insulin
infusion set and the sensing.

Dr. Garg: The amount of insulin going into the patient is so small that it doesn't interfere with the sensing. In
fact, companies are working to develop devices where everything - sensors and pumps - are inserted at once.
While this is not available yet, we are hopeful this technology will be available soon.

Q: What work is being done to integrate CGM and pump data into electronic medical records
such as Epic, Cerner, etc.?
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Dr. Venugopalan: Data portability and interoperability are really important to us. Through OneTouch Reveal,
we are creating standard APIs where data from our systems can be pushed into electronic medical records and
displayed there. We have a very strong focus in the R&D team to drive full integration with EMR.

Dr. Garg: At the Barbara Davis Center, we have been working closely with Tidepool and Glooko. Through HL7
we are pretty close to being able to incorporate almost all the pump and sensor data into Epic in the next three
to four months.

Q: What developments are planned between Animas' pumps and Dexcom's CGM?

Dr. Levy: We are partnered with Dexcom, and we have already released our Animas Vibe, a CGM-enabled
pump. We are going to be using Dexcom's technology moving forward with our artificial pancreas program, so
that we can use the best CGM technology with our algorithms and pumps. The hypo- and hyperglycemia
minimizer we mentioned will be using Dexcom's CGM technology.

Q: For patient centric-designs, how much input comes from populations such as minorities,
low socioeconomic status, etc.?

Dr. Venugopalan: Diversity of input is very important for us. Whenever we do market research or collect
insight, we are very careful to ensure that there is broad inclusion of people from different demographics. It's
several thousands of data points so we can ensure that that broad coverage is there.

Q: Isn't Animas late in terms of CGM integration since Dexcom has moved on to its Gen 5?
Medtronic has also launched its 640G, which is more rigorous than the Animas pumps and is
closer to the closed loop.

Dr. Garg: First, it is not a bad idea to be late. You can learn from others' mistakes. I don't think there's
anything "late" from Animas. Additionally, J&J is building in additional platforms and has started its first
round of studies on Gen 6. They are working behind the scenes. I also want to assure you that it's not just
Medtronic's 640G we are looking out for: Medtronic's 670G will also soon be launched in the US.

Mr. Wilson: We are embarking on something ambitious, which takes time and is taking longer than anyone
would like. However, we are not about being first-to-market; we are about being the best in the market. Those
who are working to develop our product feel confident in the predictive nature and the accuracy and precision
of our pumps. Those are all critical components of pumps in the market today, and it is even more important
in the closed-loop solution. We also can't have an artificial pancreas without CGM, and we are coupling our
most accurate pump with the most accurate CGM. We are pushing as hard as we can to accelerate the product.

Dr. Venugopalan: Overall, we look at the opportunity significantly and seriously. For example, we are the only
pump on the market that has been approved to market to children down to two years of age. We are coming
out with automated solutions in hypo- and hyperglycemia reduction. We're working with some of the best
minds in the industry, and we are working with the FDA to craft our study designs. We are also expecting to
have studies post-approval to focus on safety and to improve the public accessibility of our products.

Glucose Monitoring

Symposium: The Value of Continuous Glucose Monitoring in Patients with Type 1 Diabetes
Using Multiple Daily Injections - DIaMonD Study

RESULTS

Elena Toschi, MD, PhD (Joslin Diabetes Center, Boston, MA)

Joslin's Dr. Elena Toschi reported very positive results from Dexcom's DIaMonD study, which randomized
MDI users not at goal (baseline A1c: 8.6%) to six months of CGM (n=105) or six months of usual care
(n=53). A1c declined a strong 0.9% with CGM at six months vs. -0.4% with usual care, for an adjusted mean
difference of -0.6% in favor of CGM (p<0.001). The advantage for CGM was impressively consistent across
age, baseline hypoglycemia, education, and diabetes numeracy - 60+ year-old CGM users saw the same
benefit as 25-60 year-old users! At the same time A1c declined, hypoglycemia significantly improved with
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CGM: a 30% improvement in time <70 mg/dl (-23 mins/day; p=0.006) and a strong 50% improvement in
time <50 mg/dl (-11 mins per day; p=0.005), both outperforming 17% and 21% improvements with usual
care (-15 mins, -6 mins). While the absolute reductions are not huge here, we'd note the high baseline
patients were not experiencing an overwhelming amount of hypoglycemia at baseline. On the high end,
CGM users were spending 83 fewer minutes per day above range (>180 mg/dl) at 24 weeks, while the usual
care group was spending nine more minutes per day above range (p=0.04). That translated to CGM users
spending an hour more per day in range (70-180 mg/dl ) at 24 weeks, while the usual care group spent 15
fewer minutes per day in range (p=0.006). CGM trended towards less severe hypoglycemia: a 2% rate (two
out of 105 patients) vs. a 4% rate in usual care (two out of 53 patients). Glycemic variability also
significantly improved with CGM (median CV: 42% to 38%), but did not change in usual care (42% to 42%)
(p<0.001). Daily SMBG tests declined as expected in the CGM group (from 5.1/day to 3.6/day), but stayed
roughly similar in the usual care group (5.1/day to 4.6/day) (p<0.001). CGM wear >6 days per week was
seen in an impressive 89% of patients at six months, a testament to the better technology and the tight
adherence criteria (>85% wear) patients had to demonstrate during the blinded CGM phase before
randomization - that ensured, of course, that patients would actually wear CGM and see benefit during the
study. The presentation only said the "latest" Dexcom CGM was used, which we assume means the G4
sensor with Software 505. More study details below!

▪ Overall, these are very strong and positive results for Dexcom and the entire CGM
field, which has primarily shown data over the years in patients using pumps - clearly
the group that can benefit from CGM is much larger. DIaMonD shows that MDI users not at
glycemic target can get a meaningful reduction in A1c (-0.9% from baseline), shave off highs, cut
their time in mild and dangerous hypoglycemia, and improve variability. We hope this large
randomized study can help influence more prescribing of CGM in MDIs, and more importantly,
influence professional guidelines. DIaMonD is also a milestone for Dexcom, who has never run an
outcomes study, and will need to do more to keep up with Medtronic's and Abbott's growing lists.
This study enrolled some patients with type 2 and collected healtheconomic data, but neither was
presented today - we look forward to seeing much more on this front. Phase 2 of the study will cross
some of the MDI patients over to pumps, so we'll eventually see if insulin delivery method makes a
difference. The power of CGM to drive therapeutic change is obviously very high and we also look
forward to learning more about what is the best method to identify and drive change.

A1c Results

▪ A1c declined 0.9% with CGM at six months vs. -0.4% with usual care, for an adjusted
mean difference of -0.6% in favor of CGM (baseline: 8.6%; p<0.001). The effect was
similar at 12 and 24 weeks, suggesting the benefits occurred quickly and were maintained at six
months.

Baseline Week 12 Week 24

CGM 8.6% 7.6% 7.7%

Usual Care 8.6% 8.1% 8.2%

P<0.001

◦ CGM's A1c advantage rose to -0.8% vs. usual care in those with a baseline A1c >8.5%
(-1.3% vs. -0.5% from baseline-24 weeks), and a -0.4% A1c advantage in those with a baseline A1c
<8.5% (-0.6 vs. -0.2% from baseline-24 weeks).

◦ Notably, the A1c results were consistent across age: 60+ year-old CGM users saw a
-1.0% A1c improvement from baseline, the same as 25-60 year-old users. The usual care
group also saw the same -0.4% A1c change in both age groups.

◦ A notable 52% of CGM users saw an A1c reduction of >1% compared to only 19% of the
usual care group (p<0.001). Only 18% of the CGM group got to an A1c <7%, though that
quadrupled the 4% of patients that did so in the usual care group (p=0.02). This was not too

www.closeconcerns.com 192



surprising, as patients started at a very high baseline (8.6%), making an A1c <7% difficult to achieve.
We'll be very eager in the future to better understand what drives success once patients have a full
picture of their glycemic profile.

Time In Range Results

▪ At 24 weeks, CGM users were spending an hour more per day in range (70-180 mg/dl )
from baseline, while the usual care group spent 15 minutes fewer per day in range
(p=0.006). This translated to an 11% improvement in time-in-range for the CGM group vs. a 2%
decrement in the usual care group.

Minutes Per Day in 70-180 mg/dl
(median)

Baseline Week 24 Change

CGM 662 734 +72 minutes
+11%

Usual Care 648 633 -15 minutes
-2%

Hypoglycemia Results

▪ Hypoglycemia significantly improved with CGM, including a 30% improvement in
time <70 mg/dl (p=0.006) and a strong 50% improvement in time <50 mg/dl
(p=0.005); both outperformed 17% and 21% improvements, respectively, in the usual
care group. Time in hypoglycemia was relatively low in both groups at baseline (~5% of the day -
an artifact of the high A1c baseline), so there wasn't a huge runway to improve here. [For
comparison, Abbott's IMPACT study saw three hours per day in hypoglycemia at baseline stemming
from the 6.7% starting A1c, while this study saw ~1-1.5 hours per day.] There was a slight imbalance
at baseline, as the usual care group saw more hypoglycemia, and thus, had more room to improve
during the study. Still, the relative improvement was nearly twice as big with CGM for <70 mg/dl,
and more than twice as big for <50 mg/dl.

Minutes Per Day <70 mg/dl
(median)

Baseline 24 weeks Change

CGM 76 53 -23 minutes
-30%

Usual Care 90 75 -15 minutes
-17%

Minutes Per Day <50 mg/dl
(median)

Baseline 24 weeks Change

CGM 22 11 -11 minutes
-50%
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Usual Care 29 23 -6 minutes
-21%

▪ CGM drove a 79% reduction in nocturnal hypoglycemia (<60 mg/dl) vs. a 40%
improvement for usual care (p=0.005). Daytime hypoglycemia was halved with CGM vs. no
change in usual care (p=0.02). Again, the amount of hypoglycemia was pretty low here, but like
automated insulin delivery, CGM really offers benefits at night.

Nighttime % of Readings <60 mg/dl

Baseline 24 weeks Change

CGM 2.9% 0.6% -79%

Usual Care 4.0% 2.4% -40%

Hyperglycemia Results

▪ At 24 weeks, CGM users were spending 83 fewer minutes per day above range (>180
mg/dl ) from baseline, while the usual care group spent nine more minutes per day
above range (p=0.04). This translated to a 12% improvement in time-above-range for the CGM
group vs. a 1% decrement in the usual care group.

Minutes Per Day >180 mg/dl
(median)

Baseline 24 weeks Change

CGM 687 604 -83 minutes
-12%

Usual Care 725 734 +9 minutes
+1%

Other Results

▪ Glycemic variability significantly improved with CGM (median CV: 42% to 38%), but
did not change in usual care (42% to 42%) (p<0.001). We wish the investigators had shown
modal day plots, but perhaps the difference would have been difficult to detect graphically.

▪ CGM trended towards less severe hypoglycemia: a 2% rate (two out of 105 patients) vs.
a 4% rate in usual care (two out of 53 patients). This was not a focus of the commentary or
conclusions, though it implies less severe hypoglycemia in the CGM group - a long sought after end
point, and a clear coup on the payer front. There was no p-value on the slide, and presumably a
larger and longer study with a hypoglycemia-enriched population would be needed to show a
significant benefit on severe hypoglycemia.

◦ There were no DKA events in either group.

▪ Daily SMBG test declined by 24 weeks in the CGM group (from 5.1/day to 3.6/day), but
stayed roughly similar in the usual care group (5.1/day to 4.6/day) (p<0.001). This is to be
expected with CGM, and though insulin-dosing data was not collected, we assume many patients
were using readings to dose insulin without a confirmatory fingerstick.

▪ DIaMonD saw very good CGM adherence: at week 24, 89% of patients were using CGM
>6 days per week. This was fairly consistent with week 4 (94%), down very slightly from week 12
(96%), but better than other studies like STAR-3 (23% adherence on Dr. Wolpert's slide).
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◦ In hallway chatter, some pointed out that the pre-randomization criteria
required >85% adherence to the blinded CGM during the run-in, ensuring
patients would stick with the technology once in the study. This could detract from the
"real-world" aspect of the study, though we'll be interested to hear more commentary.

▪ All study results were intention to treat, and DIaMonD saw outstanding retention: of
105 enrolled in the CGM arm, 103 completed the study (98%). Of 53 enrolled in usual care, 53
completed the study (100%). What a way to run a trial!

Study Background and Baseline Characteristics

▪ The 24-site US study included patients with a mean age of 48 years, a mean A1c of
8.6%, and a mean BMI of 28 kg/m at baseline.2 Eleven percent of patients had a severe
hypoglycemia event in the last 12 months, and 1% had DKA in the last 12 months. The study
population was 44% female, 84% white, and 44% had less than a bachelor's degree.

▪ The DIaMonD study randomized MDI users (n=158) not at A1c goal (baseline: 8.6%) to
six months of CGM (n=105) vs. six months of usual care (n=53). After a screening period, a
two-week run-in with blinded CGM established baseline glycemia in both groups. Patients were then
randomized to 24 weeks of CGM vs. usual care (continued SMBG) for 24 weeks. Two cohorts were
included - type 1 and type 2 - though only type 1 data was reported today. Healtheconomic data was
also collected in phase 1, though not included today. In phase 2 of the study, patients on MDI will
switchover to a pump to see if there are any benefits to change insulin delivery method.

◦ The study design limited clinical encounters to ensure real-world outcomes.
Weeks 1-3 included device initiation, and the CGM group had a clinic visit at week 1 to
troubleshoot the device. Both groups received phone calls in weeks 2-3. At weeks 4 and 12,
diabetes management visits occurred, and the clinician downloaded devices and reviewed
glucose data (either CGM or SMBG) and made insulin adjustments per usual care in both
groups. The usual care group had clinic visits to place a blinded CGM placed at weeks 11
and 23. All patients received one initial session of general diabetes education, and the CGM
group received some basic advice on how to use CGM data, adjust insulin doses based on
trends, etc.

DISCUSSION

Howard Wolpert, MD (Joslin Diabetes Center, Boston, MA)

Dr. Howard Wolpert succinctly summarized the positive implications of the DIaMonD study results:
"Clinicians should consider recommending CGM to all patients with type 1 diabetes who have not attained
their glycemic goals." Presumably not at glycemic goal means A1cs over 7%, or A1cs below 7% with too
much hypoglycemia, though this was not discussed at length. He noted the consistency of these A1c
outcomes with the JDRF CGM trial and STAR-3 trials (~0.5% reduction). However, this trial was more real
world, with fewer visits and phone calls than in either the JDRF or STAR-3 trials - see the picture below. He
also pointed out the high sensor adherence (>6 days per week) in DIaMonD, which exceeded usage in other
CGM studies (in STAR 3, only 23% used the CGM >80% of the time) - this is expected as sensors improve,
and would have exceeded adherence using the older Dexcom STS and Seven. CGM compliance, said Dr.
Wolpert, is all about the tradeoff between benefits and demands - with better technology now (accurate,
reliable, easier to use), the benefits are starting to outweigh the hassles for more patients. Indeed, Dr.
Wolpert characterized the glucose-monitoring field as "at an inflection point." The transition from urine
testing to intermittent fingersticks in the DCCT era reduced A1c, but increased hypoglycemia. Now we're
making the transition from intermittent fingersticks to CGM, which reduces A1c and brings fewer
hypoglycemia events. To close his remarks, Dr. Wolpert noted that among MDI users in the T1D exchange,
93% are using SMBG alone, and 7% are using CGM. This large randomized study supports the benefits of
CGM in those on MDI, and we expect it to drive further penetration of the technology in MDIs.
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PANEL DISCUSSION

Ms. Davida Kruger: Can you comment on insulin dose changes from baseline to the end of the
study?

Dr. Wolpert: There was no difference between the two groups. It speaks to the fact that when utilizing CGM,
benefit is gained from the additional insight into glycemic fluctuations, changes in food choices, and bolus
timing rather than in insulin adjustments per se.

Dr. Zachary Bloomgarden: Although you said the hypoglycemia differences post-treatment
were significant, it looked like the non-CGM group had higher frequencies of hypoglycemia at
baseline, can you comment?

Dr. Wolpert: It's a bit of a statistical artifact related to low-range glucose detection in CGM, which has been
seen in other studies as well. So there wasn't a baseline imbalance, at least not a statistically significant one.

Q: Were there quality of life indices at the start of the study and following six months. How did
CGM change lives?

Dr. Janet McGill: Yes. They have not been completely analyzed or looked at, so we don't have that for you
today. But yes, quality of life was done.

Q: Brilliant study. Thanks. Cost-effectiveness data…when is that coming? And do you think
that you will stratify the results by duration of prior diabetes? Clearly with the memory
(legacy) effect, long-term patients might have to wait quite some time to derive benefit. This
study might apply more to newer patients.
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Dr. McGill: Health economics will also be looked at. The second phase is ongoing. To the second question -
would this be better in newer onset patients to help them with their glycemic memory? This is strictly my
opinion: Absolutely, new onset patients should be in tighter control. Long-term patients face safety issues. For
them, CGM might have as much to do with safety and variability as it does with regulating exact A1c numbers.
Different groups will benefit differently.

Dr. Ahmann: This opens the door for new considerations and paradigms. Now we're looking at the majority of
patients that can benefit from CGM. The earlier patients are exposed to this, the more they learn from it -
what happens with activity, foods, etc. shifts over time. It's going to make a big difference for me and for
payers. Age didn't make a difference. We have this issue in Medicare, and we have more evidence now - this is
really important. Hypoglycemia reduction is so important. Hopefully we'll hear more studies coming on that.

Q: My main issue is whether the patients in this CGM trial were representative of patients in
my clinic with poor glycemic control. What was the percentage of patients who did not succeed
14 days of CGM and could not enter study?

Dr. McGill: We only had 15 that did not proceed, who did not complete everything in the first two weeks.
These patients were required to monitor fingersticks, so it was just getting patients to do fingerstick
monitoring.

Dr. Ahmann: 44% of patients did not have a college degree. This was not a population that had tremendous
social opportunities. My experience, I think more patients that didn't make it past the first phase because they
didn't check their glucoses enough as opposed to the number who couldn't use CGM.

Dr. Mark Evans: Very exciting data. I guess the question we all, including yourselves, want answered is: What
is it that patients did differently as a consequence of the CGM information? Not that you have an answer to
that. The one thing you asked of patients is for them to adjust meal-time insulin, can you talk about that?

Dr. Ahmann: Carb counting was identical between the groups, but one group was guided by CGM, so that's
the difference. But if you're talking about adjustments according to arrows, of course that's specific to CGM.
Individual HCPs had opportunities to prescribe for individuals in terms of how they interpreted and
responded to arrows.

Q: What specific algorithms were provided within the two arms? Do you give recipes for dose
adjustment - 10%-20% for one or two trends arrows? And what about the control arm - how
much postprandial testing did they do? Was it all individualized?

Dr. Wolpert: We gave them guidelines used in other studies, but not evidence based in terms of arrows - a
10% or 20% increase. The control group was no given prescription around postprandial monitoring to
optimize dosing. They did more fingersticks in the actual study.

Q: What do you tell the patients to make them better able to deal with hyperglycemia and also
avoid hypoglycemia? What's the advice-linkage based on interpretation of hypoglycemia data,
and can we standardize that?

Dr. Wolpert: You alluded to some important concepts. When people use CGM, insulin dose timing is crucial.
The other big area in our approach is to look at composition (glycemic index) of food. We have seen people
change food choices due to CGM. We all reiterate to patients that they should avoid dose stacking, and we
highlight the pharmacodynamics of insulin, which can be dangerous. We need to ensure that people don't
over-treat lows because when they go low, if they treat, the CGM lags and they think they are still
hypoglycemic. Patients need to be prompted around that so they don't over-treat their lows. Those are the key
differences between CGM and fingerstick users.

Dr. McGill: You have carb counting, dose adjustment, sensitivity factors, and the arrows. The CGM taught
them perhaps as much or more. We saw the usual care group, and the effect of that type of education, which is
good. It's that delta, and it's not a particular algorithm. The CGM taught the patients. There wasn't a manual
that told educators to do exactly this. It was very standard education.
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Q: Do you have any data on the number of injections at the end of treatment for both groups?
How many additional rapid-acting injections did patients on CGM perform? Do you have any
data on the basal/bolus ratio at the end for each group?

A: Unfortunately since we don't have devices like Bluetooth pens, we don't have specific dosing information.

Posters

USING NOVEL FLASH GLUCOSE-SENSING TECHNOLOGY REDUCES HYPOGLYCEMIA IN
INDIVIDUALS WITH TYPE 1 DIABETES (868-P)

Jan Bolinder, Ramiro Antuna, Nel Geelhoed-Duijvestijn, Stephan Matthaei, Raimund
Weitgasser

In a poster presentation, Abbott shared long-awaited topline results from the FreeStyle Libre IMPACT
study, a randomized six-month trial comparing Abbott's FreeStyle Libre to SMBG in type 1 patients on
MDI/pump therapy in very good control (baseline A1c: 6.7 %). The study randomized 241 type 1 patients 1:1
to use either capillary blood glucose testing (n=120; FreeStyle Lite) or real-time use of FreeStyle Libre
(n=121). The data will be presented in full tomorrow (1 PM poster presentation; 7 PM symposium), but we
wanted to bring you our analysis in a timely fashion following the poster's appearance this morning.

After REPLACE, we were pleased to see that IMPACT's primary endpoint was met at six months - relative to
the control group, patients using FreeStyle Libre spent ~74 minutes fewer per day <70 mg/dl (a 38%
reduction; p<0.001). There was not a significant difference in A1c between the groups by study end, though
both saw a 0.15% increase from baseline to six months (6.7% to 6.9%). Certainly, the "quality" of A1c was
improved immeasurably. Pre-specified secondary endpoints were particularly compelling - patients using
Libre spent ~49 minutes fewer per day <55 mg/dl (a 50% reduction; p<0.0001) and ~33 minutes fewer per
day <45 mg/dl (a 60% reduction; p<0.0001). These are remarkably important indicators since changes in a
small number of minutes spent in that dangerously low range could mean many healthcare dollars saved
annually; we have to imagine that that is one of the most compelling takeaways for Abbott and would form
the crux of any reimbursement strategy. Measures of nocturnal hypoglycemia were also significantly lower
with FreeStyle Libre as patients spent ~28 minutes fewer per night (a 40% reduction; p<0.0001) in
hypoglycemia. The data here help counter the argument that the device's lack of alarms poses a nighttime
danger; we now have two sets of solid evidence that data from Libre can help patients and providers
identify some nocturnal hypoglycemia and make change accordingly - good news for Abbott. Patients using
Libre spent 22 minutes fewer per day in extreme hyperglycemia > 240 mg/dl (p=0.02) and spent ~60
minutes greater/day between 70-180 mg/dl (p=0.0006). FreeStyle Libre pretty much completely replaced
fingerstick testing, suggesting a high level of confidence in the factory-calibrated sensor: SMBG frequency
with FreeStyle Libre fell from a mean of ~5.5 tests/day at baseline to 0.5 tests/day (one every two days) at
six months, a testament to the real-world accuracy in patients on insulin therapy. Quality of life data was
significantly in favor of FreeStyle Libre. There were no device-related serious adverse events and 13
instances of minimal adverse events (e.g., infection, allergy) reported by 10 subjects.

▪ The positive results of IMPACT are not a surprise after REPLACE, and highlight the
high and very unsettling degree of hypoglycemia type 1 patients on insulin therapy are
experiencing every day. The hypoglycemia data discussed above is very clinically meaningful
(-74 minutes per day) - notably, there is still much room to improve time spent in hypoglycemia,
given that patients on Libre were still spending two hours (!) <70 mg/dl per day at six months.
Presumably when patients are receiving active advice from HCPs on how to change therapy
(particularly to reduce hyperglycemia), this would improve further. Meanwhile, control group
patients were still spending over three hours <70 mg/dl per day! In that sense, the results tell us as
much about Libre as they do about the real-world dangers of insulin therapy, particularly in these
well controlled, motivated patients who are clearly still skating close to the edge. Avoiding
hypoglycemia on insulin therapy is truly, truly difficult as A1c gets below 7%, and we're not sure that
delicate balance is appreciated enough. The message here is to give patients and providers better
tools to detect hypoglycemia patterns and titrate insulin therapy better, accordingly.
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▪ These data also underscore the limitations in using A1c as an endpoint for diabetes
technology (this study did not, unlike REPLACE). Both groups saw a 0.15% increase in A1c in this
study (6.7% to 6.9%), though the quality of A1c improved markedly in the FreeStyle Libre group - 74
fewer minutes per day <70 mg/dl (a 38% reduction), and ~33 fewer minutes per day <45 mg/dl (a
60% reduction in time spent at a highly dangerous level). Meanwhile, the control group was still
spending three hours per day in hypoglycemia with an A1c 6.9%! Do payers appreciate the gravity of
that change? How could that change impact short and long-term costs? Some may criticize that
Libre did not improve A1c in this study, though we think it would have been unlikely: the population
had a very low A1c to start (6.7%), there was no mandatory per-protocol insulin adjustment, and the
baseline hypoglycemia was simply too high to drive things down further. While we do not suggest
comparing results since the technologies were not used head-to-head, some will note that the
MiniMed 670G pivotal reduced A1c 0.5% from a higher 7.4% baseline and drove a 40% reduction in
hypoglycemia - that Medtronic study did not have a control group, and time spent in hypoglycemia
was 1.4 hours per day during the 670G baseline compared to 3.4 hours per day in this study. Overall,
it's terrific to see multiple technologies focused on creating greater safety and higher-quality A1cs for
patients - patients will choose technologies based on cost, convenience, etc.

▪ Presumably, Abbott can secure some FreeStyle Libre reimbursement with these
outcomes studies. Even nearer term, they could help secure FDA approval of the real-time
version of FreeStyle Libre, with now two robust, large RCTs in the bank showing patients on Libre
basically stop doing fingersticks.

▪ We highly commend Abbott for conducting these two long-term outcomes studies to
put its glucose monitoring technology to the test in a real-world setting - REPLACE
focused on reducing A1c in poorly controlled type 2s, and IMPACT focused on cutting hypoglycemia
in well-controlled type 1s. Notably, neither study mandated insulin adjustment, leaving it up to
clinicians and patients to make therapy changes as they saw fit. That ensured a real-world study,
though perhaps left some efficacy on the table - it also reinforces in the "real world" how often
patients are told they are in "good control" even with a significant amount of hypoglycemia.

Study Design

▪ IMPACT (ClinicalTrials.gov Identifier: NCT02232698) randomly assigned 241 type 1
patients 1:1 to use either capillary blood glucose testing (n=120; FreeStyle Lite) or
sensor glucose data (n=121; FreeStyle Libre) for optimization of glucose levels. All
patients entered the study as regular blood glucose testers (~5 fingersticks/day). During the study
phase, patients in the intervention arm reviewed FreeStyle Libre Software summary reports
(Ambulatory Glucose Profiles) with their clinician at regular intervals in order to make therapy
adjustments, while those in the control arm reviewed diary readings with their clinician at similar
intervals.

▪ Notably, insulin dose adjustments were made on an intention-to-treat basis. Providers
were instructed to optimize therapy as they saw fit, but there were no A1c targets or previously
mandated dose adjustments. This made it a very real-world study, and what we might expect from
FreeStyle Libre in routine use.

▪ Patients at baseline had a mean age of 44 years, a mean A1c of 6.7%, a mean 22 year
duration of diabetes, a mean BMI of 25 kg/m , and a mean self-reported blood glucose frequency of2

~5.5 per day. Roughly 67% of patients (n=161) were on MDI. In short, this was a population with
high potential to reduce hypoglycemia meaningfully if they were acting on data, but a challenging
one in which to show an A1c benefit.

Results

▪ All measures of hypoglycemia were significantly lower following intervention with
FreeStyle Libre vs. SMBG. Specifically, patients: (i) spent ~74 minutes fewer/day <70 mg/dl
(p<0.0001); spent ~49 minutes fewer/day <55 mg/dl (p=0.001); (iii) spent ~28 minutes fewer/day
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<45 mg/dl (p<0.0001); and (iv) spent ~33 minutes fewer/night (p<0.0001). These are very
important data given the costs associated with hypoglycemia, and the true dangers of spending any
time at all <45 mg/dl.

◦ Despite the encouraging trend above, we were struck by the prevalence of
hypoglycemia at all levels. All patients at baseline experienced far-too-high ~200
minutes per day < 70 mg/dl, while patients on Libre experienced a still-far-too-high ~120
minutes per day < 70 mg/dl at six months.

Table: Hypoglycemia Data

Glucose Level Difference vs. control
in change from
baseline (minutes)

Difference (vs.
control) in change
from baseline (%)

P-value

Time < 70 mg/dl ~74 mins -38% p<0.0001

Nocturnal time <
70 mg/dl

~33 mins -40% p<0.0001

Time < 55 mg/dl ~49 mins -60% p<0.0001

Time < 45 mg/dl ~33 mins -50% p<0.0001

▪ There was no significant difference in A1c between the groups, though both saw a
slight numerical increase (0.15%). This is actually a good thing, given the incredibly low
average and the ridiculous amount of hypoglycemia all patients saw at baseline. By the end of this
study, the FreeStyle Libre group clearly had a higher quality A1c!

Table: A1c Data

Intervention Control

Baseline Final Baseline Final

Adjusted
Mean

p-value

6.79% 6.94% 6.74% 6.95 0.00 0.96

▪ Patients using Libre spent ~22 minutes fewer/day > 240 mg/dl (p=0.02) and spent
~60 minutes greater/day between 70-180 mg/dl (p=0.0006). We were glad to see time-in-
range and time above range improve, suggesting the reduction in hypoglycemia was going to more
quality time spent in an ideal glucose range.

Table: Time-in-Range / Hyperglycemia Data

Glucose Level Difference vs. control in
change from baseline
(minutes)

P-value

Time > 240 mg/dl ~22 mins p<0.0001

Time between 70 - 180
mg/dl

~60 mins p<0.0001

▪ As we saw in REPLACE, FreeStyle Libre pretty much completely replaced blood
glucose testing, suggesting a high level of confidence in the factory-calibrated sensor.
SMBG frequency with FreeStyle Libre fell from a mean of ~5.5 tests/day at baseline to 0.5 tests/day
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(one every two days) at six months. The trend is a testament to the real-world accuracy of FreeStyle
Libre in patients on insulin therapy.

Figure: Number of FreeStyle Libre Scans and Blood Glucose Tests Per Day

▪ Patients in the FreeStyle Libre arm scanned for glucose 15.1 times per day, which is
more than once every two waking hours. This is certainly more real-time glucose data than
they were getting with SMBG! As a reminder, FreeStyle Libre's label recommends confirmatory
fingersticks in the EU: (i) during times of rapidly changing glucose; (ii) when hypoglycemia or
impending hypoglycemia is reported by the system; or (iii) when symptoms do not match the system
readings. However, these data continue to remind us that patients do not do fingersticks with
FreeStyle Libre in the real world, something we've been hearing since the system launched.

◦ The control group maintained their level of blood glucose testing through the
study - baseline: ~5.5 test/day; six months: 5.6 tests/day.

▪ The poster also shared positive user experience data of FreeStyle Libre from the
study. There was no background on how these questions were asked - we assume Yes/No - and
we're not how large the absolute improvements were on these scales. Overall, patients reported
significantly improved satisfaction, convenience, and flexibility associated with Libre, and reported
significantly greater satisfaction with their understanding of diabetes. They were significantly more
likely to recommend Libre and to be satisfied continuing Libre use.

◦ DQol satisfaction with treatment score and total worry score significantly improved with
FreeStyle Libre vs. control (p<0.0001).

◦ Perceived frequency of hyperglycemia was significantly improved with Libre vs. control
(p<0.0001).

◦ Diabetes Treatment Satisfaction Questionnaire showed increased treatment satisfaction
with Libre vs. control (p<0.0001). We've broken down the DTSQ results below:

◦ Patients reported significantly improved satisfaction with Libre than with their
control baseline therapy (p<0.0001).

◦ Patients reported significantly greater convenience with Libre than with their
baseline therapy (p<0.0001).

◦ Patients reported significantly greater flexibility with Libre than with their
baseline therapy (p<0.0001).

◦ Patients reported significantly greater satisfaction with their understanding of
diabetes when using Libre than when using their baseline therapy (p<0.0018).

◦ Patients were significantly more likely to recommend Libre therapy to someone
else with diabetes than their baseline therapy (p=0.001).

◦ Patients were significantly more likely to be satisfied continuing Libre treatment
than they would be continuing their baseline therapy (p<0.0001).
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Close Concerns' Analysis

▪ The hypoglycemia improvement definitely lived up to our expectations. All measures of
hypoglycemia (day+night and nocturnal) were significantly lower with FreeStyle Libre, and it's quite
evident that these results are meaningful - minutes of dangerous hypoglycemia saved daily could
translate to ER visits avoided. The 50% reduction in time spent < 45 mg/dl is particularly striking.

◦ Yikes, hypoglycemia is a real concern, and we finally have a tool to measure it.
The results document not just the VERY high prevalence of hypoglycemia at baseline (>
~200 minutes per day < 70 mg/dl) but even after six months on Libre (~120 minutes per
day < 70 mg/dl). Ultimately, the numbers speak to just how hard it is to dose insulin
appropriately AND avoid hypoglycemia while getting A1c under control, a fact that is so
often underappreciated. Looking at these numbers, we were reminded that devices do not
improve diabetes management in isolation and - from a patient perspective - that
accessible, smarter methods of insulin delivery are just as key.

◦ IMPACT was designed with reimbursement in mind, and we wonder if payers
will appreciate the value of the "higher quality" A1cs achieved here. This is a
place where we believe patients can make a difference with advocacy, if they get organized.
We've heard time and again that payers view A1c as the ultimate endpoint. We hope the
time <45 mg/dl data is compelling for showing short-term cost savings. We also wonder if
Abbott might be able to leverage its new data management platform LibreView to answer
payer's concerns. Abbott's long-term plan is to allow Libre glucose data to automatically
populate LibreView upon scanning, and we imagine it would provide Abbott the ability to
collect real-world personal uploads from Libre users in the same way that Medtronic and
Dexcom collect personal uploads from CareLink and Clarity downloads. Medtronic has
shown similar Big Data on cost reductions associated with the MiniMed 530G driving less
hypoglycemia, and we imagine that Abbott could do the same. If the UHC/Medtronic deal
shows one thing, it's that payers need to be persuaded with data to reimburse technology.

◦ Libre has seen impressive uptake, even out-of-pocket. What could these
results add? Sales of Libre outside the US have driven four consecutive quarter of
operational growth in the International business, though we do believe that
reimbursement could be the key that will unlock the floodgates for Abbott. Could these
results drive further uptake?

▪ All in all, we commend Abbott for breaking the mold in glucose monitoring by
conducting now two long-term outcomes study of its device. There is certainly a wealth of
evidence here that more frequent, actionable glucose data is beneficial for patients and that A1c in
isolation just isn't the best metric for clinical studies. As the evidence mounts, we hope that this will
be reinforced.

ACCURACY OF A FOURTH-GENERATION GLUCOSE SENSOR THROUGHOUT ITS
FUNCTIONAL LIFE (897-P)

R Brazg, M Christiansen, B Bode, T Bailey, S Garg, R Slover, S Huang, J Shin, S Lee

Medtronic presented accuracy data from a pivotal study of its fourth-generation sensor (Enlite 3), to be
used with the MiniMed 670G or the Guardian Connect mobile app. The new sensor demonstrated an overall
MARD of ~10.5% vs. YSI values measured on days one, three, and seven at 12-hour in-clinic visits (an
impressive 23,709 total paired CGM-YSI points). MARD was ~13% on day 1, ~9% on day 3, and ~10% on
day 7, with an equal balance of data points collected on each day. Eight-nine participants took part in the
study, each wearing two sensors on the abdomen (one paired to the 640G pump and one paired to Guardian
Connect mobile app; we have averaged the data for brevity). Enlite 3 was calibrated once at the start of
every 12-hour in-clinic visit, and not again unless the device asked for a smart calibration. A separate poster
showed that 13% of glucose values (YSI) were <75 mg/dl, 56% were 76-180 mg/dl, and 31% were >180 mg/
dl. Of the 89 study participants, 26 had type 2 diabetes (of whom 16 did not require insulin). Overall, this
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sensor is a clear improvement over Enlite and Enlite Enhanced, and we've heard from 670G trial
participants that it is a big upgrade. How it compares to Dexcom and Abbott's accuracy and reliability is an
unknown, but we're glad to see Medtronic making strides. At some point, further improvements in accuracy
(for any company) will offer diminishing marginal value, and we continue to believe the future of CGM
innovation will be in dramatically cutting cost, reducing calibrations, improving on-body wearability, and
offering valuable software that augments the data. Obviously, it needs to give the data people expect too!
Getting the right balance of all these factors is the tricky part, and Dexcom and Medtronic are both talking
about multiple product lines with different indications (e.g., the fully disposable Medtronic/Qualcomm
professional CGM, Dexcom/Verily).

▪ As we reported at ATTD, the seven-day wear Enlite 3 sensor has an improved algorithm
with intelligent diagnostics that determine if it is safe to enter closed loop. The algorithm will also
request a calibration when the system detects the overall performance can be improved, and data is
not displayed when it detects poor sensor performance

FIFTH GENERATION CONTINUOUS GLUCOSE MONITORING SENSOR SYSTEM WITH
EXTENDED WEAR AND FEWER CALIBRATIONS (905-P)

J Ulloa, A Varsavsky, R Gautham, I Premakumar

Following its ATTD poster hall debut, a Medtronic poster shared a larger data set on its fifth-generation
sensor (i.e., Harmony 1), featuring one calibration per day, 10-day wear, and an overall MARD of 11.4% vs.
the Bayer Contour Next Link meter (n=142 sensors, 12,602 evaluation points). This accuracy study included
37 participants with diabetes who wore up to four sensors on the abdomen or arm for 10 days. Meal
challenges were administered at three in-clinic session (days 1, 7, 10), and blood glucose measurements
were recorded every 15 minutes for three to four hours with the Bayer Contour Next Link meter.
Participants were also asked to take 8-10 blood glucose measurements daily when at home. Overall MARD
was 11.4% (12.3% on the abdomen and 10.5% on the arm), including a day #1 MARD of 13.3%. Mean
absolute difference (MAD) in hypoglycemia (<70 mg/dl) was 11 mg/dl, and 85% of overall points were
within 20 mg/dl or 20%. Sensors lasted a mean of 9.5 days, though an unspecified number were removed
from analysis early due to adhesiveness or battery failures - the percentage was not specified, and both are
critical question marks for Medtronic's clamshell transmitter design (larger on the body and less secure
than Dexcom and Abbott sensors). Roughly 45% of sensors had a MARD of 10% or less. The fifth-gen CGM
includes a 90-minute warm up, redundancy via two sensor flexes, a proprietary fusion algorithm to
combine the two outputs, and intelligent diagnostics to assist with fault detection and sensor health. Overall,
this feasibility data looks encouraging, though the accuracy is behind what Dexcom has said it expects for
its ten-day wear, one calibration per day G6 (similar to the current MARD of 9.0%). As of Medtronic's
Analyst Meeting before ADA, a launch of Harmony 1 is expected by April 2019.

ACCURACY AND LONGEVITY OF AN IMPLANTABLE CONTINUOUS GLUCOSE SENSOR IN
THE PRECISE STUDY: A 180-DAY, PROSPECTIVE, MULTICENTER, PIVOTAL TRIAL (892-P)

J Hans Devries, Jort Kropff, Pratik Choudhary, Sankalpa Neupane, Stephen C. Bain,
Christoph Kapitza, Thomas A. Forst, Manuela Link, Andrew D. Dehennis

A Senseonics poster shared full accuracy data from the 180-day EU pivotal study of its Eversense
implantable CGM system, showing an encouraging MARD of 11.6% vs. YSI, though only 40% of sensors
successfully reported data over the 180-day period. The single-arm, multicenter investigation enrolled 71
patients with type 1 diabetes, who had two sensors inserted bilaterally into their upper arm (Clinical Trials
Identifier: NCT02154126). At first glance, six-month accuracy was relatively encouraging and consistent
with preliminary 90-day data first seen at DTM 2015 - overall MARD was 11.6% with Clarke Error Grid
analysis showing 84% of measurements in Zone A and 15% in Zone B (# of paired points unreported). Pre-
specified secondary endpoints showed accuracy diminished in the hypoglycemic range (<70 mg/dl), where
overall MARD was 22%. The median sensor life was just shy of five months, and only 40% of sensors
successfully reported continuous glucose data out to 180 days. Naturally, the findings beg the question of
how much this adds to Eversense's product profile, and how it will stand up to next-gen offerings from
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Abbott, Dexcom, and Medtronic. We're always glad to see expanded options and form factors, since CGM
penetration is far too low in Europe, in the US, and globally. We look forward to seeing how initial
commercialization goes this year in Europe, and what Senseonics can get in its label with this updated long-
term data (e.g., 150-day wear? 180-day wear?).

▪ As a reminder, Senseonics does have plans to submit a CE Mark amendment for its
second-gen transmitter in 3Q16 that features a number of form factor improvements.
We wonder whether the updated design will include improvements in durability.

▪ Senseonics has long discussed the extension of its sensor life from 90 to 180 days as a
priority, though we wonder if these results will support that label. This was previously
slated for a 2Q16 CE Mark submission, and we're not sure if this has happened yet. We assume the
180-day results will not materially impact ongoing launches in Sweden and Norway/Denmark or
upcoming launches in Germany, Italy, and the Netherlands. For more details on Senseonics
upcoming plans, see our coverage of the 1Q16 update.

GLUCOMMANDER OUTPATIENT, A CLOUD-BASED INSULIN MANAGEMENT SOLUTION
ADJUSTED INSULIN DOSES AND ACHIEVED 2.7% DROP IN A1C PERCENTAGE POINTS
(84-LB)

John G. Clarke, Bruce W. Bode

A Glytec poster (84-LB) showcased very impressive results from a 41-patient, uncontrolled, 3-month,
outpatient study testing its Glucommander insulin dosing clinical decision support software - from a high
baseline A1c of 10.3%, patients ended three months with an estimated average A1c of 7.6% (p<0.000001).
The study enrolled 41 type 1 and type 2 patients (mean age: 38 years, BMI: 32 kg/m ) at Dr. Bruce Bode's2

clinic in Atlanta, who were treated for 12 weeks with Glucommander Outpatient. The cloud-based software
provided periodic insulin dose titration recommendations to a provider based on analysis of a patient's
SMBG glucose data, communicated wirelessly via the cellular-enabled Telcare meter. The provider then
communicated the new insulin doses to patients via text message or email. The topline findings from this
small study are very impressive - patients using Glucommander saw a 2.7% reduction in A1c (baseline:
10.3%) at three months, and only 1.6% of blood glucose values were <70 mg/dl. Strikingly, no values were
<40 mg/dl and, on the human factors side, patients satisfaction results indicated that 96% of patients would
recommend the service to family and friends. The poster hinted at Glytec's strong long-term data as well,
citing a smaller cohort of patients that have continued on Glucommander for six (n=14) and nine (n=5)
months and have maintained this 2.7% reductions. Small cohorts, but still, this is a whopping improvement.
The outcomes are encouraging given the challenges of titrating insulin and the potential for this software to
scale expertise, though larger prospective randomized clinical trials are needed to confirm these positive
early findings from an uncontrolled study. The company does plan to begin a larger study that includes
cost-related metrics such as readmissions, emergency room visits, medication adherence, and healthcare
provider productivity, and we're hopeful that data will show this kind of clinical decision support is very
warranted (a "no-brainer" many say). We're not sure what the business model looks like going forward, but
assume Glytec's in-hospital experience will be very valuable as it thinks about going outpatient. As a
reminder, Glucommander Outpatient is already FDA-cleared and is in the process of being deployed across
the US. See our previous in-depth coverage here.

▪ How could the Glucommander software be scaled? Could it be packaged with existing
devices or even drugs? We've long thought that insulin-dose titration is a missing piece in the
diabetes data ecosystem, and this early data shows how much can be done (and parallels what
Hygieia has shown in Europe). We wonder how this Clinical Decision Support software could be
packaged with existing devices or even drugs on the market to enhance their effectiveness in the
hands of providers. We also have to assume this product saved tremendous provider time, and we
look forward to seeing larger studies showing cost-effectiveness. This is where we see digital health
really driving better outcomes: collecting data seamlessly and making valuable recommendations
that drive seriously better outcomes with less effort.
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BARRIERS TO DEVICE UPTAKE IN ADULTS WITH TYPE 1 DIABETES (914-P)

M Tanenbaum, S Hanes, K Miller, D Naranjo, and K Hood

This study invited 1,503 adult patients (mean age=35 years) in the T1D Exchange to take a 30-minute web-
based survey in order to understand barriers to insulin pump and CGM uptake. Coming into the survey,
32% of patients reported using both a pump and CGM, while 5% used just a CGM, 38% used just a pump,
and 25% used neither. Unsurprisingly, a majority of patients cited financial burden as the biggest barrier to
the use of either device - 60% of patients expressed concern about insurance coverage, the cost of the device,
and the cost of supplies. Other popular barriers appeared far more modifiable: 35% did not like having
diabetes devices on their bodies, 47% did not like the hassle of having to wear the device all of the time, 26%
did not like how the diabetes devices looked on their bodies, and 20% were nervous that the device might not
work. The survey also asked patients who had discontinued use of their devices for their rationale - patients
reported abandoning CGM because of too many alarms, inaccurate data, a distaste for the device on their
body, time requirements, or discomfort, while a majority of patients discontinued use of pumps because
they didn't like the device on their bodies or because the device was uncomfortable. We wonder how
attrition breaks down by manufacturer. Younger adults (18-25 years old) were less likely to use devices
than older adults, and this younger population had higher levels of diabetes distress and higher A1cs.
Overall, findings suggest that cost remains the biggest barrier to address, but size on the body is not far
behind. We wonder if many of the CGM quitters were on earlier systems that were less accurate (e.g., Seven
Plus), and perhaps they would be less frustrated with the more accurate out now or coming soon. Of course,
with self-reported data, there is always some question about the reliability of results, though the data echo
much of what we hear about the real-world barriers to device uptake anecdotally.

▪ We'd note that CGM users in this study were five times more likely to be on a pump
(38% used pump+CGM vs. 5% used MDI+CGM), echoing what Dexcom has long said - patients are
more likely to be prescribed a CGM if they are already on a pump. We hope the positive results from
Dexcom's DIaMonD study can change that (see Drs. Howard Wolpert and Elena Toschi's talks
elsewhere in this report).

▪ The survey also compared the differences between CGM users and non-users. CGM
users were, on average, five years older than non-users (38 years vs. 33 years; p <0.001), viewed
technology more favorably, and had significantly lower A1cs (7.3% vs 7.7%; p =0.003).

COMPARISON OF THE NEW FACTORY CALIBRATED SENSOR WITH EXISTING CGM
SENSOR (896-P)

J Kesavedev, P Pillai, A Shankar, A Ashok, G Sanal, R Iyer, G Krishnan, S Jothydev

This small, poorly detailed study compared the accuracy of Abbott's factory-calibrated FreeStyle Libre Pro
blinded sensor (approved in India in March 2015) with that of Medtronic's blinded iPro2, finding that
accuracy from the two sensors do "not appear comparable." Researchers simultaneously tested the devices
in type 1 diabetes (n=2), type 2 diabetes (n=2), gestational diabetes (n=2), prediabetes (n=2), and non-
diabetic (n=2) subjects for approximately a week. Both sensors provided similar trends, but the difference in
readings was apparently "substantial enough to alter clinical management." Disappointingly, there wasn't
any quantification of the accuracy of either device relative to the reference SMBG device, and there were not
many SMBG-paired points based on the chart. The poster shared a trace from one patient (see below),
suggesting that variability in readings occurred near maximum and minimum glucose values that would
impact real-world decision-making. To our eyes, it looks like the sensors generally moved in tandem, with
Libre Pro dipping lower than iPro2 at some points. The poster noted that similar variation was seen in six
out of ten patients, though didn't break this out by cohort - we wonder whether there were patterns based
on stage of type of diabetes. Ultimately, it's extremely difficult to read too far into the results given the tiny
sample size and limited insight into study design: How many paired points? What was the actual quantified
accuracy and how does it compare in hypoglycemia, euglycemia, and hyperglycemia? Was the iPro 2
calibrated accurately? Were differences in accuracy related to the delay associated with the wear location of
the sensors (Libre Pro on arm vs. iPro 2 on abdomen)?
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Oral Presentations: Closing the Loop on Insulin Management - Are We There Yet?

SIMILAR ESTIMATED A1C RESULTS REPORTED BETWEEN PATIENTS WITH DIABETES
USING CGM WHETHER ON MULTIPLE DAILY INJECTION (MDI) OR CONTINUOUS
SUBCUTANEOUS INSULIN INFUSION (CSII) (81-OR)

David Price, MD (Dexcom, San Diego, CA)

Dexcom's Dr. David Price shared a retrospective database evaluation from six months of G4 Share users,
showing no differences in mean glucose, estimated A1c, or glucose variability between pump (n=939) or
MDI (n=648) users. The de-identified data on glucose values were supplemented by customer info (age,
insulin delivery) that Dexcom collects. The pump and MDI groups had identical average glucose values and
variability across every age group (from 2-6 year-olds all the way to 65+ year olds), with just a single small
exception: glucose variability was statistically significantly lower in adolescents (13-18 years) using
injections. As would be expected, adult CGM users had better average glucose values vs. pediatric CGM
users by ~30 mg/dl (see tables below estimated from the charts shown). This analysis also aligns with
results from the T1D Exchange showing that in every age group, the same pattern holds - similar A1cs for
CGM users on MDI or a pump. Dr. Price noted that CGM use is increasing (now up to 16% in the T1D
Exchange), but is overwhelmingly prescribed to pumpers: of all Exchange CGM users, 85% are on pumps
vs. just 15% on MDI. Studies like this also underscore the inherent value in data streaming from devices to
the cloud automatically - companies can use it to put data behind their arguments, drive study design, and
inform marketing. Medtronic has written the book on this with CareLink, and we expect Dexcom will begin
driving this too.

All Pediatrics 2-18 years

MDI
(n=300)

Pump
(n=301)

P-value
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Mean CGM Glucose ~180 mg/dl ~180 mg/dl 0.92

Estimated A1c ~7.9% ~7.9% --

Standard Deviation ~65 mg/dl ~60 mg/dl 0.39

~ Estimated from Bar Graphs

Adults >18 years

MDI
(n=403)

Pump
(n=369)

P-value

Mean CGM Glucose ~158 mg/dl ~159 mg/dl 0.55

Estimated A1c ~7.1% ~7.1% --

Standard Deviation ~57 mg/dl ~59 mg/dl <0.23

~ Estimated from Bar Graphs

Oral Presentations: Hypoglycemia Potpourri

RISK ASSESSMENT OF USING THE NEW CONTINUOUS GLUCOSE MONITORING (CGM)
SYSTEM FOR TREATMENT DECISIONS (PATIENTS 2 YO+) (349-OR)

Tomas Walker, DNP (Director of Clinical Project, Dexcom, San Diego, CA)

Dexcom's Dr. Tomas Walker gave a preview of what we might expect at the July 21 FDA meeting to obtain a
non-adjunctive (BGM replacement) claim for the G5 CGM. In short, the risk of an insulin overdose with
Dexcom CGM seems very low (~0-3%) based on the frequency of reading 20% or more above YSI in its
pivotal trials. Dexcom ran a retrospective risk analysis of its two pivotal trials testing the accuracy of the G4
Platinum + Software 505 (the same algorithm as in G5) in patients 2-17 years old (n=79) and 18+ years
(n=51) vs. YSI. The analysis looked at erroneously high CGM values relative to YSI (20-30% and 30%+ over)
that posed a risk of excessive insulin doses. These events were very rare in the trials, regardless of what
glucose range was looked at (200-249, 250-299, 300-349, 350-400 mg/dl). See the table below for how
infrequent these events were. Dr. Walker emphasized G5's strong overall accuracy - MARD of 10% in
pediatrics, 9% in adults - which was a bit higher on day one (~11%-13%) in the pivotal trials, but drops to
~8%-9% on days four and seven. He concluded that G5 mobile is safe for diabetes decision making, the risk
for overdosing is likely minimal, and alerts and alarms further reduce the risk associated with non-
adjunctive use of CGM. By contrast, patients using BGM for decision making get point in time snapshots,
with no reference to direction, rate of change, or alerts and alarms, plus numerous interfering substances
(not to mention hand washing and questionable meter accuracy). We thought it was a persuasive
presentation and look forward to the full case Dexcom presents in a few weeks. We wish that so much focus
had been given to patients' risk of taking insulin using BGM - insulin dosing isn't included on the BGM label.
See our Dexcom 1Q16 and FDA announcement coverage for more on this topic.
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Oral Presentations: Management of Hyperglycemia in the Hospitalized Patient

STATE-OF-THE-ART LECTURE - THE FUTURE OF TECHNOLOGY IN THE MANAGEMENT OF
INPATIENT DIABETES

David Klonoff, MD (Mills Peninsula Health Services, San Mateo, CA)

During his state-of-the-art lecture on the future of technology in the management of inpatient diabetes, Dr.
David Klonoff briefly referenced the Diabetes Technology Society's (DTS) new BGM Surveillance Program
and recently published DTS Cybersecurity Standard for Connected Diabetes Devices. He shared that the
DTS has started testing its BGM Surveillance Program to assess the accuracy of off-the-shelf, FDA-cleared
BGMs - we first reported on this yesterday - though he added a new detail that a total of 18 BGMs will be
tested whose sales make up 90% of all meter sales in the US. (We still do not know which meters these are,
but assume its Abbott, Ascensia, LifeScan, Roche, and popular store brand meters.) Dr. Klonoff also stated
that popular hospital BGMs will be tested with the new DTS Surveillance Program to improve the quality of
point of care capillary blood glucose testing. We wonder if there is enough overlap between popular point-
of-care and hospital meters that this will not require too significant an additional investment - especially
considering how long it took the organization to amass the requisite funding for the point-of-care program.
In addition, Dr. Klonoff shared that the DTS's Cybersecurity Standard for Connected Diabetes Devices was
published last month, consistent with timing first shared at DTM 2015. As expected, the document contains a
set of performance requirements to improve cybersecurity by describing the scope of the cybersecurity
challenge, providing a generic framework for how devices need to be protected, and creating an assurance
plan for how to get there (e.g., accrediting labs to test devices). He stated his belief that manufacturers who
voluntarily test with DTSec will be able to increase their sales and profits, though we're not entirely positive
how results are going to be interpreted, whether industry will buy in to the process, and if government
agencies will pay attention. We agree that cybersecurity is an important component of device design, but
we're not sure if DTS is uniquely qualified to perform such testing, or whether extra security standards will
negatively impact device design (e.g., passwords, two-actor authentication, etc.). How much will it cost
manufacturers to test their devices? Will standards constantly need to be updated to reflect technological
progress? If results expose devices with poor security, will FDA take action, or will payers eliminate
coverage of those products? For more coverage of the DTS cybersecurity standard, please see our coverage
from DTM 2015.
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Symposium: The Role of Continuous Glucose Monitoring in Diabetes Management

IS THERE A RACIAL DIFFERENCE IN THE MEAN CONTINUOUS GLUCOSE MONITORING
GLUCOSE IN RELATION TO THE A1C? - STUDY BACKGROUND

Rose Gubitosi-Klug, MD (Case Western Reserve University, Cleveland, OH)

Dr. Rose Gubitosi-Klug had the responsibility of introducing the T1D Exchange/Jaeb Center's recently
completed study, funded by the Helmsley Charitable Trust, examining the relationship between mean
glucose and A1c in African Americans and non-Hispanic whites. She began by providing an overview of the
current evidence that glycation gaps (i.e., A1c levels that do not reflect true mean blood glucose) are much
more common than are widely appreciated in practice, noting that there are a number of reasons for this
divergence: hemoglobin variants, decreased red blood cell survival, drug interference, etc. Importantly, she
pointed to race as an underappreciated variable that may affect this relationship, too, pulling from many
studies that have linked race and the glycation gap - e.g., the landmark A1c-Derived Average Glucose
(ADAG) trial that first hinted that African Americans might have a lower average blood glucose vs. non-
Hispanic whites for the same A1c. She stressed that while underlying genetic variation may account for up
to 62% of the variability in the association of mean glucose and A1c, the factors affecting A1c and race have
been relatively understudied. Especially considering the consistency of higher A1cs across studies of African
Americans and non-Hispanic whites with diabetes, she introduced the Jaeb Center's specific research
question - Does a racial difference exist in the association of mean glucose with A1c between non-Hispanic
African Americans and non-Hispanic whites? - as a critical step toward thinking about diabetes
management in racial subpopulations.

IS THERE A RACIAL DIFFERENCE IN THE MEAN CONTINUOUS GLUCOSE MONITORING
GLUCOSE IN RELATION TO THE A1C? -DESIGN, METHODS, AND BASELINE
DEMOGRAPHICS

Robin Gal, MSPH (Jaeb Center for Health Research, Tampa, FL)

Ms. Robin Gal provided an overview of the Jaeb Center's study design that examined racial differences in
mean glucose vs. A1c. The multicenter (five adult sites; five pediatric sties) observational study enrolled 208
patients with type 1 diabetes who wore FreeStyle Libre Pro [blinded] sensor for 12 weeks. Patients were
asked to visit their provider every two weeks, with central laboratory measurements (A1c, frustosamine,
glycated albumin) at study entry, four, eight, and 12 weeks.

▪ The study recruited approximately equal numbers of non-Hispanic African American
and non-Hispanic white patients, though the age and gender distributions were
slightly imbalanced - driven by a higher number of African American adults and females who
enrolled (see below). The groups, though, were well matched in terms of stability of glycemic control
during the study as neither group saw any change in glycemia over the course of the study.

◦ We would also point out that the white cohort was significantly wealthier,
which translated into higher pump and CGM use. These differences strike us as
particularly relevant when thinking about differences in A1c between these cohorts, as it is
critical to separate these non-glycemic from biological variables.

Table: Baseline Characteristics

African Americans (n=104) Whites (n=104)

Patients with age < 18 34 51

Patients with age > 18 70 53

Female 62% 53%

Mean Baseline A1c 9.1% 8.3%
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Mean Final A1c 9.1% 8.3%

T1D Duration 15 years 16 years

Pump use 36% 66%

CGM use 8% 23%

Annual Household Income

<$50,000 42% 18%

$50,000 - <$100,000 23% 22%

>$100,000 7% 35%

Missing 28% 26%

IS THERE A RACIAL DIFFERENCE IN THE MEAN CONTINUOUS GLUCOSE MONITORING
GLUCOSE IN RELATION TO THE A1C? - RESULTS AND CONCLUSIONS

Roy Beck, MD, PhD (Jaeb Center for Health Research) and Richard Bergenstal, MD
(International Diabetes Center, Minneapolis, MN)

Drs. Rich Bergenstal and Roy Beck presented (on behalf of the T1D Exchange) results confirming that racial
differences exist in the relationship between mean glucose and A1c. Specifically, results showed that African
Americans had an average 0.3% higher A1c for a given mean glucose level, which varied with glucose level
(smaller differences at lower glucoses; greater differences at higher glucoses). Dr. Bergenstal shared that
African Americans' increased rate of glycation is "unlikely to be clinically meaningful." More importantly,
however, he highlighted that there is considerable variation in the mean-glucose A1c relationship
irrespective of race: in this study, mean glucose ranged a remarkable 80 mg/dl for a given A1c - e.g., an
estimated A1c of 8.0% could correspond to a mean glucose of 120 mg/dl or 200 mg/dl for either cohort. Yet
again, it suggests that looking at A1c alone could be dangerously misleading. With this in mind, these results
tell more about the importance of variation in A1c with average glucose between individuals than between
races.

Dr. Bergenstal emphasized that we would be wise to personalize treatment decisions based on glucose
values, something Dr. Irl Hirsch echoed strongly in Q&A: "...there is SO MUCH variability between what
any one A1c means in terms of glucose...very few people do fingerstick glucose testing until they go on
insulin. We're making decisions about whether or not a patient should go on a certain therapy based on a
number that could be 80 or 90 mg/dl off. The paradigm by which we treat type 2 diabetes is wrong, and
we've been doing it wrong for the past 30 years. As we read about hypoglycemia in the elderly, it's not A1c
I'm interested in. It's the glucose. Simply put, I believe we need to use more fingerstick testing in type 2
diabetes." Discussion during Q&A also focused on the fascinating question of whether glycation differences
matter when thinking about outcomes: do African Americans develop complications at the same glucose
level that non-Hispanic whites do?

▪ Topline results were consistent with the prevailing hypothesis - data showed a 0.8%
higher A1c in African Americans vs. Whites that reflected only a 10 mg/dl separation
in mean glucose (i.e., instead of the ~23 mg/dl difference that would be expected for a 0.8%
difference in A1c). For the same given mean glucose level, African Americans had an average 0.3%
higher A1c level. The glycemic difference between the two groups was very clear though Dr.
Bergenstal broke this elevated A1c into two possible components: (i) non-glycemic factors [e.g.,
genetics, biology]; and (ii) glycemic factors [e.g., access to care, technology, social determinants of
health]. Importantly, he stressed that the study group has now shown a specific impact of the first
component, thereby confirming that biological racial differences in the A1c-mean glucose
relationship exist. Dr. Bergenstal termed this a "small but real" overestimation. Notably, this

www.closeconcerns.com 210



relationship was not seen for fructosamine or glycated albumin, suggesting that those metrics are
resistant to this bias.

▪ Dr. Bergenstal shared that African Americans' increased rate of glycation is "unlikely
to be clinically meaningful." He cited that the 0.3% A1c increase (biological)
represents less than half of the overall baseline A1c difference (0.8%) between the two
cohorts and - more importantly - that there is considerable variation in mean-glucose A1c
relationship irrespective of race.

◦ Dr. Bergenstal shared findings that mean glucose could range 80 mg/dl for a
given A1c - e.g., an estimated A1c of 8.0% could correspond to a mean glucose
of 120 mg/dl or 200 mg/dl for either cohort - suggesting that looking at A1c
alone could be dangerously misleading. [We've seen similar data from Dr. Irl Hirsch
before.] With this in mind, the results ultimately tell more about variation in A1c with
average glucose than race. Indeed, as Dr. Bergenstal noted, the implication is that while
A1c is an established measure of risk of developing complications, we would be wise to
personalize diabetes and treatment decisions based on glucose values. This is not
groundbreaking by any means - we've long known that A1c in isolation simply is not the
best metric. However, Dr. Bergenstal went further, stressing that A1c is not simply
inadequate but can be dangerously misleading and clinically ignorant (e.g., treating a
patient with mean glucose of 120 mg/dl and 200 mg/dl the same because the A1c reads
8.0%).

◦ Dr. Beck added valuable commentary to this discussion, emphasizing that A1c
does remain a very valuable endpoint in clinical trials as a metric for
hyperglycemia reduction. He argued that A1c is a "fabulous" and reliable outcome
when groups are randomized to eliminate difference, but that for individual patients,
looking at glucose is critical. He also added that an individual's mean glucose-A1c bias is
relatively steady over time, meaning that if you can identify a specific individual's glycation
bias, then you can actually preserve A1c as a valuable clinical metric [e.g., If an individual's
average glucose reads 10 mg/dl lower than what would be predicted based on A1c, then
providers can assume that relationship will hold in the future as well.]

▪ Our most compelling takeaway from the presentation was the need to move to glucose
as a primary metric for an individual's glycemic control rather than A1c. Providers have
been making therapeutic decisions for years based on A1c alone, but these data really hammered
home the variance in this metric. Indeed, following the presentation of these data, it is clearer than
ever that A1c measurements as a guidepost for therapy titration present risks for clinical decision-
making in individuals. UW's Dr. Irl Hirsch spoke convincingly during Q&A:

◦ "Historically, we started using A1c because we didn't have access to glucose.
Over time, we learned all these limitations to A1c and all these other biomarkers.
In my practice, we don't know about the difference between Asian Americans and
Hispanics, but in the big scheme of things, there is SO MUCH variability between what any
one A1c means in terms of glucose. The bigger concerns I have in term of clinical medicine
is that very few people do fingerstick glucose testing until they go on insulin. We're making
decisions about whether or not a patient should go on a certain therapy based on a number
that could be 80 or 90 mg/dl off. The paradigm by which we treat type 2 diabetes is wrong,
and we've been doing it wrong for the past 30 years. As we read about hypoglycemia in the
elderly, it's not A1c I'm interested in. It's the glucose. Simply put, I believe we need to use
more fingerstick testing in type 2 diabetes." - Dr. Irl Hirsch

▪ Discussion during Q&A also focused on the fascinating question of whether glycation
differences matter when thinking about outcomes. In other words, do African Americans
develop complications at the same glucose level that non-Hispanic whites do? Or are African
Americans actually protected by some unknown mechanism and do they develop complications only
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at higher glucose levels? Speakers pointed to emerging epidemiological evidence that the threshold
for complications is not different between races, but stressed that this remains an important
unknown at present.

▪ Ultimately, we are hopeful that these findings will start a dialogue about the validity of
A1c - as a threshold for complications, for defining prediabetes and diabetes, and as a
metric in and of itself. Granted, the findings are not new news per se since the insufficiencies of
A1c have long been known - however, we loved that the discussion took a very patient-centered turn
that we believe has the potential to spur real action. As a reminder, the FDA is holding a workshop
on August 29 focused on outcomes beyond A1c (register here), and JDRF has an ongoing program to
evaluate measures beyond A1c for assessing clinical outcomes and potential therapies (outcomes
expected in mid-2017).

◦ Multiple audience members expressed disbelief that we may be
misdiagnosing patients in "both directions" - e.g., diagnosing prediabetes in those
whose glucose remains in a very normal range and missing diagnosis of folks who have
diabetes but whose glucose is elevated above what their A1c would suggest - and we're
hopeful that this indignation like this can spark momentum in the right direction moving
forward.

◦ Especially in this era of pharmacotherapies and technologies that may not
impact A1c but do reduce hypoglycemia and improve time-in-range, the
panel's commentary also made us appreciate the need for more widespread
glucose monitoring and tools that capture glucose more accurately - we need
more CGM in clinical trials! A big question, of course, is how to validate such a
paradigm shift in the eyes of payers and the FDA. Will anyone fund a modern-day
prospective study to validate this new framework?

PANEL DISCUSSION

Q: I would ask everyone to look at Poster 1446-P. We did an observation study using a VA
database that looked at the same thing you have here in a slightly more outcome-focused way.
We looked at incident retinopathy and found that Blacks developed retinopathy at around
0.4-0.5% higher A1c than Whites. Those clinical outcome corresponds well with difference in
glucose that you have shown.

Dr. Beck: That's incredibly important. Thank you.

Q: How are we going to use this new information is very important. If we are going to use it as
a major diagnostic metric, then the question is where to put the threshold. What if it's
different for women and men? What do we take away from this?

Dr. Bergenstal: I think this session is going to start that dialogue. You are helping us to think about how
important this is.

Dr. Beck: It's very hard to come up with a cut point with A1c unless that cut point is very high. You want the
cut point to be valuable and capture at least 95% of the population of interest and have to remember that
some of these folks with an A1c of 6.5% might have a mean glucose of 100 mg/dl. So on takeaway here is that
setting cut points for diabetes diagnosis with A1c is very challenging.

Q: You mentioned that we should really start to look at more CGM data. But I think we should
look at CGM data and A1c because some people glycate more efficiently than others. That's
what we're learning here and that's important because we know that there is going to be an
impact on other proteins, even if there isn't on fructosamine and glycated albumin.

Dr. Beck: We actually think that if you measure glucose once with CGM and establish an individual's
relationship to his/her A1c, then you could just use A1c after that. Dr. Darrell Wilson (Stanford University,
Palo Alto, CA) has shown this - he looked at the relationship between CGM mean glucose and A1c and
demonstrated that this bias was constant six months apart.
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Q: How long do you need glucose data to get accurate assessment of someone's long-term
glucose profile?

Dr. Beck: We found that up to 14 days, you got better precision each day in predicting A1c. After 14 days, it
didn't change. Seven is good but after 14 days, you can pretty much have the three-month perspective.

Dr. Bergenstal: Fourteen days is an incredible marker of predicting an individual's glucose profile.

Dr. Irl Hirsch (University of Washington, Seattle, WA): Historically, we started using A1c
because we didn't have access to glucose. Over time, we learned all these limitations to A1c and
all these other biomarkers. In my practice, we don't know about the difference between Asian
Americans and Hispanics, but in the big scheme of things, there is SO MUCH variability
between what any one A1c means in terms of glucose. The bigger concerns I have in term of
clinical medicine is that very few people do fingerstick glucose testing until they go on insulin.
We're making decisions about whether or not a patient should go on a certainly therapy based
on a number that could be 80 or 90 mg/dl off. The paradigm by which we treat type 2 diabetes
is wrong, and we've been doing it wrong for the past 30 years. As we read about hypoglycemia
in elderly, it's not A1c I'm interested in. It's the glucose. Simply put, I believe we need to use
more fingerstick testing in type 2 diabetes.

Dr. Bergenstal: I wholeheartedly agree.

Dr. Beck: Just to play Devil's Advocate and stand up for A1c a bit, I would point out that when you are looking
at reducing hyperglycemia in clinical trials, A1c is still a fabulous endpoint because groups get randomized.
For individual patients, I agree with you that looking at glucose is critical. But for groups, not so much.

Dr. Stephanie Amiel (King's College London, UK): The epidemiological data suggests that the
A1c threshold for complications is not different between races, but we need to look at this for
glucose. What are we going to do with the patient who has A1c of 8.0% but a mean glucose of
110 mg/dl? They are NOT going to have same risk as a patient with an A1c of 8.0% and a mean
glucose 200 mg/dl. But on the other hand, as far as I know, we simply don't know that that's
not true. We need data.

Dr. Beck: It seems to be true, but all good studies end up bringing up other questions that need to be
answered. Maybe there are data from the DCCT that can answer that.

Dr. Bergenstal: Just think if we had had foresight to use CGMs in all those CVOTs that everyone got so mad
about. We currently know about people who got complications and developed complications, but we could
know so much more. But that'll be for the next series of studies.

Dr. Howard Wolpert (Joslin Diabetes Center, Boston, MA): Did you look at all at differences in
glycemic variability? Or the relationship between glycation and variability?

Dr. Beck: We didn't look at that.

Dr. Bergenstal: We would assume that with higher glucoses there is higher glycation but there's a lot more
data to analyze out of this data set.

Dr. Wolpert: My main question is whether advanced glycators are going to have more
variability than lesser glycators.

Q: This individual variation is the most important message here if you ask me. Individuals
vary in their mean glucose-A1c relationship between each other but tend to be consistent
relative to themselves over time. I wonder, if you take glucose and divide by A1c, what that
population distribution would look like. It's supposed to be ~22 but I bet you would get two
different distributions for the two races with a different mean.

Dr. Bergenstal: We welcome the advice, and we'll look at it.

Dr. Beck: You're right.
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Symposium: Digital Health in Diabetes - Hope or Hype?

IS TRANSFORMING DIABETES POSSIBLE? LESSONS FROM PARTICIPATORY DESIGN OF
DIGITAL HEALTH SOLUTIONS

Joyce Lee, MD (University of Michigan, Ann Arbor, MI)

Dr. Joyce Lee provided an overview of her team's fascinating Nightscout user survey, highlighting the value
of lead-user innovation for driving progress in patient-centered technology - "People in the community will
not wait for healthcare providers to come up with technology. They won't wait for regulators to regulate, or
companies to innovate. They need solutions now." She referenced the strong traction the Nightscout
movement has gained over the past few years, noting that since launch in 2013, over 25,000 patients from
around the world have reported using the system. According to Dr. Lee, the private Facebook group for
CGM in the Cloud now has 18,000 members, making it one of the largest groups representing diabetes on
Facebook. Dr. Lee summarized findings from a University of Michigan-led survey of a subset of the
Facebook group (n=1,276) - we first saw these results at the 2015 DiabetesMine Innovation Summit and D-
Data Exchange, where we were impressed by Nightscout's positive impact on CGM adoption, improved
quality of life, and reduction in self-reported A1c. Notably, a striking ~20% of CGM in the Cloud members
started CGM as a result of Nightscout and ~9% restarted CGM as a result of Nightscout. Survey respondents
reported a significant improvement in quality of life metrics, and a majority stated that they found the
technology "extremely empowering" and "not at all prying." Self-reported A1c also indicated that glycemic
control improved meaningfully (0.7%-1.2%) pre- vs. post-Nightscout. In addition, survey results suggested
that users largely replaced their BGMs with CGM data for insulin dosing; respondents reported taking
fewer blood sugar checks per day and giving a greater number of insulin boluses without a meter blood
sugar on Nightscout. This reinforces our impression that many patients use CGM for insulin dosing
regularly, a fact that has become increasingly pertinent given the upcoming FDA Advisory Committee
meeting to vote on a replacement label claim for Dexcom's G5 CGM.

▪ Dr. Lee also discussed the "maker movement" mentality, stressing its role in
unleashing a cascade of creativity and innovation. For Nightscout, this has resulted in a
plethora of devices, codes, and functionality, providing opportunities for customizing the glucose
monitoring experience. [The same is true of the DIY OpenAPS community, which has a lot of overlap
with the Nightscout developers.] Dr. Lee noted that patients are also "tinkering" with the system's
hardware, creating solutions such as xDrip, a tiny alternate CGM receiver that can be used to receive
data from the Dexcom G4 transmitter and send it to other devices.

▪ According to Dr. Lee, the current issue is whether or not Nightscout will disappear
now that the FDA has approved commercial solutions that display CGM data on
personal devices (Dexcom G4/G5, MiniMed Connect). She believes that Nightscout's
popularity will persist, given the high rate of new members entering the community. We believe the
influx speaks to the community that Nightscout has created; the wider device compatibility and
more "glanceable" and customizable displays on smartwatches; and to the overall message that
Nightscout brings to the diabetes community: an empowering solution to help patients and
caregivers monitor glucose with increased safety and more peace of mind.

▪ Dr. Lee's presentation echoed a valuable JAMA viewpoint she recently coauthored,
which details Nightscout's patient-driven founding, the system's rapid growth, and its impact on
changing the current definitions of health production and patient engagement.
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Symposium: Technology and Diabetes Care - Your Patients Are Moving Forward. Are You
Observing or Moving?

MAKE THE DATA WORK FOR YOU―INCREASING ACCESSIBILITY, INTEGRATION, AND
USABILITY OF AMBULATORY GLUCOSE PROFILES

Deborah Mullen, PhD (Park Nicollet Health Services, Minneapolis, MN)

Dr. Deborah Mullen opened her presentation with a simple message: "Diabetes is complicated. Your data
shouldn't be." With that context, she took attendees through an overview of the International Diabetes
Center's Ambulatory Glucose Profile (AGP) with a specific focus on how the one-page glucose data
download report can facilitate personalized medicine. She stressed that one of the biggest gating factors to
improved diabetes management is lack of feedback, arguing that AGP software both helps patients
understand their own data at home and helps providers provide more individualized feedback in clinic.
We've heard lots of enthusiasm for AGP over the past year and Dr. Mullen's commentary echoed much of
what we've heard before - however, she did remark on new news that the IDC has signed two agreements in
the past week to license its AGP to two diabetes device makers (Roche and Abbott) and two diabetes data
management companies (Diasend and Glooko), calling the partnerships a huge step in the right direction.
We would agree! (See our coverage of the announcement here for more.) Ultimately, she pushed for even
more consensus on this front, emphasizing perfect should not be the enemy of the good - an agreed-upon
one-pager will go a long way for clinicians, and she urged industry not to be dissuaded by "not-invented-
here" syndrome (plus, as she noted, it would not be too difficult for industry to provide proprietary reports
on top of the standardized one-pager).

Questions and Answers

Q: Can you provide a comparison of your product vs. Glooko?

A: Glooko is a licensed AGP partner now. Their newest mobile app actually has the AGP graph on it. We are
doing work together. We have partnerships, too, with Roche and Abbott and diasend who all have plans to
come to market with AGP soon. That too, we have other partners coming.

Symposium: Inpatient Management of Diabetes and Hyperglycemia - Novel Insights and
Effective Approaches

GLUCOMETRICS FOR MEASURING INPATIENT GLYCEMIC OUTCOMES - DEFINITION,
IMPLEMENTATION, AND BENCHMARKS

Curtiss Cook, MD (Mayo Clinic College of Medicine, Scottsdale, AZ)

Dr. Curtiss Cook elaborated on the role of glucometrics (i.e., metrics measuring the success of hospital
glucose management) in improving inpatient outcomes. He noted that glucometrics consist largely of three
measures - (i) glycemic exposure; (ii) efficacy of control; and (iii) rates of adverse events - noting that
hospitals that adopt proven glucometrics programs gain a much better understanding of their weaknesses
and strengths. However, despite the emergence of glucometrics as a subject of high interest, Dr. Cook noted
that there remains a lack of standardization across the US in how glucose parameters are measured and
reported. This issue, in his view, must be addressed before national benchmarking processes can be created
that will allow institutions to compare inpatient glucose control performance against established guidelines.
In this vein, he emphasized a need for standardization at all levels in order to maximize the utility of
glucometrics programs, noting that standards must include consensus on which measures to report, the unit
of analysis, definitions of targets for hyperglycemia treatment, a definition of hypoglycemia, etc. Dr. Cook
concluded that hospitals need to be included in these discussions and that further dialogue on this topic is
sorely needed.

▪ According to Dr. Cook, the most important next steps for glucometrics programs
involves standardization at all levels, from definitions to data reports. A 2008 survey of
269 hospitals conducted by Cook et al. showed target blood glucose ranges for ICU vs. non-ICU
patients varied widely, such that there was no comparable standard from hospital to hospital. In
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addition to standardizing metrics, Dr. Cook stressed the importance of standardizing how the data is
collected, calculated, and reported.

▪ We assume greater hospital use of CGM and even automated insulin delivery will
change this area significantly over the next five years, hopefully moving the field toward
standardized time-in-range, hypoglycemia, hyperglycemia, and variability metrics. Could the
upcoming artificial pancreas metrics paper in Diabetes Care help inform this discussion (more on
that here)?

Questions and Answers

Q: Many hospital studies show much higher rates of hypoglycemia in inpatients. You have not
seen that here. How do you account for this underrepresentation of hypoglycemia?

A: This study was just looking at patients with known, diagnosed diabetes as opposed to the overall
population of inpatients.

Q: Have you looked at conducting studies using CGMs? The data could show a much granular
picture with regard to highs, lows, and variability than we see here.

A: We've recently had a consensus conference where we discussed the potential of using CGMs. If we do
implement them, the number of highs and lows and the amount of glucose variability we document could
actually be a lot higher.

Joint ADA/JDRF Symposium: Optimizing Use of Technology and Therapeutics in Pediatric
Diabetes

STATUS OF INSULIN PUMP AND CONTINUOUS GLUCOSE MONITORING USE IN PEDIATRIC
DIABETES

Jenise Wong, MD, PhD (UCSF, San Francisco, CA)

Dr. Jenise Wong provided a comprehensive overview of device utilization in pediatric type 1 diabetes.
Beginning with pumps, she noted that there are a host of studies documenting the glycemic and quality-of-
life benefits in children and adolescent but noted that use remains very variable by country. Dr. Wong
attributed the variability to a number of factors from reimbursement and guidelines around pump use to
the availability of pump reps and supplies - she cited T1D Exchange data suggesting that pump penetration
is as high as 60% in the US, more than three or four times the penetration in EU countries. She contrasted
that level of penetration with CGM, noting that the penetration of this technology remains VERY sparse
(~15% in the Exchange). She was very positive on the benefits of sensor technology, though noted that a
significant discontinuation rate prevents serious uptake. We do think that part of this has to do with
patients' sky-high expectations for CGM technology and the reality that the devices - while improving in
accuracy and usability - are still not perfect, particularly on day one. She noted that even among CGM
users, few patients take full advantage of the technology since such a minority of patients routinely review
device data (see below) - we think this is because retrospective device data does not offer nearly enough
benefits relative to the hassle of obtaining it and making sense of it. Once powerful, automated pattern
recognition and compelling insulin titration algorithms are in place, we think device downloading will
improve, or perhaps move to a real-time notification model. Ultimately, she suggested that education on the
importance of device data (both on a provider and patient level) is a key step toward greater penetration in
the future. We agree with her, though believe that CGM reimbursement, factory calibration, on-body form
factor, a BGM replacement claim, and clinical decision support are more important for expanding uptake.

▪ Dr. Wong presented valuable data on the lack of device data utilization from the T1D
Exchange. Unsurprisingly, utilization is lowest among young adults with higher use among
children and adolescents (where we assume parents are very involved with care). This does not
surprise us one bit - CGM download software does not yet provide enough benefits to make the
hassle of obtaining it and interpreting it worth it. Further, we believe the retrospective data mindset
must change to a real-time model that gives patients more in-the-moment pattern recognition. What
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is more useful - a "morning high" pattern alert that is triggered every few months someone
downloads, or a real-time notification at 10 am ("High pattern after breakfast observed for the past
six days")? In our view, personal CGM is a real-time technology, and patients stand to benefit the
most from real-time, in-the-moment data analysis.

CGM Download
Frequency

Never 1-3x per month 1x per week

Children 24% 37% 8%

Adolescents 36% 22% 12%

Young Adults 45% 16% 4%

Adults 42% 17% 5%

◦ Dr. Wong also shared broader data comparing data downloading frequency (BGMs +
CGMs) among adult patients and caregivers. We assume these numbers are self-reported
(meaning they are probably overestimates), and they still fall woefully short of where we would like
them to be. This will unquestionably improve as devices become connected to the cloud and stream
data automatically, such as Dexcom's G5, Abbott's LibreLink, Medtronic's MiniMed Connect, and a
host of cellular- and Bluetooth-enabled meters. However, it still begs the philosophical question - is
the future of diabetes data in real-time decision support and automatic pattern recognition? Is it
realistic to ever expect patients to download and review their historical data?

Device Download
Frequency

Never Sometimes Routinely

Adults 69% 20% 12%

Caregivers 44% 40% 27%

Questions and Answers

Q: What is surprising to me is the lack of penetration of pumps in pediatric patients
considering the low discontinuation rate. That must mean we're not getting people onto
pumps in the first place?

A: Yes, that's the first barrier - getting people onto pumps. We talked about the 60% on a pump; what we
didn't talk about is what is keeping those other 40% from starting. There are social factors to be sure - racial
disparities, socioeconomic disparities. There are very real ways we could change the system and address
cultural barriers that would help. So you're right that discontinuation isn't as much of a factor in pump use.
The factor is getting people to start.

Q: Is discomfort a limiting factor with CGM? I've heard with Libre in the EU that skin reactions
stops some kids from using the device.

A: Skin reactions are a common reason for discontinuation for all CGMs. I don't know if the solution is better
troubleshooting from an educator and clinician standpoint or a device innovation that needs to happen.
However, it is a common cause of discontinuation and people who are using it will still complain.

Industry Updates

VICTORY FOR DATA STANDARDIZATION: ROCHE, ABBOTT, DIASEND, GLOOKO SAY YES
TO AGP

In a victory for data standardization, we learned during ADA that the International Diabetes Center signed
two agreements to license its one-page, standardized Ambulatory Glucose Profile (AGP) to two diabetes
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device makers (Roche and Abbott) and two diabetes data management companies (Diasend and Glooko).
This was terrific news to hear - we're eager to see greater standardization of data and use of that data to
drive therapeutic change. The partnerships give the companies the right to use the AGP in all their diabetes
devices and existing software; the agreement with Abbott extends the groups' existing partnership to other
devices since Abbott already uses the AGP report to visualize downloaded FreeStyle Libre glucose data.
Clinicians have for a long time told us how much they like this standardized report and it's fantastic to see
that companies are beginning to sign on, especially after hearing for years the laundry list of reasons why
industry was hesitant: (i) a desire to maintain control of data due to liability concerns; (ii) a desire to
protect against competition by building their own proprietary software; (ii) a desire to preserve their direct
relationship with patients; and (iv) the antiquated view that patients do not need access to their data
(though we'd note that this is almost gone now.) Indeed, on all these levels, the willingness of Abbott, Roche,
Diasend, and Glooko to license the report is a real win for patients and providers alike - after all, not every
company is going to get what they want with a standardized report, but the field will benefit significantly
from consensus. We're hopeful this creates momentum and these partnerships set the stage for this
standardization movement to reach a critical mass - will Dexcom and Medtronic sign on? Along these lines,
we learned that AGP partnerships with three additional device companies and aggregators are slated for
"the next month," and we'll be watching closely for updates on the IDC team's recently launched website:
AGPreport.org.

Corporate Symposium: Two Years of Flash Glucose Monitoring: The Global Clinical
Experience (Supported by Abbott)

FREESTYLE LIBRE T1DM CLINICAL OUTCOMES TRIAL RESULTS (IMPACT)

Raimund Weitgasser, MD (Paracelsus Medical University, Salzburg, Austria)

Dr. Raimund Weitgasser shared full results from the FreeStyle Libre IMPACT study, comparing Abbott's
FreeStyle Libre to SMBG in type 1 patients in very good control (baseline A1c: 6.7%). The study met its
primary endpoint at six months - relative to the control group, patients using FreeStyle Libre spent ~74
minutes fewer per day <70 mg/dl (a 38% reduction; p<0.001). These results were presented in detail in
poster presentation 868-P (see detailed coverage above), though Dr. Weitgasser did add in a few additional
details regarding: (i) the pattern of hypoglycemia behavior change; (ii) sensor use; and (iii) glycemic
variability.

▪ Dr. Weitgasser noted that time spent in hypoglycemia (both <70 mg/dl and <55 mg/dl)
decreased as soon as sensor results became visible to patients and remained reduced
throughout the study. Though it was only documented qualitatively, we were impressed to see
how dramatic, immediate, and sustainable these changes were.

▪ Patients collected 93% (6.5 days/week) of all possible data assuming they wore the
sensor continuously for six months. Clearly, patients were scanning often enough to capture
near-24/7 data, even though the FreeStyle Libre sensor can only store eight hours of data at a time.
Capturing 6.5 days of sensor data per week means patients were missing about 12 hours of glucose
data per week, or less than two hours per day. Presumably most of that lost data was overnight,
when some probably didn't scan twice within an eight-hour period.

▪ Glycemic variability improved significantly in the intervention arm vs. control arm
according to a variety of different metrics: SD, MAGE, CONGA, and low blood glucose index
(LBGI). The actual values were not reported on the slide, though the improvement with FreeStyle
Libre was in the ~10%-30% range. MODD and high blood glucose index (HBGI) were the only
variability metrics that did not reach statistically significance.
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CLINICAL UTILIZATION OF THE FREESTYLE LIBRE FLASH GLUCOSE MONITORING
SYSTEM IN EUROPE

Ramiro Antuña DeAlaiz, MD (Asturias Medical Center, Oviedo, Spain)

"In my two years with FreeStyle Libre, it has been amazing how it has changed people's lives!" This kind of
striking enthusiasm defined Dr. Ramiro Antuña DeAlaiz's presentation on his experience with Libre in the
EU. The bulk of his talk shared data from a remarkable Spanish survey in which patients with both type 1
and type 2 diabetes reported complete elimination of nighttime hypoglycemia events within two weeks of
starting Libre. The main benefit, Dr. Antuña DeAlaiz stressed, is that FreeStyle Libre empowers patients,
giving them the impetus to interpret and respond to their own data. In addition, Dr. Antuña echoed positive
sentiments we heard from other speakers on Abbott's Ambulatory Glucose Profile that, in his words,
"provides insight into aspects of glucose that are invisible with A1c."

▪ On who should be using FreeStyle Libre, Dr. Antuña DeAlaiz shared his belief that
patients with prediabetes present an important target population for future expansion
- "There will come a day when payers convince themselves that it is cheaper to prevent diabetes than
to treat diabetes." As this paradigm shift takes place, Dr. Antuña DeAlaiz stressed that the value of
technology earlier in disease progression will become more widely appreciated.

REVIEW OF FREESTYLE LIBRE PRO GLYCEMIC VARIABILITY STUDY RESULTS

Eugene Wright, Jr., MD (Cape Fear Valley Health Affairs, Fayetteville, NC)

Dr. Eugene Wright presented results from a study of FreeStyle Libre Pro demonstrating that the system is
effective for capturing glycemic variability profiles in type 2 diabetes. The multicenter, prospective, single
arm trial recruited 114 patients to wear two Libre Pro (blinded) sensors for two weeks while going about
daily activities and adhering to their previously-established diabetes treatment plan. Inclusion criteria were
quite broad, with patients recruited across eight therapy groups (sulfonylureas, basal insulin, premix
insulin, lifestyle alone, metformin, GLP-1s agonists, DPP-4s inhibitors, SGLT-2s inhibitors) and with A1cs
ranging from 6.0%-12.0%. Data was consistent with our expectations - greater variability was associated
with the use of insulins and sulfonylureas, while less variability was observed in patients whose diabetes
had not yet progressed as far (metformin, lifestyle alone). Unsurprisingly, data also indicated a greater
prevalence of hypoglycemia (time spent <70 mg/dl) in patients using insulins and sulfonylureas. Individual
group sample sizes were too small to read into further differences (and mean glucoses were not matched
either). There were no device-related serious adverse events and nine instances of minimal adverse events
(e.g., infection, allergy). Overall, Dr. Wright concluded that FreeStyle Libre Pro is both effective and safe in
capturing glucose profiles in type 2 diabetes; we wonder how it can be used for therapy titration, and
perhaps as a companion diagnostic to aid therapy selection in type 2 diabetes (e.g., "Oh, you have a
postprandial problem; you need a GLP-1 or SGLT-2").

▪ Below, we have summarized the glycemic variability data collected with FreeStyle
Libre Pro in this study. A few things jump out in the data:

◦ Hypoglycemia is prevalent in all groups, but alarmingly high in the A1c 6.0-7.4% group (2+
hours per day);

◦ SGLT-2s and GLP-1s seem to keep patients more in range relative to other therapies in the
7.5-12.0% group;

◦ For patients in the 7.5%-12.0% A1c group, sulfonylureas are highly ineffective, keeping
patients in range just 10 hours per day with an average blood glucose of 192 mg/dl.

A1c Therapy N Mean
Glucose
(mg/dl)

CV (%) Time
(h/day)
70-180
mg/dl

Time
(h/day)
< 70
mg/dl
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Sulfonylurea 15 118 29.8 20.1 2.2

Basal insulin 10 118 33.4 19.7 2.2

Premix insulin 8 138 35.8 16.2 2.4

6.0-7.4%

Metformin 15 144 22.6 17.1 0.8

Sulfonylurea 12 192 26.7 10.2 0.5

GLP-1 agonist 9 159 23.8 14.8 0.8

DPP-4 inhibitor 6 201 21.9 11.7 0.1

SGLT-2 inhibitor 4 157 27.3 17.5 0.2

Basal insulin 12 182 32.8 12.2 0.7

7.5-12.0%

Premix insulin 10 170 33.9 13.5 1.4

▪ Dr. Wright shared positive data from user experience studies of FreeStyle Libre Pro in
the study:

◦ 96% agreed that the sensor was comfortable to wear.

◦ 94% agreed that the sensor was easy to wear due to its small size.

◦ 77% agreed that other people did not notice that they were wearing a sensor.

◦ 88% agreed that they did not feel any discomfort under their skin while wearing the
sensor.

◦ 91% agreed that the sensor did not get in the way of daily activities.

◦ 90% agreed that the sensor fit in well with their lives.

CLINICAL UTILIZATION OF THE FREESTYLE LIBRE PRO FLASH GLUCOSE MONITORING
SYSTEM IN INDIA

KM Prasanna Kumar, MD (Bangalore Diabetes Hospital, Bengaluru/India)

Dr. KM Prasanna Kumar offered glowing praise for FreeStyle Libre Pro as an aid for patients and HCPs in
India. He spoke enthusiastically about the pattern recognition in Abbott's Ambulatory Glucose Profile, the
value in optimizing patients' therapy by helping providers feel more successful, and - most importantly -
making the invisibility of diabetes more tangible to patients. Especially for patients in India who cannot
afford CGM technology, he impressed upon the audience that the insight provides a valuable retrospective
look to identify trends and can even inform smarter allocation of limited fingersticks. Though Dr. Kumar
acknowledged that the device holds value for anyone on insulin, he stressed that such an approach is not
feasible in India. He explained that India is an "out-of-pocket" market, where 89% of the population has no
insurance coverage - as a result, he shared that the average diabetes patient spends only ~$120 (!) on
diabetes medication and monitoring annually. [According to Dr. Kumar, this expenditure buys just one
SMBG per week, one venous blood test per three months, and one A1c test per six months.] In such a market,
he noted that it would be irrational for payers to purchase Libre Pro frequently, regardless of the magnitude
of the benefit it confers. As such, Dr. Kumar typically uses the Pro in his patients once, for 5-6 days every
three months, to calibrate and assess the prescribed treatment - a great workaround to a tough situation,
and far better than one test strip per week and an occasional A1c. As he concluded: "In this way, we keep
treatment cheap. The AGP assesses the extent and cause of glycemic variance as well as the compliance of
the patient in diet, medication, exercise, etc…This is an excellent education tool - every patient can
understand how his HCP is trying to achieve euglycemia."
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PANEL DISCUSSION

Ramiro Antuña DeAlaiz, MD (Asturias Medical Center, Oviedo, Spain), KM Prasanna Kumar,
MD (Bangalore Diabetes Hospital, Bengaluru/India), Raimund Weitgasser, MD (Paracelsus
Medical University, Salzburg, Austria), Eugene Wright, Jr., MD (Cape Fear Valley Health
Affairs, Fayetteville, NC)

Q: How was glucose variability measured in IMPACT?

Dr. Weitgasser: We used a lot of different parameters. That was depicted in one of the slides I showed.

Q: How can you reconcile concerns that the lack of hypoglycemia alarm is a danger?

Dr. Antuña DeAlaiz: Many people with Libre scan before going to bed, which allows them to prepare for the
nighttime and take insulin or food as necessary. In my experience, some people need an alarm because they
are completely hypoglycemia unaware, but others are very happy without alarms. One size doesn't fit all.

Dr. Weitgasser: This is not a system designed for people with hypoglycemia unawareness. We excluded these
people in our study.

Dr. Wright: In addition, as an educational tool, Libre gives you the opportunity to frame conversation with
patients about choices with respect to lifestyle and medications. Those choices have an impact on the glycemic
profile.

Q: Given the very early changes in hypoglycemia in patients using Libre, do you believe this is
purely a behavioral effect or were HCPs involved in some specific counseling?

Dr. Antuña DeAlaiz: I think patients were interested in education. They wanted to maximize the benefit they
were getting from system and, as a result, the patient wanted to learn how to manage and respond to the
arrows.

Dr. Kumar: Remember that patients are able to send their AGP to HCPs. When you look at the whole profile,
you can adjust habits and insulin quickly. You get this comprehensive update, so can fine-tune diet, exercise,
and medications.

Dr. Antuña DeAlaiz: This is a great education tool - an eye-opener. People's lives change completely.

Dr. Gavin: There is a lot more information to talk about with patients when you use Libre and the AGP, plus of
course, the contextual comments from patients.

Q: Can you talk about the science of this sensor? What's different from the Dexcom and Enlite
sensors? There is no calibration required for Libre.

Mr. Steve Scott (Abbott Diabetes Care, Alameda, CA): The sensor is very stable over time and we get very little
sensor-to-sensor variation. We have key processes to ensure this minimized variance. This allows for the
14-day wearing period. We have in-vitro calibration and apply this in vivo.

Joint ADA/JDRF Symposium - Optimizing Use of Technology and Therapeutics in Pediatric
Diabetes

INFORMATION OVERLOAD―OR IS IT?

Saleh Adi, MD (Madison Clinic for Pediatric Diabetes, San Francisco, CA/USA)

In a persuasive, case-based talk, Dr. Saleh Adi championed the use of CGM over intermittent fingersticks
and potentially misleading A1c values. He highlighted the benefits of CGM in MDI users, called for better
insurance coverage of data interpretation, asked for industry to develop decision-support software, and
requested EMR integration to take some of the burden off of the HCPs. Dr. Adi noted the educational, eye-
opening value of CGM: "Look at this chart," he said to one repeatedly skeptical mom, "you are over-treating
your child's lows and highs." Dr. Adi urged everyone to recognize that A1c does not provide enough
information for clinical decision making, and that every patient should have access to CGM because
everyone can benefit. He concluded by calling for a DCCT 2.0 that could demonstrate the benefits of
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maximizing time in range and reducing glycemic variability on short- and long-term outcomes. He even
envisioned new standards of care one day in which A1c is a secondary measure and treatment is
individualized for each patient. Wouldn't that be something?!

▪ Dr. Adi shared two case studies illustrating how CGM completely alters understanding
of glucose profiles, particularly in patients with near-goal A1c's. Both patients' multiple
daily fingersticks typically yielded readings in the 100-200 mg/dl range and A1cs of 7.3% and 7.9% -
in other words, fairly well-managed glucose levels in pediatrics. However, upon using CGM for a
period, they (and Dr. Adi) learned that one patient was experiencing severe post-prandial
hyperglycemia, and the other was experiencing mid-sleep excursions <50 mg/dl and post-dinner
hyperglycemic excursions >400 mg/dl. "We can all agree that this is not good enough," said Dr. Adi,
despite what their A1c values and intermittent fingersticks say.

▪ Dr. Adi highlighted one of his MDI patients that has still benefited greatly from CGM.
There is a false misconception, he said, that CGM is only for patients who use pumps. This is clearly
not the case, as we saw at this meeting with Dexcom's DIaMonD study: A1c declined a strong 0.9%
with CGM at six months vs. -0.4% with usual care (baseline: 8.6%), for an adjusted mean difference
of -0.6% in favor of CGM (p<0.001). At the same time A1c declined, hypoglycemia significantly
improved with CGM: a 30% improvement in time <70 mg/dl (-23 mins/day; p=0.006) and a strong
50% improvement in time <50 mg/dl (-11 mins per day; p=0.005), both outperforming 17% and 21%
improvements with usual care (-15 mins, -6 mins).

▪ Dr. Adi said HCPs should focus on one thing at a time with CGM downloads;
otherwise, "information overload" is too easy! "Find the most obvious thing and solve it."
This approach will not only avoid overwhelming patients with too much information, but also
empower them by making them realize that they are capable of managing their condition. In
addition, Dr. Adi advocated for insurance coverage of data interpretation counseling, the
development of decision-support software, and EMR integration to take some of the burden off of
the HCPs.

▪ CGM marks the end of the "I'll believe it when I see it" excuse. Dr. Adi reports that with
just a few fingersticks per day, patients and caregivers deny that they are mistreating their lows and
highs. CGM worn 24/7 can document what is actually happening, driving a much feedback loop than
fingersticks alone.

Questions and Answers

Q: I don't disagree with anything you said. I would reformulate the question: What you don't
know is that DCCT/EDIC have analyzed data on DCCT subjects who maintained an A1c of 8.8%
over 32 years of follow-up. They contrasted with the intensive group who maintained a 7.2%
A1c over 32 years. There was a huge difference in complications rate between groups. Getting
A1c down to 7.2% or lower is enough. However, the purpose of treatments as we go forward is
to do it safer (less hypo), smoother (less glycemic variability), and more automatic.

A: I agree with everything you say.

Q: I would be thrilled if my adolescents took insulin. I have patients who SMBG test 2-3 times a
day and look at CGM 2-3 times a day… there is no difference. DCCT had selection bias - these
technologies are awesome, including closed loop. I suspect my patients would wear and finally
we'd see some better control. But not all patients should be on CGM if they won't use it.

A: Nothing will solve 100% of the problems of all people. But they should all be given the option to wear CGM.
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Digital Health

Posters

GLUCOMMANDER OUTPATIENT, A CLOUD-BASED INSULIN MANAGEMENT SOLUTION
ADJUSTED INSULIN DOSES AND ACHIEVED 2.7% DROP IN A1C PERCENTAGE POINTS
(84-LB)

John G. Clarke, Bruce W. Bode

A Glytec poster (84-LB) showcased very impressive results from a 41-patient, uncontrolled, 3-month,
outpatient study testing its Glucommander insulin dosing clinical decision support software - from a high
baseline A1c of 10.3%, patients ended three months with an estimated average A1c of 7.6% (p<0.000001).
The study enrolled 41 type 1 and type 2 patients (mean age: 38 years, BMI: 32 kg/m ) at Dr. Bruce Bode's2

clinic in Atlanta, who were treated for 12 weeks with Glucommander Outpatient. The cloud-based software
provided periodic insulin dose titration recommendations to a provider based on analysis of a patient's
SMBG glucose data, communicated wirelessly via the cellular-enabled Telcare meter. The provider then
communicated the new insulin doses to patients via text message or email. The topline findings from this
small study are very impressive - patients using Glucommander saw a 2.7% reduction in A1c (baseline:
10.3%) at three months, and only 1.6% of blood glucose values were <70 mg/dl. Strikingly, no values were
<40 mg/dl and, on the human factors side, patients satisfaction results indicated that 96% of patients would
recommend the service to family and friends. The poster hinted at Glytec's strong long-term data as well,
citing a smaller cohort of patients that have continued on Glucommander for six (n=14) and nine (n=5)
months and have maintained this 2.7% reductions. Small cohorts, but still, this is a whopping improvement.
The outcomes are encouraging given the challenges of titrating insulin and the potential for this software to
scale expertise, though larger prospective randomized clinical trials are needed to confirm these positive
early findings from an uncontrolled study. The company does plan to begin a larger study that includes
cost-related metrics such as readmissions, emergency room visits, medication adherence, and healthcare
provider productivity, and we're hopeful that data will show this kind of clinical decision support is very
warranted (a "no-brainer" many say). We're not sure what the business model looks like going forward, but
assume Glytec's in-hospital experience will be very valuable as it thinks about going outpatient. As a
reminder, Glucommander Outpatient is already FDA-cleared and is in the process of being deployed across
the US. See our previous in-depth coverage here.

▪ How could the Glucommander software be scaled? Could it be packaged with existing
devices or even drugs? We've long thought that insulin-dose titration is a missing piece in the
diabetes data ecosystem, and this early data shows how much can be done (and parallels what
Hygieia has shown in Europe). We wonder how this Clinical Decision Support software could be
packaged with existing devices or even drugs on the market to enhance their effectiveness in the
hands of providers. We also have to assume this product saved tremendous provider time, and we
look forward to seeing larger studies showing cost-effectiveness. This is where we see digital health
really driving better outcomes: collecting data seamlessly and making valuable recommendations
that drive seriously better outcomes with less effort.

EHEALTH-ASSISTED LAY HEALTH COACHING FOR DIABETES SELF MANAGEMENT
SUPPORT (725-P)

P Tang, M Peeples, J Duni, S Peskin, J MacLeod, S Kowitt, and E Fisher

This small demonstration project evaluated telephone-based lay health coaching combined with WellDoc's
BlueStar software in 43 people with type 2 diabetes. Patients received bi-weekly phone calls from two
community-based, nonprofessional health coaches, and used the BlueStar app on their smartphone/
computer ad libitum for a six-month period. A preliminary analysis showed a strong 1.7% reduction in A1c
from a high baseline of 9.7%. The patient-engagement figures for BlueStar were also solid: 86% of enrollees
used the BlueStar app (plugging in an average of 6.5 entries per week), 78% of patients sent providers
reports from BlueStar, and 70% of patients sustained engagement with the program (not defined). "Most"
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participants expressed that they would highly recommend the program and could articulate at least one
behavioral change it induced. What was interesting about this model was that it used only two health
coaches for 43 patients, and the coaches were not medical professionals (receiving just 16 hours of initial
training and periodic follow-up training) - we assume that is pretty scalable. What is hard to piece out from
these results, of course, is the relative efficacy: how much did lay coaching and BlueStar individually
contribute to improved A1c and self-management in this evaluation? We assume they worked
synergistically in this study, and the combo of low-touch phone calls plus 24/7 BlueStar is exciting. Dr.
Steven Peskin from Horizon Blue Cross Blue Shield of NJ was a co-author, suggesting this may have been a
payer pilot. WellDoc is certainly making moves to scale up, having just hired three new executives and fresh
off a $29.5 million round of financing.

▪ It was notable that patients only averaged one entry into BlueStar per day, though we
assume there were some power users and some that barely used it at all. Presumably the barrier of
having to open the app and enter data prevented more input, and these were high A1c patients that
probably weren't collecting a lot of diabetes data anyways (e.g., blood glucose values). We assume
the data input will improve markedly when this software is embedded into a LifeScan meter itself,
per the partnership announced in March.

▪ This small study brings to mind other questions too: Did patients who used BlueStar more
frequently experience a greater improvement in A1c? What separated power users from low users?
Which demographic groups were most likely to take advantage of and benefit from the program? Is
it possible to now a priori who is more likely to benefit from calls vs. BlueStar alone vs. both?

▪ We are intrigued by the model of e-health-supported lay health coaching, which does
seem quite scalable and high ROI. We wonder how payers evaluate these demonstration projects
and weigh them with WellDoc's strong published clinical trial data.

Oral Presentations: Management of Hyperglycemia in the Hospitalized Patient (with State-of-
the-Art Lecture)

EFFICACY, SAFETY, AND USABILITY OF A CLINICAL DECISION SUPPORT SYSTEM FOR
BASAL-BOLUS INSULIN THERAPY IN HOSPITAL ROUTINE CARE

Katharina Neubauer, BSc, MSc (Medical University of Graz, Austria)

Ms. Katharina Neubauer presented data demonstrating the efficacy, safety, and usability of GlucoTab - a
mobile decision support system that provides suggestions for insulin dosing - in non-critically ill type 2
patients (n=92). The software aids nurses by providing a starting basal dose based on a patient's age,
weight, renal function, and insulin sensitivity and recommending subsequent bolus dosing depending on the
patient's food consumption and blood glucose levels throughout the day. Results were solid, especially given
the typically inadequate care inpatients with diabetes receive - patients on GlucoTab achieved a mean
glucose of 159 mg/dl (baseline: ~220 mg/dl) with 69% of blood glucose measurements in-range (70-180
mg/dl). Notably, the software completely eliminated episodes in which blood glucose dropped below 40 mg/
dl and only 2.3% measurements came in <70 mg/dl. Equally importantly, findings suggested that provider's
adherence with advised insulin doses exceeded 91%, implying that there was a relatively high level of trust
in the automated system (this is always a key question when talking about handing over decision-making to
technology). This confirms the huge potential of meaningful clinical decision support in the hospital setting,
which could shorten hospital stays and make healthcare professionals' jobs easier. This was not a
randomized controlled study, so there could be some study effect, but it's clear that digital insulin titration is
a heck of a lot better than what's happening in hospitals right now. We hope to see more work on hospital
insulin management, particularly in automating insulin delivery with the technology that is already
available.

▪ GlucoTab aids nurses by providing a starting basal dose based on a patient's age,
weight, renal function, and insulin sensitivity and recommending subsequent bolus
dosing depending on the patient's food consumption and blood glucose levels
throughout the day. The process is repeated the following morning, with the new basal dose
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informed by the objective experience of the patient the previous day - i.e., if there were many
hypoglycemic episodes, then the basal dose of insulin would be decreased. This study enrolled 92
hospitalized patients (40 female, mean age = 70 yrs), most of whom were already on insulin.

▪ We noticed one unexpected result - pre-lunch blood glucose values were elevated
compared with other pre-meal blood glucose levels. We wonder whether the algorithm
could be tweaked to address this concern or whether this was an artifact of the study design in some
way.

Questions and Answers

Q: Does GlucoTab account for the number of carbohydrates that the patient eats?

A: No, it only considers if the patient is eating or not.

Q: Do you make adjustments for steroids?

A: Not many patients in our studies were on steroids. It was not in the exclusion criteria, but we have an
ongoing clinical trial for patients treated with steroids.

Oral Presentations: Diversifying our Portfolio of Self-Management Intervention Approaches

HYPOAWARE, A BRIEF AND PARTLY WEB-BASED PSYCHOEDUCATIONAL INTERVENTION
FOR ADULTS WITH TYPE 1 AND INSULIN-TREATED TYPE 2 DIABETES AND PROBLEMATIC
HYPOGLYCEMIA: A RANDOMIZED, CONTROLLED TRIAL

Frank Snoek, PhD (VUMC, Amsterdam, Netherlands)

Dr. Frank Snoek detailed results from a randomized control trial (n=124) investigating the efficacy of
HypoAware, a glucose awareness training, in adults with type 1 diabetes or insulin-treated type 2 diabetes.
The four-week training included three moderated workshop group sessions of 2.5 hours each and two online
modules; patients using HypoAware were compared against the standard of care at eight clinics in the
Netherlands, with measurements taken at baseline, two, four, and six months follow-up. Results showed
that HypoAware participants experienced 35% less episodes of severe hypoglycemia compared to control.
Further, the HypoAware arm saw a 62% reduction of impaired hypoglycemia awareness, and a 20-30%
reduction in "hypoglycemia worries." Notably, 90% of participants completed all three sessions and mean
A1c did not change. Dr. Snoek noted that an unexpected 24% of patients in the control group used real-time
CGM vs. 8% in the HypoAware group, which may have skewed results (presumably in favor of the
intervention). This study shows what a difference education can make, and we wonder if it can be scaled up,
reimbursed, and long-lasting; this is extremely high ROI for patients and the healthcare system.

Symposium: Digital Health in Diabetes - Hope or Hype?

LESSONS LEARNED - A CLINICIAN'S PERSPECTIVE ON DIGITAL DIABETES CARE

Howard Wolpert, MD (Joslin Diabetes Center, Boston, MA)

Dr. Howard Wolpert's masterful presentation on the state of digital health shared his belief that technology
is going to shift us away from traditional, prescriptive approaches to diabetes care and towards more
interactive coaching that targets individual problem areas. The presentation revealed his great enthusiasm
for digital health and neatly boiled down the key elements of clinical success in diabetes management into
two factors: (i) improving the mechanics of glucose control [e.g., data analytics, insulin/medication
optimization]; and (ii) promoting patient behavior change [e.g., identifying problem areas, triggering
engagement in self-care]. We're very excited by this sense and hope that HCPs will be able to get enough
funding to make this worthwhile. Digital health solutions are particularly promising in Dr. Wolpert's view
because they target both these niches, whereas the majority of clinical contact focuses on the former (e.g.,
prescribing an insulin dose, telling patients what to do). Dr. Wolpert acknowledged that he himself only
began to appreciate the promise of digital health when he came to terms with the value of enhancing self-
management - "What I began to appreciate is that the biggest change in glucose control in my patients came
not when I adjusted their insulin dose but when THEY began identifying their own glycemic trouble spots …
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yet we rarely assess this." He suggested that technology creates uniquely teachable moments and allows
patients to engage in their own care, thereby creating tighter feedback loops between real-world choices
and outcomes (or as Dr. Bill Polonsky likes to say, "Makes something click"). Ultimately, Dr. Wolpert
asserted that current therapeutic approaches rely far too heavily on providing data to patients without
telling them what it means and teaching them to use it effectively - and what good is that, he asked? Dr.
Wolpert's concluding remarks stressed that connecting the dots is where digital health solutions can turn the
tide in diabetes care, making patients the ultimate managers of their day-to-day care.

DIGITAL HEALTH AND DIABETES

Chris Bergstrom (Associate Director, Digital Health, Boston Consulting Group)

Mr. Chris Bergstrom's discussion of the past, present, and future of digital health described how the field is
poised to make a very real impact on healthcare in the near future. He opened by impressing upon the
audience the potential of digital health solutions, noting with examples from Uber to Airbnb how "digital
disruption has proven powerful … the potential is HUGE!" He characterized the previous half-decade as a
time of successful idea generation in diabetes that has resulted in dramatic technological progress,
suggesting that such progress has and continues to build an infrastructure that will be critical to the success
of the field. He drew an analogy to how the proliferation of computers and reliability of the postal service
served as lynchpins of the growth of home delivery services (e.g., Amazon, eBay), noting that digital health
is similarly at the cusp of having the infrastructure in place to grow exponentially. He stressed, too, the way
that various stakeholders in medicine (FDA, entrepreneurs, providers, patients) have become increasingly
comfortable with digital health in recent years, citing a number of factors - (i) President Obama recognizing
Tidepool's Mr. Howard Look as a Champion for Change; (ii) five-fold growth in EMR adoption between
2009 and 2015; (iii) FDA mobile app guidance documents; (iv) Abbott launching FreeStyle Libre ("an
exciting new technology"); and much more - as evidence that the foundation for digital health success is
actively being built. He also predicted that digital health solutions are going to be particularly instrumental
to clinical trials, helping the community recruit more efficiently and amass expanded, continuous data sets.
Ultimately, he concluded that there is no "silver bullet" for the field and that digital health solutions of the
future will instead provide clinicians a diverse toolbox from which to individualize therapy.

▪ Among many emerging technology he identified, Mr. Bergstorm shared great praise
for Emminens' chronic disease data management platform. We had never previously
heard of this company, who has apparently partnered with Roche to bring a diabetes downloading/
analysis software to Spain. Indeed, slides specifically alluded to glucose analysis though we did not
get any details on the platform structure - Is it wireless? What devices and data streams does it
support? According to Mr. Bergstrom, additional EU launches and a US launch are planned for the
future though he did not share timing. All in all, it is fantastic to see Roche pushing forward on data
and connectivity, and we'll hope to get an update from the company when the ADA Exhibit Hall
opens tomorrow.

▪ As he did in our interview last fall, Mr. Bergstrom noted that the next five years will be
all about "acquisitions and roll-ups and partnerships and IPOs." He stressed that industry
is finally comfortable with the concept of digital health, which will allow companies in the near
future to focus on collaboration and consolidations between large and small organizations. He
identified the big entrants in the digital health space (Google, Qualcomm, Samsung, Apple) along
with the large healthcare companies (biopharma, medtech), forecasting that the diversity of players
is going to bring fantastic perspective to the field in the coming years.

▪ Mr. Bergstorm also spoke during his presentation about the potential of digital health
solutions to "offload administrative burden." In his ideal future, he suggested that digital
heath solutions would allow clinicians to practice at the pinnacle of their abilities rather than getting
"bogged down in things they are overqualified to be doing [e.g., paperwork, etc.]." He suggested that
this is already done in other industries, noting that it isn't a stretch to expect the diabetes field to
catch up.
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IS TRANSFORMING DIABETES POSSIBLE? LESSONS FROM PARTICIPATORY DESIGN OF
DIGITAL HEALTH SOLUTIONS

Joyce Lee, MD (University of Michigan, Ann Arbor, MI)

Dr. Joyce Lee provided an overview of her team's fascinating Nightscout user survey, highlighting the value
of lead-user innovation for driving progress in patient-centered technology - "People in the community will
not wait for healthcare providers to come up with technology. They won't wait for regulators to regulate, or
companies to innovate. They need solutions now." She referenced the strong traction the Nightscout
movement has gained over the past few years, noting that since launch in 2013, over 25,000 patients from
around the world have reported using the system. According to Dr. Lee, the private Facebook group for
CGM in the Cloud now has 18,000 members, making it one of the largest groups representing diabetes on
Facebook. Dr. Lee summarized findings from a University of Michigan-led survey of a subset of the
Facebook group (n=1,276) - we first saw these results at the 2015 DiabetesMine Innovation Summit and D-
Date Exchange, where we were impressed by Nightscout's positive impact on CGM adoption, improved
quality of life, and reduction in self-reported A1c. Notably, a striking ~20% of CGM in the Cloud members
started CGM as a result of Nightscout and ~9% restarted CGM as a result of Nightscout. Survey respondents
reported a significant improvement in quality of life metrics, and a majority stated that they found the
technology "extremely empowering" and "not at all prying." Self-reported A1c also indicated that glycemic
control improved meaningfully (0.7%-1.2%) pre- vs. post-Nightscout. In addition, survey results suggested
that users largely replaced their BGMs with CGM data for insulin dosing; respondents reported taking
fewer blood sugar checks per day and giving a greater number of insulin boluses without a meter blood
sugar on Nightscout. This reinforces our impression that many patients use CGM for insulin dosing
regularly, a fact that has become increasingly pertinent given the upcoming FDA Advisory Committee
meeting to vote on a replacement label claim for Dexcom's G5 CGM.

▪ Dr. Lee also discussed the "maker movement" mentality, stressing its role in
unleashing a cascade of creativity and innovation. For Nightscout, this has resulted in a
plethora of devices, codes, and functionality, providing opportunities for customizing the glucose
monitoring experience. [The same is true of the DIY OpenAPS community, which has a lot of overlap
with the Nightscout developers.] Dr. Lee noted that patients are also "tinkering" with the system's
hardware, creating solutions such as xDrip, a tiny alternate CGM receiver that can be used to receive
data from the Dexcom G4 transmitter and send it to other devices.

▪ According to Dr. Lee, the current issue is whether or not Nightscout will disappear
now that the FDA has approved commercial solutions that display CGM data on
personal devices (Dexcom G4/G5, MiniMed Connect). She believes that Nightscout's
popularity will persist, given the high rate of new members entering the community. We believe the
influx speaks to the community that Nightscout has created; the wider device compatibility and
more "glanceable" and customizable displays on smartwatches; and to the overall message that
Nightscout brings to the diabetes community: an empowering solution to help patients and
caregivers monitor glucose with increased safety and more peace of mind.

▪ Dr. Lee's presentation echoed a valuable JAMA viewpoint she recently coauthored,
which details Nightscout's patient-driven founding, the system's rapid growth, and its impact on
changing the current definitions of health production and patient engagement.

Symposium: Technology and Diabetes Care - Your Patients Are Moving Forward. Are You
Observing or Moving?

MAKE THE DATA WORK FOR YOU―INCREASING ACCESSIBILITY, INTEGRATION, AND
USABILITY OF AMBULATORY GLUCOSE PROFILES

Deborah Mullen, PhD (Park Nicollet Health Services, Minneapolis, MN)

Dr. Deborah Mullen opened her presentation with a simple message: "Diabetes is complicated. Your data
shouldn't be." With that context, she took attendees through an overview of the International Diabetes
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Center's Ambulatory Glucose Profile (AGP) with a specific focus on how the one-page glucose data
download report can facilitate personalized medicine. She stressed that one of the biggest gating factors to
improved diabetes management is lack of feedback, arguing that AGP software both helps patients
understand their own data at home and helps providers provide more individualized feedback in clinic.
We've heard lots of enthusiasm for AGP over the past year and Dr. Mullen's commentary echoed much of
what we've heard before - however, she did remark on new news that the IDC has signed two agreements in
the past week to license its AGP to two diabetes device makers (Roche and Abbott) and two diabetes data
management companies (Diasend and Glooko), calling the partnerships a huge step in the right direction.
We would agree! (See our coverage of the announcement here for more.) Ultimately, she pushed for even
more consensus on this front, emphasizing perfect should not be the enemy of the good - an agreed-upon
one-pager will go a long way for clinicians, and she urged industry not to be dissuaded by "not-invented-
here" syndrome (plus, as she noted, it would not be too difficult for industry to provide proprietary reports
on top of the standardized one-pager).

Questions and Answers

Q: Can you provide a comparison of your product vs. Glooko?

A: Glooko is a licensed AGP partner now. Their newest mobile app actually has the AGP graph on it. We are
doing work together. We have partnerships, too, with Roche and Abbott and diasend who all have plans to
come to market with AGP soon. That too, we have other partners coming.

IS THERE A NEED AND WHAT CAN BE LEARNED FROM ONLINE DIABETES
COMMUNITIES?

Anna Floreen (Glu, T1D Exchange, Boston, MA)

Ms. Anna Floreen provided a comprehensive overview of Glu, an online community for patients with type 1
diabetes and their families. She noted that the Glu community currently totals ~16,000 participants
(~11,000 people diagnosed with type 1 diabetes and ~5,000 family members), while its associated clinical
program has 74 leading centers and 26,000+ patients in the registry. The Exchange has also collected bio-
samples from 2,000 unique patients, offering potential for biological research studies (e.g., C-peptide).
Aside from offering a way to collect data, Ms. Floreen stressed that the Glu platform can help study how
communities offer support and education through peer networks. She shared results from a 1,000-person
survey conducted by Glu, in which a majority of patients reported joining the online community to either
receive emotional support, foster learning, give or receive help, and compensate for not knowing others
living with type 1 diabetes. Ms. Floreen stressed that such communities of like-minded individuals and
families serve an important role in driving better and faster research for improved care, offering a fresh
perspective to complement traditional methods of coping with and thinking about diabetes.

Questions and Answers

Q: Is there any concern in the context of insurance coverage when giving medical advice to
those who are not specifically patients?

A: We do not offer medical advice, but the community is self-policed by the "report abuse" button. We can
take down harmful, misleading, or irrelevant posts.

TELEMEDICINE - AN ENGINE FOR TEAM ACTIVATION

Jodi Krall, PhD (University of Pittsburgh, Pittsburgh, PA)

Dr. Jodi Krall presented encouraging results from the TREAT (Telemedicine for Reach, Education, Access
and Treatment) model for rural diabetes care. Dr. Krall first reviewed the rationale for telemedicine,
emphasizing that it is a way to reach underserved communities that struggle with high rates of diabetes and
a shortage of endocrinologists and healthcare resources. The TEACH model combines team-based care with
technology to create a delivery model that enhances care in rural communities. In this model, primary care
providers in rural communities connect patients with diabetes to the service, which partners the patient
with a local diabetes educator and an endocrinologist located in an urban center. The glycemic
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management consultation occurs through a virtual video consult. Dr. Krall highlighted statistically
significant outcomes, including an impressive 2.1% reduction in A1c (adjusted baseline: 8%) vs. 0.7% with
usual care (adjusted baseline: 8.2%) - see the outcomes in Diabetes Care (Toledo et al., 2014). A separate
study reported lower diabetes distress and an increase in patient empowerment (Simenerio et al., Diabetes
Educator 2014). In a follow-up study, shared decision making aids were incorporated into the model such
that the patient was able to be an active participant in developing goals. It's great to see that telemedicine
can enable better outcomes in a more efficient care delivery model; of course, this was a trial setting that
didn't have to deal with reimbursement, meaning some real-world translation work will be needed.

Questions and Answers

Q: Why couldn't you use a nurse practitioner specialist instead of an endocrinologist? Also,
how do you charge for this service?

A: In our model, we had the availability of endocrinologists, so that is why we used them. We did not collect
for the TREAT model. Our healthcare system offered the service free of charge. We need to think about how to
provide this as a reimbursable service.

Q: The data from your efficacy study is impressive. After the initial consultation, how were
decisions made? Who contributed to helping make those decisions?

A: All the patients came back for a 3-month telemedicine visit. In the meantime, between visits, we were
working with a diabetes educator in the local community who managed the communication structure and
followed up with the patient. But they only received recommendations from an endocrinologist every 3
months.

Q: Do you interact with other specialties? Is that in the plan?

A: We haven't had a discussion about how to expand the model to include additional service lines, but if we
can, it would be great and we could provide more holistic care.

Q: As you reached out and made this intervention available in the community, what was the
initial response from the primary care sites and how quick was the uptake?

A: We were working with a great diabetes educator who had good relationships with local primary care offices
and she was able to encourage them. We were booking patients months in advance and now we simply don't
have room in the template to bring in new patients.

DON'T LET TECHNOLOGY SLOW YOU DOWN - WHAT YOU NEED TO KNOW WHEN YOUR
PATIENTS USE APPS

Jennifer Smith (Integrated Diabetes Services, Wynnewood, PA)

Addressing an audience of physicians and providers, Jennifer Smith sought to alleviate concerns regarding
the use of diabetes self-management apps. She spoke in glowing terms about their potential, noting that
apps that provide glucose and trend information have the ability to empower patients in extremely positive
ways. That too, she spoke about the burden and stigma of diabetes, noting that digital tools can play an
important role in enabling discretion - e.g., smartwatches that are able to sync data, provide vibration
alerts, and eliminate the "chore" of removing a device from one's pocket. Ms. Smith also provided examples
of some of her favorite web-based and app-based platforms, which ranged from Medtronic's Carelink/
MiniMed Connect and Dexcom's Clarity/G5 to data management offerings from Glooko and Diasend. A
unified theme across all her "favorites" was the ability to track data relatively seamlessly, provide accurate
information to aid in insulin dosing, and connect to a social network. With these benefits in mind, Ms. Smith
stressed that it's providers' responsibility to learn about these digital solutions and encourage patients to
explore available apps to find solutions that work best for them. Again, we loved her notion that one size
does not fit all and came away with the clear message that apps and digital tools should be individualized in
the same way that various drug class should be. In this case, perhaps the risk-benefit tradeoff changes to a
burden-benefit tradeoff, which should improve over time as data collection becomes more seamless and
results are more automatically analyzed.
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Symposium: Inpatient Management of Diabetes and Hyperglycemia - Novel Insights and
Effective Approaches

AUTOMATING INSULIN DOSING DECISIONS - BENEFITS, LIMITATIONS, AND COST
EFFECTIVENESS

Thomas Pieber, MD (Medical University of Graz, Austria)

Dr. Thomas Pieber shared results of a study that evaluated the clinical usefulness and cost-effectiveness of
GlucoTab, a tablet-based workflow management software that provides suggestions for inpatient insulin
dosing. The system provides glucose management advise directly at the point of care, by documenting blood
glucose levels over time and recommending changes in insulin delivery based on a patient's age, weight,
renal function, insulin sensitivity, and food consumption. In a non-randomized study of the device in four
clinical wards, results indicated that patients using GlucoTab experienced substantial improvements in
glycemic management - the odds of a patient experiencing a hypoglycemic event was 3.1 times lower among
patients managed with GlucoTab vs. those not managed with the software (95% CI: 1.4-6.8) while the odds
of hyperglycemic events was 2.2 times lower (95% CI: 1.1-4.6). Notably, Dr. Pieber shared that these
benefits could theoretically result in cost savings of as much as 26 million euros (~$30 million) per year in
direct costs (excluding indirect costs and costs due to medication errors) if GlucoTab were implemented in
all hospitals in his home country of Austria - this would more than cover the projected cost of implementing
the program (six million euros). Dr. Pieber admitted that the software's greatest shortcoming is that there is
not yet RCT outcome data to support it. However, his team hopes to conduct a larger trial across
Switzerland, Austria, and Germany in the near future that will strengthen the body of evidence supporting
the software. He did not share any timing and it sounded like financial resources are the gating factor. We
wonder if such a trial is even needed, given how grim and difficult some inpatient management is - software
really can do this better.

Questions and Answers

Q: How accepting was the nursing staff to this degree of digitalization?

A: This is an important question because it's subjective. We measured acceptance with a questionnaire and
they liked it overall because it was organized. However, there is a threshold you have to overcome when
introducing a new system, but they grew to like it.

Q: How many different medical or surgical departments and countries has this been evaluated
in?

A: We want to get the funding to do a large randomized controlled trial in Switzerland, Austria, and Germany.
Currently, our studies are in regional hospitals. Non-university hospitals are our next step.

Q: Was there one tablet per floor? Does the tablet provide other functions, or is the tablet
solely dedicated to the practice of insulin management?

A: There would be one in a nursing group, which would take care of between 8-12 patients. The software is
also web-based so they would not be limited by the single tablet.

Symposium: Inpatient Management of Diabetes and Hyperglycemia - Novel Insights and
Effective Approaches

REMOTE MONITORING OF AND SUPPORT FOR INPATIENT DIABETES MANAGEMENT
THROUGH THE INPATIENT EMR

Robert Rushakoff, MD (UCSF, San Francisco, CA)

Dr. Robert Rushakoff provided a comprehensive overview of UCSF's outpatient telemedicine model for
patients with diabetes. The program co-opts EPIC's electronic medical record system to allow patients to
upload diabetes data from home (e.g., blood glucose, insulin, carb counting, etc.). It automatically flags
significant highs or lows to alert providers that certain patients may need additional care and leverages
portable videoconferencing hardware to actually allow providers to check in with patients at home. Dr.
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Rushakoff shared that mean glucose in patients enrolled in the telemedicine program for three years
decreased from 171 mg/dl to 166 mg/dl. This difference was statistically significant (p<0.001, n=336),
though Dr. Rushakoff noted "not clinically significant." Instead, Dr. Rushakoff suggested that a more
promising finding might have been the reduction in overall workflow time, from 45-90 minutes per patient
consultation to 20-40 minutes following the implementation of the program. Put differently, glucose control
(as measured by average glucose) has remained roughly the same, while providers are more efficient - that
is a huge win in our book. He stressed that the improvements in workflow efficiency have translated to a
higher volume of patient consultations and, importantly, more time allocated toward higher-risk patients.
Enabling providers to focus their time on patients who need it most is a critical benefit of remote monitoring
and digital health, and we hope these programs aren't held to a superiority standard - if they can provide
the same outcomes as face-to-face care, but with more convenience and more efficiency, that is a win for the
system. The downside, as Dr. Rushakoff noted in Q&A, is that reimbursement for this model doesn't exist.

Questions and Answers

Q: Do you bill for these telemedicine encounters? Can you bill for these encounters?

A: As of now, this process doesn't get billed for anyone. Payment is administered via administrative costs.
However, we expect to be paid in the future. As payment systems for inpatient care changes to a bundled
system, this outpatient system should be a huge cost saver. Currently, every time you see a patient using a
telemedicine program, that encounter is a loss of money.

Q: How do you preempt acute events, such as a patient having a future procedure?

A: If a patient has a procedure the next day and we don't know about it, then we may still put in a
recommendation for an insulin order but the physicians don't have to follow it. Part of the disclosure about e-
consultations is that they are recommendations and not binding.

Industry Updates

VICTORY FOR DATA STANDARDIZATION: ROCHE, ABBOTT, DIASEND, GLOOKO SAY YES
TO AGP

In a win for data standardization, we learned at ADA that the International Diabetes Center has signed two
agreements to license its one-page, standardized Ambulatory Glucose Profile (AGP) to two diabetes device
makers (Roche and Abbott) and two diabetes data management companies (Diasend and Glooko). This was
terrific news to hear - we're eager to see greater standardization of data and use of that data to drive
therapeutic change. The partnerships give the companies the right to use the AGP in all their diabetes
devices and existing software; the agreement with Abbott extends the groups' existing partnership to other
devices since Abbott already uses the AGP report to visualize downloaded FreeStyle Libre glucose data.
Clinicians have for a long time told us how much they like this standardized report and it's fantastic to see
that companies are beginning to sign on, especially after hearing for years the laundry list of reasons why
industry was hesitant: (i) a desire to maintain control of data due to liability concerns; (ii) a desire to
protect against competition by building their own proprietary software; (ii) a desire to preserve their direct
relationship with patients; and (iv) the antiquated view that patients do not need access to their data
(though we'd note that this is almost gone now.) Indeed, on all these levels, the willingness of Abbott, Roche,
Diasend, and Glooko to license the report is a real win for patients and providers alike - after all, not every
company is going to get what they want with a standardized report, but the field will benefit significantly
from consensus. We're hopeful this creates momentum and these partnerships set the stage for this
standardization movement to reach a critical mass - will Dexcom and Medtronic sign on? Along these lines,
we learned that AGP partnerships with three additional device companies and aggregators are slated for
"the next month," and we'll be watching closely for updates on the IDC team's recently launched website:
AGPreport.org.
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MEDTRONIC ANNOUNCES NEXT-GEN CARELINK REPORTS TO OPTIMIZE PUMP
SETTINGS, GLOOKO COMPATIBILITY, IBM WATSON APP NAMED SUGARWISE, FOOD APP
PARTNER: NUTRINO

Medtronic had a number of diabetes data announcements at ADA: (i) next-gen CareLink Pro reports will
help optimize basal and bolus pump settings and launch this summer; (ii) Glooko pump/CGM compatibility
is finally done and will be out in July; (iii) the name of the IBM Watson app is "SugarWise," the first-gen
will launch this summer, and it will only do retrospective pump/CGM data analysis at launch; (iii); and (iv)
a new beta app with Nutrino has launched to incorporate food and CGM data via MiniMed Connect.

▪ Next-gen CareLink Pro reports to optimize basal and bolus settings: These will launch
this summer and identify optimal insulin:carb ratio, insulin sensitivity factor, and basal rate change.
CareLink will suggest which time of day and direction pump settings should change (Increase basal
rate from 8am - 12pm). These are step short of the exact recommendations DreaMed will provide
with Glooko ("change basal rate to 0.75 u/hr from 8am-12 pm"), but a clear improvement over the
status quo!

▪ Glooko compatibility: See screenshots elsewhere in this report, which will officially launch in
July. The user interface looks great and adds Glooko's new "Personal Advisor," bringing new pattern
recognition features in the patient-facing app (high and low trends by time of day, best day, fun
emoji faces, etc.). This integration has been more than a year in the making (Medtronic invested in
Glooko last March) and we give HUGE kudos to Glooko (and particularly Holly McGarraugh) for
breaking open the Medtronic CareLink data silo.

▪ Medtronic/IBM Watson Health app, SugarWise: The app is officially named "SugarWise
(bringing insight to blood sugars) and is still expected to launch this summer. The first generation
app will analyze retrospective data and provide insights based on past CGM, insulin, and nutrition
data: "William, the last few times you did this, then this happened." The example from last week's
Analyst Meeting said, "In the last 30 days, high glucose pattern found usually after glazed donut
for breakfast." A future-generation version will add the hypoglycemia prediction feature that
Medtronic we first saw at CES in January ("In the next two hours, there is a high likelihood that you
will go low"). It's a shame the latter isn't included in this first-gen version, as it seems fairly low risk.
On the other hand, getting the accuracy of future hypoglycemia prediction is only one piece of the
puzzle - alarm fatigue and data entry burden are both important questions with this feature.
Medtronic and IBM have now worked on the hypoglycemia prediction feature with a dataset of
10,000 anonymous patients, showing preliminary prediction accuracy of 75%-86% within a two-to-
four hour window.

▪ Nutrino food app partnership: Medtronic and Nutrino launched a beta food app today for
customers who use MiniMed Connect, providing an individualized picture of how daily food intake
and other measures impact glucose levels - see the video here and download the app here. Nutrino
imports the CGM and insulin data seamlessly from MiniMed Connect (from a Medtronic pump) and
identifies how different foods affect blood glucose levels, allows patients to take meal pictures, scan
bar codes, carb count, and more. Nutrino also gives a FoodPrint that shows how daily food intake,
activity, sleep and other parameters affect glucose levels - whoa! From what we can tell, it's a more
built out version of Meal Memory, and it can read data from Apple's HealthKit (which presumably
means it works with Dexcom CGM and Bluetooth-enabled meters - we're confirming).

GLOOKO SHOWS OFF MOBILE INSULIN DOSING SOFTWARE, NEW PUMP/CGM PERSONAL
ADVISOR

Glooko had its largest exhibit hall presence at ADA ever, flanked by computers highlighting its next-gen
work to optimize insulin dosing: the DreaMed partnership to develop a pump settings advisor (clinical trial
starting later this year) and its own Mobile Insulin Dosing System (MIDS) to optimize long-acting insulin
for type 2s (studies in 2H16, commercial launch in 2017). Both were first announced at ATTD, though we
appreciated another look at MIDS in particular, which allows a clinician to select an insulin plan, and then
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allows patients to confirm fasting blood glucose values and receive constantly updated insulin doses in the
app. See the screenshots below. Glooko and Medtronic also announced their integration work is complete
and will officially launch in July. The user interface for displaying pump and CGM data looks great and
adds Glooko's new "Personal Advisor," bringing new pattern recognition features in the patient-facing app
(high and low trends by time of day, best day, fun emoji faces, etc.). This integration has been more than a
year in the making (Medtronic invested in Glooko last March) and we give HUGE kudos to Glooko (and
particularly Holly McGarraugh) for breaking open the Medtronic CareLink data silo. A massive win for
diabetes data! Glooko is riding impressive momentum after its partnership with Insulet was announced in
January, and management told us it is in more than 1,000 US clinics now. We love seeing all the new work
on optimizing insulin dose titration and have very high hopes it will save the system massive costs, save
providers time, and help patients more safely dose this very dangerous drug.

▪ Glooko's mobile insulin dosing system (MIDS) for type 2 patients on long-acting
insulin will help clinicians and patients continuously titrate insulin based on observed
glucose readings (pictures below). A clinician will select and/or configure insulin-dosing
titration instructions, with the option of selecting standard titration schemes (e.g., AACE geriatric
dosing template). Clinicians enter a patient's basic information, type of insulin, glucose range, and
time periods. A patient's mobile device then receives the personalized dosing configuration, with
reminders to check glucose and to take insulin doses. Titration happens on a regular basis based on
the glucose readings collected (e.g., from a Bluetooth-enabled meter) and the clinician's
configuration of MIDS. Clinicians can monitor remotely, with everything integrated into EHRs.
Glooko is naturally receiving lots of interest from the pharmaceutical industry, medical device
companies, and health systems in making this part of their standard of care for new insulin starts.

◦ Patients will receive notifications such as, "It's checkup time! Let's see if your
insulin dose needs to be adjusted," "Your new dose is 12 units," and "Here's what to do
next: take 12 units of Lantus at 9pm every day for the next three days. Check your fasting
blood glucose at 7am every day. Your next insulin adjustment will be on Sunday, May 1."

Mobile Insulin Dosing Screenshots
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Glooko Personal Advisor (Pump + CGM Data)
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Obesity and Prediabetes Care

Posters

COADMINISTRATION OF CANAGLIFLOZIN (CANA) AND PHENTERMINE (PHEN) FOR
WEIGHT MANAGEMENT IN OVERWEIGHT AND OBESE ADULTS

PA Hollander, HE Bays, J Rosenstock, ME Frustaci, A Fung, and N Erondu

In a late-breaking poster, phase 2 results of the co-administration of J&J's Invokana (canagliflozin) and
phentermine showed significantly greater weight loss vs. placebo in adults with overweight and obesity.
This study was a four-arm, 26-week study and evaluated the efficacy and safety of Invokana +
phentermine, phentermine alone, Invokana alone, and placebo in 334 adults with BMIs of 30-50 kg/m and2

without type 2 diabetes or with hypertension and/or dyslipidemia and BMIs of 27-50 kg/m . The findings2

demonstrated that at 26 weeks, from a mean baseline BMI of ~37 kg/m , the Invokana + phentermine2

group achieved significantly greater weight loss (7.5%) compared to the other groups (4.1%, 1.9%, and 0.6%
for Invokana, phentermine, and placebo, respectively). In addition, the combination therapy group had a
significantly higher proportion of participants achieving ≥5% weight loss compared to placebo (67% vs.
18%). Only 18% and 42% of the Invokana and phentermine groups' participants achieved weight loss of at
least 5%. On other secondary endpoints, the combination therapy group also had a significant reduction in
systolic blood pressure, with a placebo-subtracted reduction of 4.2 mmHg. Regarding safety and
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tolerability, no new signals emerged from these data; however, the combination therapy, phentermine, and
Invokana groups all experienced increases in heart rate of 3.5 bpm, 4.1 bpm, and 0.7 bpm, respectively - an
observation whose potential consequences on cardiovascular events have not yet been determined and will
likely warrant further investigation. Ultimately, these findings are powerful in support of using
phentermine with SGLT-2 inhibitors in chronic weight management, and we are interested to see whether
Janssen will move forward with phase 3 trials, and ultimately pursue an obesity indication. Combination
therapies have certainly gained significant attention within obesity management (in addition to diabetes),
and we have specifically heard greater enthusiasm for the potential of GLP-1 agonists and SGLT-2
inhibitors in weight management. With so much evidence already accumulated on these various diabetes
drugs, we look to see how industry, healthcare providers, and the FDA envision the movement of these
products into obesity, given the troubled commercial environment for obesity compounds to date and given
the extreme high need for therapy to help patients.

LIRAGLUTIDE PROTECTS DIET INDUCED OBESITY THROUGH INDUCTION OF BROWN
ADIPOGENSIS IN MICE (1966-P)

J Zhou, P Chandramani-Shivalingappa, and L Li

This poster presented data showing that liraglutide (Novo Nordisk's Victoza/Saxenda) reduced weight gain
and obesity-related inflammation and upregulated genes related to brown fat tissue synthesis in mice. The
experiment was conducted on four groups of C57black/6 mice that were fed either a normal (control) or a
high fat sucrose diet (HFHSD) and were injected with either liraglutide or saline for five weeks. The mice
were then massed and liver, fat and skeletal muscle tissue samples were taken for protein and RNA
extraction. The results showed that liraglutide reduced weight gain and inflammation in mice fed a HFHSD
to levels comparable to those of the mice receiving saline injections and eating a normal diet. Liraglutide
also decreased paragonadal fat mass in HFHSD mice while inducing the expression of UCP-1 (a protein in
brown adipose tissue that increases thermogenesis and metabolic rate) and three other related genes:
PPAR-alpha, Cidea, CEBP-alpha and CEBP-beta. Liraglutide did not have any effect on fatty acid oxidation
or synthesis. This study provides additional mechanistic explanations for the positive clinical results seen
with liraglutide in obesity - in particular, we have not heard as much discussion about the connection to
brown fat as we have about neural mechanisms of weight regulation.

Oral Presentations: Obesity and Related Conditions

SEMAGLUTIDE REDUCES APPETITE AND ENERGY INTAKE, IMPROVES CONTROL OF
EATING, AND PROVIDES WEIGHT LOSS IN SUBJECTS WITH OBESITY

John Blundell, PhD (University of Leeds, UK)

Dr. John Blundell presented positive results on reductions in energy intake and appetite with once-weekly
GLP-1 agonist semaglutide in people with obesity. This double-blind, crossover study examined the
mechanisms of weight loss of semaglutide (dose-escalated to 1.0 mg) vs. placebo in 30 participants with
obesity and without type 2 diabetes (baseline BMI of 34 kg/m ). At 12 weeks, the results found a reduction2

in body weight, with decreases in energy intake, appetite, and food intake along with overall improved
control of eating. Specifically, findings demonstrated that ad libitum energy intake was lower with
semaglutide vs. placebo at lunch (5 hours after standardized breakfast), evening meal, and snacks with
relative reductions of 35%, 18%, and 22%, respectively. In addition, the semaglutide group achieved weight
loss of 5 kg (with greater loss of fat mass compared to lean mass) vs. a small increase of 0.97 kg with
placebo. Fasting overall appetite scores also indicated reduced appetite with semaglutide vs. placebo
(p=0.0023), while nausea ratings were similar - suggesting that this effect was independent of side effects.
Additionally, results from the overall appetite-suppression score and control of eating questionnaire
indicated less cravings and greater control of eating. Notably, participants had greater reductions in
energy intake of food groups of high fat and traditionally more "appealing" foods, which reflected the
results from the Leeds food preference task. Dr. Blundell noted that the semaglutide group experienced a
reduction in resting metabolic rate, but the difference was not statistically significant. These findings
further confirm to us the impressive versatility of semaglutide, as the product has been suggested to be
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studied in several indications beyond type 2 diabetes, including NASH, obesity, and a range of
macrovascular and microvascular complications - see more on this from our Novo Nordisk 1Q16 report. We
have certainly seen significant enthusiasm for the GLP-1 agonist class within obesity - as already pioneered
by Novo Nordisk's Saxenda (liraglutide 3.0 mg) - and the eating behavior-specific findings from this study
direct us back to potential mechanisms within the brain and its reward circuitry, which is marking itself as
a fast growing area of research for obesity.

Questions and Answers

Q: Do you think the changes in resting metabolic rate are accounted for by the degree of
weight loss?

A: Yes, when weight is lost rapidly, the body adjusts. It can drive appetite and make energy expenditure more
efficient.

SUBCUTANEOUS EXENDIN (9-39) EFFECTIVELY TREATS POSTBARIATRIC
HYPERINSULINEMIC HYPOGLYCEMIA

Colleen Craig, MD (Stanford University, Stanford, CA)

Dr. Colleen Craig presented positive results of a single ascending dose study of GLP-1 antagonist exendin
(9-39) (Ex9) in people with Postbariatric Hyperinsulinemic Hypoglycemia (PBHH) (n=8). As background,
PBHH is a rare but debilitating disease that approximately 0.2%-6.9% of patients experience years after
bariatric surgery, characterized by severe hypoglycemia. This is hypothesized to occur due to the amplified
secretion of GLP-1, which causes dysregulation of insulin and has a severe glucose lowering effect. In this
small study, the pharmacokinetics, pharmacodynamics, and local tolerability of exendin, given via
subcutaneous injection, was examined; timing and volume of Ex9 injections were constant but dose (10
mg-30 mg) and concentration varied. The findings demonstrated that prevention of hypoglycemia and
reduction in hypoglycemic symptoms was achieved at all dose levels; specifically, these reductions were due
to the improvement of the late glycemic response without altering the early glycemic responses. In addition,
the candidate was well tolerated, with no huge side effect or safety signals. In conclusion, Dr. Craig thus
asserted that these results illuminate a promising targeted therapy for patients suffering from PBHH. As
rates of obesity increase and bariatric surgery becomes more widely used, therapies targeting the
intervention's complications will likely become increasingly important.

DAPAGLIFLOZIN + EXENATIDE QW REDUCED BODY WEIGHT AND IMPROVED GLUCOSE
TOLERANCE IN NONDIABETIC OBESE ADULTS: A RANDOMIZED, PLACEBO-CONTROLLED,
PHASE 2 STUDY

Jan Eriksson, MD, PhD (Uppsala University, Uppsala, Sweden)

Results from a phase 2 proof of concept study (n=50) of combination therapy with AZ's Farxiga
(dapagliflozin) and Bydureon (exenatide once weekly) demonstrated significant ~4 kg weight loss and
glycemic improvements vs. placebo in patients with obesity but not diabetes. Participants in the double-
blind, single-center study were randomized to receive either active treatment or double placebo for 24
weeks, followed by a 28-week open-label extension study; data from the extension study will be presented at
EASD in September. After 24 weeks, the combination led to significant placebo-adjusted weight loss of 4.1 kg
(baseline weight = 103-106 kg [227-234 lbs]; baseline BMI = 35-36; p=0.0007) or 4.2% (p=0.0005). As in
most obesity drug trials, there was a wide range of responses, but far more patients achieved ≥5% weight
loss with the active treatment than with placebo (36% vs. 4%). MRI analysis of body composition showed
that almost all of the weight loss was due to loss of adipose tissue, with no significant change in lean tissue.
The combination also produced a modest but significant 0.2% placebo-adjusted A1c reduction (baseline =
5.6%, p=0.0004), a significant drop in the proportion of patients with impaired fasting glucose and
impaired glucose tolerance, and a significant placebo-adjusted blood pressure reduction of 6.4 mm Hg
(p=0.026). Adverse events were fairly balanced, with slightly more GI side effects in the active treatment
group.
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▪ These results are encouraging, though as noted during Q&A, the real test will be how
the combination stacks up against each of its components alone. AZ is currently
conducting a phase 3 study (n=660) of that comparison in patients with type 2 diabetes that is
expected to complete in December 2017 (primary completion May 2016). As presenter Dr. Jan
Eriksson noted, GLP-1 agonist/SGLT-2 inhibitor combinations are very appealing for obesity due to
their complementary mechanisms of weight loss (calorie loss with the SGLT-2 inhibitor and reduced
appetite/caloric intake with the GLP-1 agonist). The same could also be said for glycemic control, as
the reduction in glucagon production with GLP-1 agonists could help mitigate the increased
glucagon production that blunts some of the efficacy of SGLT-2 inhibitors. We expect AZ to focus
primarily on type 2 diabetes with this combination but find the potential in obesity very interesting
as well, particularly for a GLP-1 agonist with more potent weight effects like Novo Nordisk's Saxenda
(liraglutide 3.0 mg) or semaglutide.

Questions and Answers

Q: Could you clarify the timing of the last dose vs. the glucose measures?

A: A glucose tolerance test was performed at baseline and at 24 weeks. The dose was taken half an hour before
the glucose tolerance test was started.

Q: Although I acknowledge this was a proof of concept trial, why didn't it include monotherapy
+ placebo arms? You're really asking whether there's a synergistic or additive effect and this
study didn't answer that.

A: It's a proof of concept for the combination and we showed robust weight loss vs. placebo, but I agree, we
want a study against monotherapies as well. That would have increased the study size so we couldn't have
done it at a single center.

Oral Presentations: Weight Loss Intervention Methodology

GASTRIC BYPASS VS. MEDICAL/LIFESTYLE CARE FOR TYPE 2 DIABETES IN SOUTH
ASIANS WITH BMI 25-40 KG/M : THE COSMID RANDOMIZED TRIAL2

Shashank Shah (Laparo-Obeso Centre, Pune, India)

Mr. Shashank Shah presented the full results of the COSMID (Comparison of Surgery vs. Medicines for
Indian Diabetes) randomized trial, which demonstrated that the benefits of Roux-en-Y gastric bypass
(RYGB) for type 2 diabetes in low-BMI Indian patients appear similar to those reported in other studies of
primarily higher-BMI Caucasian patients. As background, this trial is the first-ever RCT of surgical vs. non-
surgical care for type 2 diabetes in South Asian patients and has the largest number of patients with a BMI
<35 kg/m and the lowest BMI threshold studied in such an RCT. The study randomized 80 patients2

(baseline BMI of ~31 kg/m ; diabetes duration ~8 years; A1c of ~9.4%) with uncontrolled type 2 diabetes2

and BMI of 25-40 kg/m to either RYGB or medical/lifestyle intervention (MLI). Over two years, maximum2

weight loss was 26% in the RYGB arm vs. 4% in the MLI arm. At two years, compared to the MLI group,
more of the surgery group achieved type 2 diabetes remission (60% vs. 2.5%), glycemic control (81% vs.
30%), and type 2 diabetes improvement (100% vs. 73%). The surgery and MLI groups achieved A1c
reductions of 2.9% and 0.7%, respectively; the surgery group also used half as many diabetes medications
as the MLI group. In other measures, fasting insulin was 5.2 times lower in the RYGB group and systolic
and diastolic blood pressure dropped more significantly in the RYGB group. These findings uniquely
contribute to the surgery literature, bringing to light how lower BMI patients of different ethnicities also
greatly benefit from surgery, further supporting the expanded use of the procedure - see our first look at
these results from EOS for more.

Questions and Answers

Q: You pointed out that you screened a lot of people who have type 2 diabetes and obesity.
Could you speculate how you'd be able to spread this procedure out to a larger proportion of
people? So many people failed screening - why?
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A: There were many people below BMIs of 35. Many were also antibody negative. And not many were willing
to do the follow-up. That's the reason we typically end up excluding 10%-15%.

Q: Thinking about the availability and cost of surgery, what is realistic to expect of this?

A: This is first evidence that gastric bypass does work. In this small cohort of patients, we could not do a cost
analysis. We do need to do a cost analysis. There are lots of variables.

SHORT-TERM EFFECTIVENESS OF LOW DOSE LIRAGLUTIDE IN COMBINATION WITH
METFORMIN VS. HIGH DOSE LIRAGLUTIDE ALONE IN TREATMENT OF OBESITY

Andrej Janež, MD, PhD (University Medical Center Ljubljana, Slovenia)

Dr. Andrej Janež presented results of an open-label study, demonstrating that low dose liraglutide in
combination with metformin and high dose liraglutide alone both led to significant weight reductions in
women with obesity and polycystic ovarian syndrome (PCOS). In this study, 30 women (baseline BMI of 38
kg/m ) were randomized to either combination therapy of metformin (1000 mg BID) + liraglutide 1.2 mg or2

liraglutide 3.0 mg alone for 12 weeks. According to the results, at 12 weeks, the combination therapy and
liraglutide alone groups achieved weight loss of 3.6 ± 2.5 kg (p=0.002) and 6.3 ± 3.7 kg (p=0.001),
respectively; the BMI decreased 1.3 kg/m and 2.2 kg/m , respectively. Notably, these between treatment22

differences of weight changes were not statistically significant, although the liraglutide only arm had
significantly greater reductions in waist circumference (-4.2 cm vs. -2.2 cm). Regarding adverse events, side
effects were reported by 8 vs. 6 participants in the liraglutide only and combination groups, respectively.
Specifically, there was more nausea in the liraglutide only arm compared to the combination arm (6 vs. 4
out of 15). Additionally, the combination therapy further improved the androgen profile (+2.6 vs. -1.2
nmol/l of androstenedione). Thus, Dr. Janež concluded that while these two different treatment approaches
both bring about significant weight reduction, the combination therapy was able to further improve
androgen profile and tolerability. While this study was studied in obesity and PCOS and is relatively small,
its findings do raise interesting questions with regards to the cost-effectiveness of Novo Nordisk's Saxenda
(liraglutide 3.0 mg) as the product is significantly more expensive than its lower-dose counterpart, Victoza
(liraglutide 1.8 mg).

Questions and Answers

Q: Did you measure insulin levels or surrogate markers of insulin?

A: We looked at mostly primary anthropometric measures. This is just a pilot.

Q: Are you following the cohort for a longer period of time?

A: Yes.

Q: Any improvements in menstrual periods?

A: In the very short term, we started to see improvements with that. But we did some other studies with lira
previously. When you reduce weight loss substantially, all of these outcomes improve significantly.

THE EFFECT OF 1-YEAR'S ENDOSCOPIC PROXIMAL INTESTINAL EXCLUSION USING
ENDOBARRIER ON 10-YEAR CARDIOVASCULAR RISK IN TYPE 2 DIABETES

Robert Ryder, MD (City Hospital, Birmingham, UK)

Dr. Robert Ryder presented one-year results of EndoBarrier (extended to 10-year cardiovascular risk),
finding that EndoBarrier therapy with and without liraglutide can significantly reduce 10-year
cardiovascular risk in patients with diabetes and obesity failing GLP-1 agonist therapy. In this study, adults
with suboptimally controlled type 2 diabetes and obesity (despite being on liraglutide 1.2 mg daily) were
randomized to additional EndoBarrier therapy (n=24), EndoBarrier without liraglutide (n=24), and a
control group with only an escalated dose of liraglutide (1.8 mg daily) (n=22). Q-risk score was used to
calculate cardiovascular risk; this measure is a composite score that uses recognized risk factors (i.e. age,
sex, diabetes status and duration, etc.). At one year, the Q-risk score fell by ~3.4%, ~2.2%, and ~1.1% in the
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combination therapy, EndoBarrier only, and liraglutide only groups, respectively. This translated to the
estimation that one year of EndoBarrier + liraglutide treatment in 100 patients could prevent 22 events of
coronary heart disease or stroke (save 18 lives) over the next ten years, ultimately suggesting that adding
EndoBarrier in patients on suboptimal GLP-1 therapy can be a promising alternative within the treatment
algorithm. While relatively short-term, this study highlights the potential of using multi-modal approaches
in high-risk patients with obesity.

IMPROVEMENTS IN IMPACT OF WEIGHT ON QUALITY OF LIFE-LITE (IWQOL-LITE) WITH
LIRAGLUTIDE 3.0 MG (LIRA) VS. PLACEBO (PBO) FOR WEIGHT MANAGEMENT: 3-YEAR
DATA

Ronnette Kolotkin, PhD (Obesity and Quality of Life Consulting, Durham, NC)

Dr. Ronnette Kolotkin presented new data from the SCALE Obesity and Prediabetes three-year extension
trial, showing that treatment with Novo Nordisk's Saxenda (liraglutide 3.0 mg) improves quality of life
compared to placebo. At 160 weeks, the Saxenda intervention group achieved greater scores on the Impact
of Weight on Quality of Life-Lite (IWQoL-Lite) assessment vs. placebo (10.96 vs. 8.11; p<0.0001) -
separation between the arms emerged early (at roughly six months) and were maintained over time. All
domains of the IWQoL-Lite were also significantly improved in the Saxenda arm vs. placebo - physical
function (13.19 vs. 9.59;), self-esteem (14.78 vs. 11.82), sexual life (9.29 vs. 6.16), public distress (5.99 vs.
4.34), work (5.87 vs. 4.42) - which translated into a greater proportion of patients experiencing
improvements that were within the range typically considered clinically meaningful (7.7-12 point change).
Overall, the results are not particularly surprising considering the consistent quality of life benefits we've
seen from SCALE data over time. That said, we would point that there continues to be a powerful placebo
effect in all these follow-up studies, making it challenging to parse out how much of the benefit can be
attributed to Saxenda vs. weight loss in general (since both groups lost weight).

Questions and Answers

Q: There was a powerful placebo effect in this study? What drove the quality of life benefits in
that group?

A: It is important to say that although people on the drug lost more weight than those on placebo, there was
some weight loss in the latter group. We've seen this in other obesity trials with other pharmacological agents
where this is this so-called powerful placebo effect. Part of it is being enrolled in a trial and receiving lifestyle
counseling.

Oral Presentations: Race/Ethnic Differences Matter

THE AMERICAN HEART ASSOCIATION IDEAL CARDIOVASCULAR HEALTH AND INCIDENT
TYPE 2 DIABETES MELLITUS AMONG AFRICAN AMERICANS: THE JACKSON HEART
STUDY

Alain Bertoni, MD, MPH (Wake Forest School of Medicine, Winston-Salem, NC)

Dr. Alain Bertoni presented a study that examined the association between the American Heart
Association's ideal cardiovascular health (CVH) measures and incident type 2 diabetes among African-
Americans in the Jackson Heart Study. In 2010, the AHA created the ideal CVH matrix to evaluate
cardiovascular health in adults and included measures of blood pressure, physical activity, total cholesterol,
healthy diet, weight, smoking status, and FPG. Given the shared risk factors between diabetes and
cardiovascular disease, ideal CVH may apply to diabetes prevention and The Strong Heart Family Study
previously demonstrated an association between ideal CVH and lower incident diabetes rate among Native
Americans with a mean age of 38. This study used data from the Jackson Heart Study, a NHLBI-funded
community-based prospective cohort study of African Americans aged 21-34. The analysis included 2,668
participants with complete baseline data on 6 of the 7 CVH metrics (blood pressure, physical activity, total
cholesterol, healthy diet, weight, and smoking status) with mean age of 54.9 years (65.4% women) and 492
cases of incident diabetes occurred over 7.6 years of the study. A shocking 76% of participants in the study
had only 1 or 2 ideal CVH metrics and no participant had a score of 6. After adjustment for demographic
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factors and CRP (high sensitivity reactive protein), each additional ideal CVH metric was associated with a
17% decreased risk of diabetes - this is huge that improvement in a single risk factor (such as smoking
cessation) could cut diabetes risk by almost a fifth. This association did not persist after adjustment for the
HOMA-IR measure of insulin sensitivity. Dr. Bertoni concluded that the AHA ideal CVH model could be
applicable to diabetes prevention in African-American populations. These results add to the growing body
of evidence for the close association between cardiovascular and diabetes risk factors and supports the logic
of comprehensive interventions to modify risk of both cardiovascular disease and diabetes.

Oral Presentations: What's New in Pediatric Type 2 Diabetes?

BIRTH WEIGHT AND CARDIOMETABOLIC RISK IN CHILDREN: THE NATIONAL HEALTH
AND NUTRITION EXAMINATION SURVEY (NHANES), 1999-2014

Dianjianyi Sun, PhD (Tulane University, New Orleans, LA)

Dr. Dianjianyi Sun used data from the National Health and Nutrition Examination Survey (NHANES) to
evaluate the influence of birth weight on type 2 diabetes and cardiovascular disease later in life. Dr. Sun
categorized NHANES birth weight data into five weight groups and performed a retrospective analysis to
measure cardiometabolic risk. According to Dr. Sun's findings, a higher birth weight led to a significantly
greater chance of obesity, as well as a significantly lower risk of high systolic blood pressure (SBP), high
fasting blood glucose (FBG), and high A1c. In addition, Dr. Sun found that the associations between low
birth weight and an increased risk of high blood pressure and glycemia in childhood were stronger in boys
than in girls. Dr. Sun noted that these results did not produce significant differences between racial groups,
but is an area for further research and clinical application. According to Dr. Sun, these results suggest that
the adverse effects of abnormal prenatal growth on certain cardiometabolic outcomes begins in childhood
and adolescence, which reveals the importance of cardiometabolic health screening in children.

THE SHAPE OF THE GLUCOSE RESPONSE CURVE DURING ORAL GLUCOSE TOLERANCE
TEST (OGTT) AND BIOMARKERS OF TYPE 2 DIABETES RISK IN OBESE YOUTH

Joon Young Kim, PhD (University of Pittsburgh, PA)

Dr. Joon Young Kim presented an analysis of biomarkers of type 2 diabetes in 106 youth with obesity but
without diabetes (average age= 15) with either monophasic (Mph) or biphasic (Bph) OGTT glucose response
curves. Results showed that the Mph group had lower in vivo insulin sensitivity and worse beta cell function
compared to the Bph group, putting them at higher risk of developing type 2 diabetes. The biomarkers
analyzed were hepatic and peripheral insulin sensitivity, insulin secretion, beta cell function relative to
insulin sensitivity, body composition (including BMI), abdominal adipose tissue, and AUC. The two groups
had similar insulin and glucose concentrations (both fasting and 2-hour OGTT), BMIs, body compositions,
and amounts of abdominal adipose tissue. However, the Mph group had lower insulin sensitivity (both
hepatic and peripheral), no compensatory first and second phase insulin secretion, and reduced beta cell
function compared to the Bph group. This data suggests that the shape of the glucose response curve could
itself be a useful marker to identify patients at the highest risk of developing type 2 diabetes and target
interventions to that group.

Oral Presentations: The Prediction and Prevention of Diabetes

EXCESS BODY MASS INDEX: A MODIFIABLE RISK FACTOR FOR TYPE 1 DIABETES
DEVELOPMENT?

Christine Ferrara, MD, PhD (University of California, San Francisco, CA)

Dr. Christine Ferrara presented her findings on the association between excess body max index (BMI) and
progression of type 1 diabetes using an aggregate measure of longitudinal BMI within subject design.
"Excess" BMI was calculated as the difference between measured BMI and the CDC sex/age adjusted 85th

BMI percentile, weighted specifically for the interval of time passed between each visit. Nationally, as the
incidence of T1D rises, BMI trends show parallel increases, which supports the "Accelerator Hypothesis"
that suggests obesity-driven insulin resistance accelerates the progression of T1D. According to Dr.
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Ferrara's findings, cumulative excess BMI increases the risk of T1D - the estimated five year T1D risk for
patients with excess BMI was 34% in comparison to 22% in normal weight patients. The effect of cumulative
excess BMI on T1D risk was modified by age. Overweight subjects between the ages of 8-13 years old
showed an even greater risk of T1D - the estimated five year T1D risk for patients within this age group was
39%. These results suggest that peripubertal subjects ages 8-13 are particularly vulnerable to the effect of
excess weight on the risk of developing T1D.

Questions and Answers

Q: I have two suggestions for mechanisms: infections (obese people tend to get more
infections) and diet. Have you looked at either of these?

A: We have not looked at infections, but I think there is something to that. In terms of diets, we had some
nutritional information on some of the subjects, but it was not complete enough to include in the analysis.

Q: How did you come up with the cutoffs for the ages?

A: A lot of debate. I chose them based on clinically relevant ages. If I saw someone who was eight years old
and in puberty, I would work them up as "in puberty" and consider the age factor less. Puberty is an important
component to the hormonal and biological implications of puberty. Now, we are looking at age as a
continuous variable, rather than using a stratified analysis.

Q: It might be worth using sex hormone analysis to measure puberty.

A: We are working on that, but that is a very good suggestion to have specific markers for "in puberty."

Q: Have you looked at family history or the incidence of double diabetes?

A: We have not looked at family history, but double diabetes is very interesting and is definitely something we
can look into in the future.

Oral Presentations: Cellular Responses to Exercise in Insulin-Targeted Tissues

NEXT GENERATION SEQUENCING METHYLATION PROFILING IN LEAN AND OBESE WITH
A SINGLE BOUT OF EXERCISE

Samantha Day, BS (Arizona State University, Tempe, AZ)

In a well-organized and thoughtful presentation, Ms. Samantha Day reviewed her study that investigated
whether DNA methylation patterns in skeletal muscle change following a single exercise session. The study
recruited seven lean individuals and seven individuals with obesity matched for all characteristics except
BMI, body fat percentage, and insulin sensitivity; of note, the two groups were matched for exercise fitness.
The participants exercised on a stationary bike (four sets of: eight minutes at 70% max VO2, two minutes at
90% max VO2, and two minutes of rest). Biopsies of the vastus lateralis were taken before exercise, as well
as at 30 minutes and 24 hours after exercise. Sequencing analysis yielded over two million methylation
sites, which were narrowed to only sites within promoter regions and untranslated regions. The
investigators found 10 sites that were altered across the lean participants - one site where methylation
increased significantly at 30 minutes and returned to baseline at 24 hours, four sites with elevated
methylation at both 30 minutes and 24 hours, and five sites that had decreased methylation at 30 minutes
and 24 hours. Two sites were found to be altered in the participants with obesity.

Oral Presentations: Modulators of Adipose Tissue Inflammation

SGLT2 INHIBITION BY EMPAGLIFLOZIN ATTENUATES OBESITY-INDUCED INSULIN
RESISTANCE AND INFLAMMATION BY ENHANCING FAT UTILIZATION AND
MACROPHAGE ALTERNATIVE ACTIVATION

Tsuguhito Ota, MD, PhD (Kanazawa University, Japan)

Dr. Tsuguhito Ota presented the results of his animal study that investigated the effects of empagliflozin on
insulin resistance in obese mice given either a high-fat diet (HFD) alone or containing either 0.01% or 0.03%
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empagliflozin. Empagliflozin suppressed HFD-induced weight gain (16% with the 0.03% dose). The drug
also increased energy expenditure - more specifically, Dr. Ota noted that the induction of UCP1 expression
observed with the drug suggested that it promotes browning of white adipose tissue. In skeletal muscle,
empagliflozin increased fat utilization, accompanied by elevated AMPKα and ACC phosphorylation, and
increased expression of genes involved in fatty acid oxidation. Empagliflozin was also shown to improve
HFD-induced glucose intolerance, hyperinsulinemia, and hepatic steatosis; furthermore, it increased insulin
signaling in the mouse liver and white adipose tissue. These tissues also had reduced accumulation of both
macrophages and T cells with empagliflozin, along with a change in the macrophage composition from
mainly M1 (CD11c CD206 ) cells to predominantly M2 (CD11c CD206 ) cells. As we hear more obesity data+--+

on type 2 diabetes drugs, these findings point to the potential of the SGLT-2 inhibitor class in these broader
indications.

Questions and Answers

Q: Some of the effects that you saw in terms of fatty acid oxidation and browning are
potentially mediated by FGF21. Could that be playing a role?

A: We measured FGF21 in plasma, but it was not changed significantly, so I don't think so.

Oral Presentations: Nutrition Research on Diet, Supplements, and Eating Patterns in Diabetes
and Prediabetes

CARNOSINE: NOVEL THERAPY FOR PREDIABETES

Barbora de Courten, MD, PhD (Monash University, Melbourne, Australia)

Dr. Barbora de Courten presented results from a pilot clinical trial demonstrating that carnosine is safe and
well-tolerated and may be a viable therapy for prevention of diabetes and cardiovascular disease.
Carnosine, or beta-alanine L-histidine, is an endogenous peptide present in human brain tissue and cardiac
and skeletal muscle. Present in red meat and fish, it is currently available as a dietary supplement; exercise
physiologists recommend it to increase athletic performance and endurance. In this randomized controlled
trial, people at risk for diabetes were administered either carnosine (2g daily) or placebo for 12 weeks. The
study population (n=26) averaged 43 years of age with a BMI of 31.4 kg/m . Results showed that carnosine2

supplementation prevented increases in insulin resistance and insulin secretion. Insulin resistance, as
measured by HOMA-IR, increased in the placebo group by approximately 1 mmol/l*mU/l but remained
unchanged in the carnosine group (p=0.049). Similarly, insulin secretion, as measured by HOMA-b
modeling of beta cell function, increased by nearly 50% in the placebo group but was unchanged in the
carnosine group (p=0.03). Carnosine also decreased systolic blood pressure by 6 mmHg, although this was
not statistically significant. The mechanism of carnosine's putative antidiabetic and cardioprotective action
on humans is unknown. Mechanisms implicated from in-vitro and animal studies show that carnosine has
anti-inflammatory, anti-oxidative, anti-ischemic, chelating, and glycation reducing action. Diabetes is of
course an area where there is great need for primary prevention, and Dr. de Courten expressed optimism
about carnosine's promise in a larger clinical trial to begin this summer.

Questions and Answers

Q: Will future clinical trials involve people at risk for diabetes, or people with an actual
diagnosis of prediabetes?

A: In the future studies we will recruit people at risk of type 2 diabetes (obese and pre-diabetic) as well as
people with diabetes..

Q: Can you remind me how long you ran this study?

A: It was 12 weeks long.

Q: Do you have any information on the half-life of carnosine in the body?
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A: The half-life in the plasma is fairly short, only 2-3 hours because carnosine is hydrolyzed by carnosinase 1.
Increase in carnosine in plasma after supplementation results in increased in muscle carnosine content from
where carnosine can be released as well. Turnover of carnosine in the skeletal muscle is 3-6 months.

Q: Will a 2 g dose of carnosine be adequate for individuals with a high BMI?

A: The dosage hasn't been worked out, but studies in the literature show a biological effect for doses between
0.5 and 3.5 g. We will have more information about the dosage necessary in our next trial.

Q: Do you think the mechanism of carnosine is a GLP-1 type of mechanism or something more
internal?

A: To my knowledge, there is no evidence about carnosine having effect on GLP-1, but we know from animal
and in vitro studies that carnosine has chelating properties and anti-inflammatory and anti-oxidative effects.
We also know from the in-vitro cancer literature that carnosine has effects on MMP, JNK, mTOR/AKT, ERK,
and SMAD3/ALK5 pathways. We will be able to look into this in the future because we will be collecting
muscle and fat samples from the subjects in the next study.

Q: Do you have A1c data?

A: No, we don't. The pilot was in people without diabetes. Large changes in HBA1c would not be expected in
this population.

DIETARY INFLUENCES ON INSULIN SENSITIVITY: A RANDOMIZED, CROSSOVER STUDY

Kim Yoona, PhD (University of Australia, Adelaide, Australia)

Dr. Kim Yoona presented results from a study comparing the insulin sensitivity of participants (n= 50) who
consumed either a diet of meat and processed foods (HMD) or a diet of whole grains, nuts, dairy and
legumes (HWD), showing that, while insulin levels were higher in the HMD cohort, insulin sensitivity
remained unchanged after four weeks. In the randomized crossover study, the HMD group ate 200-300
grams of processed meat and 4-6 servings of refined grains, while the HWD group ate 4 servings of dairy
products, 3-4 servings of whole grains, 60-90 grams of nuts, and 70-200 grams chicken/seafood or 150-225
grams legumes. The average age of the 15 men and 35 women was 35.2 years, the average BMI was 27.2,
and none of the participants had diabetes. After four weeks, an insulin sensitivity index was calculated by
monitoring the last 30 minutes of a continuous low dose insulin (25mU/kg•h) and glucose (4mg/kg•min)
infusion test (LDIGIT), and insulin secretion was calculated by measuring the C-peptide curve during the
first 30 minutes of the LDIGIT. While insulin levels were higher for those on the HMD (119.2 pmol vs 88
pmol on the HWD), no statistically significant differences were measured for all other metrics: fasting
glucose, fasting insulin, fasting C-peptide, homeostasis model assessment, LDIGIT glucose, ISI, and AUC for
C-peptide. Therefore, while the insulin levels were higher with the HMD diet after four weeks, glucose
sensitivity remained unchanged, as did average body mass. Neither gender, BMI, nor glucose status
appeared to have an effect on the results. In our view, further testing over a longer study period is necessary
to confirm the impact of the HMD and HWD diets on insulin sensitivity.

Symposium: FTO Brought Up-to-Date - The FTO Gene Locus in Obesity

THE ROLE OF THE FTO OBESITY RISK LOCUS IN BROWNING OF HUMAN FAT

Melina Claussnitzer, PhD (Harvard Medical School, Boston, MA)

Dr. Melina Claussnitzer walked attendees through her research team's analysis of the FTO obesity risk locus
in relation to the browning of adipose tissue, pointing to her NEJM publication of this work in 2015. She
noted the challenges and promises of genome-wide analysis studies, highlighting the promise of new target
genes and therapeutics but the difficulties of non-coding regions and an incredible number of variants. The
review of her research remained relatively basic science-focused, as Dr. Claussnitzer discussed the
identification of FTO's target genes of IRX3 and IRX5 and how this regulatory network involved regulators
of adipocyte browning, with the causal nucleotide rs1421085 conserved in the adipose tissue-rich region.
Upon establishing cellular phenotypic consequences, she illustrated that the analysis of co-regulators
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suggested an involvement in the shift from energy dissipation to lipid storage, as IRX3 and IRX5 expression
was shown to impact energy utilization and thermogenesis. In addition, Dr. Claussnitzer demonstrated that
single nucleotide editing of IRX3 and IRX5 can affect thermogenesis in various adipocyte cells. In closing,
Dr. Claussnitzer suggested that cell phenotyping data points to functions in the brain, an area that her team
is now attempting to better understand. Ultimately, research on genetic determinants of obesity remains
relatively young, with most work beginning to reveal the immense complexity of these systems.

Q: Have you tried meal effects?

A: Not yet, but it's a great idea.

Q: You pointed to some potential early effects on adipocyte type. Do you have a view of where
FTO may act in terms of developmental timelines?

A: I haven't included those in the data. But we have data from CRISPR that show that the genetic effects are
visible in the timeframe of day 0 to day 3 regarding the differentiation of primary human cells. That's on a
genetic level but we see through several expression studies of IRX3/5 that biological function of IRX3/5 tend
to be kept in later stages of differentiation, which leaves us wondering if the allele is acting throughout the
whole differentiation process basically or through an imprint on biological function or is it just for a few days?

Symposium: The "Imitation Game" for Biology - Can We Break the Codes of Inter-Organ Cross
Talk and Win the War Against Diabetes?

INTERVENING WITH INTER-ORGAN CROSS TALK - THE NEXT FRONTIER IN
THERAPEUTICS?

Randy Seeley, PhD (University of Michigan, Ann Arbor, MI)

Dr. Randy Seeley discussed the implications of the Vertical Sleeve Gastrectomy (VSG) bariatric surgery
procedure as a platform for understanding inter-organ communication, highlighting the liver as a major
player in this chain of communication. In studies of animal models, VSG improved glucose regulation and
produced significant weight loss (-50% body fat in just 34 days) without a change in lifestyle by reducing
food intake and decreasing preference for high-fat diets (HFD). According to Dr. Seeley, these data suggest
that VSG impacts signaling in the brain, a striking example of inter-organ communication. Next, Dr. Seeley
discussed bile acids as the molecular target for VSG, which are necessary to break down lipids effectively
and are greatly simplified as a consequence of the VSG procedure. His studies focused on the changes in
FRX signaling as a key mediator for post-surgical weight loss and lower cumulative HFD intake. Dr. Seeley
stated that the microbiome changes after VSG are a marker of bacteria community changes, resulting in a
reduction of liver reuptake of bile acids.

Symposium: Microbiota, Inflammation, and Diabetic Cardiovascular Disease

INTERACTION BETWEEN DIABESITY GENES AND THE GUT MICROBIOME

C. Ronald Kahn, MD (Joslin Diabetes Center, Boston, MA)

Dr. C. Ronald Kahn discussed the extraordinarily complex interplay between genetics, diet, the microbiome,
and the environment that contribute to obesity and insulin resistance, echoing comments he made at the
2014 Research Symposium on Diabetes and the Microbiome. He recounted how his lab has demonstrated a
differential response to a high-fat diet between two genetically distinct mouse lines: the B6 mouse (obesity
prone) and the 129 mouse (obesity resistant). In addition, Dr. Kahn's lab found that responses to diet are not
only dependent on genetics, but also on external environment. Indeed, when two groups of 129 mice were
raised in different environments, they displayed significant gut microbiome variation that altered their
propensity for obesity: one was obesity resistant while the other was obesity prone. Dr. Kahn's lab also
found that many of the differences in the mice's fecal microbiome were eliminated when the two lines were
bred for three generations in the same environment, but each strain still retained a unique microbiome.
After three generations, the two 129 strains had very similar and low levels of weight gain. Dr. Kahn also
discussed research showing that antibiotic treatment improved glucose levels in mice with obesity and
insulin resistance; he suggested that antibiotics exert this effect through altering bile acid metabolism,
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which in turn acts through inflammatory mediators to change insulin signaling. Taken collectively, these
results highlight the incredible environment-dependent variability of the gut microbiome and its broad
impact on metabolic outcomes.

Symposium: More than a Gut Instinct - Potential of the Microbiome from Pregnancy through
the Life Cycle

OVERVIEW OF THE HUMAN MICROBIOME AND MECHANISMS FOR MEDIATING
METABOLIC RISK

Michael Rosenbaum, MD (West End Pediatrics, New York, NY)

Dr. Michael Rosenbaum expressed skepticism on the ability of the microbiome to inspire novel therapies in
the near future. While research in rodent models has shown that altering the microbiome affects body
weight, Dr. Rosenbaum cautioned against extrapolating these results to humans. We need a different
dictionary to interpret what the microbiome means for humans - we see an increase in firmicutes
microbiota and a decrease in bacteroides as people gain weight, but these particular changes are not
observed in mice, and patients with obesity show markedly less diversity in their microbiome, which isn't
necessarily true in mice. In addition to the lack of conclusive data on the human microbiome and obesity,
Dr. Rosenbaum pointed out that our inherent physiological responses almost always oppose weight loss. "If
a particular 'lean' microbiome helps keep weight off in the long term, it'll be the one exception to this rule,"
he explained, "which is one of the reasons I'm skeptical."

Questions and Answers

Q: Could microbes be causing browning?

A: That's a very interesting suggestion that's been circulating. I'm not convinced that brown adipose tissue is a
major energy sink in humans. Energy intake and output are coupled, so if you change one aspect of energy
expenditure, other pathways are just waiting to intervene. Maintaining body fat stores is so vital to our
survival as a species that this physiological response is immediate and powerful.

Q: I've heard that some patients who get a fecal transplant experience weight changes, where
people who weren't fat before are getting fat due to the stool of the donor.

A: To my knowledge, these are anecdotal reports.

Q: Does glutarate play any role in weight fluctuations?

A: Yes, glutarate in the gut can affect a number of hormones related to appetite, including PYY and GLP-1.
This is a fertile area of research.

BIOACTIVE COMPONENTS OF BREAST MILK AND EVOLUTION OF THE INFANT
MICROBIOME

Lars Bode, PhD (UCSD, San Diego, CA)

Dr. Lars Bode, the world expert on human milk and lactation, made the case that human breast milk
oligosaccharides (HMOs) - of which there are 150 varieties - influence the infant microbiome in a manner
that may have long-term consequences for development, particularly in the context of obesity and
gastrointestinal function. Studies from Dr. Bode's lab suggest that HMOs play a role in mediating host-
microbe interactions, protecting against the attachment of harmful microbes (like E. coli and streptococcus)
and helping beneficial gut microbes (like B. infantis) thrive. The interplay between HMOs and the infant
microbiome bears special relevance for metabolic health later in life; babies nursed by mothers who lack the
gene for FUT2 - an enzyme that catalyzes the synthesis of HMOs - tend to have a higher risk for Chron's
disease, pancreatitis, and type 1 diabetes.

Questions and Answers

Q: Do you think that infant's co-ingestion of the mother's skin flora may potentiate the
individual effects you're describing?
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A: Well it goes beyond skin flora. Milk itself is not sterile, there is bacteria sitting in the milk duct. So there is a
specific milk microbiome, and there are interactions between it and the oligosaccharides in the mother's
mammary gland before it even reaches the infant. I imagine this has effects on infants as well.

Q: Can there possibly be a direct effect of these oligosaccharides on metabolism?

A: It's possible. Oligosaccharides from breast milk make it intact into the infant's systemic system. Does it
have a direct effect on metabolism, I don't know. But it is a very interesting question.

Q: I'm a nutritionist and certified diabetes educator, and I used to counsel patients through
WIC. What should I tell mothers who are thinking about breastfeeding?

A: Some of this research sounds academic and not very applied. But identifying bioactive molecules in milk
can be very empowering for mothers. Formula doesn't nearly have the entire portfolio of what mom's
mammary gland synthesizes, and we can't put this into a box.

Q: A lot of the women that come in to my clinic may not have optimal nutrition. Many do not
have a good diet, and many are obese. Should they be breastfeeding to give their babies the
best chance?

A: Yes, breastfeeding is still the best choice.

Q: Is there any role for the father?

A: Well, we think about mother and what oligosaccharides she produces, but of course the father partially
determines the genetics of the child and how their body will interact with these milk oligosaccharides.

THE MICROBIOME PHENOTYPE IN OBESITY AND TYPE 2 DIABETES MELLITUS AND
POTENTIAL THERAPEUTICS

Annick Hartstra, PhD candidate (University of Amsterdam, the Netherlands)

Ms. Annick Hartstra posed the question "could gut bugs be the new drugs?" Microbiome composition differs
between lean and obese individuals, and Ms. Hartstra found that transferring intestinal microbiota from
lean into obese subjects with type 2 diabetes via fecal microbial transplantation (FMT) increased patients'
peripheral insulin sensitivity with efficacy equal to that of oral diabetic medications. Although the
mechanism underlying this striking finding is not yet known, early evidence suggests that the gut
microbiota of lean individuals produce more butyrate, a compound that has been shown in rodent studies to
influence appetite regulation and cellular energy expenditure.

Questions and Answers

Q: Can you talk about different types of prebiotics? Does it matter whether they are chains of
glucose or fructose or amylose?

A: To be honest I don't know. My focus is on butyrate.

Q: Is it oral butyrate? Isn't there very little oral butyrate that gets delivered to the colon?

A: We based the dose on studies done before this, which have shown that it does end up in the colon. We are
using 4 g/day.

Q: When you take the stool samples from people, are they kept in aerobic conditions? Because
most of the gut microbiota are anaerobic.

A: We have a protocol for feces transplantation which has been used from the beginning. The sample must be
fresh and used within 6 hours time. All we do is pour NaCl on the sample before filtering it. The way we do it
is a universal method, but it may have room for being improved!

Q: For how long does insulin sensitivity improve?

A: After 6 weeks there is an increase in the insulin sensitivity, but it is gone after 18 weeks.
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Symposium: Addressing Obesity and Metabolic Disturbances in a Meaningful Way - Are We
There Yet?

UNDERSTANDING THE MECHANISMS UNDERLYING APPETITE AND OBESITY

Hans-Rudolf Berthoud, PhD (Louisiana State University, Baton Rouge, LA)

Dr. Hans-Rudolf Bertoud's talk on the mechanisms of obesity discussed what he believes is the bi-directional
influence of bottom-up (homeostatic) and top-down (hedonics) systems. He noted that the key player in
homeostatic regulation is the hypothalamus, and Dr. Berthoud provided several examples from mouse and
human research demonstrating how molecular stimuli in the hypothalamus can impact one's eating
experience or satiety. We were particularly struck by his example of how dopamine - typically an appetite
stimulant - is reduced via duodenojejunal bypass and facilitates weight loss. Turning to hedonic processing,
Dr. Berthoud explained this "top-down" system as the way in which our expectations influence our
experiences. For example, he cited studies in which participants rated "expensive" wines tasting better than
less expensive wins, even when cost-blinded participants rated the wines similarly. Connecting this top-
down experience to obesity, Dr. Berthoud remarked that positive vs. negative memories of eating can
influence eating patterns, suggesting that if we can break hedonistic associations with food, then we may be
able to help patients achieve weight loss.

Questions and Answers

Q: Do patients eat less if you show them pictures that may reduce food intake?

A: Yes, cognitive inhibition works this way. For example, at a diabetes conference, we are very aware of our
environment and of the impact of food choices on diabetes - so we may choose to eat healthier options.

DRUG INTERVENTIONS

Arya Sharma, MD (University of Alberta, Edmonton, Canada)

Dr. Arya Sharma provided an overview of obesity as a chronic disease, its needs for risk stratification, and
the various anti-obesity pharmacotherapies. He opened by stressing that obesities are heterogeneous
complex disorders of multiple etiologies characterized by excess body fat, using the metaphor that weight
loss is like "pulling an elastic band" to explain the biological challenges of losing and maintaining weight.
Reviewing the various treatment options, he pointed to the treatment gap, commenting that while surgery
can work, it's not a scalable option. Moving to discussions on risk stratification, Dr. Sharma illustrated that
BMI is not the most ideal measure, as it doesn't correlate well with response treatment; he then discussed
his well-known Edmonton Obesity Staging System, showing how its various stages were significantly more
accurate in predicting mortality compared to BMI classifications. Regarding the pharmacological
treatment options in obesity, Dr. Sharma emphasized that obesity is "not a simple system" (involving
thermogenesis, lipolysis, the gut microbiota, bile acids, and more), highlighting that today's current
pharmacotherapies do not reflect this sophisticated system. After reviewing the data and mechanisms
behind the four currently available obesity drugs, he stressed that we are waiting for "a whole bunch of new
drugs that are specifically designed for the treatment of obesity based a more modern, sophisticated system
of biology." At this year's meeting, we have been glad to see greater research into the neural and gut drivers
of obesity, and we hope that greater understanding of these mechanisms as well as of surgery and our
current drugs can push us forward on the path to novel effective drug targets.

Questions and Answers

Q: We have been combining drugs in diabetes. Has there been any experience using Belviq
plus Contrave plus Qsymia together?

A: I'm sure people out there do that. I don't have experience doing that. But you do hear stories of people
combining these drugs.
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Special Lectures and Addresses

BANTING MEDAL FOR SCIENTIFIC ACHIEVEMENT - ADIPOSE TISSUE, INTER-ORGAN
COMMUNICATION, AND THE PATH TO T2D

Barbara B. Kahn, MD (Beth Israel Deaconess Medical Center and Harvard Medical School,
Boston, MA)

Dr. Barbara Kahn delivered this year's Banting Lecture on our growing understanding of how white
adipose tissue regulates whole body metabolism via effects on insulin sensitivity, insulin secretion, food
intake, energy expenditure, and body weight. She summarized many years of research, focusing on the role
of the adipocyte as an endocrine gland (i.e., its effects through secretion of retinol binding protein 4, or
RBP4), how adipocytes regulate energy balance through molecules that act on AMP-activated protein
kinase, and the role of adipocytes in de novo lipogenesis. She noted that when glucose transport is
upregulated in adipocytes, glucose is channeled to increase fatty acid synthesis (which is associated with
increased insulin sensitivity). Lipidomic analysis has revealed that some of the lipids being synthesized
belong to a novel lipid class that is composed of both a fatty acid group and hydroxyl fatty acid group
(FAHFAs) linked by an ester bond. A single oral dose of these novel lipids in mice reduces blood glucose by
potentiating glucose-stimulated insulin secretion in pancreatic islets and inducing GLP-1 secretion from gut
enteroendocrine cells. In addition, these lipids enhance insulin sensitivity. She concluded, therefore, that
these biosynthetic pathways could provide targets to restore or increase novel lipid levels in insulin-
resistance patients and potentially improve their insulin sensitivity. In recent, unpublished studies from her
group, these novel lipids were also found to reduce type 1 diabetes incidence and improve survival in non-
obese diabetic mice, while her other studies have documented their ability to improve beta cell viability and
increase beta cell proliferation under cytokine stress (again, highlighting their future therapeutic potential).

▪ Dr. Kahn ended her presentation with a touching series of thanks and optimism for
the future - "As a scientist, I thank you for your discoveries that have moved the field forward. As a
physician, I thank you for your compassionate care of our patients. As a person who has had type 1
diabetes for 48 years, I hope you share my hope for the future, driven by the power of scientific
discovery." We certainly do.

HUNGER-PROMOTING HYPOTHALAMIC NEURONS CONTROL SYSTEMIC METABOLISM
AND DRIVE COMPLEX BEHAVIORS AND LONGEVITY

Tamas Horvath, PhD (Yale University, New Haven, CT)

In his fast-paced presentation, the esteemed Dr. Tamas Horvath reviewed a series of animal studies that
elucidated the role of hypothalamic NPY-AgRP neurons in hunger and behavior. Numbering only in the
thousands, these neurons play a critical role in the body's response to caloric restriction and the resulting
changes in energy expenditure, as studies show that they are necessary for feeding. AgRP neurons regulate
both food-related and food-unrelated motivated behaviors, likely by acting on midbrain dopaminergic
circuits early in development. Dr. Horvath also presented data showing that in adult mice, activation of
AgRP neurons led to changes in mental alertness (e.g., increased interest in novelty, less anxiety, greater
drive for compulsive behaviors), suggesting that these neurons may play a role in diseases such as anorexia
and schizophrenia.

▪ Dr. Horvath opened with a broad viewpoint: seven of the 10 leading causes of death in the US
are associated with diabetes, which itself is the 7 leading cause. His lab focuses on the timeth

component of these chronic, often late-occurring conditions. Dr. Horvath postulated that the
sustained, increased workload on various tissues - more specifically, increased cellular metabolism -
may underlie the development of these diseases. Caloric restriction may decrease the impact of time
on these tissues; thus, research into hunger and food intake may reveal future approaches to
therapy.

▪ Hypothalamic NPY-AgRP neurons are one of many populations of neurons
responsible for regulating energy homeostasis, and are critical for endocrine adaptions
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associated with hunger and calorie restrictions. These cells release agouti-related protein (AgRP),
neuropeptide Y (NPY), and GABA, which modulate energy expenditure. Calorie restriction leads to
increased ghrelin signaling, which promotes hunger and activates AgRP cells. In contrast, the satiety
hormone leptin inhibits AgRP neurons. Dr. Horvath highlighted that the neural connections
between AgRP and other cells (e.g, POMC and MC4R neurons) are highly plastic and respond to the
metabolic state. For more on how the hypothalamus and these neuron populations are involved in
obesity, please see our interview with University of Washington's Dr. Michael Schwartz.

▪ Dr. Horvath explained that hunger drives a complex set behaviors that promote food
intake, such as wakefulness, short and long term memory (to remember and locate the food
source), reward circuits, decision making, locomotion (to physically pursue food), and chewing and
swallowing. Hypothalamic neurons have been shown to influence these functions in healthy
patients, and may play a role in the disruption of these behaviors found in diseases such as
Parkinson's and depression.

▪ Dr. Horvath also presented data showing that AgRP neurons are necessary for these
feeding behaviors. In addition, alterations in AgRP neuronal activity affects both hunger-
motivated and non-hunger motivated behaviors. For example, AgRP inhibition in mice leads to less
interest in food and more interest in novel objects and drug seeking. AgRP cells appear to impact
behavior by acting on the midbrain dopamine circuits, and the finding that such neurons extend to
the midbrain only in the prenatal period suggests that AgRP neurons regulate the midbrain early in
development - an indication that earlier interventions may be more effective.

▪ According to Dr. Horvath, acute activation of AgRP neurons in adult mice led to
increased interest in novelty (open field test), increased effort to overcome anxiety
(zero maze test), and increased drive to engage in compulsive behavior in the absence
of food (marble burying test). To Dr. Horvath, these results indicate that AgRP neurons have an
impact on mental alertness, and may play a role in diseases caused to dysregulation of these
systems, such as schizophrenia and anorexia.

Symposium: ADA Pathway to Stop Diabetes Symposium

THE SENSE OF SMELL IMPACTS METABOLIC HEALTH AND OBESITY

Celine Emmanuelle Riera, PhD (University of California, Berkeley, CA)

Dr. Celine Emmanuelle Riera presented her findings on the role of the olfactory system in mediating food
intake, energy expenditure, and body weight. According to her results, a loss of the sense of smell reduces
diet palatability, which leads to a decrease in food intake and an increase in weight loss. Dr. Riera explained
that olfactory inputs contribute largely to food selection through increasing the value of food via higher
sensory cues and rewards, which drive feeding behaviors. Her study aimed to examine whether these inputs
can affect systemic physiology by answering the question: does the reduction of smell acuity mediate a
satiety response and modulate energy balance? Based on her findings, olfactory ablation protects against
diet-induced obesity by removing the olfactory sensory cues that influence diet palatability and subsequent
reward value of food, while simultaneously reversing adipose tissue expansion in diet-induced mice with
obesity. Additionally, fat thermogenesis and sympathetic nervous system signaling increased in olfactory
deficient animals, which suggests that olfactory sensory neurons play a role in regulating energy
homeostasis and adipose tissue thermogenesis. Therefore, Dr. Riera concluded that the olfactory system has
significant implications for our understanding of feeding behavior, energy balance, communication with the
nervous system, and the resultant impact on body weight and food preference.

SHARED GENETIC DETERMINANTS OF GLYCEMIC TRAITS IN AND OUTSIDE OF
PREGNANCY

Marie-France Hivert, MD (Harvard Pilgrim Health Care Institute, Boston, MA)

Dr. Marie-France Hivert compared the genetic determinants of glycemic traits during and outside of
pregnancy, highlighting the impact of gestational hormones on glycemia and birth outcomes. In a study of
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1,024 pregnant women, Dr. Hivert found that genetic risk was highly associated with fasting glucose but
was not associated with fasting insulin, suggesting that fasting insulin is influenced heavily by pregnancy
hormones. In addition, Dr. Hivert found that genetic risk scores for type 2 diabetes predicted the
development of gestational diabetes. These findings have significant implications for identifying risk for
type 2 diabetes and birth complications.

TARGETING LMPTP FOR OBESITY-ASSOCIATED DIABETES THERAPY

Stephanie Stanford, PhD (La Jolla Institute for Allergy and Immunology, La Jolla, CA)

Dr. Stephanie Stanford presented her examination of low molecular weight protein tyrosine phosphatase
(LMPTP) as a target for obesity and type 2 diabetes. Currently, insulin-sensitizing agents that minimize the
need for injectable insulin are an unmet medical need in type 2 diabetes and obesity treatment, a fact that
lead Dr. Stanford to explore a LMPTP inhibitor to alter insulin signaling.. The findings indicated that
treatment of obese mice with anti-LMPTP antisense oligonucleotides improved insulin sensitivity and
decreased hyperglycemia. In addition, the LMPTP inhibitor reduced diabetes in diet-induced obese (DIO)
mice through increasing insulin receptor phosphorylation, thereby improving blood glucose and decreasing
fasting insulin. This research shows promising new directions for new insulin-sensitizing agents to prevent
and control type 2 diabetes.

Symposium: Genetic Analysis of Gut Flora in Diabetes and Metabolic Disease

THE MICROBIOME AND METABOLIC DISEASE

Rémy Burcelin, PhD (University of Toulouse, France)

Dr. Rémy Burcelin reviewed some of the recent data around the microbiome's role in metabolic disease. He
opened by noting that upon changes in diet, the microbiome also changes as it maintains and improves the
body's natural defense. Specifically, in this role, Dr. Burcelin shared how the gut microbiota can directly
treat intestinal-producing cells - an idea that can be applied to diabetes. He presented results of studies done
in the mouse model: over 15 days, the gut microbiota of mice were colonized for glucose intolerance and at
the end of the time period, their lymphocytes were resistant to hyperglycemia. In addition, Dr. Burcelin
noted that mice showed improved production of IL-17 from their intestinal lymphocytes, along with
enhanced glycemic control phenotypes, as these findings suggested that the microbiome is largely
responsible for the impairment of intestinal barriers' function. Additionally, Dr. Burcelin elaborated upon
the potential of developing a vaccine that would help the immune system protect itself from gut microbiota
dysbiosis in order to benefit diabetes treatment. Certainly, we have heard a range of possible treatment
options targeted toward the microbiome from fecal transplantations to vaccines, but we feel that due to the
complexity of this system, it'll likely be several years until these come close to clinical application.

Symposium: The Experts "Weigh-In" on Low-Calorie Sweeteners

THE IMPACT OF LCS ON WEIGHT MANAGEMENT

John Peters, PhD (University of Colorado, Aurora, CO)

Dr. John Peters offered an overview of the often controversial and confusing relationship between the
consumption of low-calorie sweeteners (LCS) and body weight. He noted that there have been no
randomized control trials on this topic for people with diabetes, and the handful of observational studies
suggest results in line with the general population data. For that reason, he focused on general population
studies, which have variously found an association between calorie sweeteners and increase in body weight,
decrease in body weight, and even both increases and decreases in body weight within the same study.
Looking at meta-analyses, Dr. Peters argued any associations appeared to cancel each other out to zero.
Looking for explanations as to why there have been some findings of association, he suggested the reverse
causality of how people looking to lose weight might be more likely to choose a diet beverage, or residual
confounding variables present in some studies but not in others. After substantial review, Dr. Peters
concluded that low-calorie sweeteners can be an effective tool when used as part of an intentional weight
management program, and the observed benefits of these sweeteners is consistent with expectations based
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on the biology of weight control. He challenged future studies to better characterize dieting behaviors
among low-calorie sweetener users to gain a fuller understanding of the overall context for their use and to
separate physiological, neurobehavioral, and cognitive effects of sweeteners in diet.

▪ Dr. Peters shared that what we might expect to see in terms of effects of low-calorie
sweeteners on body weight are shaped by several contextual factors. These include
whether the evaluation is in terms of weight loss or weight regain, whether the method of use is as
an addition or substitution to existing diet, whether the dietary context is ad libitum or as part of
intentional caloric restriction, the size of caloric deficit created, the biological compensation for
negative energy balance, consumer beliefs, and cognitive intention. Dr. Peters suggested we would
expect the largest benefit for weight gain prevention when substituted in diet for a high-calorie
option and when used as a tool in intentional weight loss.

▪ According to Dr. Peters, potential mechanisms by which low-calorie sweeteners could
affect energy balance include: alteration of appetite and food intake, cephalic phase insulin
release, osmolality, gut peptide response, palatability, dietary macronutrient shift, and associative
learning. However, none of these mechanisms have been substantiated by the available evidence. Dr.
Peters did stress though that that doesn't rule out any of the mechanisms.

▪ Dr. Peters pointed to evidence suggesting that LCS could have a stronger role in
weight loss maintenance. Specifically he noted a 1997 study that suggested that aspartame in a
multidisciplinary weight loss program could have a beneficial effect on weight loss maintenance, as
opposed to weight loss itself. In addition, another study found at six months that a diet soda group
reported less dessert consumption than a water-drinking group, which Dr. Peters suggested could
mean the former group had received satiation for sweetness that the water group had not. He also
pointed to a recent study indicating that drinkers of zero-calorie diet beverages had significantly
better weight loss after one year and less weight regain than a water-drinking group; Dr. Peters
suggested this could hypothetically be due to water drinkers struggling to adhere to a diet without
the sweetness provided by diet beverages. These murky, uncertain findings were indicative of the
overall review of the current science on low-calorie sweeteners.

ARE WE GIVING PEOPLE WITH DIABETES EVIDENCE-BASED, PRACTICAL ADVICE FOR
USING LCS?

Hope Warshaw (Hope Warshaw Associates, Alexandria, VA)

Ms. Hope Warshaw offered an overview of the current state of knowledge for low-calorie sweeteners with
respect to diabetes. After pointing out the latest dietary guidelines' call for the reduction of sugars to less
than 10% of daily intake, Warshaw noted 20%-30% of the general population consumes low-calorie
sweeteners daily, with the highest use among 55- to 74-year-olds, non-Hispanic whites, and overweight and
obese adults. She then provided a detailed breakdown of the FDA process for ensuring the safety of low-
calorie sweeteners. She acknowledged that her discussion of low-calorie sweeteners' relationship with body
weight largely reiterated the preceding talk. She emphasized that there are four main potential goals with
weight control: weight loss, prevention of weight regain after weight loss, maintenance of healthy weight
over time, and slowing of a weight gain trajectory. Ms. Warshaw argued sweeteners likely have little to
offer with weight loss - the goal that gains the most attention - but that they could be effective for the other
three weight control goals. Ms. Warshaw closed by repeating the title of her talk, "Are we giving people with
diabetes evidence-based, practical advice for using LCS?" She said that, in the absence of a credible survey,
there was no way to provide a scientifically correct answer to the question, but her suspicion is that
practitioners do not always provide scientifically based statements to patients on low-calorie sweeteners.
She thus modified the question: "Should we be giving people with diabetes evidence-based, practical advice
for using LCS?" On this point, she gave a strong affirmative answer to close the session.

▪ On the topic of safety, Ms. Warshaw pointed out that the vast chemical differences
between various low-calorie sweeteners suggest that it is impossible to make general
statements about potential health risk. She said that the only commonality of them is that
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they all impart sweetness and have a higher sweetening potency by weight compared with sugar, but
they don't share origins, chemical structures, or taste profiles.

▪ Ms. Warshaw noted that as food additives, all low-calorie sweeteners must receive
FDA approval to be present in the American food supply. Ms. Warshaw pointed out that all
sweeteners follow an established, rigorous protocol for safety review and that they generally must
meet the safety standard of "reasonable certainty of no harm." As part of the general food supply,
sweeteners must be judged safe for children, pregnant and lactating women, and people with
diabetes.

Symposium: Fifty Winks of Diabetes

THE MOLECULAR CLOCK AS A METABOLIC RHEOSTAT

Joseph Bass, MD, PhD (Northwestern University Feinberg School of Medicine, Chicago, IL)

With a focus on basic science, Dr. Joseph Bass discussed how circadian rhythm aligns physiologic functions
- including insulin secretion - with environmental cues. In opening, he noted that different states of energy
metabolism - e.g., energy storage vs. use - alternate within a 24-hour cycle. Convergence of the circadian
cycle with the energetic system occurs in the hypothalamus, as well as in peripheral organs such as the
pancreas. Dr. Bass presented data showing that islet cells have autonomous clocks and produce different
amounts of insulin in response to iso-caloric meals given at varying times of day. Studies on the differential
expression of RNA indicate that disruption of the clock leads to both gene activation and gene repression,
and that clock-mediated regulation differs between cell types (e.g., islet cells vs. hepatocytes). Dr. Bass
expounded on CLOCK and BMAL, two transcription factors that heterodimerize to regulate rhythmic gene
expression in response to the clock. In islet cells, they influence the transcription of genes involved in
priming vesicles and releasing insulin, as well genes that promote beta cell development and health. We
would be curious to see how meal timing is involved in this molecular clock, as this more clinical perspective
of diabetes and obesity care can potentially be actionable.

Questions and Answers

Q: Did you get the chance to look at other transcription factors that bind to site enhancers?
Are there transcription factors that bind chronically to the sites and keep them open, and
which are influenced by CLOCK and BMAL?

A: We also looked at PDX1. But the question you're asking is an experiment that we haven't done. I don't
know the answer to it; however, we're looking more at PDX1 and some other factors, as well as a number of
additional markers.

Q: Did you do RNAseq on the islet cells? Did you see any hint of rhythmic gene expression in
alpha cells, and do you think that some of the principles observed in beta cells might be
present in alpha cells? For example, the counter-regulatory hormonal response may be
regulated by circadian rhythm.

A: With regard to the rhythmic RNA analyses, those were done without separating alpha and beta cells. The
chromatin IP experiments were in beta-cell lines, so this data is all anchored on the beta cell. I think that the
evidence would suggest that there are similar aspects in the alpha cell. We didn't have that technical setup for
this analysis; however, it is a good point.

Q: I realize it's impossible to know the real answer, but can you comment on teleology? I
would think of the beta cell as the prototypical responsive kind of cell. What is the teleological
reason for the cell to secret more insulin at one time of day versus another? Why would its
response be controlled by circadian rhythm?

A: I think that these are vestiges, and that the embedded clock mechanism is a very primitive feature of the
genome. I view the beta cell as homologous to hypothalamic neurons and all neurons, as it has polarizing and
depolarizing functions. The clock mechanism is a vestigial function, and the selection was probably for
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behavior; however, I think it clearly has an impact on health. A big feature of neurons is that they clearly know
what time of day it is. I don't know whether there is a teleological explanation for beta cells.

Q: So type 1 diabetes is an autoimmune attack on the beta cells. Do you have any thoughts on
the interface between autoimmunity and the circadian clock mechanism?

A: There are two different ways to address the question. One is from the perspective of immune-cell biology
and the other is from the perspective of beta-cell biology. I think that in the type 1 community, there's a
similar dichotomy. It is believed that type 1 diabetes is due to a non-viral intrinsic defect in the beta cell
function that occurs early in development. The thinking is that there are remaining islet dendritic cells that
are presented with an antigen early in development, and the problem is related to errors in protein trafficking.
One concept from the standpoint of the beta cell is that if we understand the machinery and regulation of
peptide trafficking in these cells, it will give us insight into the mechanisms that are perturbed in the antigen
presentation to beta cells. On the other hand, immune cells are also controlled by transcription factors that
are convergent with this area.

Symposium: Metabolic Surgery - Is it Ready for Prime Time?

WHAT IS THE COST EFFECTIVENESS OF METABOLIC SURGERY FOR THE TREATMENT OF
TYPE 2 DIABETES?

William Herman, MD (University of Michigan, Ann Arbor, MI)

Dr. William Herman presented data demonstrating the "clear" financial argument for metabolic surgery
over failed conventional treatment. He cited a number of studies in general obese populations and type 2
diabetes, demonstrating that surgery was either "cost effective" (good value of resources spent) or "cost
saving." He attributed this benefit to three major points: (i) surgery is safe and effective; (ii) the impact on
the outcomes is large; and (iii) the time to positive outcomes is short. While he spoke in glowing terms about
these benefits, he did acknowledge that the long-term effects of surgery remain unknown - in particular, he
noted that the BIG assumption is that the positive effects of surgery will persist over time without negative
comorbidities.

▪ Dr. Herman presented data demonstrating that surgery is more cost effective earlier
in the course of type 2 diabetes and when surgery is performed laparoscopically. Other
trends he highlighted including the greater success of surgery: (i) in women vs. men; (ii) in patients
who were more obese; and (iii) in patients with more obesity-related comorbidities. Additionally,
data seemed to suggest greater cost-effectiveness when studies were funded by industry - though Dr.
Herman did not spend too much time on this this, it's certainly interesting and we believe warrants
independent research in the future.

▪ Dr. Herman also pointed out additional limitations in our understanding of surgery: i)
a lack long-term RCTs; ii) the assumption that BMI will remain stable following surgery; and iii) and
a lack of data examining the costs associated with negative long-term consequences surgery (e.g.,
nutrient deficiency, etc.).

WHAT IS THE EVIDENCE IN SUPPORT OF METABOLIC SURGERY FOR THE TREATMENT
OF TYPE 2 DIABETES?

Philip Schauer, MD (Cleveland Clinic, Cleveland, OH)

Dr. Philip Schauer concluded his talk with an emphatic "Yes!" to the question of whether metabolic surgery
is ready for the prime time. He spent the majority of his presentation reviewing 11 randomized controlled
trials (surgery vs. medication), highlighting that research on bariatric surgery has consistently shown a
significant reduction in A1c, with all but one study favoring surgery over medication. In these studies, Dr.
Schauer pointed out that the number of major adverse events has been small; minor adverse events have
included cases of micronutrient deficiencies and mild anemia, with less than 1% of patients experiencing
severe hypoglycemia. He also reviewed the new 2016 guidelines for bariatric surgery that recommend
surgery to treat type 2 diabetes in patients with BMI ≥40 kg/m² and those with BMI of 35-39.9 kg/m² when
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hyperglycemia is inadequately controlled by lifestyle and medical therapy. Dr. Schauer stressed that the
more important addition to the guidelines concerned the recommendation of surgery for people who have a
BMI between 30 and 34.9 kg/m² if hyperglycemia is inadequately controlled - a big paradigm shift
considering that surgery has typically been perceived as an option for only those with more severe forms of
obesity. We will be very curious to see how the uptake of metabolic surgery changes following the
publication of these guidelines and whether payers will get on board in covering surgery for those with a
lower BMI.

▪ Dr. Schauer also discussed evidence gaps in metabolic surgery, highlighting the lack of
research into the long-term effects of the procedures. Along these lines, he praised the
ongoing observational ARMMS study that will be begin to provide some answers on this front.

Symposium: Exercise as the Afterburner for the Post-Bariatric Surgery Patient

METABOLIC ADAPTATIONS THAT ALTER BIOENERGETICS AND BODY COMPOSITION

Kevin Hall, PhD (NIDDK, Bethesda, MD)

Dr. Kevin Hall gave a phenomenal presentation on the persistence of metabolic adaption in contestants
from season 8 of The Biggest Loser, noting that he is "still a little surprised" by the results. He opened by
noting that fat free mass is the most significant driver of resting metabolic rate, and that metabolic
adaption represents the difference between predicted vs. actual metabolic rate. Dr. Hall focused on his
highly-publicized study, which followed the 14 contestants during the 30-week TV show, and for six years
afterwards. On the show, the contestants experienced relative preservation of fat-free mass despite rapid
weight loss, with >80% of weight loss coming from body fat in the setting of substantial, diet/exercise-
induced weight loss. They had a significant negative metabolic adaption at the end of the show, meaning
that the metabolic rate slowed to a degree greater than expected for their smaller body size and lower fat
free mass. Metabolic adaptation has often been observed with active weight loss, including that achieved
with Roux-en-Y gastric bypass (RYGB). However, while metabolic adaption disappeared after 1 year in
surgery patients, it persisted for six years in the Biggest Loser contestants, even as they regained, on
average, about two-thirds of the weight lost during the competition. Dr. Hall concluded by positing that
metabolic adaption represents a response by the body to reach its former, heavier weight. For more on this
study, please see our full coverage.

▪ Dr. Hall highlighted that fat free mass is the most significant driver of metabolic rate.
Thus, maintaining fat free mass during substantial weight loss would be expected to counteract the
compensatory decrease in metabolic rate. Data from The Biggest Loser contestants revealed two
interesting findings: first, the participants were able to achieve a relative preservation of fat free
mass in the setting of drastic weight loss, a finding not observed in bariatric surgery patients.
Second, these contestants had much lower resting metabolic rates after weight loss than would be
expected for their amount of fat free mass. Dr. Hall explained that the difference between the
predicted value and actual measurement of metabolic rate is termed metabolic adaption. For the
contestants, this was a difference of several hundred calories per day.

▪ Dr. Hall's team used their simulation model to predict how the contestants would
have responded if they had only dieted or only exercised while on the show. The model
predicted greater reductions in total body weight from a theoretical regimen of dieting alone (~34 kg
[75lbs]) vs. an exercise-only regimen (~27 kg [60 lbs]). However, greater reductions in fat mass were
predicted with the exercise-only vs. the diet only regimen (~27 [60 lbs] kg vs. ~22 kg [49 lbs],
respectively). We find these results interesting in the context of the exercise vs. diet debate, as we
have heard that diet is critical in the weight loss period while exercise is more important in the
weight maintenance period.

▪ In an interesting study, Dr. Hall's team compared metabolic parameters between 13
Biggest Loser contestants and 13 pair-matched patients of RYGB. Both groups
experienced a metabolic adaption while actively losing weight. However, the metabolic adaption
disappeared after one year in the surgery patients. In contrast, it persisted in the Biggest Loser
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contestants through the six-year follow-up, despite the fact that these participants had gained back
significant amounts of weight, and were no longer in the active phase of weight loss.

▪ While one would expect that a high level of metabolic adaption would result in a
greater amount of weight gain following the show, no such relationship was observed.
In contrast, the highest levels of adaption were observed in the contestants who had lost and
maintained the greatest amount of weight during the six-year follow up. Per Dr. Hall, these results
suggest that metabolic adaption is a response to weight loss - i.e., a tool used by the body to reach its
former, heavier weight. Of note, this response was absent in patients who lost weight via bariatric
surgery, indicating that RYGB may lead to physiologic changes that do not occur in people who lose
weight via diet and exercise - indeed, the new framework for surgery has shifted more toward
physiological rather than mechanical mechanisms.

▪ As background, The Biggest Loser brings 16 obese contestants (average BMI of 50
kg/m ) to a ranch in California,2 where they are placed on a rigorous diet and exercise regimen.
Participants are sent home each week, with the knowledge that they will reappear on the show
during its finale on week 30. Dr. Hall and his team followed the 16 contestants throughout the show,
and 14 during the six years afterwards.

▪ The show contestants lost an average of one pound per day while at the ranch, followed
by an average of a half-pound per day while at home preparing for the show's finale. Measures of
energy expenditure rate (using doubly-labeled water), as well as indirect measures of calorie intake
(using the team's model) indicate that while on the ranch, the contestants were expending roughly
4,500 calories per day (corresponding to three hours of vigorous exercise) while taking in 1,300
calories per day. After being sent home from the show, the contestants had an energy expenditure
that corresponded to roughly one hour of vigorous exercise daily, with a daily calorie intake of
roughly 2,000. These numbers indicate the substantial energy imbalance experienced by the
contestants.

Questions and Answers

Q: These are amazing results. Which kind of diet did the contestants have while on the show?
Did it consist of protein?

A: We did not control their diets. They basically had a fridge stocked with food and they were given
instructions to not eat less than their calculated resting metabolic rate. They were encouraged to eat greater
amounts of protein and whole foods, but the show didn't measure it, and it was not feasible for us to measure
it. After the contestants went home, we didn't know what they ate.

Q: So there was no integration of protein? You hear of people taking protein powder after
going to the gym.

A: I don't think they had protein power. The show does have an educational component that tries to educate
the contestants on how to prepare different healthy meals for themselves. Part of the process is to stock the
ingredients in the fridge and hope that the contestants will use them.

Q: This is hugely interesting. I was wondering - is it more of a surprise that their resting
metabolic rate was so low after their regained weight, or that it wasn't even lower given the
physiologic changes that occur?

A: That's a good question. I am not surprised by the results that we got during the competition or at the end of
it. What I'm surprised about is how the metabolic rate was still so low in a state of weight maintenance at a
higher weight. During the competition, I think our models worked beautifully.

Q: The biggest losers are like professional athletes, really. They are really clued into all the
aspects of weight loss, including stimulants and other things. Were you able to control for
that, and was that a factor in some of the metabolic changes that were measured?
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A: [Jokingly]: Sounds like you've been reading the NY Post. It's a good question. The ranch is basically a
sports rehab facility. I was not aware of - and have no reason to believe - that there was any use of stimulants
in the people who were studied. The fact that the metabolic rate was lower than expected - not higher than
expected - seems to go along with this assessment. Once we publish the data, it may influence what people use
to counter the metabolic adaption with weight loss, but that won't affect our study and I have no knowledge of
it.

Q: In the gastric bypass group, did you have outliers, and did you measure sympathetic tone or
norepinephrine in the urine to see whether the decrease in metabolic adaption is driven by the
sympathetic nervous system?

A: We only looked at the common measures between the Biggest Loser contestants and the surgery patients.
Leptin seemed to be the only predictor of metabolic rate in these two groups, and that may even be an artifact
because the contestants had immeasurable levels of leptin while the bariatric patients had measurable levels.
Like I said, the physiologic mechanisms underlying this effect are still not well determined.

Q: In terms of brainstorming mechanisms, I am curious if the amount of exercise matters for
the amount of metabolic adaption for this population. If you were to take a subgroup and have
them exercise only 20 minutes a day, and eat 500 calories less, maybe their body's response to
exercise-induced weight loss would be different with regard to resting metabolic energy.

A: That's a great question. I presented the lack of metabolic adaption after bariatric surgery as a possible
indication of resetting the set point. Alternatively, you can say that the contestants did such extreme exercise
and calorie restriction that they are the outliers - i.e., that as a result of this crazy intervention, some
permanent change has occurred that makes them an outlier. That is also a perfectly reasonable interpretation
of the data.

Symposium: When Food Access Is the Problem - Improving Diabetes Care and Outcomes in
Low-Income Populations in the US

DIABETES NUTRITION MESSAGING AND EDUCATIONAL STRATEGIES FOR LOW-INCOME
POPULATIONS

Kate Hilliard (Food Bank of Corpus Christi, Corpus Christi, TX)

Ms. Kate Hilliard introduced a spectrum of nutritional education programs and food messaging techniques
that operate in conjunction with the Food Bank of Corpus Christi, located in a region of Southern Texas with
a 25% prevalence diabetes and a poorly insured population. Ms. Hilliard is a field worker, and we found it
fascinating to hear her first-hand experiences with food insecurity and diabetes management. She spoke in
particular to the challenge of eating healthy for families in which parents are working multiple jobs and in
which the purchase of unhealthy and inexpensive food is a necessity, not a choice - of course, she noted that
this challenge is only magnified for patients also living with diabetes. With this in mind, the Food Bank of
Corpus Christi aims to help food insecure populations by providing more easily accessible nutritious
produce, cooking classes, and more. For patients with diabetes specifically, the organization also holds a
program - called Diabetes Hands On - that helps attendees understand the basics of how nutrition affects
glucose and how to "balance their plates." The eight-week program tracks attendees' A1cs and, in Ms.
Hilliard's words, provides a supportive community for those struggling with the challenges of both food
insecurity and diabetes management. We were inspired to hear Ms. Hilliard's commitment to helping
patients with diabetes and came away with a much more nuanced understanding of the challenges of eating
healthy on a minimal budget - indeed, if one message were to be taken from Ms. Hilliard's moving
testimony, it would be the need for more people who are willing to work with those who most need it.

▪ Ms. Hilliard shared that Feeding America and Bristol Myers Squibb recently piloted a
program with the Food Bank of Corpus Christi in which low-income adults with type 2
diabetes are provided monthly food boxes, one-on-one educational screenings, and bi-
directional clinic referrals. The three-year program helped over 600 clients and, in one case,
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helped a patient lower her A1c from 13.0% to 7.4% in one year. We're not sure if the program has
received requisite funding to be extended into the future.

▪ Ms. Hilliard stressed the importance of cultural competency in working with her
majority Latino population. She acknowledged the strong ties to food in Hispanic culture,
noting that conversations around diet have to be approached in a sensitive way. She noted, too, that
norms of health are different between cultures, suggesting that dialogue around food has to first be
grounded in a shared understanding of what it means to be healthy.

Symposium: Immunobiology of Type 2 Diabetes

NK/NKT CELLS IN OBESITY

Mark Esley, PhD (Brigham and Women's Hospital, Boston, MA)

The thrust of Dr. Mark Esley's talk was that what is good for immunity against cancer is often bad for
autoimmunity and inflammation, and vice versa. His team has exploited natural killer (NK) and natural
killer T (NKT) cells in preclinical models and clinically to elucidate regulatory responses of cellular
immunity pathways (e.g. Th1, Th2, Th17). He has found that NK cells, innate lymphoid cells present in
human and murine abdominal fat, are increased in count and partly defective in obesity. They confer pro-
inflammatory effects on macrophages that are often linked to promotion of obesity and type 2 diabetes.
Conversely, NKT cells, which release a large variety of cytokines when activated in both humans and mice,
are reversibly depleted in obesity and play a protective role against type 2 diabetes. NKT cells in adipose
tissue are superior regulators of inflammation due to their thermogenic properties, which promote higher
metabolic rates and are essentially a preventative measure against obesity. However, obesity causes a
dramatic reduction in invariant NKT cells and an increase in inflammatory M1 macrophages. In addition,
NKT cells are often absent in autoimmune diseases. Dr. Esley noted that a number of phase 1 trials have
been started to investigate the reactivity of CD1-reactive NKT cells, mostly in the context of tumor
immunity. He also raised the intriguing idea of investigating NKT double defective cells in patients with
both obesity and cancer.

Mini-Symposium: The Feasibility of Doing High-Intensity Interval Training (HIIT) in Persons
with Diabetes

TO HIIT OR NOT TO HIIT?

Sheri Colberg-Ochs, PhD (Old Dominion University, Virginia Beach, VA)

"Who wouldn't want to just exercise for just one minute rather than 45, right?" began Dr. Sheri Colberg-
Ochs, a leading expert and published author on diabetes and exercise science, as well as the 2016 recipient of
the ADA Outstanding Educator in Diabetes Award. The most recent fitness craze involves high-intensity
interval training (HIIT), which is characterized by short bursts of maximum (or close to maximum)
exertion. Although there are significant benefits of such training for some populations - namely young, fit,
athletically-minded individuals - for patients with type 2 diabetes and obesity complications, the feasibility
of success or even safety of this form of training is incredibly low (as discussed in and cited by Dr. Colberg,
Biddle and Batterham, 2015). HIIT marketing is incredibly intriguing, especially as it is currently presented
in the media. However, Dr. Colberg emphasized the myths and problems associated with such marketing
and subsequent utilization of training strategies. Instead, Dr. Colberg argued that more feasible solutions to
increase the physical activity of patients living with type 2 diabetes and obesity are required.. For this
population, increasing physical activity by creating daily opportunities to break from one's sedentary
lifestyle, such as sitting less and walking more, is much more effective in long-term weight management
and health regulation. Thus, when dealing with the bottom of the pyramid of health among individuals, the
best way to approach weight loss and health maintenance is personalizing treatment in more ways than
just pharmacotherapy.

▪ Dr. Colberg exposed the lack of understanding about HIIT and its resulting success.
First, there is no universal understanding of exactly what "high-intensity" physiologically entails.
Second, the enticing headlines are misleading in their exclamatory promise of short duration. In
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reality, most proper HIIT workouts require at least 25 minutes of dedication. Third, for those who
are not well-seasoned athletes, HIIT workouts are simply not enjoyable, which reduces the
likelihood of consistency in or commitment to a training program. Most importantly, the population
most necessary to reach with health interventions do not have the same physical capacity as those
who dominate the HIIT scene.

▪ As Dr. Colberg asserted, older people who are severely overweight, suffer from type 2
diabetes complications, and lead a sedentary lifestyle are generally not able to follow
or stick with the demands of such an intense exercise program, especially at the beginning
of their physical activity training regimen - "If you can't imagine your elderly, overweight grandma
with type 2 diabetes doing HIIT regularly (or at all), then it's probably not the right exercise to
recommend for everyone to do as a lifelong activity for disease management," (i.e. "The 'Grandma'
Test").

Corporate Symposium: Options and Outcomes - Individualizing Therapy To Help Your
Patients With T2DM Successfully Achieve Their Weight Loss Goals (Sponsored by the Institute
for Medical and Nursing Education, Inc. and supported by Novo Nordisk)

SUMMARY

W. Timothy Garvey, MD (University of Alabama, Birmingham, AL); Davida Kruger (Henry
Ford Health System, Detroit, MI); Donna Ryan, MD (Pennington Biomedical Research Center,
Baton Rouge, Louisiana)

The focus of this corporate symposium was on the relationship between type 2 diabetes and obesity and
using weight loss as a form of treatment therapy. Speakers explored the complex nature of obesity as a
chronic disease and the various forms of novel treatment as a result of changing paradigms. Through
individual presentations by Dr. W. Timothy Garvey and Ms. Davida Kruger and discussion panels based on
real-life case studies, the session focused on the necessity for obesity to be viewed as a chronic disease and
treated as such. One focus of the discussion was an emphasis on the combination of obesity-related
medications and behavioral therapies. According to the speakers, for doctors who care for type 2 diabetes
patients, it is crucial that they are trained and continually educated in in treating obesity, as it is often a
deciding factor in patient outcome. Furthermore, the speakers emphasized that doctors treat obesity and
diabetes on a case-by-case basis, as patient values and needs are different. Dr. Ryan ended the symposium
by expressing her hope that the diabetes field will be a leader in focusing on weight management as a
therapeutic approach and leverage weight management as a tool to better help patients. Please see below
for the symposium's panel discussion.

PANEL DISCUSSION

Q: What is the best intervention or therapy? The first option is to start a stricter drug regimen
and the second is to enroll in a medical management program for obesity that includes
behavioral therapy.

Dr. Garvey: I think a medical management program is right. We're used to using diabetes meds to treat
diabetes, but there are new evidence-based guidelines that can really affect weight loss. We've started to
realize these new benefits and not just for glucose lowering medicines.

Q: What are some barriers that you typically explore with patients that struggle to lose weight?

Dr. Ryan: I think a big one is the extra meal between dinner and bed. Medication-giving doesn't help getting
to bed with higher blood sugars. What about choosing better snacks and finding how to stay away from the
kitchen? Talk about what your patient can do to reduce food in evenings.

Type 2 diabetes is an obesity-associated disease. It's not just that they have common drivers; it's that obesity
is a driver of beta cell dysfunction. For every patient with BMI over 25, you must address weight management
because it's a key to good diabetes management. It's appropriate for every obese and diabetic patient you're
seeing. You don't need to normalize weight. We don't have the tools to treat to a BMI of 25 or often even 3o,
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but we can achieve weight loss of 5%, 10%, 15%. Tim described how to use different approaches to reach
different degrees of weight loss. More weight loss is, of course, better.

Q: How can we predict who is going to gain weight after bariatric surgery?

Dr. Garvey: Since we all have different mechanisms of action, combos are a good approach? Naltrexone,
phentermine, etc. drive weight gain in patients with obesity. The future is combining these medications for
weight loss. Right now, we are lacking a lot of data and the FDA cautions only use where safety data exists. We
just need to wait for some trials to guide rational therapy. There are surely more options in the future that are
not too far off.

Q: What is your physical activity prescription to patients with diabetes?

Ms. Kruger: Well, it's not running marathons. I'd ask for them to do more than what they've been doing so if
they've not been doing anything, then have them start with 15 minute walks, something like that.

Q: What about weight training?

Ms. Kruger: In the older patients, that helps them when their body fat changes to sustain whatever muscle
they can

Q: Two related questions here are if the patient has a history of gastric-bypass and regains
weight, can they take a weight-loss medication? Which one might it be and are weight-loss
medications FDA-approved for those who have had bariatric surgery?

Dr. Garvey: You know, we are really lacking data in the use of weight-loss medications in patients following
bariatric surgery either to promote more weight loss or prevent weight regain or to address weight regain in
those patients where that happens. There is a little data with liraglutide, which was shown in a small study
that it was effective and safe; there's no reason to assume that patients wouldn't do well on these medications,
except with the exception of orals in patients whose GI tracts have been manipulated in that way, but just like
the data, there are studies being performed right now. But I think there will certainly be a place for weight-
loss medications, particularly in patients with weight regain following bariatric surgery.

Q: What do you do about the cost of the therapies?

Ms. Kruger: We all know it's an issue and we're hoping that by documenting the needs of these patients, the
fact that the FDA will take note of the importance of weight reduction will change some of their stances. I
think there are some generic combinations that can be done, but in general, you have to write a prescription to
see what coverage we can get.

Q: Why is 5%-10% weight loss so effective in individuals who are obese and remain obese after
just 5%-10% weight loss?

Dr. Ryan: This weight loss can have dramatic health benefits. A study showed that people who achieved 5%,
11%, 16% weight loss - they showed that different tissues and different organs respond differently to these
weight losses, and that you probably maximize liver and adipose tissue insulin sensitivity at just 5% weight
loss. But interestingly, it took about 15-16% weight loss to see significant changes in many inflammatory
factors.

Q: How about diabetes drugs for obesity?

Dr. Garvey: Here's a recommendation that the best thing to do in these situations is to have metformin,
SGLT2 inhibitors, and glucose-receptor agonists all combined, and I think there's nothing wrong with that,
but when you have a hammer, if you're going to use it to hit the nail, if you have other tools, you're going to
use those. And I think it just happens that we're just used to using glucose-lowering medications. If we're
really treating obesity, body weight to reduce adipose to improve health, I think just relying on glucose-
lowering medications, even if they lead to modest weight loss, why not use evidence-based treatments for that
weight reduction, because we've seen the evidence and the benefits in patients across the board with many
cardiovascular factors, so it just reflects a reliance on doing what we do best instead of learning new
approaches to treating patients with type 2 diabetes.
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Ms. Kruger: I think you're right, and another comment on top of that is that people have to come out of their
comfort level in that obesity doesn't go away, it's not going to go away, and it continues to get worse. If we
really are going to find the best-quality care, then we need to use medicines for both obesity and diabetes.

Diabetes Complications

Oral Presentations: Hypoglycemia Potpourri

SEVERE HYPOGLYCEMIC EPISODES ARE ASSOCIATED WITH FALLS AND FRACTURES IN
ACCORD

Ann Schwartz, PhD (UCSF, San Francisco, CA)

Dr. Ann Schwartz's study used data from the BONE ancillary study in the ACCORD trial to assess whether
hypoglycemia increases the risk of falls and fractures. Fifty-four clinics collected data from the 6,865
participants on hypoglycemia (including severe episodes requiring medical assistance [HMA]; data
collected every two to four months), A1c (measured every four months), and non-spine fractures and falls
(reported annually). During the mean follow-up of five years, the number of patients with ≥1 HMA was 171
(5%) and 411 (12%) in the standard and intensive glycemic groups, respectively. In total, 549 participants
experienced ≥1 confirmed fracture, and about 20% of the participants experienced a fall each year. A
proportional hazards model (adjusted for age, gender, race, ACCORD group, clinical network, and baseline
A1c) showed that history of HMA was associated with a higher rate of non-spine fracture, independent of
falls. An adjusted logistic regression model with repeated measures showed that HMA and mean A1c were
both associated with falling.

▪ Baseline characteristics of the participants were as follows: average age of 62 years, 34%
women, 69% Caucasian, diabetes duration of 11 years, BMI of 33 kg/m , insulin use in 37%, and2

baseline A1c of 8.3%.

▪ Table 1: History of any HMA, but not A1c, is associated with higher rate of non-spine
fractures.

Non-spine fractures Falls

HR 95% CI p OR 95% CI p

HMA 1.7 1.3 -2.3 <0.001 1.2 1.1-1.4 0.003

Mean A1c per 1% increase) 1.1 0.95-1.2 0.253 1.1 1.0-1.1 0.041

▪ Dr. Schwartz briefly commented on the study's limitations. She noted that falls and
fractures were self-reported. Given the yearly intervals between reports, patients could have
forgotten to report events. Looking ahead, her team plans to adjust the model for renal function, a
potential confounder because it could be associated with hypoglycemia and bone mineral density.

Questions and Answers

Q: These are very interesting results. Did your data analysis shed light onto the etiology of this
association? Is hypoglycemia causing lower bone density? Are people falling when they
become hypoglycemic? Is hypoglycemia just an identifier for people with poor baseline health
who are more likely to have worse outcomes?

A: It was a little unexpected that adding falls to our model of fractures had such little effect. It makes me think
back to a limitation of the study - i.e., that falls were self reported. Perhaps they were not measured well
enough, so we cannot see the real role they are playing. We have to connect the results of this study with other
data from ACCORD, which looked at all the hypoglycemic episodes that occurred during the intensive
intervention. Only three of the hundreds of episodes of hypoglycemia were related to fractures, and these
accounted for a very small fraction of all the fractures during the study. I suspect that there is one path where
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hypoglycemia causes people to fall and fracture bones. I also think there's also something else going on where
hypoglycemia is a marker of other issues that can increase the risk of fracture. We unfortunately don't have
bone density data, so we can't adjust directly for that factor.

Q: It wasn't clear from the presentation whether there was a greater number of falls or
fractures in the intensive intervention arm.

A: We looked at that data. I didn't include it here; however, there was no difference. This was particularly
surprising for falls.

Q: Do you have any measure of the economic cost - i.e., how many patients with fractures were
hospitalized. This is a very important part of the associated morbidity.

A: That is a great question. We don't know that for ACCORD. Speaking generally on this topic, the most
serious fracture is a hip fracture, which comes with high hospitalization costs and poor outcomes. You also see
an issue of limited activity with other types of fractures. Diabetes is also associated with a higher risk of post-
fracture mortality and of different short term complications, mainly infection.

Q: Was there a difference in results between men and women?

A: The men had fewer fractures, but we didn't see any difference in terms of the association between
hypoglycemia episodes and fractures. Caucasians had the highest rate of fractures; but again, we didn't see an
interaction in terms of the association.

CARDIAC EFFECTS OF SULFONYLUREA-RELATED HYPOGLYCEMIA: INCREASED QT
DYNAMICITY AND ECTOPY

Timothy Middleton, MBBS (Royal Prince Alfred Hospital, Sydney, Australia)

Dr. Timothy Middleton's study investigated the effects of hypoglycemia on cardiovascular (CV) risk in 30
type 2 patients on SFUs and other anti-diabetes agents. The participants wore both CGM (iPro2) and holter
monitors for 48 hours, under normal living conditions. The 1,360 hours of data showed a total of 15
hypoglycemic episodes (<63 mg/dl) that occurred in nine patients - most episodes were nocturnal (67%)
and asymptomatic (73%). Baseline characteristics, CV disease status, and treatment were comparable
between the patients with hypoglycemia ("hypo" group) and those without ("NH" group). The 30 study
participants (12 females and 18 males) had an average age of 67 years and average A1c of 6.9%. An
increased QTc interval was observed in a fraction of the patients with hypoglycemia. The authors measured
QT dynamicity (QTD) - a predictor of mortality - and found an increase in nocturnal QTD in the hypo group
vs. the NH group (0.19 vs. 0.16, respectively; p=0.01). This increase was observed even when patients in the
LG group were out of the hypoglycemic range. In addition, the authors found increased rates of ventricular
ectopy (RR 1.6 [95% CI: 0.4-2.1]) and of supraventricular ectopy (RR 1.3 [95% CI: 09-1.6]) during the
episodes of hypoglycemia. Lastly, nocturnal, asymptomatic hypoglycemia was observed in >25% of well-
controlled participants in association with increased QT dynamicity and ectopy. These findings provide
unique implications for guidance on the intensity of glycemic control, as we hope we can identify which
patient populations are most at risk with this association.

▪ Baseline characteristics were similar between the hypoglycemia and non-
hypoglycemia groups, with the exception of systolic blood pressure. The participants had
an average age of 63-68 years, percent male 57-67%, percent Caucasian of 78-81%, duration of
diabetes 14-15 years, A1c of 6.6-7.0%, BMI of 31-32 kg/m , SBP of 122 (hypo) and 131 (non-hypo),2

DBP of 71-72, rate of hypertension of 67-71%, rate of dyslipidemia of 56-86%, rate of microvascular
complications of 11-38%, and rate of macrovascular complications of zero (hypo) vs. 24% (non-
hypo). At baseline, the participants had an average SFU dose of 60mg. Across the two groups,
43-56% were on one or two diabetes agents and 44-57% were taking three to four diabetes agents.

▪ Dr. Middleton highlighted that some individuals displayed significant QTc
prolongation during hypoglycemia, while others did not. Of the three participants who
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experienced daytime hypoglycemia, one experienced borderline QTc prolongation. Of the eight
participants who experienced nocturnal hypoglycemia, four had borderline or prolonged QTc.

▪ QT dynamicity (QTD) is the QT interval vs. thee RR interval regression line gradient -
i.e., the variations in QT duration that depend on physiologic conditions. It reflects activation of the
sympatho-adrenal system and varies diurnally, with lower levels at night. Dr. Middleton noted that
QTD is an emerging risk factor assessment for cardiovascular disease.

Questions and Answers

Q: Congratulations! That was a nice presentation and great study. Do you know the potassium
level in your participants, and did you look at heart-rate variability?

A: We did measure potassium at baseline, and there was no significant abnormality. Unfortunately, because
it's a free living study, we could not test potassium levels at the time of hypoglycemia. I did not look at heart
rate in this particular study.

Q: What other anti-diabetes agents were the patients taking?

A: All of the patients were also on metformin. Other agents included DPP-4 inhibitors and GLP-1 agonists.

Q: Was there a difference between asymptomatic and symptomatic hypoglycemia?

A: I did not find a particular relationship with respect to symptomatic versus asymptomatic episodes.

Oral Presentations: Clinical and Translational Studies in Atherosclerosis of Diabetes

GENETIC PREDICTORS OF CARDIOVASCULAR MORTALITY DURING INTENSIVE
GLYCEMIC CONTROL IN TYPE 2 DIABETES

Hetal Shah, MD (Joslin Diabetes Center, Boston, MA)

Dr. Hetal Shah and her team investigated genetic predictors of increased cardiovascular mortality seen in
the ACCORD trial. A genome-wide screen was conducted on 6.8 million common variants for association
with cardiovascular mortality in the study participants. Two loci crossed the threshold (p=5x10 ) for-8

genome-wide significance: one in intron 1 of the DNA repair gene MGMT on 10q26, and one proximal to
three long intergenic non-coding RNAs on 5q13. Patients with a genetic risk score (GRS) of 0 or 1 for these
variants saw significant cardiovascular benefits with intensive glycemic control. However, patients with a
GRS of >2 experienced a three-fold increase in cardiovascular events. These findings suggest that these
genetic markers could be used to distinguish patients who would benefit from intensive glycemic control
from those who wouldn't and help clarify the interpretation of one of the most vexing landmark trials in
diabetes. While these findings must be confirmed in other settings, they may also open new potential
avenues for preventing cardiovascular events through precision medicine approaches.

BLOOD PRESSURE AND 25-YEAR RISK OF CORONARY ARTERY DISEASE (CAD) IN TYPE 1
DIABETES (T1D): THE PITTSBURGH EPIDEMIOLOGY OF DIABETES COMPLICATIONS
(EDC) STUDY

Tina Costacou, PhD (University of Pittsburgh, Pittsburgh, PA)

Dr. Tina Costacou examined the relationship between systolic and diastolic blood pressure and coronary
artery disease (CAD) incidence, as well as whether such a relationship differs by sex. She explained that
diastolic blood pressure has a J shaped relationship with CAD in many studies, and trials in patients with
type 2 diabetes have suggested that aggressively lowering systolic blood pressure may not have a beneficial
CAD effect. Dr. Costacou presented participant data from the Pittsburgh Epidemiology of Diabetes
Complications Study, a cohort of individuals diagnosed with type 1 diabetes between 1950 and 1960, when
they were less than 17 years old. These individuals enrolled in the study between 1986 and 1988 and have
subsequently been followed for 25 years. CAD incidence was defined as the first fatal CAD event, myocardial
infarction, revascularization, coronary stenosis >50%, ischemic ECG, or angina. Baseline characteristics
showed that patients with CAD had higher rates of overall disease. Over 25 years, 109 (35.9%) men and 101
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(33.6%) women developed CAD. The linear association observed between SBP and CAD incidence remained
significant after multivariable adjustment only in women. No association between diastolic blood pressure
and CAD was observed in men after adjusting for other risk factors (p=0.61), but a J-shaped association
was still observed in women (p=0.005) and remained after adjustments (p=0.02). Therefore, the shape of
the DBP-CAD relationship does appear to differ by gender in type 1 diabetes, but more research is necessary
to investigate this apparent sexual dimorphism.

DIFFERENTIAL EFFECT OF ACEIS AND ARBS IN CARDIOVASCULAR OUTCOMES IN
PATIENTS WITH DIABETES

Louis Potier, MD, PhD (Hôpital Bichat, Paris, France)

Dr. Louis Potier presented study findings, demonstrating that angiotensin II receptor blocker (ARBs) use
was associated with a lower rate of major cardiovascular events than angiotensin-converting-enzyme
inhibitors (ACE inhibitors) in a subset of people with diabetes. As background, ACE inhibitors and ARBs are
two common drugs used in people with diabetes and they have different sites of action but target the renin-
angiotensin system. Dr. Potier collected data from the international REACH registry, which included 69,055
patients greater than 45 years old with at least three cardiovascular risk factors; the majority of registry
participants had diabetes at baseline. Patients either used an ACE inhibitor, an ARB, or neither, and the
primary outcomes included cardiovascular mortality, hospitalization, and non-fatal stroke or myocardial
infarction. After adjusting for diabetes status, Dr. Potier found that in the cohort of diabetes patients, 33.9%
of ACEi users and 30.2% of ARB users (p = 0.01) experienced a cardiovascular event. He thus concluded that
ARB use was associated with a lower rate of major cardiovascular events than ACE inhibitors for patients
in the REACH registry and with diabetes, but interestingly, this difference was significant only in the
subgroup of patients with atherosclerosis. As cardiovascular risk is very prevalent in the diabetes patient
population, these data are valuable in helping clinicians better personalize treatment for specific patients
and their comorbidities.

Oral Presentations: ADA Presidents Oral Session

NOVEL GENETIC DETERMINANTS OF DIABETIC KIDNEY DISEASE

Jennifer Todd, MD (Boston Children's Hospital, MA)

Dr. Jennifer Todd provided results from her ongoing research demonstrating strong protective associations
between the missense mutation rs55703767 and the risk of developing diabetic kidney disease (DKD). She
introduced the work as the largest genome-wide association study of type 1 DKD to date, which pulled from
a 13-cohort consortium of 15,590 individuals of European ancestry. Her top finding was that the rs55703767
mutation - common to Europeans (20%) and East Asians (13%) - was associated with a 21% risk reduction
in traditionally defined DKD (macroalbuminuria or end-stage renal disease, [OR= 0.79, p=1.9×10-9],
driven by reductions in both components: macroalbuminuria [OR= 0.79, P=1.6×10-6] and ESRD [OR= 0.79,
P=4.5×10-5]. Dr. Todd contrasted her results with the largely unsuccessfulness nature of past GWAS
studies, noting that the larger sample size employed her was critical to her success. Looking to the future,
Dr. Todd noted her interest in further delving into the findings and stratifying these data by gender,
diabetes duration, and A1c to uncover pertinent trends. She concluded by expressing hope that such insights
may pave the way for better understanding of diabetes pathology, prevention, and treatment in coming
years.

Symposium: Heart Failure and Diabetes

IMPACT OF SPECIFIC ANTIGLYCEMIC THERAPIES ON HEART FAILURE RISK

Steven Marso, MD (UT Southwestern, Dallas, TX)

Dr. Steven Marso presented a comprehensive overview of heart failure risk within type 2 diabetes and the
latest evidence on the association between heart failure and today's various diabetes drug classes. He
opened by first illustrating the higher risk of heart failure in people with type 2 diabetes, noting that the co-
existence of the two conditions is common and associated with increased mortality and morbidity.
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Specifically, he pointed to potential mechanisms of sodium/fluid retention, residual ischemic burden, and
MIs that may contribute to this higher risk. Regarding treatment outcomes, Dr. Marso noted that the
efficacy of most heart failure therapies is comparable for patients with and without diabetes, although
diabetes may create challenges in achieving optimal heart failure therapy (due to factors such as chronic
kidney disease, hyperkalemia, and polypharmacy). Moving into diabetes drugs, Dr. Marso highlighted that
some glucose-lowering medications may be associated with heart failure, as he reviewed the data
surrounding DPP-4 inhibitors, SGLT-2 inhibitors, and GLP-1 agonists. Regarding DPP-4 inhibitors, in
reviewing the recent CVOT data, Dr. Marso concluded that heart failure was increased with saxagliptin
(with the highest risk in patients with elevated BNP or prior coronary heart failure and chronic kidney
disease) and "probably increased" with alogliptin, while sitagliptin showed no effect. Dr. Marso remained
relatively neutral on the controversial questions, as he noted that we are still unsure of whether there is a
class or drug effect or if the risk is patient-specific, pointing out that mechanistic studies are under
development. His review of SGLT-2s and GLP-1s was shorter, as he illustrated that the EMPA-REG trial
results have at least demonstrated a significant and clinically meaningful reduction in heart failure events
while lixisenatide did not show a significant effect in its ELIXA trial. We now know, post-LEADER full
results, that liraglutide showed neutral results in terms of heart failure (but trending in the right direction
with an HR of 0.87). Heart failure has certainly been a keen area of interest in the CVOT space and as we
generate greater data from these large trials, we can see this hard endpoint being a potentially key
differentiator among drug classes.

Questions and Answers

Q: In clinical practice, we use GLP-1s and SGLT-2s. Would GLP-1 work against the favorability
of heart failure of SGLT2s?

A: I do think that the combination therapy question is a good question. Regarding the combination of GLP-1
and SGLT-2, from a clinical research perspective, it is an unanswered question. We'll have to wait for
LEADER results to really understand that. But I agree that this deserves future research.

Q: Why would you say that it's increased risk with saxagliptin and alogliptin? These are all
probably different incidences of different drugs. Are we just seeing random increases or are
the drugs actually different?

A: Are we getting repeated measures and just moving back to the mean? I think it's unlikely due to chance
because the sensitivity analysis results are incredibly biologically plausible. You'd be able to see a signal in
high proBNP and see it in lower eGFR. So I don't know. I don't know how to make a call without another one
or two trials. I can't yet say it's a class effect.

Q: There was NEJM article on pioglitazone in people without diabetes. Those results were
similar to PROACTIVE with regards to mortality and stroke. There was no increase in heart
failure - is it more of a problem with diabetic cardiomyopathy?

A: It's a reasonable hypothesis. I think if you take the totality of data from pioglitazone, the vast evidence
suggests that in a diabetic population, it's associated with heart failure. In a lower risk population, we don't
know.

Symposium: Microbiota, Inflammation, and Diabetic Cardiovascular Disease

INTESTINAL MICROBIOTA AND CARDIOVASCULAR DISEASE RISK

W. H. Wilson Tang, MD (Cleveland Clinic, Cleveland, OH)

Dr. W. H. Wilson Tang's presentation on the microbiome was headlined by a simple message that got us
thinking about the importance of the microbiome: "Our BIGGEST environment exposure is represented by
what we ingest as food and what is filtered by our gut microbiota." It is no wonder, he stressed, that this
field has seen growing interest over the past few years, and it was this interest that spurred his
investigation into the metabolism of choline and carnitine (common nutrients found at high levels in meat
and eggs) and cardiovascular disease - work that he first presented at the 2015 Cleveland Clinic Obesity
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Summit. In his ADA presentation, Dr. Tang opened by presenting animals studies that have shown a
mechanistic link between the intestinal microbial metabolism of choline and coronary artery disease via the
production of a proatherosclerotic metabolite, trimethylamine-N-oxide (TMAO). Dr. Tang emphasized that
while choline metabolism was the first pathway his group identified, TMAO itself is the important
prognostic factor of CVD - his shared data from his 2013 NEJM study that showed that higher TMAO levels
are associated with an increased risk of incident major adverse cardiovascular events. He then presented
evidence of a similar link between carnitine consumption and TMAO production. For now, he stressed that
much research remains to be done to identify therapeutic approaches, but he noted that the modulation of
these pathways through diet offers the best solution at the moment.

Symposium: Sticks and Stones Can Break My Bones, But What About Diabetes?

EFFECTS OF DIABETES THERAPEUTICS ON BONE HEALTH

John Buse, MD, PhD (University of North Carolina, Chapel Hill, NC)

On behalf of Dr. Steven Kahn (University of Washington, Seattle, WA), Dr. John Buse presented a review of
the bone health effects of various diabetes drugs. He opened by stressing that this is an area of "emerging
importance," as he feels that not enough attention has been dedicated to these issues in the past development
of guidelines in diabetes. He commented that the data available for assessing risk of glucose-lowering
agents on bone health remains relatively limited, as the quality of evidence is low and there are few head-to-
head clinical studies or large RCTs with hard bone health-related clinical endpoints. At a high level, Dr.
Buse hypothesized the possible causes of increased risk of fragility fractures in type 2 diabetes, noting the
condition's potential low bone quality, low bone turnover, and increased risk of falls. Specifically delving
into drug classes, he highlighted TZDs, SGLT-2 inhibitors, and insulin as the drugs with the "bigger stories"
within bone health. On the other hand, Dr. Buse showed that DPP-4 inhibitors, GLP-1 agonists, metformin,
and SFUs have not yet been associated with a significantly increased risk. Regarding TZDs, he pointed to
ADOPT findings demonstrating an increased risk of fractures in women, though Dr. Buse noted that the risk
should not be ignored in men and commented that this adverse event appears to diminish over time
following medication withdrawal. As for SGLT-2 inhibitors, Dr. Buse highlighted the increased risk shown
in the CANVAS findings (but noted no increased risk seen in EMPA-REG), warning the audience to not
blindly follow the results of smaller studies that show no risk. Notably in insulin, he pointed to the increased
risk of fractures, but highlighted that this is likely not a direct effect of the drug itself, but rather an indirect
consequence of the frailty and hypoglycemia seen in these patients. Ultimately, Dr. Buse's presentation
revealed how many questions remain in this area, as we hope that the field can further consider how to
incorporate these questions into the design of future trials.

Questions and Answers

Q: Have we seen what the effects are of calcium supplementation?

A: I haven't seen a good randomized trial on this.

Q: So does insulin have an increased risk?

A: Insulin as a biological molecule does not cause fractures. It's more associated with frailty and hypo.
Essentially, I don't think insulin has a big effect of bone biology. But hypo is a bad thing and one of its
complications is falls. But it's hard to connect those dots as they're in large epidemiological studies.

Q: Once you lose bone mass, it's very hard to restore the bone to its previous state of health.
With TZDs, would you suggest that if you wait long enough, there would be no fracture risk?

A: When you do something that insults bone and you take that insult away, the bone can recover. It may not
recover all the way. But if you don't achieve peak bone mass at age 20, the probability of getting back to that
bone mass becomes lower.
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Symposium: Hypoglycemia in Special Situations in Diabetes

FACTORS AFFECTING HYPOGLYCEMIA IN CHILDREN

William Tamborlane, MD (Yale University, New Haven, CT)

In a well-structured and thought-provoking talk, Dr. William Tamborlane examined several key issues with
hypoglycemia in type 1 youth. He opened with a discussion of the hormonal response to low glucose levels,
noting that when compared to adults, youth with type 1 diabetes have blunted glucagon responses but a
more rigorous epinephrine surge. A highlight of this presentation was Dr. Tamborlane's discourse on the
conventional belief that youth require higher A1c targets in order to prevent hypoglycemia and to avoid
abnormal brain development. He cited studies that showed that the frequency of severe hypoglycemia is not
decreased in children with higher A1c levels, and that chronic hyperglycemia can alter normal brain
growth. Much of Dr. Tamborlane's talk focused on nocturnal and exercise-related hypoglycemia - he
presented data showing that closed loop delivery can decrease hypoglycemia events at night, and that
snacking plus closed loop can decrease hypoglycemia during afternoon exercise without triggering post-
exercise hyperglycemia. We are reminded of his words, "No treatment of type 1 diabetes will eliminate the
risk of hypoglycemia unless there is feedback control of insulin delivery, especially in the overnight period."

▪ Dr. Tamborlane opened with a discussion on the counter-regulatory hormone
response (CRH) to hypoglycemia in children vs. adults. Highlighting a notable difference,
he cited data from the Children Network Study (Sherr et al. Diabetes Care 2013) showing that
compared to healthy young adults, youth with type 1 diabetes had a decreased glucagon response
after one year of the study, which was more pronounced after two years. Turning to similarities, he
referenced data which showed that both children and adults rely primarily on a catecholamine
response to counteract hypoglycemia; however, children appear to have a more rigorous response,
especially if they have poor glycemic control.

▪ Dr. Tamborlane then asked, "How do we explain the DCCT finding that being an
adolescent was an independent risk factor for severe hypoglycemia with intensive
treatment, despite having higher A1c levels compared to adult participants?" He
hypothesized that the hyperglycemia and hypoglycemia experienced by the DCCT adolescents was
the result of a "perfect storm of the insulin resistance of puberty meeting the delayed and prolonged
PK/PD profiles of large human insulin doses," an answer that drew nods from the audience. In
addition, Dr. Tamborlane cited data from Amiel et al. (JCEM 1991) to show that the insulin
resistance of puberty is mainly peripheral - i.e., that children have decreased stimulation of
peripheral glucose uptake, with normal suppression of hepatic glucose production.

▪ Turning to nocturnal hypoglycemia, Dr. Tamborlane explained why prolonged
hyperinsulinemia is a particular problem for adolescents during sleep. He noted that the
epinephrine response to falling glucose levels is markedly blunted during sleep, and that this
phenomenon is related to sleep itself and not the time of day (patients kept awake at night had
normal epinephrine release). Data also confirm what has been an anecdotal clinical observation -
that the risk of hypoglycemia increases if children have exercised during the day.

▪ Using a thought-provoking series of data, Dr. Tamborlane challenged the conventional
belief that higher A1c targets are required for youth with T1D to avoid hypoglycemia
and thus prevent abnormal brain development. He provided two counterarguments: First,
T1D Exchange data show that the frequency of severe hypoglycemia is not decreased in children with
higher A1c levels. Second, and more importantly, data from the DirecNet study indicate that chronic
hyperglycemia hinders normal brown growth (with changes in total and regional gray and while
matter volume) and can be "detrimental to the developing brain."

▪ Dr. Tamborlane concluded his talk by highlighting the merits of closed loop delivery in
the youth, especially in preventing nocturnal hypoglycemia. Data from his team indicate
that in comparison to open loop, overnight use of closed loop delivery increases the time in the
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target glucose range, due to a reduction in both hypoglycemia and hyperglycemia. This effect was
observed regardless of whether the participants had exercised in the afternoon.

◦ However, the study showed that closed loop control did not prevent
hypoglycemic events during afternoon exercise. This result was unsurprising to Dr.
Tamborlane, who noted that a previous DirecNet study had shown that even suspending
the pump prior to exercise could not prevent hypoglycemia. However, Dr. Tamborlane's
team showed that implementing a practical snacking strategy during exercise while
continuing closed-loop delivery could decrease the risk of hypoglycemia without causing
post-exercise hyperglycemia.

Questions and Answers

Q: The development of ultra-fast insulin makes it a potential solution to some of the problems
you've highlighted. Do you see it as the future standard insulin for children?

A: The problem with fast acting insulin is that it has never been studied in children. It has been suggested that
the major advantage of fast-acting analogs is a decrease in late post-meal hypoglycemia and nocturnal
hypoglycemia. The other issue with the current rapid analogs is that their duration of action is still fairly
prolonged. You give a decent-sized dose, and you will still see some insulin action after five to six hours.
There's room for even faster insulin, and that's something that pharmaceutical companies are working on.

Q: I was wondering whether you have done any studies comparing glucose control on a
practice day vs. a game day.

A: The short answer is that we have not done that. You can obviously spend your whole career on this topic.
There's almost an infinite number of studies; it's not an exhaustive list. We didn't want to get caught in that.
We're not an exercise center. However, I think those are all very interesting and important questions.

Q: Regarding the snacking study, was the snacking only at the beginning of exercise? Was any
weight gain observed?

A: The snacking occurred at the beginning and at the middle. It was only a one-day study so I don't think
there was any weight gain. Obviously, that's another issue. As companies are developing stable liquid
formulations of glucagon, they are looking at whether type 1 patients would rather use mini-doses of glucagon
to counteract hypoglycemia, rather than snacking. That remains to be seen.

Symposium: Management of Cardiovascular Disease in the Patient with Diabetes -Basic
Cardiology for the Diabetologist

MANAGEMENT OF HYPERTENSION IN THE PATIENT WITH DIABETES

William Cushman, MD (Memphis Veterans Affairs Medical Center, Memphis, TN)

Dr. William Cushman explored the importance and accuracy of current guidelines for blood pressure in
patients with type 1 diabetes. He noted that although much of the literature - for example, the Hypertension
Optimal Treatment (HOT) trial and UKPDS - points to a ~140 or 145 mmHg systolic blood pressure goal
over a ~80 mmHg diastolic goal, he believes that a lower systolic blood pressure target may be better for
patients with type 1 diabetes (~120-130 mmHg). In his discussion, Dr. Cushman focused on the ACCORD
and SPRINT trials, acknowledging that there was no association between tighter blood pressure control
and improved cardiovascular outcomes in the former. However, he attributed this lack of benefit to an
"unpowered study," citing the results of SPRINT (that demonstrated benefit for CV outcomes with tighter
control [systolic blood pressure <120 vs. <140 mm Hg]) to conclude that intensive blood pressure control
may carry benefits. Importantly, Dr. Cushman noted that SPRINT focused on intensive blood pressure
control in patients without diabetes, leading him to remark on his hope to further examine this study to
evaluate baseline glucose levels or prediabetes to see if there are improved outcomes that might be
extrapolated to those with diabetes. He did add that high-risk patients without diabetes tend to respond
similarly to patients with diabetes, though ultimately concluded that it may well be time for a new study
examining the impact of intensive blood pressure control in type 1 diabetes.
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Questions and Answers:

Q: Are there some people who should not have their blood pressure controlled down to below
a systolic blood pressure of 120 mmHg? How do you identify those people?

A: Perhaps the elderly population is the one you should be most concerned about, but even in the ACCORD
trial, patients over 75 had more of a cardiovascular benefit. Additionally, in the SPRINT trial, the older
population did benefit. However, we were really careful in treating hypertension in the elderly. It is important
to monitor people carefully and consider individual circumstances. In both trials, we were treating a lot of
people and older individuals to a systolic blood pressure of less than 120 mmHg; if they developed
symptomatic hypotension, it was about getting off alpha beta blockers.

Q: Did you exclude many people from the study?

A: We had exclusion criteria of a systolic blood pressure under 110 mmHg, but that actual number is a very
small percent. Many people had a starting systolic blood pressure of 140 or 150 mmHg and we certainly
proceeded with more caution, but there was no evidence that we should not be trying to manage them or treat
them - but they are often difficult to treat.

Q: With chronic kidney disease (CKD) type 3 or less, what would you recommend moving
forward?

A: The SPRINT trial would suggest that patients with CKD have a goal of a systolic blood pressure less than
120 mmHg. If they are sicker than stage 3 or 4, there isn't really evidence; at that end-stage, we need to be
more cautious. In the ACCORD trial, there weren't that many folks with CKD, but they seemed to act similarly
to the rest of the cohort - but we didn't have a big sample. Overall, those with CKD within the SPRINT trial
benefited. I would include ACE inhibitors in the treatment plan, but not as the only drug.

Comment: Most of what you are saying here are generalizations about blood pressure, but
there are some folks who would suffer if you brought their systolic blood pressure to 120
mmHg. You need to consider individualizing vs. generalizing guidelines.

A: We do need to individualize therapy. Even when I'm trying to achieve a lower blood pressure, I'll discuss
that choice with my patients, and, at some point, if I have them on a high dose of three or four drugs and in
the 120s, I may encourage them to stop driving up the medication. We certainly need to individualize therapy,
but sometimes it's hard to know how to do that.

MANAGEMENT OF UNSTABLE ANGINA AND MYOCARDIAL INFARCTION IN THE PATIENT
WITH DIABETES

Yochai Birnbaum, MD (Baylor College of Medicine, Houston, TX)

Dr. Yochai Birnbaum opened by noting that diabetes commonly overlaps with acute coronary syndrome
(ACS; defined as unstable angina, NSTEMI, and STEMI). Among patients with ACS, 15%-20% have
previously diagnosed diabetes and 22%-31% may have previously unrecognized diabetes based on oral
glucose tolerance tests. Given this overlap, Dr. Birnbaum raised the question of whether all patients
admitted to the hospital for ACS should be screened for diabetes, noting that the 2015 ESC guidelines rate
the evidence behind this recommendation as Class I, level C. Of note, patients with diabetes have a higher
risk of death and adverse outcomes following an ACS event. More broadly, having hyperglycemia or an
elevated A1c on admission has been associated with lower survival. Coronary artery disease accounts for
75% of deaths in patients with diabetes, and the increased risk is believed to be secondary to diabetes-
related platelet dysfunction. Despite these findings, ACS guidelines lack specific recommendations for
patients with diabetes, and aggressive glucose control during the acute phase of ACS is no longer suggested.
In concluding, Dr. Birnbaum cited data from the FREEDOM trial showing that CABG is preferred to PCI for
patients with diabetes and two or three-vessel disease.

▪ Both hyperglycemia and elevated A1c on admission were associated with worse
outcomes following ACS. Dr. Birnbaum cited an observational study of 4,176 patients without
diabetes who were admitted for ACS and who all received PCI. Having hyperglycemia or an elevated
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A1c on admission was associated with lower survival (p<0.001 for both). After excluding early
mortality (defined as less than 30 days), A1c remained associated with an increase in long-term
mortality (p<0.001). Elevated glucose - but not elevated A1c - was associated with larger infarct size.
In addition, after multivariate analysis, A1c - but not glucose - was independently associated with
long-term mortality. In interpreting these data, Dr. Birnbaum noted that hyperglycemia is likely a
marker of acute cardiovascular stress, while A1c is indicative of more chronic metabolic
derangement.

Symposium: Targeting PCSK9 for Treatment of Hyperlipidemia - Progress and Controversies

TARGETING PCSK9 FOR TREATMENT OF HYPERLIPIDEMIA - PROGRESS AND
CONTROVERSIES

Jay Horton, MD (University of Texas, Dallas, TX), Evan Stein, MD (Metabolic &
Atherosclerosis Research Center, Cincinnati, OH), Naveed Sattar, MD (University of Glasgow,
UK)

This symposium featured a comprehensive overview of major clinical trial data showing the promise of
PCSK9 inhibitors in lowering LDL and the conversation also turned to the high cost of the drug (~$14,000/
year). Dr. Naveed Sattar explained the payer's perspective, noting that it is unrealistic to afford prescribing
a PCSK9 inhibitor to all the patients who may benefit from it. He reviewed guidance by the UK's National
Institute for Health and Care Excellence (NICE), which states that PCSK9 inhibitors should be used to treat
patients at high-risk for cardiovascular disease (CVD) if their LDL is persistently above 155 mg/dL, and to
treat those with very high CVD risk (recurrent past cardiac events) if their LDL is persistently above 136
mg/dL, among other recommendations. Under NICE guidance, only a small proportion of patients who
might benefit from PCSK9 inhibitors are eligible. On a positive note, Dr. Sattar said the emergence of this -
albeit expensive - drug class is encouraging patients and providers to retry statins even if they initially
perceive statin-intolerance, which is leading to improvements in lipid control. Dr. Jay Horton argued that
the genetic components of PCSK9 research have expedited the process of drug discovery, with clinical trials
beginning in late 2009 and drugs approved last year, lending a certain optimism to what further
advancements we'll see in PCSK9 inhibitors in coming years. See below for more details on the symposium's
panel discussion.

Questions and Answers

Q: Is there a reason to continue statins once you start PCSK9 inhibition?

Dr. Evan Stein: Absolutely. The guidelines are to add PCSK9 inhibitors if you've maxed out on statins and still
aren't reaching goal LDL levels, not to switch therapies.

Dr. Naveed Sattar: There's evidence that statins work tremendously well, plus they may have legacy effects, so
why stop them?

Q: Could PCSK9 levels be analyzed as an indicator in and of itself? Is it possible that there
might be a better correlation between positive trial outcomes and baseline PCSK9 as opposed
to LDL?

Dr. Jay Horton: There is huge variability in plasma PCSK9 levels in a normal population, and we don't
currently know enough about these variations for plasma PCSK9 to be meaningful.

Q: Was there any new onset of diabetes during any of these clinical trials?

Dr. Stein: Thus far, we haven't seen anything. With some of the recent Mendelian randomization, it may look
like there's been an increase in glucose levels, but in the past 40 years, most lipid-lowering agents have shown
a statistically significant increase in the report of diabetes by physicians in those trials. Now, I think the event
that caused the largest increase in diabetes occurred in 1999, when we changed our definition of diabetes from
fasting blood glucose of 140 mg/dL to 125 mg/dL, the point being that new diagnoses made during a trial
don't necessarily warrant credence. And don't forget that statins are responsible for the largest decrease in
cardiovascular events for patients with diabetes.
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Dr. Sattar: Statins increase diabetes but only modestly. There's no such thing as a side effect free drug. Do
PCSK9 inhibitors do the same? We don't have enough data to determine at this point, but in the next few
months, several papers are going to enrich this area. If there's an effect of PCSK9 inhibitors on new onset of
diabetes, it'll likely be very small, and I wouldn't let it impact clinical practice because the critical point is
reducing cardiovascular disease.

Q: Let's think creatively about cost. If you look at dose response curves, you have more than
half the efficacy of a PCSK9 inhibitor at half the dose. Assuming fixed pricing of these drugs,
why not go to a partial dose once a week? It might not result in the same efficacy, but we'd
have greater cost-effectiveness.

Dr. Stein: That would be off-label therapy, so we wouldn't be able to translate into outcomes data. It's also
hard to stop an auto-injector halfway through. These agents aren't sold in syringes right now, only through an
auto-injector.

Comment: No, there are syringes sold for both drugs.

Dr. Stein: Well, ultimately what pricing will come down to is competition. It won't be too long before we see
biosimilars. All of these drugs will face price competition down the line.

Q: I recognize the numbers are small but they're positive for hemorrhagic stroke and cognitive
decline. Is there any plausible mechanistic connection between PCSK9, LDL, and these two
events?

Dr. Horton: Not to my knowledge, no.

Dr. Stein: When the numbers are this small, they can come from many sources. Initially, the big worry was
PCSK9 inhibitors increasing cancer risk, when in reality the reverse was true. We've gone through a number of
these concerns, and what's left is neurocognitive defects - because some people at the FDA experienced
neurocognitive defects. So they added this to the label for statins and now we have to assess the risk with
PCSK9 inhibitors. The concern over hemorrhagic stroke stems from a correlation between increased stroke
and lower LDL in Asian populations, but Asians tend to have lower LDL to begin with.

Dr. Sattar: I will add that there's a small but real effect of statins increasing hemorrhagic stroke, so we should
be vigilant.

Q: Is the exorbitant annual cost of this drug justifiable, considering the benefits it could have
for my patients?

Dr. Stein: Sanofi and Amgen have probably spent well in excess of two billion dollars in clinical development
and discovery to get where they are today. A lot of us were shocked at the $14,000 annual price - maybe we
expected $6,000-$8,000 - but then I looked at oncology drugs that give patients three additional months of
life, which are pretty miserable at that, and I realized that costs $150,000. With this drug, you'll see big
decreases in heart failure, less need for stents and expensive bypass surgery, etc. Those emergency room visits
for an unstable patient add up to more than $10,000 pretty quickly. Of course it's a tough judgment call, but
let's remember that PCSK9 inhibitors are very effective agents.

Q: Are C-reactive protein levels affected?

Dr. Horton: No.

Dr. Stein: No.

Dr. Sattar: No.

Q: What are your thoughts on use of this medication - a monoclonal antibody - in patients with
a history of lymphoma or underlying autoimmune disease?

Dr. Horton: Developing antibodies against the antibodies is a potential concern. How to deal with that has yet
to be determined. At least you have LDL as a marker to signal neutralizing antibodies.

Dr. Stein: You could also measure free PCSK9, and if the drug is no longer binding, you won't see a decline.

www.closeconcerns.com 277



Dr. Horton: Notably, checking LDL costs around three cents while conducting an assay for free PCSK9 would
cost somewhere around $5,000, so I'd stick to LDL to indicate any neutralizing antibodies.

Dr. Stein: Yes. The only issue with LDL is that if patients stop taking their statins, LDL levels appear to go
back up, and you don't know whether it's due to stopping statins or taking the new drug.

Q: In prior literature, everyone has accepted that Lp(a) doesn't go through the same receptor
as LDL-c. How are we now seeing Lp(a) reductions with PCSK9 inhibitors?

Dr. Horton: The most intriguing possibility is that there's another receptor regulated by PCSK9 and involved
in the clearance of Lp(a). But a lot of work remains on this front.

Dr. Stein: We think that the LDL receptor plays some role, but may not account for all of the Lp(a) decrease.

Q: If we have a defective LDL receptor, why does it matter what the LDL level is?

Dr. Horton: A bit of this is semantics. When you lack LDL receptors, the absolute amount of LDL taken up by
tissues is greater. It doesn't go through the receptor. What it does go through, I don't know. But there are
other ways to get LDL inside of cells, and that process is driven by plasma concentration.

Symposium: Paradigm Shifts in Diabetic Kidney Disease

HOW MUCH OF END-STAGE RENAL DISEASE IS ATTRIBUTABLE TO DIABETES?

Kevin Abbott, MD (National Institute of Diabetes and Digestive and Kidney Diseases,
Bethesda, MD)

As NIDDK program officer for the United States Renal Data System, Dr. Abbott is at the forefront of
investigations into the causes of renal disease in order to determine the degree to which diabetes is
responsible for ESRD. He pinpointed systematic shortcomings in the identification of kidney disease
patients with diabetes, due in part to inadequate medical forms and non-standardized registry data
requirements. The CMCS 2728 form, a requisite Medicare certification for kidney disease patients
undergoing dialysis, is responsible for verifying medical claims but offers little insight on diabetic
conditions beyond neuropathy. In addition, the Kidney Disease Outcomes Quality Initiative (KDOQI) does
not track micro- and macroalbuminuria, duration of diabetes, or eGFR in its registry. Dr. Abbott then
outlined a few population-based studies of chronic kidney disease that successfully used data registries to
drive clinical insight, emphasizing the potential for improved data-tracking. A government-sponsored
Kidney Precision Medicine Initiative (KPMI) aims in the near future to (i) generate data for the development
of targeted AKI and CKD treatments, (ii) identify specific disease pathways and cell mechanisms
contributing to these pathways, and (iii) ultimately improve prognoses and care plans for these individuals.
We're elated to see a CKD focus within the Precision Medicine Initiative - this is an area of great unmet need
and we hope the insights can be translated into better therapies for the many, many patients living with the
condition. This is exactly the kind of application of the Precision Medicine Initiative that we hoped for.

▪ Current metrics indicate that 44% of diabetes patients have ESRD, with only ~3%
being type 1 diabetes patients. It is also widely agreed upon that 53% of kidney disease patients
have non-diabetic renal disease. However, data analyses show unexplained geographical distinctions
between diabetes and ESRD prevalence that cannot be explained, particularly in Mesoamerica and
Sri Lanka.

DIABETIC KIDNEY DISEASE GOES GLOBAL - IMPACT ON HEALTH IN LATIN AMERICA

Robert Nelson, MD, PhD (NIDDK, Phoenix, AZ)

Dr. Robert Nelson warned that rising diabetes prevalence and limited access to nephrologists and renal
disease treatments have created the perfect storm for high CKD and ESRD rates, particularly for low and
middle income Latino populations in Latin America and the United States. A population-based cohort study
of 16,000+ Latino adults from random households in four American cities showed that prevalence of CKD
(defined as eGFR<60 mL/min/1.73 m or presence of elevated albuminuria) has reached 13.6% for women2

and 15.2% for men, with individuals of Puerto Rican descent having the highest prevalence. Age, sex, and
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race-adjusted data show Latinos to have significantly higher ESRD rates than non-Hispanic whites and
blacks in America, particularly in those above 45 years of age. Similar studies conducted within Latin
American countries indicate large differences in ESRD prevalence between Latin American countries,
though a lack of available data and varying definitions of CKD have been sources of confusion. General
occurrence of proteinuria, CKD, and below-range eGFR lies between 10 and 20% for most Latin American
countries. Age-adjusted mortality of CKD in Latin America is highest in Mexico (28.3 per 100,000
individuals), where the five-fold increase over 23 years was driven primarily by an increase in diabetes
incidence and prevalence. In South America, there are only eight nephrologists per million individuals, and
the availability of renal replacement therapy is incredibly limited and is universally available in only 8
Latin American countries. However, a survey of twenty Latin American countries showed that the
prevalence of renal replacement therapy in Latin America has increased from 119 patients per million
population in 1991 to 660 patients per million population in 2010 - 75% of the renal replacement therapy is
done through hemodialysis.

Symposium: Epidemiology of Kidney Disease in Diabetes

BIOMARKERS OF CHRONIC KIDNEY DISEASE - IMPLICATIONS FOR USE IN DIABETES

Ian de Boer, MD (University of Washington, Seattle, WA)

Dr. Ian de Boer explained in his presentation that albuminuria and estimated glomerular filtration rate
(eGFR) are robust glomerular measures of chronic kidney disease, and that cystatin C is in some instances a
useful adjunct to eGFR. Through a series of patient case studies, he walked through the clinical process of
targeting various areas of the kidney using biomarkers, identifying potential risk factors (e.g. diabetes
duration) and complications, and ultimately refining a prescription or treatment to maximally preserve
kidney function. Urine albumin is a tried and true CKD biomarker because not only is it easily obtained, but
also an early and strong indicator of progressive GFR loss and cardiovascular disease. Likewise, eGFR is
easily measured with precision, has a global standard of measurement, and is used to guide drug dosing.
For example, SGLT-2 inhibitors are contraindicated in individuals with reduced eGFR due to diminishing
returns in these patients in terms of glucose-lowering efficacy - that said, we imagine more positive data on
the renalprotective effects of the class may result in a re-evaluation of this particular contraindication.
Cystatin C, when evaluated in conjunction with eGFR, potentially improves the classification of CKD stage;
however, longitudinal studies have shown that its utility for type 1 diabetes is very modest compared to
creatine-based metrics. Dr. Boer urged that biomarkers of tubulin function, such as proximal tubular
function and synthetic function, not be forgotten due to the novel information they provide beyond albumin
and eGFR. He painted a vision of the future in which biomarkers provide new information about function
beyond the established biomarkers and are linked with novel treatments for kidney damage. For example,
serum amyloid A or sTNFR could guide JAK/stat inhibitor therapy. We'd also love to see the FDA and other
regulatory agencies consider well-validated biomarkers such as albuminuria and eGFR as valid primary
endpoints for diabetic nephropathy trials. The hard outcomes currently required for these trials typically
require many years to emerge, which can discourage investment into this area of high unmet need.

EPIDEMIOLOGY OF ACUTE KIDNEY INJURY IN DIABETES

Morgan Grams, MD, PhD (Johns Hopkins University School of Public Health, Baltimore, MD)

Dr. Morgan Grams explained that rates of acute kidney injury (AKI) have increased over the last 20 years,
and, as a result, controversy has arisen surrounding the use of creatinine as the main biomarker. She
presented data showing that 23.2% of hospital admissions are affected by stage 1 AKI, and there is a very
high incidence of AKI after surgery, which is associated with adverse outcomes. Diabetes remains a strong
risk factor for AKI after surgery. Dr. Grams discussed possible mechanisms for increased AKI risk,
including mediation by hyperglycemia. When examining mouse models of diabetes and comparing them to
non-diabetic mice, renal proximal tubular cells were more prone to apoptosis in the setting of ATP depletion
or hypoxia in the mice with diabetes. However, mouse models of AKI are limited, and Dr. Grams
emphasized the difficulty of translating these results to humans. In one study, the effects of intensive vs.
conventional glucose control were examined in a surgical ICU setting, and intensive glucose control showed
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a 41% reduction in AKI requiring dialysis. Dr. Grams concluded by calling for further studies investigating
interventions and treatments that can prevent AKI. AKI has also emerged as a potential risk with the
SGLT-2 inhibitor class; the FDA recently strengthened the label warnings for J&J's Invokana (canagliflozin)
and AZ's Farxiga (dapagliflozin) following reports of 101 confirmable cases of AKI with the drugs over two
years.

Symposium: Innovations in Treating Inflammation for Diabetic Kidney Disease

THE RISE OF SERUM AMYLOID A IN DIABETIC COMPLICATIONS

Kevin O'Brien, MD (University of Washington School of Medicine, Seattle, WA/USA)

Dr. Kevin O'Brien masterfully outlined the physiology behind the risks associated with elevated Serum
Amyloid A (SAA) levels in patients with diabetes. He began by providing some background on SAA, "the
other inflammatory protein." He explained that SAA is an acute phase apolipoprotein that is synthesized in
response to inflammatory stimuli, such as cytokine release. It associates primarily with HDL cholesterol
and contains six positively charged residues that mediate binding to extracellular matrix proteoglycans. A
previous study demonstrated that this binding causes retention of SAA-enriched HDL in the extracellular
matrix, preventing it from entering cells and ameliorating inflammation (Han et al., Journal of Clinical
Investigation, 2016). In addition, upregulated SAA has been linked to diabetes (particularly diabetic kidney
disease), angiographic coronary artery disease, and obesity in humans. These correlations have been
further fleshed out in mice, with studies showing that diabetic mouse models have higher concentrations of
circulating and hepatic SAA (5x more!) and that transient overexpression of SAA causes severe
atherosclerosis. As far as Dr. O'Brien is concerned, the risk for SAA-mediated CV and renal complications in
diabetes can only be ameliorated by weight loss.

▪ Dr. O'Brien mentioned the success of GLP-1 agonist treatment in reducing SAA levels
in the FLAT-SUGAR trial. In the study, which was primarily intended to evaluate effects on
glycemic variability, patients using a GLP-1 agonist to control postprandial glucose experienced
greater weight loss and a concomitant decrease in SAA levels vs. patients using rapid acting insulin.
GLP-1 agonists have increasingly emerged as an appealing alternative to prandial insulin due to the
mitigation of hypoglycemia and weight gain, and this suggests there may be anti-inflammatory
advantages as well.

Questions and Answers

Q: In the Tannock (2015) overexpression study, did they look at the mouse kidneys?

A: I don't think they did - it'd be interesting to go back and look at that. A difficulty with the mouse model is
that it's been difficult to replicate the diabetic kidney disease.

Q: Do you know which binding site on SAA is involved with proteoglycan binding?

A: There are six positively charged amino acids on SAA that have been implicated in proteoglycan binding. We
are trying to perform site-directed mutagenesis to investigate that further.

Q: Certain isoforms of ApoE are canonically associated with elevated Alzheimer's risk. Would
you surmise that accumulation of inflammation and atherosclerotic plaque is part of a
syndrome that leads to dementia? If we blocked the inflammation cascade, say with PPAR-
alpha agonists, would that slow down production of SAA and halt the whole pathway?

A: First, I'm not sure if SAA is expressed in the brain. The second is a great question, but I don't know the
answer. However, I do know that PPAR-alpha is involved in telling the liver to produce SAA, so that would
probably be counterproductive.
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NRF2 SIGNALING IN THE DIABETIC KIDNEY: LESSONS LEARNED

Carlamaria Zoja, PhD (Mario Negri Institute for Pharmacological Research, Bergamo, Italy)

Dr. Carlamaria Zoja discussed the role of the Nrf2/Keap1 pathway in renal disease and reviewed the
disappointing saga of bardoxolone methyl. She presented data showing that Nrf2-deficient mice develop
autoimmune conditions, diabetes-related inflammation, and renal injury. Therefore, studies were conducted
using synthetic bardoxolone methyl, a potent inducer of the Nrf2/Keap1 pathway that resembles its
endogenous activators. Preclinical studies showed that acute kidney injury and interstitial inflammation
were reduced after short-term treatment with the drug. However, when studied in patients with type 2
diabetes and chronic kidney disease, bardoxolone methyl had mixed effects: it led to weight loss, but also to
increases in proteinuria and blood pressure. In another study conducted with RTA 405 (an analogue of
bardoxolone methyl) on Zucker diabetic fatty rats, more detrimental effects were seen, such as worsened
dyslipidemia, glomerulosclerosis, tubular damage, and more than a three-fold increase in proteinuria. In
spite of these negative effects, manufacturer Reata initiated the phase 3 BEACON trial for bardoxolone
methyl in 2012, but high rates of cardiovascular events led to its early termination. Kyowa Hakko Kirin
announced in 2014 that it would attempt to revive the drug after a detailed analysis of the BEACON study
suggested that a subset of patients with baseline risk factors were responsible for the excess adverse events.
The company's phase 2 trial is currently recruiting participants and is expected to complete in December
2017. We hold out hope that this therapy will be proven safe and effective for at least some patients with
chronic kidney disease, as it could potentially be one of the first disease-modifying treatments for the
condition to reach the market.

THE IMPACT OF JAK INHIBITORS IN DIABETIC KIDNEY DISEASE

Frank Brosius III, MD (University of Michigan, Ann Arbor, MI)

Dr. Frank Brosius discussed the JAK-STAT signaling pathway and the effects of a JAK 1/2 inhibitor on
diabetic JAK2 mice. Even though there are differences between mice and human responses, they share
similar pathways that are important for this area of research. JAK 1/2 inhibitors target several pathways
involved in the pathogenesis of diabetic kidney disease and autoimmune diseases. This research focused on
the ability of JAK 1/2 inhibitors to reduce urine albumin levels, a marker of kidney disease progression in
patients with type-2 diabetes and chronic kidney disease. In the group of participants who received the
inhibotr, urine albumin was reduced up to 40% in the highest dose group compared to participants who
received a placebo but were otherwise on standard care for their diabetes and kidney disease. Markers of
inflammation, including urine IP-10 and serum TNFR2 (a previously validated biomarker for progression
of diabetic kidney disease) decreased in the groups that received the inhibitor. The highest dosage group
also saw a decline in hemoglobin. Dr. Brosius also recommended a new way to use animal models to
discover targets; he recommends looking at humans first to find new targets, then validating them in mouse
models. Using this approach, new therapies can be rapidly brought to clinical trials in humans, like the
JAK1/2 inhibitor trial which began enrolling patients less than 2 years after the initial publication that
showed this pathway was altered in diabetic kidney disease patients.

ADA Diabetes Care Symposium: Lagniappe - A Little Something Different

BEST OF DIABETES CARE 2015: NOVEL TRANSLATIONAL STRATEGIES IN THE
MANAGEMENT OF DIABETES - PERSISTENT EFFECT OF INTENSIVE GLUCOSE CONTROL
ON DIABETIC RETINOPATHY IN TYPE 2 DIABETES: THE ACCORD FOLLOW-ON STUDY

Emily Chew, MD (National Eye Institute, Bethesda, MD)

Dr. Emily Chew presented data (first presented at IDF 2015) from the ACCORDION Eye Study
(observational follow-up to ACCORD; n=1,268) demonstrating a significant legacy effect of intensive
glycemic control on retinopathy progression after eight years. The original ACCORD Eye Study (n=2,856)
found that a significantly lower percentage of patients in the intensive glycemic control group experienced
progression of retinopathy compared to the conventional group after four years (7.5% vs. 10.4%). Outcomes
were also better in patients treated with fenofibrate/simvastatin combination therapy compared to those
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treated with statins alone. There was no difference in retinopathy progression between the intensive and
conventional blood pressure arms. The ACCORDION Eye Study aimed to investigate whether the beneficial
effects of intensive glucose control and fenofibrate persisted after the end of randomized treatment and
whether any blood pressure effect emerged during long-term follow-up. The legacy effect of intensive
glycemic control was clear: 5.8% of patients in the intensive group experienced retinopathy after eight
years vs. 12.7% in the standard group (HR = 0.42; 95% CI: 0.28-0.63; p<0.0001). The effect of fenofibrate
disappeared after treatment discontinuation, and no significant blood pressure effect emerged. Based on
these results, Dr. Chew emphasized the importance of intensive therapy for even patients with a long
duration of type 2 diabetes given how important vision is for patients' quality of life.

Symposium: New Advances in Diabetic Retinopathy - What Wikipedia Can't Tell You

WHAT HAVE WE LEARNED FROM THE ANTI-VEGF CLINICAL TRIALS?

Arup Das, MD, PhD (University of New Mexico, Albuquerque, NM)

Dr. Arup Das reviewed the major findings of clinical trials of the three anti-vascular endothelial growth
factor (anti-VEGF) drugs and synthesized these data into six "key lessons" for the drug class. As
background, this drug class is approved for the treatment of diabetic macular edema (DME), the leading
cause of vision loss in diabetic retinopathy and the three drugs are bevacizumab, ranibizumab, and
aflibercept. Reviewing these trials' findings, Dr. Das' first lesson was that anti-VEGF drugs result in
substantial, rapid visual improvement in diabetic macular edema (DME). Second, all three drugs are
effective treatments for visual improvement in DME - but there are substantial cost differences between the
three drugs. In particular, while aflibercept and ranibizumab are slightly more effective than bevacizumab
in the first two years following treatment, a single injection of each costs $1,850 and $1,170 respectively,
while an injection of bevacizumab is only $60. Third, anti-VEGF drugs work well in regressing
neovascularization in proliferative diabetic retinopathy, the second leading cause of diabetic retinopathy.
Fourth, anti-VEGF drugs slow progression and can actually reverse diabetic retinopathy. Fifth, anti-VEGF
therapy is safe, with no ocular safety concerns or excess risk of systemic adverse events. Sixth, only one-
third of patients on anti-VEGF drugs showed considerable visual improvement (i.e., an increase of more
than 3 lines). However, Dr. Das concluded by highlighting that there still remain four key issues in the
treatment of DME to move treatment forward: researchers must (i) solve issues of drug resistance, (ii) find
predictive biomarkers for anti-VEGF response, (iii) explore combination therapies, and (iv) find other
molecular targets beyond VEGF. The personalization lesson is a big one and a theme across so many areas in
diabetes, as it will be critical to identify the most at-risk patients and which individuals will benefit the most
from which treatment.

LIPID-LOWERING TREATMENTS AND DIABETIC RETINOPATHY: A LIPOCENTRIC
APPROACH TO A GLUCOCENTRIC PROBLEM

Emily Chew, MD (National Eye Institute, Bethesda, MD)

Diabetic retinopathy remains the leading cause of vision loss in working-aged adults, and hyperglycemia is
the strongest risk factor for its progression. Associations have been discovered between lipids and diabetic
retinopathy, such as cholesterol that leads to hard exudates in the retina. The ACCORD and FIELD studies
demonstrated that treatment of dyslipidemia with fenofibrate had a significant positive effect on
retinopathy. Therefore, Dr. Emily Chew concluded that fenofibrate needs to be considered for patients with
diabetic retinopathy, since evidence shows that it can stop or prevent vision loss. Since relatively few
companies are investing resources in new treatments for diabetic retinopathy, we welcome this
encouragement to make the best use possible of existing options.
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Symposium: Recent Advances in the Genetics of Diabetic Neuropathy

GENETICS OF DIABETIC KIDNEY DISEASE IN TYPE 1 AND TYPE 2 DIABETES - INSIGHTS
FROM THE SUMMIT PROJECT

Mark McCarthy, MD (Oxford Centre for Diabetes, United Kingdom)

Dr. Mark McCarthy summarized results and findings from the SUMMIT project in the context of genetic
markers of diabetic kidney disease in type 1 and type 2 diabetes. He opened by explaining that the SUMMIT
trial drew data from 19 academic partners, six pharmaceutical partners, and one SME program to identify
surrogate markers for micro- and macrovascular complications secondary to diabetes. In type 1 diabetes,
heritability measures for eight phenotypes of diabetic kidney disease ranged from 2% to 59% but no
genome-wide significant signals were found out of several hundred candidates. In type 2 diabetes, a study
of 3,345 cases versus 2,372 controls examining eight phenotypic traits for stage 1 diabetic kidney disease did
find a potentially significant genome-wide signal near the gene GABRR1. Dr. McCarthy noted that the data
originated from European populations, thus narrowing the scope of applicability for these findings. Going
forward, he proposed greater integration with biomarker data (2SMR), larger GWAS (e.g., SUMMIT,
DNCRI), acceleration of clinical partnerships, and the improvement of renal genomics that would together
enable greater generalizability of future results.

Questions and Answers

Q: Did you run any analyses combining all type 1 and type 2 diabetes patients together? Did
you discover anything different between their genetic markers?

A: Yes. We've conducted this analysis but no novel findings came up. Bear in mind - type 2 diabetic
ketoacidosis is very likely to be more heterogeneous than that in type 1s. We don't have the benefit of
histological confirmation, and it's not surprising to see a mixture.

Q: There was a revolution in genomic studies 10-15 years ago, and we expected that we would
be able to identify genes linked to nephropathy. However, the level of success did not meet
initial expectations. What accounts for this gap? Is it the small contributing effect of each gene
or the complexity associated with multiple combinations of genes?

A: We've seen that as sample sizes increase in studies of complex traits, there are suddenly many more effects.
All effects, as well as their interactions, are important to understand when we're going after the basic
mechanisms of disease and make this process tough.

Treatment Algorithms and Strategies

Posters

CHANGE IN A1C ONE YEAR FOLLOWING THE AMERICAN DIABETES ASSOCIATION'S 2014
PEDICATRIC A1C GUIDELINE UPDATE (164-LB)

G Alonso, B Frohnert, and L Pyle

Researchers from the University of Colorado presented data showing no significant changes in A1c or
severe hypoglycemia among pediatric patients at the Barbara Davis Center one year after the American
Diabetes Association lowered its recommended A1c target for children under 13 - this is fantastic news since
we had been very worried the situation would be otherwise - see our coverage from 2014 here. The study
(n=2,501 patients and 6,963 clinical encounters) aimed to compare the difference in A1c and severe
hypoglycemia (self-reported) between 2014 and 2015 in three groups: children aged 0-5 (n=109 in 2014 and
100 in 2015), 6-12 (n=660 in 2014 and 676 in 2015), and 13-25 years (n=1,122 in 2014 and 1,235 in 2015).
The ADA adopted lower A1c targets for pediatric patients in 2014, going from <8.5% to <7.5% for children
aged 0-5 and from <8.0% to <7.5% for children aged 6-12. There were no guideline changes for teens and
young adults aged 13-25. In 2015, the first year of monitoring after the guidelines were lowered, the mean
A1c for children aged 0-5 was 8.3% compared to 8.47% in 2014 (p=0.27). The mean A1c for children aged
6-12 did not change between 2014 and 2015 (8.7% for both years; p=0.98) and the mean A1c for teens and
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young adults aged 13-25 was 9.09% in 2015 compared to 9.17% in 2014 (p=0.06). Troublingly, the mean
number of severe hypoglycemia events per year increased for children aged 0-5 from zero in 2014 to two in
2015; it increased from two in 2014 to five in 2015 for children aged 6-12. The mean number of severe
hypoglycemia events decreased from 11 in 2014 to four in 2015 for teens and young adults aged 13-25. P-
values were not given for the severe hypoglycemia results, but none were statistically significant, which we
found a bit surprising, especially for the teens. While a larger, longer study would be needed to answer these
questions more conclusively, these results suggest that either the new guidelines have not led to significant
changes in clinical practice (even at one of the best diabetes centers in the country) or that those changes
have not led to significant improvements in average glycemic control. Either answer reinforces how hard
pediatric diabetes is and what a blunt tool it is.

Oral Presentations: The Prediction and Prevention of Diabetes

INTENSIFICATION OF THERAPY AND TIME UNTIL A1C GOAL ATTAINMENT AMONG
PATIENTS WITH NEW-ONSET TYPE 2 DIABETES (T2D) WHO FAIL METFORMIN
MONOTHERAPY WITHIN A LARGE INTEGRATED HEALTH SYSTEM

Kevin Pantalone, DO (Cleveland Clinic, OH)

Dr. Kevin Pantalone and colleagues used electronic health records at Cleveland Clinic to evaluate treatment
intensification and time to A1c goal in 5,239 patients with new onset T2D between 2005-2013. The study
included only patients who had failed to reach their target A1c after three months of metformin
monotherapy. Early treatment intensification was defined as additional therapy that occurred within six
months of metformin failure, and included uptitrating metformin, adding an anti-obesity drug or a second
anti-diabetic drug, or receiving diabetes education. Early intensification occurred more frequently in
patients with higher A1c: rates were 62%, 69%, and 72% of patients when poor glycemic control was
defined as >7%, >7.5%, and >8%, respectively. This study showed conclusively that those who received early
intensification had a shorter time until reaching their A1c goal, regardless of baseline A1c (p<0.05).

▪ In opening his talk, Dr. Pantalone highlighted the dangers of clinical inertia. He noted
that while the ADA generally recommends an A1c goal of <7%, NHANES data show "dismal" results
- i.e., that only 50% of patients are at their A1c goal. The literature shows that it typically takes
between 1.2 to 3 years for intensification to occur, and Dr. Pantalone proposed three reasons for this
clinical inertia: (i) overestimation of the care provided; (ii) using "soft" reasons to avoid
intensification of therapy; and (iii) lack of education, training, and practice organizations aimed at
achieving therapeutic goals. We were so glad to hear an honest and candid assessment like this.

▪ Time-dependent survival analysis was performed to compare the time until A1c goal
attainment in patients who received early vs. late intensification. The medium time until
intervention in the overall cohort was 14 months - we found this quite shocking. Follow-up A1c
measurements were available for 89% of the patients, and the median time to follow-up A1c for the
entire cohort was six months.

▪ The authors compared descriptive statistics for the early vs. late intervention groups
to identify factors outside of A1c that drive early intervention. Age was the only additional
variable found to be associated with clinical inertia (average age of 56 vs. 54 in the late vs. early
intervention groups, respectively). Dr. Pantalone emphasized that the type of healthcare provider -
i.e., PCP vs. specialist - was not a factor.

▪ Dr. Pantalone commented briefly on the study limitations. He noted that the analysis did
not include the patient's personal A1c goal, which may have been different than the goal set by
guidelines or the physician. Furthermore, the definition of early intervention did not include
switching from metformin to metformin XR, which is often better tolerated. Lastly - and most
importantly - the study was unable to explore the relationship between early intensification and
health outcomes.

Questions and Answers
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Q: We have been doing similar studies, and like yours, we haven't been able to show outcomes
following early intensification. However, I think you will find that early intensification gives
you a longer life of the metformin - it will allow an individual to maintain A1c at goal on
metformin for a longer period of time. Another point is that when you submit this data, they
will ask you about depression.

A: This study has a large volume of patients where you can easily identify patient characteristics. However,
diseases like depression often aren't coded correctly. You make a valid point. Regarding your first point about
metformin, we should not have to wait two years to uptitrate it to get patients on the maximum dose.

Q: I am glad that you included in your limitations the fact that the patient's voice and goals are
not included in this analysis. Other work has shown that some of the benefits that we get from
intensifying care are very sensitive to patient preferences and treatment burden. It's not clear
that it's always the best idea to intensify treatment, especially in patients who may have other
comorbidities or different goals of care. I think we have to be careful about driving down the
A1c, especially with the relatively arbitrary cutoff point of 7%.

A: Your points are very valid. That is why we chose to do the analysis at three specific A1c cutoff points. It was
not possible for us to identify individual goals - these are often embedded in free-text progress notes and are
not easy to extract. However, I will say that while individual goals are important, generally speaking, if a
patient's A1c is above 8%, it's hard to argue that intensification should not occur.

Oral Presentations: Beyond Basal Insulin in Type 2 Diabetes - Treatment Intensification
Options

COMPARING TREATMENT INTENSIFICATION APPROACHES IN PATIENTS WITH T2D
UNCONTROLLED ON BASAL INSULIN: ADDING GLUCAGON-LIKE PEPTIDE-1 RECEPTOR
AGONISTS VS. ADDING RAPID-ACTING INSULIN OR INCREASING BASAL INSULIN DOSE

Philip Levin, MD (Greater Baltimore Medical Center, Baltimore, MD)

Dr. Philip Levin presented results from a Sanofi-funded retrospective analysis demonstrating that
intensification of basal insulin therapy with a GLP-1 agonist was associated with similar to better glycemic
control, less hypoglycemia, and a neutral impact on costs compared to intensification with insulin. The
study evaluated 6,541 patients from a US electronic medical record (EMR) database who intensified basal
insulin therapy within six months after being identified as having poor glycemic control. Investigators
looked at glycemic control, hypoglycemia, and healthcare costs one year after further intensification with
basal insulin or addition of a GLP-1 agonist or rapid-acting insulin. Dr. Levin first shared a few notable
observations from the demographic data: patients in the rapid-acting insulin group tended to be older,
GLP-1 agonist use was higher in the southern part of the US, and 9%-20% of patients were on Medicare in
all groups. The GLP-1 agonist group experienced A1c reductions comparable to those in the rapid-acting
insulin group and significantly greater than those in the basal insulin group. There was twice as much
hypoglycemia in both insulin groups compared to the GLP-1 agonist group. Importantly, there was no
difference in all-cause healthcare costs between the GLP-1 agonist group and either insulin group, as the
higher pharmacy costs with GLP-1 agonists were offset by lower costs for outpatient visits and
hospitalizations. Dr. Levin expressed hope that this sort of data can help insurers and others look at the total
picture when considering costs associated with a new therapy rather than focusing only on the initial
pharmacy costs. We believe that both the cost and hypoglycemia results are excellent examples of how real-
world observational research can complement randomized controlled trials and provide data that is
particularly useful for payers.

Questions and Answers

Q: Was there any differences in the baseline degree of complications or comorbidities that
might determine the choice of treatment? Insulin is believed to be more commonly used in
people with greater complication rates.
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A: If you look at the comorbidity scores, it's true that the rapid-acting insulin group was slightly higher, but
the GLP-1 agonist group had greater comorbidities than the basal insulin group. The A1c difference was 0.2%,
which is not a big difference. There was not weight data, but the GLP-1 agonist patients were probably
heavier. We don't have data to say there was a fundamental difference. On the other hand, if you look at the
cost data, GLP-1 agonists could have had specific beneficial effects for patients in the hospital if there was less
hypoglycemia.

Q: I noticed the rate of hospitalization was greater for people on rapid-acting insulin though
admission to the ER was the same. Was there any chance we can relate that to hypoglycemia or
were people just sicker?

A: We don't have all that information. Were they sicker to start? Age was not that different, less than two
years. The comorbidity index was not that different. A1c was the same. I agree it doesn't solve that. If you look
at some studies you can make the case that GLP-1 agonist patients are a different kettle of fish, but I think
they were pretty close.

Q: Are you able to give a number of how long it took from the time people had an A1c out of
control to the time of intensification?

A: Patients had to intensify within a six-month window or they didn't get into the study. In general in studies,
we see that 40% of patients don't intensify.

Q: After basal insulin failure, why weren't DPP-4 inhibitors or SGLT-2 inhibitors used?

A: Anything used in that time was included. There was not a lot of SGLT-2 inhibitor use because the study
ended in January 2015. There could have been some but probably not a lot. We don't have a breakdown.

Oral Presentations: Diversifying Our Portfolio of Self-Management Intervention Approaches

LIFESTYLE IMPROVEMENT THROUGH FOOD AND EXERCISE (LIFE): RANDOMIZED TRIAL
OF A SELF-MANAGEMENT INTERVENTION FOR UNDERSERVED AFRICAN AMERICANS
WITH TYPE 2 DIABETES

Elizabeth Lynch, PhD (Rush University, Chicago, IL)

Dr. Elizabeth Lynch presented the results of LIFE, a year-long RCT that examined the effects of lifestyle
intervention on A1c levels in low-income African-American adults with type 2 diabetes, a population that
experiences high levels of diabetes-related complications and hospitalizations relative to white Americans
due to poor glycemic control. The intervention consisted of three components: (i) cognitively-tailored
nutrition education; (ii) behavioral modifications driven by goal setting and problem solving; and (iii)
social and peer support from community members with type 2 diabetes. The LIFE treatment was executed
in four three-month phases of progressively decreasing intensity, and it consisted mostly of group sessions
and peer support phone calls. The control group met twice for group sessions over one year. Study
participants consisted of 211 individuals, 70% of whom were female (average A1c = 9%, BMI = 35.6 kg/m ,2

age = 55). Most reported high fat and low fiber diets, sedentary lifestyles, and hypertension (91%).
Participants were randomized to either the control group or the intervention group. Results showed that
while the LIFE intervention group experienced greater A1c reductions compared to the control group at six
months (0.76% vs. 0.21%), there was no significant difference between groups in glycemic control after one
year (A1c reductions of 0.73% vs. 0.45%). There was also no significant difference between treatment
groups in blood pressure, weight, or physical activity. On a more positive note, participant retention was
very high for both groups, and the LIFE group saw significant improvements in nutrition knowledge and
decreased caloric intake. This study suggests that while diabetes education may aid underserved
populations, attention to medication adherence (which increased more in the control group) may be an
effective strategy to improve glycemic control in a disadvantaged population. We look forward to more
long-term studies aiming to improve adherence in underserved populations. We would also love to see more
lifestyle intervention programs targeted to underserved populations with prediabetes, as their potential
impact may be greater there than in patients with established diabetes.
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Questions and Answers

Q: Both the control and treatment group received treatment education; can you better
describe that? What message did the treatment group get that the control group didn't get in
terms of education approaches?

A: Both groups received the same educational content. The intervention group got a lot of information about
how to eat a healthy diabetes diet and get more physical activity with a relatively smaller emphasis on
medication adherence. For example, in the intervention group, we realized that people didn't know which
foods were fat, carbs, and proteins, and so we explicitly taught that. We used a modified plate method and
engaged people in interactive activities such as carb counting - most of the 28 sessions were focused on these
types of activities. In contrast, the control group received two hours of diabetes self-management education
that emphasized diet, physical activity and medication adherence equally.

Oral Presentations: Measuring the Value of Diabetes Care - The Current Epidemiology of
Diabetes-related Health and Well-being

TRENDS IN MEDICATION USE IN PATIENTS WITH TYPE 2 DIABETES MELLITUS (T2DM):
LONG-TERM VIEW OF REAL-WORLD TREATMENT BETWEEN 2000 AND 2015

Victoria Higgins (Adelphi Real World, Cheshire, UK)

Ms. Victoria Higgins presented interesting cross-sectional observational data on the prescribed type 2
diabetes drugs from 2000-2015 from both primary care physicians and specialists in France, Germany,
Italy, Spain, the UK, and the US. The study observed an overall increase in drug prescriptions, with a
notable decline in sulfonylureas (SFUs) and an increase in SGLT-2s. Ms. Higgins noted that there was an
increase in the number of patients with an A1c under 7% from 2000-2008, though that number has
remained relatively stable since. [Only ~33% of PCP's patients and ~25% of specialists' patients had A1c at
or below 7% in 2000, increasing to 48% and 39%, respectively, in 2008. It has been relatively stable since.]
SFU usage has declined for both PCPs and specialists (~50% to ~15%), with SFU-only regimens also
declining over the 15-year period - that is great to see, given how much hypoglycemia these agents prompt.
Unsurprisingly, metformin maintained the title of most prescribed drug from 2000 to 2015 (over 60% of
patients on the drug), with use increasingly slightly. In terms of differences in prescribing between
specialists and PCPs, specialists were more likely to prescribe insulin, and PCPs prescribed more
metformin-only regimens. Physicians were also asked at what A1c they would begin prescribing insulin; in
2000, more physicians said an A1c <8%, but in 2015, many physicians were leaning toward waiting until
patients had an A1c of 9% or higher - likely, Ms. Higgins noted, because there are now more non-insulin
options for patients.

▪ The study reviewed patients with type 2 diabetes from France, Germany, Italy, Spain,
the UK, and the US. Face-to-face interviews were performed with physicians (N=8,664;
PCP=5,109), as well as patient record forms completed by doctors, doctors' five-day workload
(N=88,681 patients), and consulting questionnaires (N=82,185). All participants were over 18 with
physician's confirmed type 2 diabetes.

Questions and Answers

Q: You mentioned that Germany is one of countries included in the study, and those
physicians pay extra to prescribe insulin because there is a greater workload to teach patients
how to use insulin. There is quite amount of variability of prescription practices across these
countries - did you take that into consideration?

A: We can split results into separate markets; we didn't have time to present that now. The main message here
is that the newer agents have updated regimens across the board. You are absolutely right that we need to
think in nuances for each market; for example, SGLT-2s have not launched yet in France.

Q: I'm curious about two interrelated items. This survey of physicians was done by sending out
a questionnaire - how were these physicians chosen and what was their response rate? Have
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you done validation, for example, in the UK with prescription return or prescription
fulfillment patterns? Relatedly, who is Adelphi Real World? Where does you money come
from? Are you funded by a pharmaceutical company?

A: We are an independent agency; we can buy into data from pharmaceuticals, but the money for research is
with us. We are not designing research with pharmaceuticals in mind. Physicians are nationally represented
within each market, and all of the surveys were done by pen and paper; physicians were incentivized to
complete these surveys. Whenever we publish, we are transparent with our limitations. We have done a lot of
validity work on the data, and we like to think we are representative of other data sources that are out there.

Q: You used a survey-based analysis. Can you use the data to present trends in different lines
of therapies and to show which drugs are being used? Can you use that to help physicians
choose first-in-line therapies?

A: It depends on the patient type. Traditionally, we see metformin-only and then progression to either one of
the other classes or SU. Typically, changes in regimen in the real-world setting is longer than the three-month
guidelines; then, there is movement into insulin.

Q: You can see in the data the patterns of availability of new therapies. The start of this
analysis was only about 15 months after UKPDS. Do you think this impacted how medication
was used?

A: That could absolutely be of impact, and we are just fielding data now. It will be interesting to see how
EMPA-REG has influenced the choice and uptake of SGLT-2s. However, sometimes regimens vary by market
- for example, the wait in the UK market for various drugs tends to be longer than other areas.

Symposium: This Is How You Do It - Medication Options, Sequence, and Combinations for
Optimal Management of Type 2 Diabetes

USING COMBINATION APPROACHES - INCRETIN PLUS SGLT2I WHEN METFORMIN IS NO
LONGER SUFFICIENT

Ildiko Lingvay, MD (University of Texas Southwestern, Dallas, TX)

Dr. Ildiko Lingvay (University of Texas Southwestern, Dallas, TX) advocated for a "treat to success"
paradigm involving a combination of an SGLT-2 inhibitor and an incretin as the second-line therapy after
metformin. She argued that a "treat to success" paradigm (as opposed to the current "treat to fail"
approach) involves treating early, treating intensively, and treating the underlying pathophysiology, while
avoiding side effects as much as possible - what a positive approach! Dr. Lingvay argued that in the modern
era of diabetes management, healthcare professionals can and should offer more than just glucose-lowering
to their patients and should aim to maximize the non-glycemic benefits of diabetes medications. We've heard
from several pharmaceutical leaders that the industry is certainly hearing the demand for "glucose-plus"
therapies that offer cardiovascular or other benefits beyond A1c-lowering. In terms of specific
combinations, Dr. Lingvay stated that the main advantage of a DPP-4 inhibitor/SGLT-2 inhibitor
combination is that the two classes are available as a co-formulation, which could reduce treatment burden,
improve adherence, and hopefully be available at a lower cost than the two separate agents. On the other
hand, GLP-1 agonist/SGLT-2 inhibitor combinations are more efficacious in terms of A1c reduction and
weight loss. Dr. Lingvay also highlighted the topline LEADER and SUSTAIN 6 cardiovascular outcome trial
results for Novo Nordisk's Victoza (liraglutide) and semaglutide, respectively - the prospect of combination
therapy with two drug classes with demonstrated cardiovascular benefit is a very exciting one to us.
Overall, Dr. Lingvay sees great promise in the use of the two drug classes together and even suggested that
these combinations could eventually serve as an alternative to bariatric surgery.

BRINGING IT ALL TOGETHER - WHAT THE OBJECTIVE CLINICIAN SHOULD DO

Christopher Sorli, MD, PhD (Billings Clinic, MT)

Dr. Christopher Sorli introduced a series of valuable visual aids to help clinicians appropriately identify the
optimal patient population for each diabetes medication. These "clinical density plots" include a trendline
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representing endogenous insulin secretion as a function of time and three trendlines representing insulin
resistance level (for high, modest, and low insulin resistance). Patients that fall toward the bottom right
section of the plot, representing those with a long duration of diabetes, low endogenous insulin secretion,
and lower insulin resistance, should prioritize minimizing hypoglycemia risk. Patients that fall toward the
top left of the graph, representing those with a shorter duration of diabetes, relatively preserved insulin
secretion, and high insulin resistance, should prioritize treatments that have weight neutral or beneficial
effects. Within this graph, shading of various sections of the graph indicates the patient population for
which a particular treatment may be recommended, considered, or not recommended. Overall, Dr. Sorli
most strongly recommended metformin, GLP-1 agonists, and SGLT-2 inhibitors for those who have
relatively short diabetes duration and are concerned about weight gain. He recommended DPP-4 inhibitors
and insulin for those with longer disease duration. Patients in the middle would do best with metformin,
GLP-1 agonists, SGLT-2 inhibitors, and DPP-4 inhibitors in his view. We see these plots as a useful visual
education tool for providers (especially primary care physicians) to help synthesize the benefits and risks of
different drugs for individual patients in an understandable way. See below for pictures of the clinical
density plots and accompanying thoughts for each major drug class.

▪ Metformin: Dr. Sorli generally supported the use of metformin as a first-line agent, but
emphasized that it may not be the best medication for everyone. In particular, he noted that the drug
has less efficacy in patients with longer disease duration and a lower insulin resistance level.
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▪ Sulfonylureas: Not surprisingly, Dr. Sorli emphasized that sulfonylureas are only useful for
patients with a degree of endogenous insulin production. Further, he pointed out that the use of the
class could further stress the beta cells and reduce beta cell function, thus doing little to positively
modify the course of the disease. Dr. Sorli also expressed concern about the weight gain associated
with sulfonylureas. Ultimately, he asserted that the only real driver of sulfonylurea use is its cost and
noted that he would only prescribe a patient a sulfonylurea if it were the only medication that they
would be able to financially access.
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▪ TZD Pioglitazone: While acknowledging that TZDs have largely fallen out of favor among patients
and prescribers, Dr. Sorli argued that it's not necessarily a "total nonstarter" to consider pioglitazone
specifically in patients with very high insulin resistance. He also noted that pioglitazone may have
beneficial effects on triglycerides, HDL cholesterol, and NASH and may even have a cardiovascular
benefit. On the other hand, he acknowledged that weight gain and risks of congestive heart failure,
edema, and fractures remain a concern.
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▪ GLP-1 agonists: Dr. Sorli supported the use of GLP-1 agonists across a broad patient population
from early- to late-stage disease in both those that are extremely insulin resistant and those that are
relatively insulin sensitive. He especially highlighted the low risk of hypoglycemia and weight loss
benefits, though he noted that the GI tolerability is a concern for some patients.
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▪ DPP-4 inhibitors: Dr. Sorli classified this class as "exceptionally tolerable" agents. He particularly
supports the use of DPP-4 inhibitors in geriatric patients. On the other hand, the lack of weight loss
with DPP-4 inhibitors is a drawback when he considers their use in his highly insulin resistant
patients. Overall, he stated that in his younger patients with insulin resistance, he tends to "twist
their arms" to go on to a GLP-1 agonist instead.
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▪ SGLT-2 inhibitors: The non-insulin dependent mechanism of the SGLT-2 inhibitor class led Dr.
Sorli to suggest they are highly applicable across a broad range of patients. He praised the low
hypoglycemia risk and weight benefit of the class, but noted that the medications have reduced
efficacy in those with reduced kidney function and there may be issues with their use in patients
already on other diuretic medications.
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▪ Insulin: Dr. Sorli highlighted the titratable efficacy of insulin as a huge plus that allows its use in a
broad range of patients across the insulin resistance spectrum. He also suggested that insulin may
have disease modification properties when used early in the disease progression. Dr. Robert Ratner
(ADA, Alexandria, VA) has similarly suggested that use of insulin in early-onset diabetes in the
ORIGIN trial allowed patients to achieve consistent low A1cs. That said, Dr. Sorli noted that he does
not see insulin as a first choice option after metformin but rather as an appealing part of a
combination approach.
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▪ GLP-1 agonist/basal insulin: Dr. Sorli sees GLP-1 agonist/basal insulin fixed-ratio combinations
as an appropriate choice for a fairly broad patient population given the broad applicability of both
classes. Despite his support for the use of insulin in combination with another agent following
metformin, however, he expressed that he'd prefer to be able to titrate the two components
separately in some cases.
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Symposium: Behavioral Intervention Trials - Who Doesn't Respond and Why (Supported by a
grant from The Leona M. and Harry B. Helmsley Charitable Trust)

THEORETICAL CONSIDERATIONS AROUND NONRESPONSE TO INTERVENTIONS

David Marrero, PhD (Indiana University, Indianapolis, IN)

Dr. David Marrero's remarks focused on what he believes are some of the biggest hurdles to behavior
change in diabetes: (i) the paradigm of diabetes care is negative reinforcement - patients take action to
avoid punishment as opposed to reaping rewards; (ii) the delayed nature of both positive and negative
consequences of good care - in other words, a lack of tight feedback loops; and (iii) our focus on individual
behavior, which often makes patients feel they are being blamed for their choices. Overall, we thought this
was among the most valuable talks we've heard on integrating more behavioral thinking into diabetes and
loved Dr. Marrero's focus on getting future providers to think more critically about ways to shape patients'
behavior. He did acknowledge that community-level interventions - as opposed to individual-level - tend to
be tough since it can be hard to individualize care for a population. However, he noted that some national
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campaigns launched by the government (e.g., smoking) have been very successful based on their ability to
leverage externalities (making people believe they are hurting others; e.g., secondhand smoke) and peer
pressure (making people believe they are being negatively or positively judged for their actions).

▪ The lack of positive and personalized reinforcement techniques in diabetes was a
central theme of Dr. Marrero's talk. He also suggested that fear-based conditioning - e.g., you
shouldn't eat that doughnut because of the consequences 20 years down the line - is not a
sustainable strategy either. His remarks cited a great deal of research in psychology and the
importance of tying behavior to immediate rewards. This is sorely missing in diabetes where the
benefits of blood glucose control are only obtained several years down the line and are often not
particularly concrete (e.g., reduced likelihood of complications vs. no chance of complications).

Symposium: Disparities and Social Epidemiology of Diabetes - A Multi-level Approach

INTERPERSONAL FACTORS IN DIABETES DISPARITIES - THE ROLE OF THE FAMILY,
PEERS, AND COMMUNICATION

Michele Heisler, MD (University of Michigan, Ann Arbor, MI)

Dr. Michele Heisler addressed the challenges of treating diabetes in minorities and provided advice on how
to engage patients and communities to improve diabetes care. As many other speakers in the session noted,
Dr. Heisler opened by highlighting that many minorities report greater problems communicating with
physicians, a worrying disconnect that leads to worse A1cs, diabetes symptoms, and physical function. To
help remedy this trend, Dr. Heisler recommended better integration of peers and family members in the
healthcare setting, suggesting that patients may be better able to advocate for themselves (or feel more
empowered to ask questions) if they have their support network with them in clinic. Dr. Heisler advocated
in particular for the integration of community healthcare workers into clinics, expressing her belief that
these individuals can act as a link between patients and providers and facilitate a more culturally nuanced
discussion. For similar reasons, Dr. Heisler highlighted the need to involve family members in medical
decision-making, since they have strong relationships with patients and can relate to the latter's
circumstances and experiences. To end, Dr. Heisler shared several examples of the success of such
interventions - e.g., the CO-IMPACT that invited family members into meetings with a provider to provide
additional support either over the phone or in-person - though noted that scaling these programs remains a
big challenge.

▪ Regarding the integration of family members into healthcare decision-making, Dr.
Heisler warned that training may be necessary to make sure that these interactions
are helpful and not harmful.

Questions and Answers

Comment: I recently saw a systematic review that identified 40+ papers looking at peer
involvement in healthcare, which showed overwhelming support for incorporating peers into
healthcare in hard-to-reach groups.

A: Thank you.

Q: Peer support is important, but if you're looking for your patient to receive support from
their families, you need patient permission - often times, patients don't want that support
from their family.

A: Yes, that is very important. The first thing you must do is to make sure that the patient has someone they
feel that they can turn to. We do realize that often it is not family but a close friend or a neighbor down the
street that a patient trusts. Once you know they have someone, then they can choose to bring that person in if
they so desire.
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Symposium: Cutting Through the Controversies in Fat, Protein, and Carb Counting in Type 1
Diabetes

THE TRUTH BEHIND THE SCENES: THE PHYSIOLOGY OF HOW AND WHY FAT AND
PROTEIN MATTER

Amir Shafat, PhD (National University of Ireland, Galway, Ireland)

Dr. Amir Shafat began by reviewing the classical insulin bolus estimation formula: carbohydrate quantity x
insulin-to-carb ratio = insulin dose. To him, this is an oversimplified model because (i) accurately counting
carbs may not be feasible for most people; (ii) it assumes that carbohydrates are the only dietary ingredient
that affects insulin requirements; and (iii) other factors, such as timing of dose, are important in addition to
the size of the dose. He urged the audience to think deeper about dosing decisions particularly in relation to
protein and fat intake, explaining that blood glucose levels are dependent upon a variety of fluctuating
biological processes including gastric emptying. In fact, food retention in the stomach is responsible for 30%
of the glycemic response at 30 minutes post-meal. Proteins and fats slow gastric emptying, decreasing
hepatic (and muscle) insulin sensitivity, and ultimately changing insulin demands. Dr. Shafat demonstrated
that even within the cell, biochemistry alone supports increasing insulin dosage for high-fat or high-protein
meals. However, he cautioned that dosing is a tricky process, as biological modulators of gastric emptying
are highly adaptable and can quickly compensate for high-fat or high-protein diets - for instance, a high-fat
diet has been shown to temporarily accelerate gastrointestinal transit and reduce feelings of satiety in a
matter of three days. Dr. Shafat proceeded to discuss the flip-side of protein and fat consumption; yes, both
delay gastric emptying, decreasing the magnitude of post-prandial peaks and reducing insulin
requirements, but they also induce insulin resistance in tissues such as the liver and muscle, increasing
insulin demand later on in the absorptive phase. Many patients with diabetes often view high-fat or high-
protein meals as "freebies" that may not need to be bolused for and we're glad to see more attention and
research into deriving better formulas to account for the insulin requirements of proteins and fats. That
said, Dr. Jeremy Pettus notably quipped at the TCOYD/diaTribe Foundation Forum that in a few years,
patients may not need to actively think about this day-to-day as artificial pancreata take care of the
complex dosing calculations. Dr. Shafat pointed out that until the artificial pancreas can respond effectively
to changes in glucose, we will continue to improve our physiological understanding to anticipate glycemic
response and improve the lives of patients.

Symposium: Children with Type 1 Diabetes are not Little Adults - Differences in
Pathophysiology

SUMMARY

"Age matters" was the overwhelming theme during this four-part symposium on children with type 1
diabetes. Speakers provided an overview of pediatric type 1 patients' unique pathophysiology both pre- and
post-diagnosis, stressing that these patients show much faster progression of the disease. We heard lots of
emphasis about the importance of early intervention and the need to include children in clinical trials for
novel therapies, with some speakers going so far as to suggest distinct regulatory pathways to drug
approval for adults and children because of how diabetes presents differently in each population.

DIFFERENCES BETWEEN PEDIATRIC AND ADULT ONSET TYPE 1 DIABETES -
PATHOPHYSIOLOGY PREDIAGNOSIS

Peter Gottlieb, MD (Barbara Davis Center, Aurora, CO)

Dr. Peter Gottlieb began his talk with an explanation of where lines between pre-diagnosis and diagnosis
are drawn. He noted that the prevalence of type 1 diabetes climbs by 3-5% each year, a worrisome trend
that leaves ample opportunity for the development of preventative measures that can be implemented pre-
diagnosis. Prevention is especially relevant for pediatric patients, who exhibit a far more aggressive pre-
diagnosis pathophysiology compared to adults. At a high level, he noted that type 1 diabetes progresses
from genetic risk, to immune activation, to an autoantibody response that increases in severity (stages 1-2).
Traditionally, the clinical diagnosis for diabetes is designated at stage 3, when blood sugar becomes
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abnormal, but Dr. Gottlieb advocated for a new paradigm in which diabetes is deemed to begin at stage 1,
as soon as the first autoantibodies appear. This early disease state is characterized by other pathological
signatures as well, including changes in (i) the microbiome; (ii) B lymphocytes; and (iii) pancreatic beta
cells, all of which occur more dramatically in children than adults. Dr. Gottlieb expressed optimism that
understanding the pathophysiology of this pre-diagnosis state will lead to much-needed preventative
therapies, especially for the youngest type 1 patients.

DIFFERENCES BETWEEN PEDIATRIC AND ADULT ONSET TYPE 1 DIABETES - C-PEPTIDE
LOSS POSTDIAGNOSIS

Carla Greenbaum, MD (Benaroya Research Institute, Seattle, WA)

Dr. Carla Greenbaum discussed the rapid progression of type 1 diabetes in children in terms of a faster rate
of c-peptide loss. She presented one hypothesis for this acceleration - that most beta cell replication occurs
during the neonatal phase of human development (2-6 months), which allows for more pronounced early
effects of autoimmunity. For this reason, Dr. Greenbaum underscored the need to include children in clinical
trials and to distinguish between results in pediatric and adult patients. For example, she noted that the
significant positive trial results of rituximab and abatacept were driven by pediatric patients, while another
study testing the effects of glutamic acid decarboxylase (GAD) on insulin secretion only met recruitment
goals when children were included as participants (an example that Dr. Greenbaum also used to assert
parents' willingness to enter their children with type 1 diabetes into clinical trials). She urged parents,
patients, and providers to consider the TrialNet database for type 1 diabetes studies, and called for distinct
approaches to research and drug approval for pediatric patients.

DIFFERENCES IN DEVELOPMENT OF DISEASE - MODIFYING STRATEGIES IN CHILDREN
WITH TYPE 1 DIABETES

Diane Wherrett, MD (University of Toronto, Ontario, Canada)

Dr. Diane Wherrett pointed out the great irony that while regulatory agencies have complex and
demanding requirements when it comes to enrolling children in clinical trials, this insistence on protecting
children has left them vastly underrepresented in diabetes pharmacotherapy studies. She noted that drug
metabolism, clearance, pharmacokinetics, and safety risks in children cannot merely be extrapolated from
adult data, stressing that without children's involvement in clinical trials, we lack strong evidence to
understand which drugs may be helpful for the growing number of children with type 1 diabetes. She noted
that this is particularly problematic since onset of type 1 diabetes often occurs in childhood and, as such,
called for joint action by researchers and regulatory bodies to recognize this oversight. Dr. Wherrett
advocated for more emphasis on the differences between children and adults in the design and analysis of
future trials and suggested that regulators should adopt two major new principles: (i) including children in
studies as soon as a drug's safety has been confirmed; and (ii) removing the requirement that efficacy in
adults with type 1 diabetes must be proven before a drug can be studied in children.

COMPLICATIONS - MORBIDITY/MORTALITY IN THOSE DIAGNOSED AS CHILDREN

Maria Craig, PhD (Children's Hospital, Westmead, Australia)

Dr. Maria Craig highlighted the fact that patients diagnosed with diabetes as children face a higher risk for
developing complications, from renal dysfunction to retinopathy to peripheral nerve damage. She argued
that early intervention is critical to reduce the frequency and severity of complications. Indeed, she noted
that life expectancy has greatly improved for patients with type 1 diabetes since 1950, largely because of
declining rates of diabetes-related cardiovascular and renal disease. Dr. Craig called this "good news," but
added that healthcare professionals must to continue to target modifiable risk factors, including blood
pressure and obesity, to build upon this position trend.

Questions and Answers

Q: Can you comment on the risks associated with new diabetes therapies, and on how these
risks are perhaps elevated for children?

www.closeconcerns.com 300

http://www.diabetestrialnet.org/index.htm


Dr. Greenbaum: These therapies are widely used in both adults and children in the context of other diseases.
Those of us trained as endocrinologists haven't had much experience with this, but we have to realize that
these treatments can be used in a safe way. Of course, we should consider all risks and continue long-term
monitoring, but there's been much improvement in the daily lives of people with type 1 diabetes with the help
of novel therapies.

Comment: Maybe there should be more research probing for dangerous side-effects in
children.

Dr. Greenbaum: There are ongoing efforts. To date, there haven't been any significant harmful effects.

Q: We see a high mortality, especially in patients with high BMI. We often see hyperlipidemia.
When will you start to focus on this? If type 1 children grow up and their LDL is too high, it
might also influence mortality. Do you know any data about this?

Dr. Craig: You are right that dyslipidemia is an important risk factor. The evidence for using statins in young
people is limited. There should be data published soon that will help answer those questions. As for whether
we should use statins as they are used in adults, I don't think we have the data. Teasing out the individual
effect of lipids on mortality is difficult.

Dr. Gottleib: We generally start therapy based on ADA guidelines, meaning that we start statins in a patient's
20s, recognizing that this is an issue. Especially for women in childbearing age, it creates a complication.

Q: Is there a standard definition for what constitutes new onset?

Dr. Wherrett: There isn't really a standard definition. Major studies usually define new onset as occurring
within three months following diagnosis.

Dr. Greenbaum: When we started doing these studies, we were somewhat arbitrary in selecting that three-
month window. It's a balance - we recognize that the time of diagnosis is difficult for families, but we also
know that earlier intervention is better, especially since the date of diagnosis can be fuzzy. Children tend to
show more acute onset, but pediatric patients can live through a substantial pre-symptomatic period as well,
during which they have abnormal glucose but aren't yet showing all the signs of diabetes.

Q: I have a question about the response to therapy being driven by pediatrics. Are there
sufficient data to compare between young and old patients?

Dr. Greenbaum: Not yet.

Q: My understanding is that there's still some conflicting evidence on the relationship between
BMI and type 1 diabetes. What's your perspective?

Dr. Craig: There is strong evidence for the accelerated hypothesis when it comes to the role of BMI in type 1
diabetes. A number of studies have shown that a higher BMI predicts the development of autoimmunity.

Dr. Greenbaum: There's a sizable amount of data looking at BMI once people have multiple antibodies. The
data we have does NOT support the accelerator hypothesis in the group of people with antibodies.

Q: I have a question about your view on staging. Can you explain what is happening with
antibodies in stage 1 before the clinical diagnosis?

Dr. Gottleib: All the evidence suggests a tug of war between autoimmune and reactive T-cells. All the data
speaks to the presence of two autoantibodies being a risk factor for type 1 diabetes in stage 1, but if there is
only one high-risk autoantibody that could be a risk factor too. In those individuals, where things progress to
a clinical diagnosis of type 1 diabetes at stage 3, you see lots of compartments of the immune system being
active. We then look at these and see which sequences lead to disease. It is heterogeneous between adults and
kids, but also heterogeneous within these two populations as well.

Q: We all appreciate the more rapid progression of type 1 diabetes in children, but I've also
seen young patients who show early signs of diabetes and then go home and have totally
normal blood sugar for a month.
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Dr. Greenbaum: Yes, in fact we described in the Diabetes Prevention Trial of the late 1990s a whole
population of people who appear to have diabetes on a glucose tolerance test but then have neither elevated
A1c nor immediate symptoms. Many people can stay in that state for a long time. This phase would typically
be longer in adults than in children, but regardless, we're thinking about how to include this population with
"silent diabetes" in trials alongside people presenting acutely with symptoms.

Dr. Gottlieb: Individuals can look really flat even post-diagnosis - it happens in children, though it's more
common among older groups. Through mechanistic studies, we want to examine these outliers and compare
them to the rest of our patients to find out why this happens.

Q: Is there is a difference between an adult with type 1 diabetes that has one or two
autoantibodies?

Dr. Gottleib: I didn't show that data, but the rule is that having a single antibody, whether you are an adult or
kid, means a slower disease progress, although there is a bit more progression in the younger group.
Antibodies can be low or high affinity - one factor that we are now teasing apart is that high affinity antibodies
seem to indicate a more rapid onset, and maybe a faster progression. We are starting to analyze that data to
understand it better

Q: Is type 1 diabetes separate from LADA?

Dr. Greenbaum: Whether LADA is a distinct disease is a question we could have an entire seminar over!
LADA seems like adult onset type 1 diabetes. If you are an autoantibody-positive person, we assume you have
immune-related diabetes. But antibodies are measured by percentiles in the population, and there is such
variability in the population that it may be random. Before you assign people as having immune-mediated
disease, do the antibody test twice to ensure it isn't just chance.

Q: Looking at TrialNet results, it looks like 80% of individuals who have more than two
antibodies have type 1 diabetes. What about the other 20%? Is there any research about what
protects this latter group?

Dr. Greenbaum: We don't think it's 80%. We think it's 100%. If you look at that paper, there's no change in
slope, which leads us to believe that if we kept following these people they would all develop diabetes. Of
course we know that nothing in medicine is truly 100%, and we have mechanistic studies underway looking at
why certain people with multiple antibodies might have a more delayed progression of disease.

Q: I have a question about the data from under the microscope in comparison to immune
function data. I found it curious that there was no overlap in phenotype in groups under the
microscope. By contrast the immune data looks like a continuum of phenotypes. So do you
think type 1 diabetes phenotypes occur as a continuum, or are there discrete phenotypes?

Dr. Gottleib: This is speculation, but a lot of us feel that there is heterogeneity. I think it is quite possible that
there are several pathways being activated between humans with diverse genetic backgrounds and
environmental exposures. Again, this is speculation, but there really may be different pathways to disease but
similarities in that you start at the same place.

Q: Does it have to be the insulin antibody, or will other antibodies lead to progression of type 1
diabetes as long as there are multiple?

Dr. Gottleib: The insulin antibody is dominant in a majority of pediatric patients with type 1 diabetes.
However, the overall data is irrespective of antibody, meaning there have to be at least two antibodies but no
specific one. We see a wider range of antibodies implicated - including GAB - as patients age.

Q: Is there any collection of data for the other end of the lifespan? What about someone who
has had 50 years or more of diabetes and no complications. Is anyone collecting data on
genetic protective factors?

Dr. Craig: I work in the pediatric center so we don't see those patients. There is a JDRF group looking at data
from that cohort. I do think it is very important to be looking at the patients long-term. I think c-peptide is
one factor that is hypothesized to be contributing.
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Dr. Greenbaum: If we know anything, glucose is a big player but it isn't the whole player. There are whole
consortiums of people looking at who is and who isn't protected from complications of the disease over the
long term.

[Comment]: I wanted to add something about the 20% of patients with long-term slow
progression, who show multiple antibodies but then go 10 or more years without developing
type 1 diabetes. What we're finding now - and what's presented at a late-breaking poster here -
is that many of these individuals initially had three antibodies and now only have two, so there
are some changes happening over time.

Dr. Greenbaum: Thank you.

Symposium: Peeling Back the Layers-Addressing Diabetes in the Context of Sub-cultural
Influences

ADDRESSING DIABETES IN AMERICAN INDIAN AND ALASKA NATIVE COMMUNITIES

Yvette Roubideaux, MD, MPH (Elson S. Floyd College of Medicine, Spokane, WA)

Dr. Yvette Roubideaux spoke to the importance of analyzing and treating the American Indian/Alaska
Native population as a heterogeneous group with diverse genetic and cultural traits that differentially
influence ideal diabetes prevention and therapeutic strategies. Indeed, there are 567 federally recognized
American Indian and Alaska Native tribes in the US, in addition to over 200 state-recognized tribes.
Combined, these groups contribute a wide variety of cultural beliefs, traditions, and practices. Given the
genetic and lifestyle variations amongst American Indian and Alaska Native people, Dr. Roubideaux
reiterated that "you can't make assumptions about American Indians unless you know the individual." This
makes it challenging to address the diabetes epidemic in American Indians/Alaska Natives at a national
level. Dr. Roubideaux described an interesting and ultimately successful approach - in 1998, as director of
the Indian Health Service, she oversaw the creation of the Special Diabetes Program for Indians (SDPI), a
$150 million/year legislative initiative, that that brought Tribal leaders together to determine the best ways
to distribute the funds amongst tribes served by the Indian Health Service and engage their unique
communities in diabetes prevention and management. The The SDPI grantees developed solutions that were
incredibly diverse, but mainly focused on evidence-based prevention and treatment strategies, peer-to-peer
learning and incorporating exercise, healthy eating, and diabetes education into cultural activities as
appropriate for each Tribe. In this way, the federal government was able to ensure that all tribes were
engaged…and it worked! Between 2006-2013, mean A1c decreased markedly in American Indians and
Alaska Natives served by the Indian Health Service, and end-stage renal disease in Native Americans/
Alaska Natives declined faster than in any other ethnic group in the US.

Mini Symposium: Patient-Centered Care - Is There Too Much of a Good Thing

ADVANTAGES

Rene Rodriguez-Gutierrez, MD (Mayo Clinic, Rochester, Minnesota)

Dr. Rene Rodriguez-Gutierrez addressed a packed hall to highlight the advantages of patient-centered care
over the use of A1c as the sole outcome measure in diabetes. He used a case study of a 55-year old woman
with diabetes, hypertension, obesity, depression, and several social stressors to illustrate the inability of A1c
to identify and consider common comorbidities and the context of the patient with diabetes. He noted that
patient-centered care requires a shift away from surrogate markers such as A1c, blood pressure, and weight
and toward outcomes that are important to the patient: living longer independently, feeling better, and
living unhindered by complications. Dr. Rodriguez-Gutierrez reviewed the results from intervention studies
that sought to address this need, emphasizing that shared-decision making only adds about three minutes to
consultations and results in a 30% improvement in patient knowledge. We could not agree more and feel
that this talk should be required viewing for every clinician and researcher in diabetes!
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CHALLENGES

Philip Raskin, MD (UT Southwestern, Dallas, TX)

A very engaging speaker, the renowned Dr. Philip Raskin opened by stating that while he believes in and
implements patient-centered care, he recognizes that several factors make it difficult. He briefly reviewed
the challenges, which included limited time ("I have 30 minutes; other physicians may have much less"),
cumbersome documentation (jokingly, "we use EPIC and I can't type"), and medication costs. Dr. Raskin
cited poor health literacy as a notable factor and noted that some patients may not understand the scientific
data that physicians reference when weighing the benefits and risks of a therapy. Throughout his talk, Dr.
Raskin emphasized that physicians must get patients to "buy in" - i.e., to accept and participate in their
therapy. To illustrate this point and to spark audience discussion, he offered a patient example that most
physicians have encountered: a 58 year old woman with type 2 diabetes (diagnosed three years ago) who
has an A1c of 8.5% on multiple oral drugs and who is reluctant to start insulin. He transitioned from his talk
to the panel discussion by asking the audience, "what would you do?"

PANEL DISCUSSION

Moderator: Patrick O'Connor, MD, MA, MPH (HealthPartners Institute, Minneapolis, MN)

Panelists: Philip Raskin, MD (UT Southwestern, Dallas, TX) and Rene Rodriguez-Gutierrez,
MD, MSc (Mayo Clinic, Rochester, MN)

Q: Did your meta-analysis look at any closed loop control systems? It is difficult to manage
diabetes on our own or even with a team of people; having a closed loop control system makes
so many of the difficult factors easier to deal with.

Dr. Rodriguez-Gutierrez: They were excluded. [Note: the remainder of the answer could not be heard due to
acoustic issues].

Q: When you consider everything that you want to get done here, you have to keep in mind
that this requires funding. There are two mechanisms for funding: (i) You can utilize
collaborative practice or (ii) you can utilize chronic care management. CMS (Centers for
Medicare and Medicaid Services) is paying for both of these. Patient care plans have to be
drawn ahead of time. As a pharmacist, my pharmacy student and I are prepared with a plan
before the patient walks in the room. This is part of the collaborative agreement. There is
reluctance on behalf of the physician to share the patient with a team.

Dr. O'Connor: I want to interject with something that I learned from interviewing a patient with diabetes. He
said that when he first got diabetes, he didn't believe it was serious and he wasn't sure whether the treatment
would make any difference. The patient said that he wasn't eating well and that his sugar was high. He said,
"my doctor was trying to get me to eat better and I couldn't do that. So my doctor said to keep my sugars less
than 200. That's the only advice I heard for a few years." Then the patient woke up one day and found out that
his blood sugar should be in the 120-130 range. And then the patient said to me, "My doctor was so stupid.
That doctor doesn't know anything about diabetes and was treating me the wrong way, so I fired him." That
was interesting. We categorize patients as "adherent" or "non-adherent", but that can change over time.

Q: Regarding patient-centered outcomes, are we giving up on current practices such as
checking A1c and routine labs, or should we consider both? Is there a tradeoff? I don't think
we have objective ways of measuring patient-centered outcomes, not just because the tools
aren't there but because of the inherent problems with current measurements.

Dr. Raskin: I think one of the best patient-centered outcomes is whether the patient is taking the treatment.
I've seen patients who we put on four injections a day, but the patient isn't taking them. In that case, it may
not be the best treatment for them. The real crux of the issue for the physician is to get the patient to buy in.
We have pretty good data showing that keeping the A1c below a certain threshold can prevent blindness or
kidney failure. Physicians have to get the patient to understand this and have to provide treatments that the
patient will actually follow. We have to get them as close as possible to that goal. You can't throw out the baby
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with the bathwater. You also have to know the A1c and the blood pressure. You can't let people walk around
with hypertension because they don't like taking pills.

Dr. Rodriguez-Gutierrez: We should combine both. But it's important to consider how the patient is feeling.
It's common in the US - with its pay-for-performance system - to think that we have to get the patient to the
target. I think this outlook may not be the best for all patients. We have to think about how the patient is
feeling. When we are increasing the number of meds and shots, we have to think if we are really doing
something that the patient wants. That's something we have to take into account.

Q: Has a large, closed healthcare system such as Kaiser been incorporating patient outcomes
in a formal way into care and if so, which patient outcomes?

Dr. O'Connor: I think that many large health plans, such as HealthPartners, aspire to that. But, it is difficult to
collect data in a systematic way and difficult to interpret this data. At HealthPartners, one of the ways they
have started to do this is by sending a questionnaire to every doctor's patients regularly. The questionnaires
ask: did the doctor listen to your concerns? Did you like the doctor? Would you refer the doctor to your
friends? They have been doing this for 20 years. Where I work, a doctor will get fired if the results from this
questionnaire are lower than 90% and we find that the average is about 94%. Patients like their physicians.
However, we don't routinely collect diabetes-specific patient-reported information. I would be interested in
asking the questions: Have you had hypoglycemic symptoms recently? Have you had problems with
medication? This is all information that is not routinely collected.

Dr. Rodriguez-Gutierrez: They are working on this at Mayo.

Dr. O'Connor: EMR systems often have a patient portal. They are thinking about utilizing this by sending an
email to certain patients before the visit, giving the patient a link to their EMR and asking them to answer
questions before the visit. We have these systems that can use the patient-reported information into the
algorithms - that would be a move in the right direction. I bet you will see that being done in a year or two.

Q: Regarding your patient example, I will give her another oral drug for two to three months.
She may get her A1c below 7%, but that's doubtful. But you can take two to three months to
show her there's no other alternative to insulin.

Dr. Raskin: There's merit to that plan. But I will just say that not everybody can get a patient back in the office
in two months. Access to a healthcare provider is part of the problem. The patient may not be back for one
and a half years. I think it's a meritorious plan. I sometimes do this when I ask a patient to start taking
insulin. I ask the patient to try insulin for a month or two and tell them that if they don't like it, we'll
reconsider it. Most of the time, I never hear from the patient again because patients see that insulin does
work, they feel better, and they find out that the shots really don't hurt.

Q: I'm finding a curious disconnect between the speakers. We saw the results of all the studies
of intensified glucose control but yet on the other hand, Dr. Raskin is saying that we know that
if we can get the A1c down to 7%, we won't see as much blindness, or renal failure. Where is
this coming from? I think what we need to do is quantify the likelihood of absolute risk
reduction for the individual. We're all being a bit unrealistic about hard endpoints.

Dr. Raskin: I agree with what you're saying. Once you get an A1c less than 8%, when you're utilizing patient-
centered care, it turns out that the cardiovascular events are the major cause of excess mortality. In a 17-year
study from Denmark that was published in Diabetologia, there were 47 deaths from heart attacks or strokes
for every one related to renal failure. Also, we are usually not dealing with someone who is a math professor.
So, how do you talk to people about risk? These mortality rates can be elusive.

Q: I think you hit the nail on the head when you said that the patient has to buy into this. I have
the honor of working with an ADA-approved diabetes outpatient and inpatient education
program. One of the best things I've seen is when our diabetes educators work both inpatient
and outpatient to help patients see where they need to go and to understand where the patient
is coming from and what they can afford. I'm always amused and dismayed to see what the
physician prescribes to a patient who has no financial resources. The patient can't be
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compliant. And I hate that word because frequently, a problem with compliance is due to
social, financial, and educational factors. We also have a diabetes support group and we've
had some wonderful speakers and the peer support is tremendous. That, to me, is the most
important thing.

Dr. O'Connor: Thank you for that comment. It is very, very true.

Q: Do we need to focus more on following up with the patient at home and having someone
that checks up on how the patient is doing? We miss out on that information and we fail
because a good plan cannot work if the patient cannot make it work at home.

Dr. Rodriguez-Gutierrez: It is a wonderful idea. Our research group has been trying to work on this. We are
trying to address those factors by asking the questions: is your family a burden? Is work a burden? We are
trying to understand the other part of being a patient, because everyone has their problems. We are hoping
that with the tool that we have developed, we can better understand the difficulties people are having at home.

Dr. O'Connor: There is more development in that direction. There is a session later on today that covers the
fact that the kind of payment affects what you can do. When places like Kaiser looks at their chronic disease
care, there is a lot that they want to do, but only a small amount are covered in fee-for-service payments. It's
an important issue that goes beyond the definition of this session.

Q: I'm a primary care internist with a special interest in diabetes. Diabetes outcomes are very
clearly poor in this country. When I came to this talk, I interpreted "patient-centered" to mean
"patient-centered medical home" and that invokes both political and health plan reactions.
Medicare is talking about transforming the delivery system and changing the payment system.
We have NCQA funding but in our small rural practice, we don't have the capacity to do
reporting for patients. What pieces do we need to put into place to see a transformation in
patient care? It's not about this drug versus that drug or about starting insulin. It is about
improving patient communication and health literacy. I'm not sure where that larger issue is
in this discussion.

Dr. Rodriguez-Gutierrez: There's a lot of work that has to be done. This will involve policy makers and
different stakeholders, including the patient.

Dr. O'Connor: Let me add to that. What would you do? What would you like to see?

Q: We clearly need to change the way we're delivering care. Some of your work with
hypertension influenced us and we elected to do hypertension management at home. That has
been transformational. That means you have to standardize the blood pressure collection by
having all the patients use the same cuff. And we didn't have enough money to buy the cuffs, so
virtually every patient in our relatively poor community bought his own cuff. They were
engaged in their care. We got participation in this program to well over 70%. We're getting
good data. It has just been transformation. These things we can do. The problem we have is
with payment. We have home visits and we pull the data from the blood pressure cuffs and do
lifestyle intervention at the same time. None of that is paid. We are struggling to keep the
program going. I don't know when the system will keep up with that.

Dr. O'Connor: That's great. There's no reason why you couldn't have the blood pressure cuff at home, have an
algorithm, and respond to the patient at home. You could do the same thing with glucose control. There are a
lot of people working on how to translate data into treatment suggestions. Those are very active areas for
research.
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Policy and Reimbursement

President, Medicine, and Science Address and Banting Medal for Scientific Achievement

DIABETES AT 212° - CONFRONTING THE INVISIBLE DISEASE

Desmond Schatz, MD (University of Florida, Gainesville, FL)

In a stunningly energetic and motivational presentation, ADA President Dr. Desmond Schatz underscored
the need to bring diabetes to 212 degrees - "the boiling point of water where it erupts with urgency" - to
transform the "invisible disease" to a highly visible crisis. Dr. Schatz detailed the many ways in which
diabetes is invisible, hidden, and ignored: people hide the reality of living with diabetes from their friends
and families, healthcare providers are largely absent in the daily management of the disease, and patients
with type 2 diabetes often choose to be invisible due to stigma and feelings of failure. Further, he noted,
diabetes remains invisible even in the healthcare community, where missed and delayed type 1 and type 2
diabetes diagnoses can lead to DKA and even premature death; in fact, almost 20% of children with type 1
diabetes present with DKA despite many visiting a clinic during the week prior to their diagnosis. In
addition, Dr. Schatz emphasized that NIH funding for diabetes pales in comparison to that for HIV/AIDS
and cancer despite being far more prevalent ($34.71 per patient for diabetes vs. $2,500 for HIV/AIDS and
$371.66 for cancer), another byproduct of its invisibility. To that end, he advocated for taking a page out of
the book of successful movements such as HIV/AIDS and even the recent Zika epidemic (which recently
received a $1.1 billion compromise bill), where people have rallied around a strategic vision and inspired a
"fiery sense of urgency". He concluded his presentation with a powerful call to action: "When all is said and
done, the people responsible for real action, who are capable of turning the tide of this epidemic and finding
a cure… are likely sitting right next to you in this room!".

▪ Dr. Schatz shared a moving video from a young 15-year-old with type 1 diabetes who
highlighted her invisible struggle with diabetes. She noted how most people don't fully
comprehend that the decisions she makes about insulin dosing are critical decisions that she often
fails to get right despite exhaustive calculations. In perhaps the most poignant moment of the video,
she stated that she can never take break from diabetes, and that it is the first consideration in almost
everything she does - "If I'm going on a road trip - diabetes. First date - diabetes. AP test - diabetes.
Going to bed at night - diabetes." We believe personal stories like these are invaluable for driving
progress, reducing stigma, and fostering urgency through making diabetes more visible, and hope to
see them reach popular media to inspire the masses.

▪ According to Dr. Schatz, the invisibility of diabetes also takes a toll on disease
management, as the healthcare system does not have the resources needed to help
people be successful. Indeed, over 75% of people with type 1 diabetes and nearly 60% of adults
with type 2 diabetes are not meeting their target A1c (<7.5% and <7%, respectively), and a
whopping~70% of Medicaid patients with type 2 diabetes are not at goal. To Dr. Schatz, this
highlights the need to address the psychosocial and behavioral aspects of diabetes critical to
management, factors that have been largely ignored thus far.

▪ Dr. Schat'z presentation was chockfull of powerful metaphors and pearls of wisdom.
See below for some of our favorite quotes:

◦ "Diabetes is the global warming of healthcare and it is being ignored."

◦ "How often do we actually take the time to hear or learn about patients' burden and the
real reasons why they can't seem to control their diabetes? Do we have a sense of urgency
to resolve their burdens and questions?"

◦ "Diabetes is like a wildfire raging through this country and across the globe - is anyone
paying attention?"
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◦ "Can you imagine a disease that potentially impacts 1 in 3 people in the US that's not called
an epidemic and addressed with the urgency of a crisis, with a war cry called upon it by our
leaders?"

◦ "Diabetes is an epidemic spiraling out of control in this country and around the world, yet
it remains largely invisible."

◦ "In a 19th century science experiment, researchers placed a frog in a pan of boiling water
and it immediately jumped out. But when the frog was placed in cool water that was slowly
heated, it just sat there, not realizing it was being boiled to death. This is a metaphor for
where we are in diabetes, complacent like the frog in the cold water. On the other hand, the
frog in the hot water has an urgent sense of impending doom. We need this immediacy in
diabetes."

Oral Presentations: Measuring the Value of Diabetes Care - The Current Epidemiology of
Diabetes-related Health and Well-Being

COST-EFFECTIVENESS OF THE NEW US PREVENTIVE SERVICES TASK FORCE
RECOMMENDATION ON SCREENING FOR ABNORMAL BLOOD GLUCOSE AND TYPE 2
DIABETES

Thomas Hoerger, PhD (RTI International, Research Triangle Park, NC)

Dr. Thomas Hoerger presented the results of a simulation model, concluding that depending on societal
willingness, the new USPSTF recommendation on screening is cost-effective relative to no screening or the
old USPSTF recommendation. As a reminder, the USPSTF recently expanded the criteria for abnormal
blood glucose screening to adults aged 40 to 70 years who have overweight or obesity (an expansion from
asymptomatic adults with sustained hypertension) - see our comprehensive coverage of the news for more.
This analysis used a simulation model, CDC's diabetes cost-effectiveness model, and healthcare system costs
and quality-adjusted life-years (QALYs) to evaluate patients' remaining lifetime. The analyses applied
intensive lifestyle intervention to people with identified prediabetes and standard treatment to those with
identified diabetes. According to the findings, relative to no screening, the incremental cost-effectiveness
ratios (ICER) for the new recommendation were $29,000, $25,000, $33,000, and $46,000 per QALY for
those aged 40, 50, 60, and 70 years, respectively. For the old recommendation, relative to no screening, the
ICER was $32,000 per QALY. Overall, Dr. Hoerger highlighted that compared to the previous
recommendation, the latest USPSTF recommendation screens more people, detects more cases of abnormal
glucose, and yields larger health benefits with a "relatively attractive" ICER, though results are also
sensitive to assumptions about cost, participation rate, and effectiveness. Thus, he concluded that if there is
societal willingness to pay for QALYs of at least $50,000, then this new recommendation is cost-effective
compared to previous screening criteria. Providing a policy perspective, Dr. Hoerger expressed optimism,
as he pointed to the positive access implications of the ACA's cost-sharing preventive service term as well as
Medicare's recent reimbursement of the Diabetes Prevention Program. We are excited to see greater
promising data on this expanded USPSTF recommendation, though challenges around awareness and
implementation still loom.

Questions and Answers

Q: Am I right that you're assuming that the transition rate from prediabetes to diabetes is 1.7%
per year?

A: It varies based on age group and varies based on your prediabetes status.

Q: A real anxiety of mine is that prediabetes is defined by ADA as a lot bigger of a category than
that in the DPP. We're diluting a lot of these people in the DPP, so efficacy is going to be a lot
less and the transition rate is likely to be a lot lower. So I would be extremely cautious about
the statement you are supporting on the recs of USPSTF by this cost-benefit analysis.

A: You point out important limitations. One thing that we have really tried to look at is in the DPP - the
probability of onset was very high (nearly 10%) and we're not using nearly that high of an onset of probability.
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Oral Presentations: At What Cost? Assessing the Financial Impact of Care Models, Co-Pays,
and Complications in Disease

EFFECT OF HIGH-DEDUCTIBLE INSURANCE ON ACUTE DIABETES COMPLICATIONS

James Wharam, MB (Harvard Medical School, Boston, MA)

Dr. James Wharam presented the serious and scary downside of high-deductible health plans (HDHP),
which can lead to a lag in seeking healthcare, an increase in negative health outcomes, and greater
healthcare costs for patients with diabetes. This two-year, interrupted time series study followed 12,084
patients with diabetes, age 12-64, enrolled in a HDHP (deductible of at least $1,000) after an employer
mandated switch. Compared to patients on a low-deductible health plan (LDHP, n=12,084), HDHP
members showed a significant delay in their initial outpatient visit for a diabetes-related complication
(hazard ratio 0.95, p=0.049). Cumulative mean costs per visit were $15,936 for HDHP members,
substantially higher than costs per visit for LDHP members ($9,935) -likely attributed to delay in seeking
healthcare because of the greater out of pocket costs. These negative effects were amplified for high
morbidity and low income patients. High morbidity HDHP members (n=3,640) further delayed their first
outpatient visit following an acute complication (hazard ratio 0.90, p=0.012) and their complications were
$19,605 more expensive per episode over two years compared to their LDHP counterparts. Low income
HDHP members (n=4,121) also delayed outpatient visits (hazard ratio 0.91, p=0.05) and on average
complications were $8,217 more expensive per episode. Mr. Wharam cautioned that HDHPs are about to
"explode" under the Affordable Care Act, already accounting for 46% of insured Americans in 2015. These
are very concerning numbers and illustrate that these plans may have unintended consequences. Will they
actually be cost-saving? It doesn't appear so, and we hope more discussion happens on this topic.

▪ During Q&A, one audience member shared an emotional experience of seeing a two-
point rise in average A1c after patients at her clinic transitioned to HDHPs. Mr. Wharam
highlighted the double whammy of a HDHP: "The most vulnerable members of the diabetes
community are experiencing adverse outcomes and increased financial burdens."

▪ Patients saw a 27% increase in out of pocket costs upon switching to a HDHP, and an
absolute increase of $409 in out of pocket costs over two years.

▪ "High-deductible health insurance does not alleviate economic burden." Mr. Wharam
explained that the total cost of healthcare surrounding diabetes is unchanged - when patients delay
doctor's appointments they're likely to experience more severe, expensive complications requiring
hospitalization instead of a prescription, which also squanders their efforts to avoid paying the high
deductible. He qualified that current data on delay in outpatient visits and increase in emergency
visits is associational, and that his results may not be generalizable to plans with very high
deductibles.

Questions and Answers

Q: Thank you for doing this study. I've had a similar experience at my institution, where we
had county-funded health insurance and were forced onto the health exchange. The no-show
rate went up, because now patients faced a co-pay in addition to a premium. They weren't
getting their medicine, and as a result, average A1c went up by two points. When patients start
to pick high-deductible plans, bronze or even silver, they just don't come in and can't get the
medicines they need. We went from a stable group of patients on a county-funded program to
a very unstable group of patients on high-deductible health insurance.

A: Certainly, our high level data suggests the same thing. You're probably catching part of the patient
spectrum that's even more vulnerable than what we captured, so thanks for letting us know about that.

Q: What was the impact on total health expenditures for everyone, including the system?

A: I'm glad you brought this up because it was actually a large motivation for this study. Total costs don't
change much. Some costs are going up and others are going down, but overall nothing's happening. We're
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trying to disentangle that. But absolutely with the proliferation of HDHPs, costs are substantially shifted to
patients.

INCREASES IN EXPENDITURES ON GLYCEMIC CONTROL DRUGS AMONG U.S. ADULTS
WITH DIABETES, 1987-2013

Xilin Zhou, PhD (CDC, Atlanta, GA)

Dr. Xilin Zhou presented a numerical analysis of the tremendous growth in spending on anti-diabetes drugs
in the U.S., showing that, even after adjusting for inflation, spending has increased from $2.3 billion dollars
in 1987 to $27.8 billion in 2013 - a 12-fold increase in under two decades! Dr. Zhou and her team mined
survey databases (National Medial Expenditure Survey and Medical Expenditure Panel Survey) for self-
reported data on glycemic-control drug spending in adult diabetes patients (n=36,491). In addition, Dr.
Zhou examined trends in insulin versus non-insulin drug spending, ultimately concluding that expenditure
on insulin increased 18-fold (from $0.9 billion in 1987 to $16.3 billion in 2013 - faster than any other drug
class!), while non-insulin drug spending increased only 11-fold (from $1.3 billion in 1987 to $11.3 billion in
2013). Finally, she shared that, of the non-insulin therapies, DPP-4 inhibitors consume the biggest slice of
the spending pie (12.2% in 2013), with GLP-1 agonists and metformin both at 6.6% of the market. According
to Dr. Zhou, this trend was clearly powered by the relatively high price of DPP-4 inhibitors (higher user
expenditure), as metformin was used by significantly more patients between 1987 and 2013.

▪ Total expenditure increased so dramatically due to increases in both the number of
payers and per capita expenditure. The number of US patients taking glycemic control agents
more than tripled from 5.2 million in 1987 to 18.9 million in 2013. Per capita expenditure also
increased dramatically in this time frame from $436 to $1470.

▪ The driving force behind the striking growth in insulin expenditures between 1987
and 2013 was the spending per user. The number of insulin users tripled between 1987 and
2013, but the per user expenditures grew 6-fold, contributing more to the total growth in spending.

Questions and Answers

Q: Could you please clarify the metformin expenditures? In recent years, metformin is
available as a generic at $4/month, but your figures appear much larger. Can you clarify this
discrepancy?

A: Expenditure in my study includes expenditures from all sources - insurance, Medicare, Medicaid - not just
out of pocket.

Q: Were you able to separately look at types of insulins (human v analog, basal vs fast-acting)?

A: We were not, we didn't have enough information.

Q: How do you explain the increase of DPP-4 and GLP-1 cost per user?

A: I can't answer that question with data included in this study. But, just speculating here, maybe the drugs
were used more intensively or the unit prices were increased. Unfortunately, the answer is beyond the scale of
our research.

TRAJECTORY OF EXCESS MEDICAL EXPENDITURES NINE YEARS BEFORE AND AFTER
THE ONSET OF DIABETES AMONG ADULTS, 2001-2013

Sundar Shrestha, PhD (Center for Disease Control and Prevention, Atlanta, GA)

Dr. Sundar Shrestha shared observational, population-based data on the change in healthcare spending
before and after individuals are diagnosed with diabetes. The study tracked medical expenditures of
American adults using a large medical and drug insurance claims database (MarketScan), finding
unsurprisingly that people who develop diabetes incur substantially higher excess medical expenditures
nine years after their diagnosis vs. nine years before their diagnosis - specifically, per capita medical
expenditures for the diabetes and control cohorts increased annually by $382 and $177, respectively, over
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the 18-year period. While that finding was certainly expected, Dr. Shrestha also pointed out that the
healthcare spending of people who developed diabetes was actually 34% higher than those who did not
develop diabetes even nine years BEFORE their diagnosis (p<0.001) - hmm, could this trend in expenditure
help predict those at risk of developing diabetes? We're not sure given that a similar trend was noted in
people who are young, female, or taking prescription drugs and we imagine that it would be challenging to
separate these variables. That too, the study was limited insofar as it did not distinguish between the
trajectory of expenditures between type 1 and type 2 diabetes. We imagine that a majority of patients in the
study had type 2 and that treatments for comorbidities (e.g., hypertension, obesity) would have contributed
to medical costs. Looking ahead, we would note that providing these breakdowns - especially from a payer
perspective - would be a valuable next step in terms of assessing the value of early diabetes management
and the economic benefit of prevention programs.

Questions and Answers

Q: Could you tell us a little about whether you tried to validate patients' diagnoses? I ask that
because the diagnoses in your database were made on a single inpatient claim and it's difficult
to make a diagnosis of diabetes based on that alone - after all, A1c may be unavailable and high
glucose levels may be due to stress and not the patient having diabetes.

A: This information came from a database and we had no validation.

Q: When you looked at the diabetes and non-diabetes cohorts, did you control for other
conditions? As you know, these people most likely have type 2 diabetes, and we know that
there are a number of comorbidities.

A: We were thinking about this. Surely, this is not all because of diabetes. I wish we could have also had an
obesity control in this data set.

Q: Is there any reason why you have such a high increase in expenditures after the first year of
diagnosis?
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A: I think the spike is related to the fact that in the first year, there is some heterogeneity in treatment as
providers aim to individualize therapy. After time, the treatment regimen stabilizes and this is reflected in the
expenditures.

RESULTS FROM THE NATURAL EXPERIMENTS FOR TRANSLATION IN DIABETES STUDY:
COMPARING MEDICAL AND PRESCRIPTION COSTS IN DISEASE-SPECIFIC AND STANDARD
BENEFIT PLANS OVER TIME

Tannaz Moin, MD (University of California, Los Angeles, CA)

Dr. Tannaz Moin (University of California, Los Angeles, CA) presented data on the cost savings of a disease-
specific diabetes health plan (DHP) compared to a standard benefit plan - $1.64 saved per member per
month (PMPM) on prescription costs (p<0.0001) and $9.20 saved PMPM on medical costs (p=0.001). This
study builds upon findings that DHPs are associated with better clinical outcomes for patients with diabetes,
Dr. Moin noted, and results on cost-effectiveness will hopefully encourage more payers to offer DHP. All
participants were adults 19-62 years old with diabetes or pre-diabetes, and controls were pooled from 482
employers offering standard benefit plans (n=5,404-6,344). Analysis relied on intent to treat, meaning
employees and dependents were considered a part of DHP (n=2,454) as long as their employer (n=8)
offered it, even if they never enrolled. Results were thus a conservative estimate of the financial impact DHP
could have, and still the disease-specific plan was associated with tremendous cost savings for out of pocket
and plan expenditures. Out of pocket prescription costs were reduced by $0.20 PMPM (p<0.0001) while
plan prescription expenses were reduced by $1.33 PMPM (p<0.0001) over an average three years follow-
up. Meanwhile, out of pocket medical costs decreased $0.73 PMPM (p=0.003) while plan medical expenses
decreased $9.07 PMPM (p=0.002). From the employer perspective, Dr. Moin asserted that the cost of
offering DHP will be offset by reduced healthcare expenditures in only a few years' time.

▪ In the short term, DHP increased total prescription and medical costs by $18.74
PMPM, although out of pocket costs for patients declined by $5.17 PMPM. Highlighting long-term
cost savings may not be enough to convince employers to offer DHP because the disease-specific
plan appears more expensive right off the bat. To counter this, we need more data like Dr. Moin's
and more emphasis on the overall cost-effectiveness of DHP.

▪ To realize the magnitude of potential savings under DHP, multiply PMPM cost
reductions by the 50% of US adults living with diabetes or pre-diabetes. Dr. Moin
pointed out that diabetes is responsible for one in five dollars spent on healthcare in the US and
argued that enrolling patients in DHPs could help decrease this economic burden. That said, she
also acknowledged that the sample size of only eight DHP employers was small - replicating these
results for a much larger sample will definitely be important in furthering a cost savings argument.

▪ "Disease-specific health plans enable focused care delivery, with better results for
high-risk patients." Dr. Moin underscored that in the case of DHP, better health outcomes go
hand in hand with necessary reductions in healthcare spending.

Questions and Answers

Q: If I'm an employer and I purchase DHP, does everyone with diabetes enroll, or is it
optional?

A: For this analysis we used intent to treat, looking at everyone whether or not they enrolled. DHP is designed
to be opt-out, meaning employees are automatically enrolled unless they actively choose not to participate.
We find that DHP enrollment is usually around 80%, which is pretty high, but here we've even included the
20% of the sample that doesn't enter DHP. In that sense, this is a pretty conservative analysis.

Q: What specifically does the diabetes health plan cover?

A: There's some customization that happens within employer groups, but patients definitely have access to
diabetes management and preventative services.
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COMPARING DIRECT AND INDIRECT COSTS OF TYPE 2 DIABETES ACROSS THREE AGE
RANGES IN THE US

Volker Foos, MSc (IMS Health, Basel, Switzerland)

Mr. Volker Foos presented findings from a study that investigated the real-world costs of type 2 diabetes in
the US for newly diagnosed populations of three ages ranges: 35-44, 45-54 and 55-64 years. He opened by
noting that disease burden is typically estimated according to the "direct costs" of health care resources and
prescriptions and stressed that indirect costs - which include such factors as lost productivity, early
retirement, and premature mortality - are often overlooked. With that context, Mr. Foos shared that this
study used the IMS Core Diabetes Model to estimate total disease burden - both direct and indirect - finding,
as predicted, that indirect costs drive a steep imbalance in expenditure for individuals with an earlier
disease onset. Specifically, 0verall per capita direct and indirect costs were estimated at $45,094 and
$59,697, respectively, for the 35-44 years cohort, $46,500 (direct lifetime costs) and $40,567 (indirect
lifetime costs) in the 45-54 years cohort, and $39,112 (direct lifetime costs) and $9,046 (indirect lifetime
costs) in the 55-64 years cohort. The findings, in Mr. Foos' view, suggest that expenditures have historically
underestimated total disease burden in type 2 diabetes, and he concluded by stressing that as the age of type
2 onset continues to decrease, these indirect costs are only going to become more relevant in younger
populations.

▪ Mr. Foos noted that consideration of a disease's indirect costs is inconsistent across
healthcare systems. The Nordic countries demand that indirect costs be factored into
calculations of disease burden, whereas the United States primarily considers only the costs incurred
directly by payers. Mr. Foos expressed concern that failing to account for indirect costs leads to
underestimations of a disease's total burden.

▪ We've heard from many speakers that the increasingly younger age of type 2 diabetes
onset makes indirect costs of the disease more concerning. Mr. Foo cited that between
1988 and 2002, the mean age at diagnosis for type 2 diabetes patients in the US fell from 52 to 46
years. Dr. Foos stressed, too, that indirect costs are steeper for this younger population, since they
are losing quality of life from a "higher base" [our quotes]. Indeed, annual per capita direct and
indirect costs were assessed at $2,090 and $2,767, respectively, for the 35-44 years cohort, $2,554
and $2,228 for the 45-54 years cohort, and $2,693 and $623 for the 55-64 years cohort.

Questions and Answers

Q: You said you did not consider early retirement as a loss of productivity. Can you comment?

A: The data we used only included absenteeism, not early retirement. Presenteeism was also not included in
the database we used. Our results may therefore underestimate the cost of diabetes.

Q: The indirect costs of diabetes are higher in younger people because they have so much
longer to work, but what about their risk of premature mortality?

A: Yes, young people diagnosed with diabetes have the potential to die early, but they are diagnosed so young
that the productivity loss tends to outweigh this. The indirect costs are so significant when you look at the
younger age.

OUT-OF-POCKET MEDICAL EXPENSES FOR CHILDREN AND YOUNG ADULTS WITH
DIABETES: THE SEARCH FOR DIABETES IN YOUTH COHORT STUDY

Lina Merjaneh, MD (Seattle Children's Hospital, Seattle, WA/USA)

Dr. Lina Merjaneh examined the factors contributing to the troubling problem of elevated medical expenses
in young adults with diabetes, and shared results showing that young type 1 patients have out-of-pocket
medical expenses (OOPE) that are approximately six-times higher than those of type 2 patients ($95.80 vs.
$15.82, p<0.001). This tw0-year cross-sectional study of 2,720 young patients (2,384 type 1, 336 type 2)
sought to determine which factors make patients vulnerable to high OOPEs. Additional analyses by Dr.
Merjaneh's lab revealed that type 1 and type 2 patients with public insurance and pediatric endocrinologists
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were subject to significantly lower monthly costs than their privately-insured counterparts treated by
family practitioners or adult endocrinologists. Furthermore, type 1 patients with less parental education
and lower household income had lower monthly OOPEs. Notably, there was no association between A1c or
treatment regimen and OOPE per month.

▪ The study revealed that a striking 42% of type 2 patients had zero monthly OOPEs. In
addition, only 12.5% paid over $100/month. On the other hand, of the type 1 patients' families, 58%
had OOPEs >$50, and 40% had OOPEs >$100. We are curious whether the spending on type 2
patients is low because the required therapies are cheaper, or because the patients are being
undertreated.

Questions and Answers

Q: Did you adjust for age in these analyses?

A: Yes. Our mean age was 18 yrs. Though I didn't present the data, we found that the older the patients are,
the higher the OOPE - but we did adjust for age.

CHRONIC CARE MODEL IN AN INTEGRATED PRIMARY CARE CLINIC IMPROVES
FINANCIAL OUTCOMES

Athena Philis-Tsimikas, MD (Scripps Whittier Diabetes Institute, La Jolla, CA)

Dr. Athena Philis-Tsimikas's shared results from a study investigating the utility of a population-based,
chronic care management program that improved health outcomes (A1c, fewer hospitalizations), cost, and
patient satisfaction in a San Diego-based cohort. The study enrolled 236 type 1 and type 2 patients at a
primary care facility, comparing healthcare costs and patient outcomes against those from a
demographically-similar health system nearby (n=239). Notably, glycemic and lipid data strongly favored
the chronic care management (CCM) approach - after one year, only 3.5% of patients in the intervention
group had an A1c >9.0% vs. 10.9% of patients in the control group, while 59% of patients exhibited an LDL
in target range (<100 mg/dl) compared to 43% in the control group. [Patients were risk-stratified at
baseline by A1c and LDL levels.] Patients treated at the CCM facility also experienced fewer hospital visits
and lower service costs - per capita per year, CCM patients spent only $3,329 on healthcare-related
expenditures vs. $3,489 in the control group. This financial benefit came despite the upfront cost of
implementing CCM services ($517) (p=0.002), which Dr. Philis-Tsimikas attributed to greatly reduced
inpatient costs under the chronic care model ($932 vs. $1,802). Ultimately, Dr. Philis-Tsimikas concluded
with some realism, acknowledging that wider implementation of chronic care models will likely require a
major redesign of health systems. However, we fully agree with her premise that these findings at least offer
evidence that such approaches to care hold great promise to improve diabetes management down the line.

▪ Dr. Philis-Tsimikas opened her presentation by summarizing the tremendous burden
that chronic illnesses, such as diabetes, pose for the healthcare system and society.
According to Dr. Philis-Tsimikas, the current healthcare model too often fails in assuring that
patients receive effective interventions. In light of the rising costs of diabetes care and complications
(up 41% since 2007!), she noted that there is growing evidence that chronic care models will prove
better at reducing cost and improving clinical outcomes.

▪ Espousing the benefits of CCM models, Dr. Philis-Tsimikas noted that hospital and ED
cost reductions of 50% can be achieved within the first year of implementing such a
program. She cited the fact that a significantly smaller number of patients in the intervention
group (12 vs. 44; p<0.001) had an emergency department or inpatient admission during the
12-month follow-up period (p<0.001).

▪ Patient focus groups also reviewed the chronic care model quite favorably, remarking
that CCM "keeps me focused on what I should be doing for my health" and that "staff and the
support they provide was fantastic." Most negative commentary pertained to redundant lab orders
and some difficulty reaching the care team after receiving their messages.
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RIO GRANDE VALLEY'S ACO QUANTITATIVE ACHIEVEMENTS WITH TYPE 2 DIABETES
MELLITUS PROGRAM

Jose Peña, MD (Rio Grande Valley Accountable Care Organization, Donna, TX)

Dr. Jose Peña expounded upon an alternative "high-touch, low-tech" method for addressing diabetes in a
sample population in Texas. Dr. Peña is CEO of the Rio Grande Valley Accountable Care Organization (RGV
ACO), a group formed in 2012 in response to the recent passage of the Affordable Care Act. In Hidalgo
County, TX, one of the lowest income counties in the US where 29% of the population has type 2 diabetes, the
goal of the RGV ACO is to provide integrated and coordinated care, better engage physicians and patients,
and provide 24/7 healthcare support to patients. According to Dr. Peña, these goals are met by the
organization's comprehensive diabetes program, where HCPs essentially act as the "diabetes police" - the
program boasts care coordinators, rotating nutritionists, frequent A1c testing, phone calls/interventions,
and a chronic case management program, among many other features. Furthermore, the doctors regularly
make house calls so that the patients can't skip appointments - this aligns beautifully with Peña's core
philosophies of "whatever it takes" and "failure is not an option." The organization further attempts to
engage physicians by providing them with continuous education, clinical support, and, interestingly,
rewards (higher bonuses) to doctors with better outcomes. The results of the program have so far been
wildly successful: between 2012 and 2014, the number of type 2 diabetes patients in Hidalgo County who
had their diabetes under control (as determined by metrics including A1c <8.0, LDL <100 mg/dl, and BP
<140/90 mmHg) more than doubled, from 23% to 49%! Equally impressive, the cost of care per patient per
year in 2014 was $2,000 less than that at the onset of the program.

▪ Dr. Peña's philosophy greatly differs from that of the general buzz of ADA 2016, which
is loaded with talks lauding digital health and patient self-management. Though the field
is undeniably headed toward empowering patients via digital feedback, this talk served as a
reminder that the shiny new therapeutic model isn't right for every population. If an organizion has
the medical manpower to sustain a hands-on, HCP-driven approach such as that implemented by
the RGV ACO, then doing so may be more efficacious among certain populations.

Oral Presentations: Weight Loss Intervention Methodology (with Vivian Fonseca Scholar
Award Presentation)

CAN FINANCIAL INCENTIVES PREVENT DIABETES IN A LOW-INCOME POPULATION?

Jay R. Desai (HealthPartners Institute for Education and Research, Bloomington, MN)

The We Can Prevent Diabetes study was designed to assess whether financial incentives would improve
attendance and weight loss among Medicaid beneficiaries participating in the group-based Diabetes
Prevention Program (DPP). The 849 study participants formed 93 DPP class cohorts which were
randomized into three arms: individually earned financial incentives (IND), individual plus group earned
financial incentives (GRP), and attention control (AC) which had no financial incentives. A maximum of
$315 in incentives could be earned by participants in the IND or GRP arms. The mean age of participants
was 4 years and mean BMI was 36.5 kg/m . A The vast majority (81%) of participants were non-white or2

Hispanic, and 28% reported that English was not their primary language. While the dropout rate was
lower in the two groups with financial incentives (38% and 41% vs. 63%), there was no significant difference
in the fraction of participants achieving at least 5% weight loss: 5.9% for IND, 9.4% for GRP, and 7.1% for
AC. The numbers do look numerically better for group incentives and we wonder if a larger study would
prove a difference ... Still, we are skeptical about the use of financial incentives in diabetes or obesity, a
classic if-then reward that does not generally foster the intrinsic motivation needed to improve a chronic
condition.
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Symposium: Follow the Money - How Costs and Payments Impact Diabetes Care

DIABETES CARE - THE PRICE IS RIGHT?

Neda Laiteerapong, MD (University of Chicago, IL)

Dr. Neda Laiteerapoing delivered an engaging presentation on the trends in diabetes healthcare costs and
reviewed potential solutions to the dangerous projections we are seeing within the diabetes epidemic. She
first opened with stats on the staggering costs of diabetes in the US, pointing to our nation's comparatively
excessive spending on healthcare and on diabetes care. She listed population size (increasing number of
capita) and costs (per capita) as the principle drivers of increasing costs. Notably, she shared that while
population size and prevalence is increasing, this also represents a success story as survival of people with
diabetes has improved, but such trends also bring about greater challenges with greater costs. Specifically,
Dr. Laiteerapong highlighted insulin costs as a main driver of diabetes costs, reviewing the increasing cost
trends starting at around 2006 and the greater use of insulin analogs compared to animal and human
insulin. Turning to some economics, she illustrated how healthcare does not function as a normal economic
marketplace due to its imbalance of information as well as involvement of insurers and regulators.
Regarding potential solutions, she pointed to greater physician reimbursement transparency (although she
noted that it remains unclear if this can systematically decrease Medicare costs), access to care (through the
Affordable Care Act), as well as Medicare repayment reform and recent reimbursement of the National
Diabetes Prevention Program. In conclusion, Dr. Laiteerapoing answered "probably not" to the question of
if the price of diabetes care is right, emphasizing that pricing reflects current regulation and lack of
competition, as she called for greater transparency and modifications to better reflect the value of products
within this field.

▪ Specifically, Dr. Laiterrapong expressed cautious enthusiasm regarding the
Affordable Care Act's benefits for people with diabetes. Labeling the Affordable Care Act
and its movement toward greater access to care as a potential solution to the rising costs of diabetes,
Dr. Laiterrapong highlighted that the policy creates the opportunity to maximize benefits of diabetes
care. However, she pointed out research demonstrating that most people with chronic diseases
(90%) already have health insurance, as this population generally seeks out insurance due to their
health conditions. On the other hand, Dr. Laiterrapong shared excitement on how the Affordable
Care Act can provide greater access to free preventive screening to those with undiagnosed diabetes,
up to 2.3 million of 4.6 million US adults. But, she continued to highlight challenges of this progress,
noting that states with the highest diabetes prevalence rates have not expanded Medicaid and that
limited clinician capacity to meet more patients may deter people from seeking such care. Dr.
Laiterrapong's sentiments reflect the healthcare system's slow move in the right direction, as we
continue to hope that payers, employers, policymakers, and clinicians can work together to tackle
through the implementation, political controversies, and awareness involved in this work.

Questions and Answers

Q: Pricing is obviously a lever that can be used, so what do you think are some of the more
promising ways that can happen in our lifetime?

A: I'm really excited for tying how we provide our care to the value of care we provide patients. I'm excited for
the potential of population management - for example, bundled payments. I'm not sure we've got the
measurement perfectly correct - if we don't have that, we could be incentivizing things that may not be
improving care; we may just be improving the documentation of care. So I'm cautiously optimistic. Clearly,
the fee for service system wasn't incentivizing people to give the best quality care.

DRUG PRICING: HOW HIGH IS TOO HIGH?

David Howard, PhD (Emory University, Atlanta, GA)

Healthcare economist Dr. David Howard made the controversial claim that the recent trends of increasing
diabetes drug prices may be illusory - or at least not as concerning as they first appear. According to his
analysis, between 2014-2015, US diabetes drug spending increased by $10.1 billion, but this number falls to

www.closeconcerns.com 316



only $1.6 billion once rebates are taken into account. Dr. Howard argued that measuring trends in
pharmaceutical pricing is difficult and often counterintuitive since drug spending is reported based on list
prices set by pharmaceutical companies before rebates and discounts are applied. He expressed concern
that this lack of transparency in drug pricing trends has resulted in an epidemic of drug pricing reform
strategies that are largely symbolic, making drugs easier for patients to obtain but doing little to actually
lower the prices (and in some cases even raising them!). In his opinion, the key to facilitating a long-term
and sustainable decrease in drug prices is to encourage patients, physicians, and insurers to give more
consideration to the differences in value between competing treatment options. Reimbursement should be
tied to a drug's success in comparative efficacy trials, he said.

▪ Dr. Howard said there is currently little incentive to consider a drug's cost vs. value.
This arises because of firms' high market power (in terms of legal protection and decreased
competition due to patents) and the fact that patients' choice of therapy is often based on what is
covered by their health insurance. Instead, he asserted, reimbursement should be tied to outcomes
based on comparative efficacy trials so that patients, providers, and payers actually have the
information to determine how high a price is too high.

▪ Dr. Howard hypothesized that the government could set a fair price for new drugs, or
could break patents for new drugs with a high public health value. These are "ideas with
bite" that could make a real impact in lowering drug prices, according to Dr. Howard, but he
cautions that a system such as this may disincentivize manufacturers from engaging in innovative
R&D.

Questions and Answers

Q: I think it's a mistake to only show patient out of pocket data until 2009 because there have
been significant changes in the last 3 years. Under Obamacare, copays are much higher, and
we heard Irl Hirsch's talk last year about how high insulin prices have become.

A: I agree that things have changed a lot in the last few years, but I also think it is important to take a longer
view over time.

Dr. Irl Hirsch (University of Washington, Seattle, WA): I appreciate your comments, but I
think the first problem is lack of transparency with rebates and kick-backs - call them
whatever you want. I wish this were on a website and everyone could see it. Second, what is
the profit margin that we are looking at here? If I open a restaurant and get a 2,3, or 4% profit
margin, I'm doing well. In 2014 it was 30% in generic drugs and 25.5% in big pharma - money
in the bank. In my dream world, insulin should not be in this category. It is a lifesaving drug,
not a concierge drug. (Applause)

A: That is the role of the patent system, to produce high profits. What needs to happen is to take steps to make
value a bigger part of the conversation. Those that make profits should be much higher in efficacy, not only
marginally better.

VALUE-BASED REIMBURSEMENT

Robert Gabbay, MD, PhD (Joslin Diabetes Center, Boston, MA)

Filling the shoes of his colleague Dr. Mark McClellan, former head of the Center for Medicare/Medicaid
Services (CMS), Dr. Gabbay took the stage to discuss Medicare's payment reform strategy, which will go
into effect in 2019. The crux of this reform involves a transition from "Category 1" fee-for-service systems to
"Category 2" and beyond models, which still follow a fee-for-service framework, but place more of an
emphasis on assessing the quality and value of these services. Quality and value - themes that dominated
this symposium - are to be assessed through the MIPS (Merit-Based Incentive Payment System) composite
score, the specific parameters of which are still evolving at the policy level. The MIPS score is a composite of
four features of a healthcare center: a center's overall quality (in terms of patient outcomes like
improvements in A1c or BMI), effective resource utilization, engagement in clinical practice improvement
activities, and efficient use of electronic health record technology to coordinate information exchange.
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Beginning in 2019, centers will be rewarded or penalized based on their MIPS score. This is intended to shift
the focus away from cost and instead incentivize the overall effectiveness of a center's healthcare services.
We hope this is a positive move for diabetes that incentivizes keeping people with chronic conditions healthy.

Symposium: Risk-based Contracting - Preparing for the Inevitable

POLICY RATIONALE AND IMPLICATIONS

Zirui Song, MD (Harvard Medical School, Boston, MA)

Dr. Zirui Song explained how Accountable Care Organizations (ACO) can tackle two behemoth problems in
the US healthcare system - unsustainable growth in spending and suboptimal quality of care. In
Massachusetts, net savings from ACOs began after four years, in 2012, by which point 84% of participating
patients with diabetes were meeting target A1c, compared to 72% of patients nationally based on the
Healthcare Effectiveness Data and Information Set (HEDIS). Patients with diabetes participating in
Medicare Shared Savings (the pioneer ACO) were more likely to receive A1c testing, LDL testing, and a
retinal exam, and were 1.7% more likely to receive all three (p<0.001), compared to national averages.
Spending per patient declined by $29 after entry into the ACO, a significant reduction in healthcare
expenditures (p=0.007). Though more data will be useful in clarifying the magnitude of impact of ACOs on
healthcare quality and spending in different states, Dr. Song is cautiously optimistic. By minimizing
fragmentation of care, he argued, ACOs will help control spending growth and will offer more patients
access to best practices in diagnosis, prevention, and treatment. These seem like fairly marginal changes at
this point, though we hope learning from the early implementation eventually drive savings that are orders
of magnitude bigger.

Questions and Answers

Q: If patients don't want to adhere to a regimen, they'll keep spending money and will ruin the
ACO. I know this brings up a moral issue, but I'd like your comments.

A: In these ACO programs, there's a tremendous focus on primary care. Organizations can decide how to
distribute dollars - for instance, they can choose to put more money into home visits and less into imaging.
Under the fee-for-service model, separate billing didn't offer this flexibility. In addition, ACO contracts
usually require a minimum number of patients in order to diversify risk. The patients you describe who aren't
willing or ready to adhere to a regimen are a small subset of the population, and they're balanced by healthier
populations. ACOs address high-cost patients right away, putting more resources into outpatient, preventative
care.

Q: That's exactly what we do in my ACO - we put our resources into visiting patients at home
and doing helpful things on the psychosocial side. And we still have the problem of some
patients who are admitted 50 times a year.

A: Thanks for that perspective.

Q: How many quality measures are there in newer ACOs, and what does this mean for
providers?

A: Both quality measures and financial incentives are different under different ACO contracts. We need policy
to come up with a core set of quality measures applicable across all ACOs, which will make the new ACO
landscape more navigable. We also need to develop clinically-nuanced quality measures for specialty areas,
including diabetes.

Q: There is an extensive list of nuanced quality measures for diabetes, including diabetic foot
ulcers. How could we get these into ACOs?

Dr. Song: That's true, a lot of organizations are developing quality measures outside the scope of HEDIS,
which is what we usually pull from. The trick is to put payments on those measures and then embed them
within an ACO contract. Organizations have tremendous flexibility to create internally-useful quality
measures to pay physicians.
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Q: Recently, I've found it impossible to get my medical students into outpatient clinics because
they worry about not getting enough RVUs. With new reimbursement models, what are the
implications for medical education?

Dr. Song: When I was a medical student not too long ago, I wrote a short paper on becoming a physician in
the age of payment reform in which I focused on the need for a system of medical training that's based on
something other than RVUs for each individual patient encounter. New reimbursement models will favor
where you want the system to go. As we move away from fee-for-service, there will be a decrease in pressure
to account for every moment of your time. We'll be decreasingly reliant on the RVU system. Until then, we
have to confront a stark contrast - we sit in a medical school classroom learning about value-based care and
then immediately walk into a clinic and circle a number of RVUs for billing purposes. I sympathize with your
situation and I hope we can find a solution together.

PREPARING WITH DATA AND INNOVATION: MAKING BETTER DECISIONS

Daneen Vojta, MD (UnitedHealth Group, Minneapolis, MN)

Dr. Daneen Vojta spoke from the insurance company perspective on risk-based contracting, and
emphasized that new reimbursement schemes will need to be devised to match advances in technology and
real time data. Patients should be able to shop for the best deals on prescriptions and medical services in
their zip code, she noted, adding that UnitedHealth is working to increase transparency surrounding costs.
The question becomes how to reimburse a healthcare provider working remotely vs. one seeing patients in-
person, among other gray areas that arise from novel uses of technology in healthcare. According to Dr.
Vojta, this is where payers and providers should focus their attention next. As a reminder, UnitedHealthcare
signed a deal in May to make Medtronic its preferred provider of insulin pumps - the terms weren't clear,
but some value-based approaches were clearly embedded. We expect to see much more of this in diabetes
going forward.

Questions and Answers

Q: What do you see as the future of transparency surrounding cost?

Dr. Vojta: We're in the midst of designing a large randomized controlled trial with collaborators at Yale to
look at how we should provide cost data in real time to providers. So many questions remain. If you're willing
to have your infusion at home as opposed to a clinic, should I waive your deductible? I don't think anybody
knows these answers right now, so we have to keep looking. On the patient side, accessing cost information
should be made straightforward. A patient should be able to log on, enter a referral, see all local prices, and
see clearly if one product is half the price of another.

Q: One of the biggest barriers I see is breaking through the formulary issue. Has there been
any discussion within UnitedHealth about waiving prior authorizations?

Dr. Vojta: We don't do prior authorizations simply to add a hurdle. We're trying to understand who's using
what therapy, when, and why. Trial participants are what I like to call "perfect people," because they're not
admitted to the study with any comorbidities or tricky complications, which makes them unlike the patients
you and I treat in real practice. Until we have more, better data, it's hard to make that decision to waive a
prior authorization.

Q: How will the new reimbursement models for non-face-to-face service be linked to relative
value units (RVUs)?

Dr. Vojta: It's a matter of having the right people at the table. If you have practitioner experts involved in
designing new models, and if we convene other payers in a local market, we'll have the data we need to create
an optimal system of reimbursement.

Q: When patients enter into intensive care programs with a big team of doctors and nurses, we
run the risk of isolating primary care physicians. I've thought about doing intensive care in a
short-term, three- to six-month boot camp approach, where the primary care physician knows
they're not involved in all interim care decisions, but that it's temporary.
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Dr. Vojta: I think that's a great idea.

Q: At my clinic, we must spend 60% of our day on prior authorizations just to get insulin for
our pediatric patients. Most recently, a patient on UnitedHealth couldn't get Toujeo. We spent
an enormous amount of time trying to track down a concentrated insulin, and finally got
someone to listen and give us Lantus. That time was not compensated and it was also a waste
of time for the patient. I'd love to see pediatric standards for all insurance companies.

Dr. Vojta: First of all, I'm very sorry about that, and I'm willing to look into it. Change comes when we hear
problems, and I appreciate that you also offered me a solution, to consider streamlined, pediatric-specific
standards.

Comment: Another issue with this model is that I have many patients who struggle to
understand technology. They don't have smartphones.

Dr. Vojta: Then, I say we should provide them.

Symposium: Clinical Models of Improving Kidney Outcomes within the Setting of Diabetes
Care

POPULATION HEALTH APPROACHES TO IMPROVING CARE IN UNDERSERVED SETTINGS

Yoshio Hall, MD (University of Washington, Seattle, WA)

Dr. Yoshio Hall discussed his research on the link between social disadvantage and health disparities in
chronic diseases including end stage renal disease (ESRD) and diabetes. He pointed out that the primary
cause of renal disease is diabetes mellitus: about 85% of end-stage renal disease can be attributed to
diabetes. Both of these chronic diseases closely mirror poverty distributions across the United States, as
poorer counties consistently have much elevated rates of diabetes and ESRD. Dr. Hall attributed this
disparity in part to a population "blind spot" resulting from a healthcare safety net, since the medical care
of racial-ethnic minority patients is highly concentrated in the hands of relatively few providers nationwide.
Using a cohort of patients from the San Francisco Health Network and the Harborview Medical Center, Dr.
Hall and his team created four different models to predict ESRD based on population risk and different
health factors, and they found that the models were very accurate to actual disease progression. He
concluded by discussing an example of putting this insight into action with the Indian Health Services, a
federal entity that helps 2.2 million American Indians and Alaska Natives. By using electronic health data,
the rate of ESRD in these populations has decreased significantly, even in the context of a much lower per
capita healthcare expenditure. We look forward to seeing whether these population-based models can help
reduce the healthcare disparity in other communities as well.

Symposium: Peeling Back the Layers-Addressing Diabetes in the Context of Sub-Cultural
Influences

ADDRESSING DIABETES IN AMERICAN INDIAN AND ALASKA NATIVE COMMUNITIES

Yvette Roubideaux, MD (Elson S. Floyd College of Medicine, Spokane, WA)

Dr. Yvette Roubideaux spoke to the importance of analyzing and treating the Native American population
as a heterogeneous group with diverse genetic and cultural traits that differentially influence ideal diabetes
prevention and therapeutic strategies. Indeed, there are 566 federally recognized Native American tribes in
the US, in addition to over 200 state-recognized tribes. Combined, these groups contribute over 300 cultural
beliefs, traditions, and practices. Given the genetic and lifestyle variations amongst Native American
people, Dr. Roubideaux reiterated that "you can't make assumptions about American Indians unless you
know the individual." This makes it challenging to address the diabetes epidemic in Native Americans at a
national level. Dr. Roubideaux took an interesting and ultimately successful approach - in 1998, as director
of the Indian Health Service, she oversaw the creation of the Special Diabetes Program for Indians (SDPI), a
$150 million/year grant. SDPI brought Native American leaders together to determine the best ways to
distribute the funds amongst tribes and engage their unique communities in diabetes prevention and
management. The solutions were incredibly diverse, but mainly focused on peer-to-peer learning and
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incorporating exercise, healthy eating, and diabetes education into cultural activities. In this way, the
federal government was able to ensure that all tribes were engaged…and it worked! Between 2006-2013,
mean A1c decreased markedly in Native Americans, and end-stage renal disease in Native Americans/
Alaska Natives declined faster than in any other ethnic group in the U.S.

IS "ASIAN" A MEANINGFUL CATEGORY FOR STUDYING AND REPORTING DISPARITIES?

Nadia Islam, PhD (NYU School of Medicine, New York, NY)

NYU's Dr. Nadia Islam, an esteemed researcher in the field of health equity, stated that the >30 Asian-
American ethnic groups should not be collectively considered the "Asian" population when it comes to
diabetes prevalence and management. Asian-Americans are the fastest growing minority in the US
(projected to represent 10% of the total population by 2050), but remain understudied and are often
depicted uniformly in the media. The population is, however, far from homogeneous. Indeed, studies show
that Asian-Americans are at a higher risk for developing diabetes at lower BMIs than other races and are
more likely to have undiagnosed diabetes. That said, there is also substantial variation in diabetes
epidemiology and management amongst different ethnic Asian subgroups. This is where Dr. Islam's
research came in. She and her team, through the REACH (Racial and Ethnic Approaches to Community
Health Across the U.S.) survey, analyzed data from five sites in New York City with large numbers of Asian-
Americans between 2009-2011. This investigation revealed that some Asian-American subgroups (Asian
Indian, Korean) are more commonly diagnosed with diabetes than others (Chinese, Japanese). In addition,
there was tremendous disparity among these ethnic groups with regards to self- and clinician-driven
management of diabetes. To combat the inclination to erroneously view the Asian-American community as
homogeneous, Dr. Islam put forward a three-prong plan: (i) As a community, diabetes researchers need to
be more critical in the way that they collect and present data - she is a big proponent of granular data
collection; (ii) Policy makers need to be educated on the diversity of the Asian-American people; and (iii)
Both Asian and non-Asian providers need to be educated regarding disparities across diverse subgroups,
and this knowledge must be translated to clinical settings.

▪ During the Q&A session, in response to a prompt alluding to the feasibility of
collecting perfectly granular data about subgroups, Dr. Islam asserted that, for now,
the best practice might be to gather data on and analyze the most ethnically similar
populations. "There's a gradation of worst to best practices". Since resource availability limits the
comprehensive examination of disease in individual ethnic groups, it may be necessary to take a step
back and analyze slightly larger subsets of the population.

▪ Interestingly, Asian-Americans living in ethnic enclaves in New York City displayed a
higher prevalence of diabetes. This indicates that there is not only an ethnic component to the
health disparities across ethnic subgroups, but also a geographic, potentially socioeconomic,
component.

Questions and Answers

Q: The various enclaves of ethnic groups were probably set a long time ago. I'm wondering
who takes care of them in these areas? Also, do you have an assessment of complications in
these particular groups?

A: To answer the first question, centers such as the Charles B. Wang Community Health Center and others in
Queens, etc. treat many members of this population. Otherwise, many in the Asian communities go to small
care providers - mom and pop type - that match their ethnicity, so we need to better educate all varieties of
healthcare professionals. To answer your second question, we haven't specifically analyzed that. The NIH is
currently funding long-term studies to address that question.

Q: The REACH survey is all self-reported, but these populations have varying degrees of access
to healthcare. Is it possible that people who don't regularly see clinicians didn't know if they
had diabetes? Were participants asked if they have diabetes?
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A: Yes, they were first asked if they were tested for diabetes. But I agree that the number of diabetes patients
was probably underrepresented.

Q: Great study. I understand the concern about using "Asian" as a category, given the variation
in subgroups across sites. I'm wondering whether, from a practical standpoint, you would
consider analyzing clusters and subgroups of the Asian population to gain insights?

A: Exactly, there's a gradation of worst to best practices. We are living in an era where Asian data is still not
collected and reported. There are political reasons behind that. I think the next best step is to look at
subgroups, say South or East Asians, for example - the problem is that classifications can be arbitrary, and
that is the concern. Obviously, there are always resource constraints.

Symposium: Real-life and Realistic Evidence from Pragmatic Studies and Natural
Experiments in Diabetes Expansion (or Contraction) of Health System and Insurance Models
that Impact Diabetes Care

NOVEL APPROACHES TO ASSESS POLICY INTERVENTIONS

Sanjay Basu, MD, PhD (Stanford University, Palo Alto, CA)

In his afternoon talk on new approaches to evaluate policy intervention, Dr. Basu addressed inadequacies
in our current analysis methods, and proposed three new approaches to strengthen how we evaluate policy
efforts: (i) near-far matching (individual-level data), (ii) synthetic control analysis (population-level data),
and (iii) distributional decomposition (for attributional disparity). All three of these models are aimed at
improving the results from data with imperfect control groups, in part by better taking into account
unobserved confounding factors (for example, an indescribable "culture" of a city where policy is being
analyzed). All methods of analysis are either currently available in the R statistical analysis program or will
soon be released. We expect these methods could help make analysis of "Big Data" even more powerful and
perhaps eventually be applied beyond policy analysis to offer alternatives to expensive randomized
controlled trials (that sometimes may not reflect real-world practice) within the clinical trial field.

▪ Near-far matching (for use with individual data with an imperfect control group): This
method makes weak randomizers into strong randomizers and takes into account more
unobservable factors. The method uses people similar in many factors (near) but dissimilar on the
instrumental variable (far) to try to improve overall matching within the analysis, but does not try to
limit all of the other variables, which is incredibly difficult and often weakens current analysis.
When participants are randomized, they are assigned the intervention or placebo based on whether
or not they are likely to comply with their randomization, rather than whether or not they are
initially sorted into that group by the instrumental variable. This is available as "near-far package" in
R.

▪ Synthetic Control Analysis (for use with population data with an imperfect control
group): This analysis takes into account several possible, imperfect groups as controls, rather than
using one group as a control as is currently done. The analysis weights each based on how important
similar factors to the intervention population are in reaching outcomes - for example, if overall
health is the most important factor influencing outcomes, a control population with similar health to
the intervention population would be weighted more than a control population with similar
demographics to the intervention population. This creates a 'synthetic' group of interest that better
mirrors the true intervention group. This is available as "synth" in R.

▪ Distributional decomposition (population-level outcome that can determine what the
attributable disparity is based on intervention). This method - which effectively uses two
regression lines across all populations (like overlapping bell curves) -analyzes how much
populations are shifted from each other such that researchers can understand how different
interventions are targeting different groups of people.
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Symposium: Disparities and the Social Epidemiology of Diabetes - A Multi-Level Approach

NEIGHBORHOOD FACTORS IN DIABETES DISPARITIES

Seth Berkowitz, MD (Massachusetts General Hospital, Boston, MA); Marshall Chin, MD, PHD
(University of Chicago, IL)

On behalf of: Arleen Brown, MD, PhD (David Geffen School of Medicine at UCLA, Los Angeles,
CA)

Drs. Seth Berkowitz and Marshall Chin - speaking on behalf of Dr. Arleen Brown who was unable to make
the meeting - spoke about the impact of neighborhoods on diabetes outcomes. The speakers opened by
stressing the key role of the food environment (e.g., availability of nutritious options) and socioeconomic
factors (e.g., neighborhood wealth, education system) to health but also pointing out that these variables are
malleable over time. In particular, both speakers cited results from recent social experiments that have
aimed to improve the "built environment" of neighborhoods and have, in turn, improved diabetes outcomes.
These findings - that socioeconomic factors at a neighborhood level might influence diabetes care and
outcomes - are not surprising as we've seen many such examples over the years, but served as a powerful
reminder that urban planning has a huge impact on community health. That said, Drs. Berkowitz and Chin
noted that a number of questions remain to be answered before the benefits of urban planning are more
widely appreciated - e.g., What is the role of neighborhood factors in the progression of prediabetes to
diabetes? What are the best strategies for intervening and changing neighborhoods health dynamics? Can
we prove that it is cost-effective to redesign neighborhoods?

▪ Drs. Berkowitz and Chin presented a host of data demonstrating that the food
environment and neighborhood socioeconomic factors are associated with a higher
prevalence and incidence of type 2 diabetes and obesity. Findings included evidence that
higher food environments indices (e.g., low access) were associated with an increase in diabetes
prevalence, that neighborhood socioeconomic status is negatively correlated with insulin resistance,
that neighborhood walkability is associated with lower diabetes and obesity incidence, and that low
neighborhood safety or high awareness of violent crime is associated with higher BMIs.

Questions and Answers

Q: I have a question on recruiting for research. As our research group goes through
recruitment, we mostly recruit white folks in a very specific age bracket. The inclusion and
exclusion criteria preclude us from having diverse populations. How do you convince
principal investigators and clinical sponsors that it is important to have differences in
recruiting populations? We are not getting to the people who could benefit from the research -
they may not have access or even know about the studies. Are there studies that I can point to
that show greater power or clinical significance as a result of a more diverse populations?

Dr. Egede: I have learned a few things about what works and what does not. You need to have experience in
the community as well as credibility to get people to participate. But how do you do that? For one, the
principal investigator has to be involved and you need recruiters to look like your patients. You need to go into
the community and recruit. Finally, you need to make sure the patients consent to the research. You can use
community support - look to churches, YMCAs - to get people into studies. People need to pay attention to
you.

Dr. Chin: How do you get your bosses to support you? If you have a patient-centered approach, then you can
argue that you need equity and you need to look for different solutions that involve all relevant populations.
Next, you could try the practical approach - if you don't have a diverse population, it is harder to get funded.
Then, the self-interest question is answered.

Q: In several societies, there is a general acceptance of diabetes, since it is so prevalent. For
example, in Kuwait, one in four adults has diabetes. I think in certain neighborhoods, there
needs to be greater communication that it is not good to have diabetes.
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Dr. Berkowtiz: That is an excellent point. Humans are social animals. We learn about our environment and
internalize how things are done. I think it's inevitable that your behaviors will reflect those of people around
you. Communication and high-level modeling are important because these external factors end up getting
internalized and may be part of the reason why people move away from getting help. And along these lines, we
need to look to those who are succeeding despite their environment. We can look to leverage this type of
positive social deviancy.

Dr. Heisler: Another approach that interventionists are using is to map social networks for analysis and to
build off of positive deviants. They're looking for key nodes and champions so this positivity can ripple
through the social network.

FOOD INSECURITY, HOUSING INSTABILITY, AND MATERIAL DEPRIVATION: THE
EPIDEMIOLOGY OF UNMET BASIC NEEDS IN DIABETES

John Billimek, PhD (University of California, Irvine, CA)

Dr. John Billimek presented new baseline demographic data from the R2D2C2 study (Reducing Racial
Disparities in Diabetes: The Coached Care Project), which aims to improve care and decrease disparities in
Caucasians, Latinos and Asian Americans with type 2 diabetes. The ongoing program has recruited
community-based coaches (who have type 2 diabetes) from each target community, who are paired with
patients to teach the skills necessary for: (i) individualizing their treatment; (ii) negotiating a regimen
consistent with their preferences, cultures, and lifestyles; and (iii) taking an active role in their own care.
Though full results of the program are not yet available, Dr. Billimek shared fascinating early data on food
insecurity that already hints at some interesting links with stressful life events, cost, transportation, and
other responsibilities (e.g., family, working multiple jobs). Ultimately, Dr. Billimek used the findings to
argue for the importance of including social variables in modeling subgroups of patients in research. We
summarize these findings below:

▪ Dr. Billimek noted that a food insecurity was significantly correlated with major
financial problems - notably, 17% for R2D2C2 patients who are food insecure reported
having major financial problems in the past six months vs. 9% of food secure patients.
In addition, Dr. Billimek shared that 38% and 25% of patients who reported food insecurity also
reported serious worsening health or an increase in caregiving responsibilities in the past six months
vs. 26% and 16% of food secure patients, respectively.

▪ In terms of barriers to access, 62% of patients with food insecurity in the R2D2C2
study responded that cost was a major problem (vs. 23% of food secure cohort).
Notably, 26% of patients with food insecurity reported that transportation was a major problem (vs.
10% of food secure individuals) while 18% of patients with food insecurity highlighted challenges in
getting time off from work (vs. 8% of food secure individuals).

◦ Dr. Billimek noted that medication adherence also varies between those who
are food insecure and food secure, as do the reasons why patients do not take
their medications. Patients who were food insecure were more likely to cite cost (67%
vs. 20%), doubts about medications benefits (24% vs. 8%), and concerns about side effects
(56% vs. 39%). Unsurprisingly, satisfaction with and trust of physicians was higher among
those who were food secure.

Questions and Answers

Q: Have there been randomized control trials exploring ways to resolve food insecurity and
other issues?

A: Most are subjective and are highly correlated with other issues.

Dr. Seth Berkowitz (Massachusetts General Hospital, Boston, MA): Additionally, although we initially thought
most of the stress stemmed from a lack of food access or how much food you have in the cabinet, the greater
issue is insecurity - the worry of whether you can put food on the table.
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Q: What is difference between the definition of food insecurity for clinicians vs. researchers?
How do you measure it in clinic and how can you assess insecurity of patients?

A: That is a good question. There are patient-reported measures, just like there is screening for depression.
There are validated items that can be used in clinics.

Comment: For food insecurity, there are some governmental programs - like SNAP - but the
federal agency is forbidden to do health-related follow-up or to ask about diabetes, so the
burden of assessing these conditions is on providers.

A: The slew of challenges is mindboggling.

CURRENT STATE OF RACIAL AND ETHNIC DISPARITIES IN DIABETES

Leonard Egede, MD (Medical University of South Carolina, Charleston, SC)

Dr. Leonard Egede presented several studies from the past five years that have highlighted the huge
disparities that still exist in diabetes prevalence, outcomes, and self-care between different racial and ethnic
groups. He began by examining the social determinants of these disparities, pointing to mediating factors
such as psychological distress and perceived discrimination, as important but underappreciated variables
in disease progression - for example, he noted that higher A1cs are associated with lower health literacy and
lower acculturation in some populations but also with higher psychological distress. The first two factors
get the lion's share of attention when thinking about racial and ethnic disparities, but Dr. Egede stressed the
need to think about psychosocial aspects of care as well. Indeed, upon reflection, Dr. Egede highlighted that
one method to reduce stress might be to focus on cultural competency and on teaching providers to identify
individual patient's needs and fears (that are culture specific). He noted that very little racial and ethnic
research has been done and remarked that while he is excited for the power of personalized medicine, he is
concerned that current studies are overlooking the diversity of racial and ethnic groups in generating these
data.

▪ Notably, Dr. Egede highlighted that discrimination that patients feel does not have to
be "real," only perceived. Negative health outcomes can still result if patients perceive
discrimination even if that ill will was not intentional. This relationship highlights the importance of
ensuring that providers are acutely aware of their actions and, especially, how they might be
received.

Questions and Answers

Q: I didn't see any slides on geographic disparities. This is interesting because it may more
important than racial factors since health centers focus around geographic areas.

A: This is actually not as big an issue as race is. As you'll note from a previous slide, if you look at the South vs.
the Northeast - areas that have racial pockets - geography does not play as large a component as race.

Comment: I think a big opportunity we have right now in discrimination is to focus on cultural
competency programs. This could be a strategy for addressing the issues you discussed. One
thing I learned today is that in southern California - where I am from - our Hispanic providers
should learn more about non-Hispanic white culture to improve their care. We need to put a
greater emphasis on cultural competency to overcome these discrimination issues that put
tremendous pressure on patients.

Q: With regard to disparities, it seems that the racial aspect boils down to cultural
concordance since people feel more comfortable following the advice of providers who have
the same culture and race at they do. If there is not this cultural concordance, then there
seems to be an issue of trust. What makes this worse is that the number of black medical
students is going down. This is a major problem and is of big concerns for those of us in the
US.
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A: Your point on cultural competency is very on point. One of the things to realize, however, is that we cannot
wait for African American physicians. You'll find that beyond cultural concordance, gender concordance is
incredibly important and race concordance is not as important. However, we need to change the culture of
medicine and train all physicians to be culturally competent and to be able to provide care for all cultures. If
we focus on increasing the number of African American doctors, we are providing them undue burden - they
should not be responsible for all black patients. All providers should be responsible for all patients.

Symposium: When Food Access Is the Problem - Improving Diabetes Care and Outcomes in
Low-Income Populations in the U.S.

WHAT WE KNOW ABOUT DIABETES CARE IN LOW-INCOME AND FOOD-INSECURE
POPULATIONS

Seth Berkowitz, MD (Massachusetts General Hospital, Boston, MA)

Dr. Berkowitz provided an overview of the food insecurity America, an epidemic affecting 49 million
individuals and 1 in 5 people with diabetes, most of who have type 2 diabetes. Defined as "uncertain or
limited access to adequate food," food insecurity is significantly associated with poor glycemic control (1 in
4 Americans with A1c > 9% are food insecure). Dr. Berkowitz diagrammed the cycle of diabetes and food
insecurity as a vicious feedback loop: (i) food insecurity stimulates coping strategies, often resulting in
poorer diet choices; (ii) individuals develop diabetes, which drives healthcare expenditure and decrease
employability; (iii) decreased income and high stress drives further food insecurity. It results in poor health
not only because of low quality nutrition, but also due to competing expenses (e.g. medical) and household/
familial demands. Dr. Berkowitz concluded by emphasizing the difference between health care and health
promotion; the former provides direct medical services and the latter, a much-needed population
management initiative, includes activities that promote health education, behaviors, and access to care. We
could not agree more with the need for both health care and promotion.

▪ Three inter-related mechanisms are strongly associated with food insecurity risk:
obesity, central adiposity, and inflammation/insulin resistance. Obesity, the most
frequently studied metric is more strongly associated with food insecurity in women. NHANES data
showed a 5% difference in central adiposity between those who were and were not food insecure. For
food insecure people who are normal in weight and overweight/obese, the likeliness of insulin
resistance is 4x and 2.07x greater than average, respectively.

▪ Challenges of food insecure individuals with diabetes manifest themselves both
physically and mentally. Qualitative studies show that poor self-management of diabetes as a
result of food insecurity spurs high levels of shame and depression. Multiple sources have proven
two-fold greater odds of having an A1c>8% in individuals experiencing food insecurity. In addition,
people who have diabetes and are food insecure experience a two-fold higher hypoglycemia rate and
are 1.7 times as likely to develop chronic kidney disease.

Questions and Answers

Q: I'm curious about your interventions - could you talk more about that?

A: There are a couple of key flavors of interventions. The most common ones are called linkage interventions,
where food insecurity is assessed in the clinical context and there is some assistance in linking people to
resources in the community. These may include food banks and food pantries, help in enrollment in SNAP, or
help in nutritional assistance programs. Some organizations have own therapeutic food pantries, such as the
Boston Medical Center. There are some other strategies coming. One of the more promising ones (and one I'm
involved with) is the delivery of medically-tailored meals to people. It's similar to Meals on Wheels, but with
an emphasis on having nutritional composition appropriate for people with diabetes.

Q: Do you have any advice for how we can identify vulnerable patients through the healthcare
delivery system on an individual level (in other words, through a patient-provider encounter)
and also on a population level (e.g. population management strategies)?
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A: Sandra Stenmark (Kaiser Permanente CO) has actually done food insecurity screening and linkage-type
intervention in the past couple of years. This population management approach is exactly the right one. We're
still working out what the most efficient way to do this is. There is an Institute of Medicine report about
assessing social determinants of health and putting that information into the EHR; that included question
about food insecurity. To the extent that it gets rolled out, that makes everyone's jobs a lot easier because once
you have that information in a query-able way, you can start tailoring interventions well. Right now, it
happens in an ad hoc basis in clinical screening. There's real promise for geocoded or area-level things that
target population. It won't have the specificity of an individual-level measure, but we are getting pretty good
at finding high levels of deprivation as part of the package of census information. As population food
insecurity measures get more sensitive, we can do more hot-spotting for identifying patients from geographic
areas of high food insecurity and also to do some targeted outreach. Targeted outreach is more efficient than
screening everybody.

Q: Are people embarrassed about answering individual questions about food security?

A: I have not experienced that at all. In one of my first studies, we talked to 400 diabetes patients, called
them, and said we were doing surveys about diabetes care. For the people who answered "yes" on questions
about food insecurity, they thanked us for talking about these issues because people usually do not ask. People
are not ashamed to share with healthcare providers. In Detroit, there was a campaign about collecting social
determinants of health; the tagline for the campaign was "we ask because we care."

Professional Interest Group Sessions: Navigating the Drug Development and Approval Process
- Bringing a New Drug to Market

NAVIGATING THE DRUG DEVELOPMENT AND APPROVAL PROCESS - BRINGING A NEW
DRUG TO MARKET

Francis Kalush, PhD (CDER, FDA, Silver Spring, MD)

Dr. Francis Kalush led off this session with a background presentation on the drug approval process. It was
outstanding to hear her mention the upcoming August 29 Public Workshop, Diabetes Outcome Measures
Beyond Hemoglobin A1c. The rationale for the meeting, she said, is to have a forum for dialogue and to
identify additional outcomes beyond A1c that are important to patients. Dr. Kalush said there is not
consensus on which additional measures should be used, and as part of this workshop, the FDA is looking
for tools, instruments, and methodologies beyond A1c, including patient-reported outcomes and
preferences. We expect to hear a lot of discussion at this meeting about the various patient struggles; we are
curious about the degree to which value of CGM for documenting hypoglycemia, time-in-range,
hyperglycemia, and variability will emerge. We salute the FDA for holding this important meeting with the
patient community, which follows the November 2014 FDA-Patient Dialogue on Unmet Needs in Diabetes.

▪ Dr. Kalush also covered a new online FDA drug development case study, which tells
the story of a fictional pharma company developing a diabetes drug, lowagliflozin
("The drug works similarly to a class of drugs known as SGLT2 inhibitors"). This piece reads a bit
like a Harvard Business Review case, using a company's story to illustrate the path to FDA approval
to market a new drug in the US. The case breaks down the process into milestones - IND application,
IRB approvals, phase 1, phase 2, phase 3 - and the corresponding FDA interactions that happen
along the way. The 30-page case study is pretty accessible to the average person and a good primer
on how the FDA thinks about diabetes drugs. We're glad to see the Agency making this material
available in new educational formats.

MEDICATION ERROR CONSIDERATIONS FOR DIABETES MEDICATIONS

Ariane Conrad, PharmD (Division of Medication Error Prevention and Analysis, FDA, Silver
Spring, MD)

Dr. Ariane Conrad shared her fascinating perspective as a medication error reviewer of diabetes
medications. She noted that the FDA "takes human factors very seriously," particularly because the studies
are small and may not uncover all usability issues with a product. Dr. Conrad shared some valuable
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examples from her work in diabetes, which showed just how much labeling makes a difference. In the
original Lantus and Apidra SoloStar pens, for instance, the coloring and look of the pens was identical - the
name was the only way to differentiate the two insulins. FDA began receiving post-marketing reports that
the pens were being mixed up, and the Agency worked with Sanofi to make device and labeling changes to
minimize confusion. Now, the Lantus and Apidra pens have different label shapes, color bands around the
labels, and much different pen colors - it's far more difficult for patients to mix them up. "When we review
these insulin pens now, because of our post-marketing experience, we ask for data to show that patients can
differentiate between the products." In another interesting example, Dr. Conrad highlighted Lilly's U500
insulin, which patients were inaccurately dosing when using U100 syringes! This led to complete
discontinuation of the product and Lilly's recent introduction of a pre-filled U500 insulin pen - far safer for
patients. This presentation reminded us how much the FDA has to consider when reviewing new products;
the consequences to bad human factors could be death, particularly when insulin is involved. We're glad to
see the Agency focusing on this for patient safety and hope it drives more intelligent and safer product
design.

▪ Dr. Conrad noted that reusable pens add an "additional layer of usability" risk, as
patients can easily load the wrong insulin cartridge into the device. This presents a challenge for
reusable Bluetooth pens (e.g., Companion Medical) that we hadn't appreciated before.

Additional Human Factors Considerations for Injectable Diabetes Medications

Differentiation Issues Device Usability Issues

▪ Use of similar colors for product lines

▪ Risk of running out of colors

▪ Concentrated pens

▪ Wrong drug/wrong dose errors could

occur

▪ Different dialing mechanisms

▪ Priming requirements

▪ Ability to dial the correct dose and

administer properly

▪ For reusable pens -> ability to load the

device correctly

▪ Dr. Conrad also covered name confusion between the sulfonylurea "amaryl" and the
Alzheimer's medication "reminyl," which look distinctly different when typed out, but
shockingly similar when handwritten (particularly in doctor cursive). The medications have
overlapping indications too, since many people with diabetes also have dementia. When the FDA
received reports of confusion, the Agency recommended a proprietary name change for reminyl.

Professional Interest Group Sessions: Diabetes in Youth

GETTING TO GOAL IN PEDIATRIC TYPE 1 DIABETES - WHY AND HOW

Lori Laffel, MD, MPH (Harvard Medical School, Boston, MA)

The esteemed Dr. Lori Laffel's engaging talk covered key issues in adolescent glycemic control. She cited T1D
Exchange data that showed an average A1c of 8.8% among patients ages 13-17, revealing a low percentage
of patients reaching the A1c target of <7.5% (17% for ages 13-17 and 14% for ages 18-25). Throughout her
presentation, Dr. Laffel emphasized that frequent SMBG can help lower A1c - specifically, she shared that
she tells her patients that checking their glucose one more time each day can drop their A1c by 0.5%. Dr.
Laffel also discussed her team's thought-provoking study that collected data on patients' social
environments at the time of pre-planned SMBG checks. Notably, they observed a 50% decrease in SMBG
when the adolescents had a strong desire to impress their surrounding peers; however, a two-fold increase
was observed when the teens desired to "fit in" with their peers. In interpreting the second result, Dr. Laffel
noted that these teenagers may be more diligent with SMBG so that they can be uninterrupted when with
their friends. To Dr. Laffel, this finding is an example of using social context to positively affect A1c. She
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ended her talk with her general approach to this topic: "we must have realistic expectations so that patients
can feel success with small achievements. We are not aiming for 'best'; we are aiming for 'better'."

▪ Dr. Laffel reviewed three types of challenges to achieving A1c goals in adolescents.
From a biological standpoint, both the increase in growth and the onset of puberty lead to increases
in insulin resistance, making insulin dosing more difficult. From a psychiatric perspective,
adolescence heralds the development of abstract thinking, and teens begin to realize that diabetes is
a chronic, life-long disease. In addition, the incomplete evolvement of executive function among
teenagers may make the transition to self care more challenging, especially as adolescents aim to
become more independent in other aspects of their life. Lastly, from a social standpoint, teenagers
may perceive diabetes as a barrier to maintaining peer relationships and to pursuing careers that
exclude patients with diabetes, such the military and airline pilots.

▪ In a compelling example, Dr. Laffel showed CGM data from a 9-year old type 1 patient
who had maintained an A1c between 6.5%-7.5% for the entire duration of his disease.
She stated, "It is humbling how much work the parents put in - they have truly functioned as his
pancreatic islet cells. It is not for the faint of heart to get to target. And now we are expecting
adolescents - who have evolving executive function with many competing needs - to do this
themselves. It is unrealistic to expect that."

▪ In concluding, Dr. Laffel highlighted a three-month pilot study from Yale and
University of Connecticut that gave adolescents monetary reinforcement for SMBG (up
to $251.40). The study recruited 10 teens (ages 12 to 21) with had a duration of diabetes ≥1 year and
mean A1c >7.5% and who had been checking their blood glucose levels less than four times per day.
Over the study, SMBG increased from 1.8 to 4.9 time per day and A1c dropped from 9.3% to 8.4%.
Impressively, those who participated in the one-year follow-up had maintained the lower A1c level.

GETTING TO GOAL IN PEDIATRIC TYPE 1 DIABETES - WHY AND HOW

Steven Willi, MD (Children's Hospital of Philadelphia, PA)

Dr. Steven Willi highlighted the disparities in pediatric type 1 diabetes, as he opened by noting how
disparities in type 1 diabetes outcomes are well documented in the US in adolescents of different races and
ethnicities. He highlighted that the cause of these disparities is unclear, but are likely to involve economic,
genetic, social and provider, and physiologic factors. Specifically, he presented data showing that compared
to insured children, uninsured children are two times more likely to be affected by DKA and have a 1.5-fold
increase for hypoglycemia risk. Furthermore, he pointed to the association between A1c and racial/ethnic
categories, as well as socioeconomic status (SES), with low-income households recording the highest A1cs.
In Dr. Willi's eyes, due to the association between race/ethnicity and SES, it is challenging to understand
which factor has a larger impact on health. Particularly, he pointed to the potential contributions of
differences in the rigor of treatment courses, access to healthy food, and health literacy. Additionally, Dr.
Willi showed data suggesting that provider factors may also be affecting unequal outcomes, due to
prejudice or stereotyping. Physiological differences between races may also play a factor in type 1 diabetes
outcomes, as Dr. Willi noted that higher A1c levels in blacks may be due to race-dependent differences in
genetics that affect glycation of hemoglobin at similar glucose levels. Ultimately, in order to get to goal, Dr.
Willi emphasized that it is necessary to increase and improve the cultural competency of medical providers,
along with creating diabetes prevention and intervention programs for low SES and minority youth.

Panel Discussion

Lori Laffel, MD, MPH (Harvard Medical School, Boston, MA); Sarah Corathers, MD
(Cincinnati Children's Hospital Medical Center, OH); Steven Willi, MD (Children's Hospital of
Philadelphia, PA); Linda DiMeglio, MD, MPH (Indiana University School of Medicine,
Indianapolis, IN)

Q: I think we need to broaden our box a little bit and not be so medical-centric. Nurses in
diabetes have been very crucial, as all of your teams know well. We have to think about
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workforce development and really recruiting. Unfortunately, no one talked about that as a way
to improve diabetes in our pediatric population [audience clapping]. We also have to start
talking more about our children with type 2 diabetes. What do we do with this incredibly
vulnerable population that is suffering incredible complications? I was very happy to see a
psychologist here because we all know that 90% of treating these type 2 patients is behavior.
Let's really talk about bringing advanced-practice nursing into our clinic. I lot of specialists
are not using them, and they can be an extreme help [audience clapping].

Dr. Steven Willi: I didn't mention this specifically, but we have 10 nurse practitioners at our center. They are,
in fact, the driving force behind our diabetes program and have been for many years. It is a very good point.
The point about recruiting minorities into diabetes is also very salient. In a talk about disparity earlier in the
conference, someone noted that we can't wait for it to happen - we have to be responsible for addressing it
now. That's why I have an interest in developing community health workers because they can help bridge the
gap.

Dr. Sarah Corathers: I think diabetes is a team sport and it certainly is helpful to have representatives from
different disciplines. I think nurses and advanced practice nurses are essential.

Q: Thank you for the very nice presentations. You stated that 85% of all patients are
discouraged by the treatment plans, but I believe that 85% of all families are discouraged by
the treatment plans. What we have to do during the first two weeks is get the parents on board
with treatment. But I may have misunderstood your point.

Dr. Linda DiMeglio: The study that I cited was a paid survey in which the patients were being paid by the
treatment plans. We focused on what's working well and not working well within the survey.

Q: What do you think would be a more empowering way to encourage more testing?

Dr. Lori Laffel: Teens believe social context impacts their self-care behaviors. This is something we share with
patients. We mention to them that whatever they're interested in, if they want to contribute and be part of
their peer group, checking their blood sugar will allow them to participate in their activities uninterrupted. I
would use that to encourage as much diabetes monitoring as possible.

Comment: Thank you all for the great summaries of the issues and challenges. My friend and
colleague Dr. Laffel often uses the terms "opportunities" and "challenges", and I think you've
laid it out well. In regards to nurses and diabetes care, I want to say that I revere nurses and
nurse practitioners. I think they are absolutely fundamental. Without them, I would quit my
work tomorrow. Secondly, I would like to tell a story that illustrates why we have such a major
problem in the US. I think it's a systems-based problem. We have a fragmented, dysfunctional
healthcare system. Our fee-for-service model does not lend itself well to addressing the sort of
issues that you have all spoken about. I remember a 14-year old patient who had a heart
transplant at age 8 and who developed diabetes that was not initially recognized. He got
diabetes care in the hospital and after he was discharged, I saw him as an outpatient. At our
institution, the very first visit is typically with an educator. I asked the boy and his mom why
they hadn't seen an educator and the answer was that the insurance didn't pay for it. That's an
example of how dysfunctional our system is. I think that until we have a diabetes enterprise
that can overcome these sorts of barriers, it's going to be virtually impossible to address the
modifiable challenges that Dr. Laffel has enumerated [audience clapping in response].

Q: I have a general question about the guidelines for diagnosis in children. Specifically, the
ADA has criteria for T1D, but states that for children, A1c does not constitute diagnosis. Why
aren't there specific criteria for children?

Dr. Laffel: Are you talking about diagnosing?

Q: Yes.

Dr. Laffel: You can diagnose diabetes in children by using A1c.
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Q: But under the guidelines - in the section on pediatrics - it states that children cannot be
diagnosed using A1c.

Dr. Willi: A1c became a diagnostic criterion in 2009. All of the data thus far show that above an A1c of 6.5%,
retinopathy becomes more prevalent - this is data that came from studies using adults. There are no such
studies with children. The results have been extrapolated to children mostly because there are no studies that
investigate this in children. But this has not prevented us from developing guidelines in children, which we
have increased more in recent years.

Professional Interest Group Sessions: Behavioral Medicine and Psychology

INTEGRATING BEHAVIORAL HEALTH IN DIABETES CARE - THE THRILL OF VICTORY

Kimberly Driscoll, PhD (University of Colorado, Boulder, CO), Michael Harris, PhD (Oregon
Health & Science University, Portland, OR), Neda Laiteerapong, PhD (University of Chicago,
IL), Larry Fisher, PhD (UCSF, CA)

In this panel discussion, a number of physicians and psychologists highlighted the need to integrate
psychological care with traditional diabetes care to improve overall health outcomes and reduce healthcare
costs in diabetes. Dr. Kim Driscoll opened the proceedings by describing her group's ongoing collaboration
at the University of Colorado, where she helps screen pediatric patients for suicidal ideation and is working
to incorporate diabetes distress into this screening procedure. Notably, we learned that Dr. Driscoll has
designed an intern rotation at the university to help the next generation of healthcare providers become
more aware of the psychological component of diabetes care, and we loved hearing this perspective - after
all, given that diabetes as a whole gets such little attention in medical school curricula, we can't imagine
that the behavioral component of the disease gets any significant airtime whatsoever. Dr. Michael Harris
echoed this belief and spoke, too, about his experiences working at the intersection of psychology and
diabetes care at the Oregon Health and Science University. He stressed that healthcare providers need to be
on board with an integrated approach for such a program to be successful, noting that his group has
incorporated psychological screenings into the diabetes clinic and established a comprehensive billing plan
to make this easier for physicians. Drs. Neda Laiteerapong and Larry Fisher wrapped the discussion up by
providing specific examples of interdisciplinary care teams at the University of Chicago and UCSF,
respectively, that have been successful in integrating behavioral health into diabetes care to create a more
holistic system. We have seen growing appreciation for the importance of behavioral health education in
diabetes care, and judging from the optimism in the group, it sounds like most panelists believes the
UChicago and UCSF are just the first-adopters in what is a growing movement.

▪ Panelists noted that behavioral health interventions greatly decrease costs for
patients and the healthcare system. Many figures were cited and it sounds like the exact
savings depend on the efficacy of the behavioral intervention but the bottom line was clear -
integrating psychosocial and diabetes care can translate to significant financial savings. We would
love to see this documented in a more rigorous clinical trial to convince payers.

Questions and Answers

Q: A lot of physicians have busy practices. I was wondering if you have any practical tips for
how we can be better listeners and implement change even with very short time with patients?

Dr. Harris: Anything you can do to foster a better relationship between physician and patient. We've done
some research on testing young people with diabetes, and the strongest indicator of reduction of A1c was
positive support, reinforcement, and encouragement. If you don't have that relationship, you can't affect
change.

Q: I'm always collecting resources on what to recommend to patients in terms of books,
websites, and YouTube videos. I often refer patients to youcandothis.com or various books. I
wonder if you have any other resources for the patients who remain discouraged and want to
do more research?
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Audience member: I recommend diaTribe or Diabetes Health Sense.

Dr. Driscoll: Health psychologists recommend lose it app to help lose weight. I also recommend negotiating
books to help people work with their family members that are often impeding their own self-management.

Q: This is a very important session, its important that recognition on the value of health
psychology comes from the physicians. The health psychologists are really training us and
making us interact with patients very differently, so I think that has given a dimension to our
team that I don't think you can find in many places. Talking bout physician communities, in
the pediatric endocrinology community, there is a very big need for the integration of health
psychology services. In a recent survey on diabetes practices across the country, a sort of wish
list, we had representation of almost half the practices in the US. The number one priority is to
get funding for psychology and mental health services and reimbursement. Some of the
numbers are startling. We're better with educators; the ratio is 1 to 400 or so. There are issues
that we need to address but I think the fundamental problem is that hospitals don't make
money when you keep patients out of the problem. So there is an inherent conflict-our goal is
to keep people with chronic illness healthy. Yet what we do is not in the current models
reimbursable. Until its mandated, that we look at integration and the outcomes of care, these
models are going to be accepted everywhere. And it's not the lack of us not understanding, I
think it's the realities of what the administrators are telling us about revenue. Once that model
is changed, I think it will change for all of us.

Dr. Laiteerapong: With MACRA, we are moving towards value-based reimbursement and MIPS-basically
paying quality, or to alternative payment models such as PCMHs. I think your hope will become a reality for
the Medicare population within a couple of years.

Q: I was involved with defining quality and doing a lot of research on diabetes technology. The
value-based payment system coming up--the value is really reducing costs currently, forget
about the quality part of the equation of that. It's really important that we improve quality and
don't necessarily reduce costs. I think the model that came out in '97, '98 had returns that
came in 6 or 7 years. Next year's hospital admissions are going to be people who are not
getting adequate care. The administration needs to be on the same page that you are. Final
question that I have-within the context of all of your programs, are you getting efforts to
actually measure outcomes? The other metric that is really important in global health is
quality of life.

Dr. Laiteerapong: I know the program at University of Chicago is struggling with even measuring mental
health during regular appointments. We aren't currently capturing quality of health.

Dr. Driscoll: I hope quality of life becomes a standard of care measures in diabetes care, especially because we
focus so much on a1c and other lab measures. Quality of Life really needs to come to the forefront and be a
primary clinical outcome just like a1c.

Dr. Harris: When you talk about outcomes, it depends on who your audience is. I think when you ask about
outcomes, the outcomes that are most important to me right now are sustained service. I'm spending less time
on the outcomes I think are important as a scientist. There was a comment about value based care and
keeping people in the hospital. Medicare patients take up a bed, they could be there 30 days and still get the
same amount of money. This is a loss for the hospital. Our healthcare system is very broken, we cost twice as
much as the next highest country in the world. This is something that is being looked at-reducing avoidable
hospitalizations-because it's going to do our healthcare system in.

Q: Could you speak more about billing codes?

Dr. Harris: The codes we used are standard screening codes used in psychology, codes that are afforded no
authorization necessarily. From my perspective, any reimbursement is good reimbursement, so the cost-
benefit analysis is great. You're going to get different rates from commercial versus Medicare and Medicaid. If
you have 1500 youth and you are screening them on a regular basis that is a good chunk of change. It's a no
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brainer, they complete it online, and it goes back to the psychologist in the workroom so they can get results
right away.

Dr. Laiteerapong: 15 dollars or less spent on depression screening reimburses 27$ per head. We haven't
entirely figured it out yet but that's a lot of money on the table.

Q: A lot of tech companies have tried to develop therapeutic alliance with patient using
technology. How can that be scaled using telemedicine or high-tech digital technologies?

Dr. Harris: I think we're not there yet in terms of scaling, we still first have to get financial commitment from
payers. I don't think we can even think about scaling until we have services in the clinics. I love the idea of
scaling and dissemination, but I think its just not there yet.

Epidemiology, Education, and Additional Topics

ADA Diabetes Care Symposium - Lagniappe - A Little Something Different

PRECISION MEDICINE AND ITS IMPACT ON DIABETES RESEARCH AND CARE - THE NIH
PRECISION MEDICINE INITIATIVE - IMPLICATIONS FOR DIABETES RESEARCH

Judith Fradkin, MD (NIDDK, Bethesda, MD)

The highly respected Dr. Judith Fradkin discussed the NIH's plans for rolling out the Precision Medicine
Initiative (PMI) Cohort Program, sharing ambitious benchmarks slated for completion by the end of 2016.
Notably, the NIH aims to have 79,000 participants fully consented and enrolled in the cohort, with
biospecimens from at least 25,000 participants; the Institute expects to accomplish its final goal of enrolling
one million participants by the end of 2019. Further, the NIH plans to launch a direct volunteer program
and partnerships with five to seven major healthcare provider organizations to facilitate participant
recruitment, and also expects that eight to ten studies using the cohort data will be underway by December
2016. The Institute will also launch the Sync4Science pilot program by the end of the year, which allows for
standardized extraction of electronic health record (EHR) and insurance data from various records via a
secure and functional platform. According to Dr. Fradkin, these goals will be accomplished with the FY16
NIH PMI appropriation of $200 million under the leadership of Mr. Eric Dishman, the recently selected
Director of the PMI Cohort Program. The Cohort Program data itself will include self reported measures
such as diet, substance use, disease, and symptoms, as well as baseline health data (vitals), structured
clinical data from the EHR, select lab results, biospecimens (at least one blood sample), and mobile health
data passively collected from smartphones and wearable sensors. In terms of data collection, analysis, and
dissemination, Dr. Fradkin shared that the initial Core Data Set will be centrally collected and stored in a
coordinating center; Mayo Clinic will serve as the "biobanking" site for the initiative. Researchers will have
access to both data and biosamples, and data from their analyses will subsequently feed back to the central
database where it will be released to participants, the general public, and other researchers for further
analysis. It is very encouraging to see the government's commitment to developing a strategic plan for the
PMI implementation - we hope to see the momentum continue and ultimately bring more accurate
diagnoses, improved disease prevention strategies, and better treatment selection for people with diabetes
and other chronic diseases.

▪ According to Dr. Fradkin, diabetes will be one of the most highly-represented diseases
in the PMI Cohort, with an estimated 135,658 cases at baseline. This will provide high
power for identifying biological markers that signal increased or decreased risk of developing
diabetes. Dr. Fradkin hopes this will lead to more precise delineation of diabetes types, and more
targeted treatments as a result.

▪ Dr. Fradkin heavily emphasized the PMI's focus on tackling health disparities through
actively involving underrepresented groups in the Cohort Program. She noted that this
will be especially important in diabetes, where disadvantaged populations are disproportionately
impacted - we are very excited to hear this focus, as it is a key first step in addressing inequity issues
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and to also help us distinguish whether biology or social determinants are driving differences among
various racial/ethnic groups.

Special Lecture: President, Health Care, & Education Address

CIRCLES OF DIABETES CARE - FROM COMPLEXITY TO CLARITY

Margaret Powers, PhD (American Diabetes Association, Alexandria, VA)

Earning a standing ovation, Dr. Margaret Powers made a forceful argument for the value of and need for
increased access to diabetes self-management education (DSME). Challenging the packed ballroom to think
of DSME as a diabetes treatment in the same sense as a drug therapy ("If DSME was a pill, would you
prescribe it?"), Dr. Powers demonstrated through the ADA/EASD position statement criteria that DSME is
one of, if not, the best treatments available. Specifically, comparing DSME with metformin, she concluded
that DSME was at least as effective, if not better, across all criteria. Dr. Powers noted that despite this
powerful analysis, only 6.8% of individuals with private insurance receive DSME in the first year of their
diagnosis, and only 5% of Medicare patients receive DSME. Pointing out that DSME additionally has
psychosocial benefits that no drug intervention can replicate, Dr. Powers called for a paradigm shift in how
we think about DSME, arguing that the default should be for DSME to be included as part of diabetes
clinical decision support systems. We applaud the ADA for putting these issues in the spotlight at this
meeting and we similarly hope to see greater efforts in incorporating DSME into guidelines but also in
raising greater awareness of access to programs for the patients themselves.

▪ Dr. Powers argued that, if DSME were a medication, it would score highly in terms of
efficacy, hypoglycemia risk, weight loss, side effects, and costs. She pointed to multiple
studies that show high (>1%) A1c reduction with DSME, touted its near-total lack of hypoglycemia
risk and side effects - even earning a round of applause when noting this - and noted at worst, a
neutral (and quite possibly positive) effect on weight. She made it clear several times that
reimbursement is, in fact, available for DSME from Medicare and most private insurers, meaning
costs are also a wash when compared with medications like metformin - see our coverage of
Medicare's historic reimbursement of the Diabetes Prevention Program (DPP).

▪ In addition, Dr. Powers presented an even more powerful cost argument,
demonstrating the potential of healthcare savings. While admitting that costs were the most
difficult comparison (given the underrated availability of reimbursement), she pointed to one study
that found that the average annual hospital charges for 33,000 patients who received any education
was $6,244, which is 39% less than the $10,258 yearly average for those who received no education.
As the evidence base around cost savings remains limited, it's studies like these that we believe are
so critical to bring into conversations with policymakers and payers.

▪ According to Dr. Powers, DSME carries psychosocial benefits that medications do not.
These include reduction of diabetes distress and the often hidden emotional burdens that come with
managing a demanding, progressive chronic disease like diabetes. Dr. Powers noted that DSME also
improves quality of life, self-efficacy, healthy coping, knowledge, self-care behaviors, adherence to
food plans, healthy food choices, and physical activity. As the field is paying greater attention to the
emotional wellbeing and psychosocial aspects of diabetes, we hope that this particular point can
prove to make the DSME value argument even more powerful.

Special Lectures and Addresses: Kelly West Award for Outstanding Achievement in
Epidemiology Lecture

THE CHANGING TIDES OF THE DIABETES EPIDEMIC - SMOOTH SAILING OR TROUBLED
WATERS AHEAD?

Edward Gregg, PhD (Centers for Disease Control and Prevention, Atlanta, GA)

Dr. Alka Kanaya (UCSF, CA) presented the Kelly West Award to Dr. Edward Gregg for his extensive work in
analyzing and predicting the epidemiology of diabetes nationwide. Dr. Gregg humbly credited the legacies
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set by his predecessors, primarily the recipients of the Kelly West Award from previous years, for inspiring
his desire to work in epidemiology. He then shared new trends and characteristics of the diabetes epidemic,
praising falling mortality rates from complications but noting that the dramatic increases in the incidence
of diabetes in youth do signal "troubled waters ahead."

▪ Dr. Gregg noted that the improvement in the quality of diabetes care has resulted in
significant decreases in complications over the past 20 years. He noted that the rates of
myocardial infarctions, strokes, amputations, end-stage renal disease, and deaths from
hyperglycemia among individuals with type 2 diabetes in the United States all decreased from 1990
to 2010 (Gregg et al., NEJM 2014). He also proudly pointed out that the proportion of patients with
diagnosed diabetes with A1cs >9.0% has decreased from 30% in 1990 to 13% in 2010.

◦ Looking ahead, Dr. Gregg predicted that mortality rates would continue to
decrease moving forward - he forecast "smooth sailing." To support his
conviction, he noted that the reduction in mortality rates occurred evenly in both men and
women. Specifically, the expected survivability for males increased from 15 years (1990) to
18 years (2010) and the expected survivability for females increased from 18 years (1990)
to 21 years (2010).

▪ On the other hand, Dr. Gregg predicted that coming years will see an increase in the
incidence of diabetes in youth, especially in underserved minority groups ("troubled
waters ahead"). In recent years, he noted that the most dramatic increases in incidence have
occurred in Hispanic and American Indian youth where rates of diabetes more than doubled
between 2004-2012. Furthermore, he noted that the field has yet to understand the consequences of
early-onset type 2 diabetes, highlighting this area as one necessitating further study.

▪ Dr. Gregg ended by noting that new challenges in diabetes include addressing the need
for descriptive epidemiology, surveillance, clinical epidemiology, effectiveness
research, etiology, and ultimately, translation to public action. Currently, he noted that
risk stratification in public health is not mature, suggesting that the field needs greater emphasis on
national experiments to bridge the gap between etiologic and clinical research. On a positive note, he
acknowledged that several national experiments are underway, including the National Diabetes
Surveillance System (USDSS).

Oral Presentations: Race/Ethnic Differences Matter

HEMOGLOBIN A1C UNDERESTIMATES GLYCEMIA IN AFRICAN AMERICANS WITH SICKLE
CELL TRAIT: RESULTS FROM THE JACKSON HEART STUDY AND CARDIA

Mary E. Lacy, MPH (Brown University, Providence, RI)

Ms. Mary Lacy shared data suggesting that A1c underestimates glycemia in patients with sickle cell disease,
confirming the conclusion shared by UW's Dr. Irl Hirsch at IDF 2015. The observational study looked at
community-based data from 4,621 African-American participants from the CARDIA and Jackson Heart
studies (7.9% with sickle cell trait), finding that for individuals in the same fasting glucose categories (<100
mg/dl, 100-126 mg/dl, >126 mg/dl) or two-hour glucose categories (<140 mg/dl, 140-200 mg/dl, >200 mg/
dl), A1c levels are significantly lower for patients with the sickle cell trait than those without and that the
A1c-glycemia disparity increased at higher glucose levels. Ms. Lacy added that when using only A1c to
detect prediabetes and diabetes, the prevalence of both is significantly lower among patients with the sickle
cell trait than among those without the trait (p=0.0001), further confirming this relationship. The results do
not come as a surprise considering how much we've heard over the past year about the inadequacy for A1c
in capturing glycemic control in such patients - as we understand it, patients with sickle cell disease have
shorter hemoglobin lifespans, which thereby increases bone marrow red cell turnover and causes A1c to
read falsely low. Ultimately, the findings continue to add to the growing body of evidence that A1c in
isolation is simply not the best metric - for even more on this topic, please see our coverage of Dr. Hirsch at
Keystone 2015.
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Questions and Answers

Q: In the initial studies done by the National Glycohemoglobin Standardization Program
(NGSP), we found similar statistically significant results but we state no clinical significance,
and the results are similar here. Why would we expect to see clinical significance with this
large sample size?

A: I think what we have to do is replicate this study with a different A1c assay to see if we can see clinically
significant differences beyond the statistical significance observed.

Q: In your baseline characteristics, there was a statistically significant difference in renal
function between patients with and without the sickle cell trait. Did you do a regression
analysis for estimated glomerular filtration rate (eGFR) to see if it was causing the difference
in A1c?

A: We unclouded eGFR in our adjusted analyses, and we found that it didn't change the result at all. This was
expected; a recent JAMA paper found that kidney function was in fact affected by sickle cell trait.

PREVALENCE OF DIAGNOSED DIABETES AND ITS RISK FACTORS IN THE ASIAN AND
WHITE ADULT POPULATIONS OF THE UNITED STATES, 2013-2014

Linda S. Geiss, MS (Centers for Disease Control and Prevention, Atlanta, GA)

Ms. Linda Geiss shared conclusions on the prevalence of and risk factors for type 2 diabetes among US non-
Hispanic Asian populations and non-Hispanic whites. The study analyzed data from the 2013-2014
Behavioral Risk Factor Surveillance System, demonstrating that diabetes prevalence is higher among Asian
Indians (14.2%, 95% CI: 12.1-16.5, p<0.01) and Filipinos (18.0%, 95% CI: 14.6-22.0, p<0.01) than among
whites. Notably, these were the only two demographic groups that were significantly higher than non-
Hispanic whites, as prevalence among Japanese (10.1%, 7.3-13.6), Chinese (7.6%, 5.5-10.4), and all other
Asians (10.9%, 8.9-13.2), (all p>0.05) was similar to whites. In fact, adjusted analyses indicated that the
prevalence of diabetes was higher among Asian Indians and Filipinos who had BMI <23 kg/m compared2

to Chinese, Japanese, and white individuals with BMI >23 kg/m . On risk factors for diabetes, Ms. Geiss did2

not draw any major conclusions, noting instead that these factors varied greatly among the Asian
subgroups - for example, in comparison to whites, the Asian subgroups were younger (with the exception of
Japanese patients), had higher educational attainment, and were less likely to have a BMI ≥30 kg/m . To2

end, Ms. Geiss summarized that findings suggest great heterogeneity within the Asian populations in terms
of risk factors for diabetes and the prevalence of the disease, with prevalence particularly high in Asian
Indians and Filipinos.

▪ Dr. Geiss admitted that this study was limited in a handful of ways: (i) a lack of
information on birthplace, length of time spent in the US, acculturation, and citizenship; (ii) an
insufficient sample to estimate diabetes prevalence among Korean and Vietnamese populations; (iii)
no data on cases of undiagnosed diabetes; and (iv) a lack of information on access to healthcare.

Questions and Answers

Q: Whenever I see data that is gathered from questionnaires, I always have many doubts - one
of them is do you ask the question: Have you ever been tested for diabetes and what kind of
tests were done? After all, you're looking at diabetes prevalence.

A: There are parts of the survey where someone is asked about whether they had been test but not on what
type of test was done. We know from other recent studies that a larger proportion of Asians are undiagnosed
vs. whites, so that might minimize the difference we see between races. We don't know about the ability of
survey data to accurately capture true diagnoses among Asians.

Q: One major limitation is that you don't know what generation these individuals are. Further,
what proportion of the Asians and whites identified themselves as more than one race, and
how did that influence results?
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A: In the census, about 3% of the US population identifies themselves as more than one race but among
Asians, that's something like 15% or more. I think Asian Indians in particular - because it's a newer immigrant
population - were more likely to identify themselves as only one race.

Oral Presentations: Measuring the Value of Diabetes Care - The Current Epidemiology of
Diabetes-related Health and Well-being

VALIDATING THE UKPDS OUTCOME MODEL 2 USING DATA OF 94,946 TYPE 2 DIABETES
PATIENTS IN ISRAEL

Xiaohui Zhuo, PhD (CDC, Atlanta, GA)

Dr. Xiaohui Zhuo presented findings from a study that aimed to assess the validity of a new risk-prediction
model based on UKPDS data (known as OM2). Dr. Zhuo opened by noting that UKPDS data have been
frequently used for diabetes simulation models to predict the risk of complications but cited recent evidence
that these equations tend to overestimate the risk of cardiovascular disease in some patients (especially
given currently available tools). As such, his group aimed to compare OM2 risk predictions with real-world
data from 14,740 patients newly diagnosed with type 2 diabetes between 2000-2001 in the Israel Maccabi
healthcare system who were followed up for 15 years. According to this analysis, Dr. Zhuo shared that the
OM2 model calibrates the absolute risk of chronic health failure and stroke well, but significantly
overestimates the mortality risk, risk of myocardial infarctions, and risk of blindness while underestimating
the risk of ischemic heart disease and ulcers. He noted that the results are Israel-specific and that the
performance of the model may vary in other treatment settings - that said, he raised the findings as an
important reminder that model validation is critical when applying any UKPDS-based data to present-day
settings. Ultimately though, this is the first validation of the OM2 model that we've seen and we commend
Dr. Zhuo for bringing this issue to light.

▪ The study tracked the outcomes of newly diagnosed patients with type 2 diabetes from
the Maccabi Health Services registry. The group extracted data such as age, ethnicity, sex, and
duration of diabetes. Events such as ischemic heart disease, congestive heart failure, ulcers, and
blindness were identified through ICD-9 codes as well as additional validation from lab
examinations, hospital procedures, and medications.

◦ Comparison of baseline characteristics vs. UKPDS. The Maccabi Health Services
cohort had a slightly lower A1c (6.9% vs. 7.1%), included more females (46% vs. 39%), was
slightly older (58 years vs. 53 years), had fewer smokers (11% vs. 31%), and had a higher
BMI (32 kg/m vs. 28 kg/m ). Cholesterol and systolic BP were comparable.22

Questions and Answers

Q: I was on the UKPDS steering committee and worked in one of the original 15 centers. I have
had problems using this OM2 model, in part because so much has changed since UKPDS. For
example, the definition of ischemic heart disease has changed over the years, as have the
definition of subtypes of cardiac ischemia. So, there's clearly the time difference but I would
also point out the differences in ethnicity. What population is insured by Maccabi Health
Services?

A: There is a definite difference in populations and not just in race ethnicities, but in many other aspects of
the populations. We had to bear this in mind as we looked at the results. In terms of the race and ethnicity,
you're right that this is a mostly Jewish population. We tried looking into race and ethnicity groups, but we
did not see much in common between UKPDS and Maccabi patients. Often, we see use of the OM2 model in
Asian or Latino populations and, in these situations, researchers are not thinking much about race and
ethnicity. This research demonstrates that it is important - no matter where we apply the model - to apply it
very carefully and with a lot of validation to understand the different relationships to risk factors.
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APPROPRIATE TIME HORIZONS FOR MODELLING IN TYPE 2 DIABETES MAY IMPROVE
THE PRECISION OF ECONOMIC EVALUATION

Volker Foos (IMS Health, Danbury, CT)

In a rather analytics heavy presentation, Mr. Volker Foos shared results suggesting that commonly used
40-year horizons may be underestimating quality of life benefits in type 2 diabetes modeling studies. He
opened his presentation by noting that good modeling practices demand time horizons that are sufficiently
long to capture relevant outcomes - however, he explained that 40-year horizons leave "residual survival,"
meaning that there may be an under-prediction of outcomes. As a result, his group examined the use of
40-year outcome projections vs. 60-year outcome projections, finding that the former underestimated life
expectancy significantly across three age ranges: 40-49, 50-64, 65+ years. Overall lifetime incremental
QALY gains were underestimated by up to ~18% for the 40-year projections compared to 60 years, a
difference that was largest in the 40-49 years cohort and modest in the 50-64 years cohort whereas no
differences were observed in the 65+ years cohort. Ultimately, Mr. Foos highlighted the importance of the
results in pushing the modeling field to think critically about ways to maximize the benefits drawn from
such studies, especially as patients with type 2 diabetes begin to live longer and healthier lives. We continue
to think that modeling studies can offer a great tool to glean insight into mortality and morbidity patterns,
though would also point out that Mr. Foos presentation reminded us of the many caveats inherent as well -
e.g., a set time horizon, no changes in treatment, no changes in comorbidities, etc.

Questions and Answers

Q: Have you considered not running a model for a fixed-time horizon for everyone, but
running it to a maximum age? For example, run models for 60-year-olds for 40 years and run
models for 40-year-olds for 60 years? That way, you could get rid of the residual outcomes,
while not overestimating ages either.

A: This always has to be considered. It is typical in modeling analysis to populate on the horizon. Whenever
there is heterogeneity, the time model will always be the same though the time horizon may be change.

Q: It is one thing to run a 20-year-old on a time horizon of 80 years, but it is ridiculous do so
for someone who is already 60 - they have no residuals at 140 years.

A: Exactly.

Comment: Whenever we do this simulation model, we're making a lot of heroic assumptions:
(i) there is a set time horizon; (ii) there will be no changes in treatment; and (iii) the risk
equations are going to hold 40-60 years after we start the model. It can be hard to predict 40
years down the road.

Comment: Your finding is a really important result to recognize, particularly as we are
diagnosing patients who are living longer and as we consider timelines that are longer.

Oral Presentations: The Prediction and Prevention of Diabetes

PREDICTORS OF HEMOGLOBIN A1C TRAJECTORIES IN YOUTH WITH TYPE 1 DIABETES

Christina Shay, PhD (University of North Carolina, Chapel Hill, NC)

Dr. Christina Shay shared results from a study that identified heterogeneous A1c patterns in youth with type
1 diabetes and numerous factors that may contribute to such phenotypes. The study enrolled patients (n
=1,313) participating in the SEARCH for Diabetes in Youth study, tracking their A1cs over 108 months and
the associations with baseline clinical, demographic, and biochemical information. Findings identified three
distinct A1c trajectories: (i) patients who saw "minor increases" of ~1% over the study period (46% of
patients); (ii) patients who saw "moderate increases" of ~2% (46% of patients); and (iii) patients who saw
"major increases" of ~3% (8% of patients). Notably, less favorable A1c trajectories were significantly (p
<0.05) correlated with a number of factors: higher age at diagnosis, minority race, lower parental
education, higher insulin dose, lower SMBG frequency, history of smoking, DKA at diagnosis, higher BMI,
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higher levels of depression, and lower diabetes-related quality of life. [Importantly, trajectories were also
correlated with A1c at baseline, suggesting a confound - see below.] None of these correlations come as a
surprise though we do wonder what even deeper analysis of the results might unearth, especially given that
the variables measured at baseline are dynamic over time. For example, what happens to a patient with a
high baseline BMI if he loses a lot of weight? Is there a legacy effect, or does he join a different group?
Ultimately, the results hint at heterogeneity in patterns of glycemic control and suggest that identification of
patients at higher risk of deterioration may assist efforts to improve type 1 diabetes management. That said,
we'd love to see further digger into these patterns to drive the clinical value of the findings.

▪ This study enrolled patients (n =1,313) participating in the SEARCH for Diabetes in
Youth study, a well-characterized, multi-ethnic cohort. Researchers procured patients'
baseline clinical, demographic, and biochemical information and tracked A1cs over 108 months.
Following this period, patients were assigned to the "most-likely" A1c trajectory using posterior
probability. Patients included in the study were only those with three or more A1c measurements.

▪ During the Q&A session, an audience member made the valuable point that the
baseline A1cs of the different trajectory groups were 7%, 8%, and 9%, which could be a
confounder. We agree that this is potentially problematic for a couple of reasons: (i) it could
reflect a difference in the stage of the disease (i.e., those in the "high" trajectory group may have
been diagnosed later in the progression of their diseases, such that their A1c increased more
rapidly); and (ii) higher baseline A1cs could put a patient at higher risk for more rapid A1c
deterioration.

▪ That A1c is an insufficient metric has been a constant theme during the 2016
conference circuit. Indeed, we wonder if Dr. Shay might be able to share glycemic variability
metrics in the future to elucidate how the same clinical, demographic, and biochemical factors might
influence and predict overall blood glucose control.

Questions and Answers

Q: I noticed that the three trajectory groups have different A1c starting points. Could it be that
difference in the stage of the natural history of disease is a confound?

A: The recruitment window was 30 months following diagnosis, but the vast majority of patients were within
one month of diagnosis. That's as close as we can get.

Q: Most of those variables co-vary with age. Have you tried to model that a little bit more, to
see what's residual above and beyond age?

A: Stratifying by age might be a good idea, but we'd need to make sure that the trajectory groups don't get too
small.

Q: What method was used for measuring abdominal adiposity?

A: Waist circumference measure. We also looked at waist-to-height ratio, but saw a stronger association with
waist circumference itself, not waist-to-height.

Oral Presentations: Across the Ages - Tailoring Intervention to Meet the Need

THE ROLE OF PROPER INSULIN INJECTION TECHNIQUE TRAINING IN ACHIEVING GOOD
GLYCEMIC CONTROL

Brian Pflug, PharmD (BD, Franklin Lakes, NJ)

Dr. Brian Pflug presented the results of a study evaluating the effectiveness of a training program designed
to improve insulin injection technique for patients using multiple daily injections (MDI). Insulin injection
technique training covers correct site rotation, needle dwell time, skin folding, and the dangers of needle
reuse. In this study, 116 participants with type 1 and type 2 diabetes were randomized into three arms: (i)
Group TN, which received structured insulin injection technique training and free 4mm needles supplied by
BD; (ii) Group T, which received insulin injection technique training only; and (iii) Group C, which received
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neither. Insulin injection technique training included three clinical visits and four phone calls. At baseline,
there was no significant difference between the three arms in mean age (53.5 years), time since diabetes
diagnosis (9.0 years), A1c (8.72%), BMI (31.5 kg/m ), and duration of insulin treatment (8.25 years). All2

participants reported reusing pen needles at least once at baseline, with 20% reusing needles at least 10
times. At the end of the six-month study, A1c decreased by 1.0% in Groups TN and T (p<0.0001 for both),
while A1c decreased by only 0.2% (p=0.7) in Group C. 100% of participants in Group TN never reused
needles during the study period, while 82.9% of Group T and 0% of Group C never reused needles. Group TN
experienced less tenderness and bruising at injection sites compared to groups T and C, and
lipohypertrophy was only observed in group C. These results suggest that proper insulin technique training
is an essential element of diabetes patient education. We see this as one of many areas where diabetes
educators and other non-physician HCPs can play a valuable role, as it is unlikely that busy physicians will
have the time to conduct sufficient training in a 15-minute appointment.

Questions and Answers

Q: Does the ADA have guidelines or standards of care for injection technique?

A: The AADE does provide these standards, but I am not sure how specific the ADA is. We utilized the AADE
standards in this study.

Q: I wonder why we keep telling patients 90 degrees but it's straight in - I think that's very
confusing for patients and I think we should eliminate the 90 degrees because that's all they
hear. I think you also might have had even better significance if you had controlled for site and
all they had to use was the abdomen, because there is data suggesting that the abdomen is
better than the leg. Also, when people are monitored, they do a lot better - my patients always
do better if they have to keep a chart.

A: Thank you for your comments. I'll take that into consideration for 90 degrees. It is standard to do as many
injection sites as possible because it shows a decrease in lipohypertrophy and bruising. This was a control
group so the patients differed in injection site training. There may have been study bias, but the injection
training did change results.

DIABETES SELF-MANAGEMENT EDUCATION: BRIDGING THE POLICY-PRACTICE GAP

Muili O. Lawal, PhD (University of West London, UK)

Dr. Muili Lawal described how diabetes education and self-management programs have recently gained
traction in the UK. He noted that there are now several educational programs readily available in the
country - a contrast to a few years ago - but noted that the underutilization of these programs remains a
major problem. Mr. Lawal shared findings from a recent study that examined the factors influencing the
underutilization of these program and subsequently explored methods to increase patient engagement. The
study leveraged a combination of questionnaires and interviews, finding that personal circumstances (e.g.
schedules, family obligations) and beliefs about the healthcare process were key factors informing patients'
interest in such programs. In particular, answers suggested strongly that many patients with diabetes did
not believe in the seriousness of the disease or the usefulness of educational programs. In order to reverse
this trend in the future, Dr. Lawal advocated for better patient-practitioner communication about diabetes,
suggesting that the onus is on both parties to understand the consequences of poor disease management and
the value of education programs. Ultimately, we very much appreciated the perspective Dr. Lawal brought
to the discussion and are hopeful that the presence of more voices advocating for diabetes education and
self-management programs will lead to more widespread adoption moving forward.
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Oral Presentations: Diversifying Our Portfolio of Self-Management Intervention Approaches

SKYPE-BASED INTERVENTIONS FOR TEENS WITH POORLY CONTROLLED DIABETES: A
FAMILY AFFAIR

Michael Harris, PhD (Oregon Health & Science University, Portland OR)

Dr. Michael Harris detailed the importance of tailoring care for teenagers with diabetes to meet the
developmental demands of adolescence, a period of change, stress, and anxiety for patients and their
parents alike. Dr. Harris noted that adolescents typically require high affection and involvement, but
relatively low control from parents, needs that often clash with parenting approaches. To address this
discrepancy, Dr. Harris created a behavioral family systems therapy intervention that uses Skype to
provide care tailored to adolescents (e.g. shifting attitudes toward power and control) via a medium that
fits the population (e.g. technology) that could be scaled to reach underserved populations lacking reliable
access to clinic-based approaches. The training included: (i) problem solving; (ii) communication skills
training; (iii) cognitive restructuring; and (iv) family systems interventions. This Skype-based intervention
saw an A1c improvement of 0.8%, similar to the A1c improvement seen with traditional clinic-based
interventions. Along with medical improvements, participants reported fewer instances of miscarried
helping, a decrease in conflict behaviors, and better parental adjustment to illness scores.

Questions and Answers

Q: What is miscarried helping? Can you give an example?

A: Absolutely. There is a miscarried helping cycle. Parents and health care professionals alike identify a
problem and are invested in a positive outcome. As soon as we recognize the problem, we start questioning
the person in need. We try to do something to solve the problem, but it is not what is necessary to solve the
problem. Essentially, it is good intentions gone bad. We need to know how to treat the problem based on the
person's needs, not based on our needs or what might be prescribed.

Oral Presentations: New Genes for Diabetes, Related Traits, and Complications

DEEP SEQUENCING IN MULTIPLE-AFFECTED SIBSHIPS IDENTIFIED RARE VARIANTS
CONTRIBUTING TO RISK OF TYPE 1 DIABETES

Yan Ge, PhD (University of Florida, Gainesville, FL)

Dr. Yan Ge shared data suggesting that families with multiple children with type 1 diabetes may be enriched
for a range of risk alleles, especially those that are rare in the general population but have large effects. The
study sequenced 301 protein-coding genes in 70 type 1 diabetes patients from "high-risk" families (three or
more children affected with type 1 at early ages), with the goal of finding causative alleles for the disease.
Notably, the group did identify fifty-one genes that were harboring rare deleterious variants within this
cohort and decided to explore one of these genes (PTPN22) in depth. Further analysis in a broader type 1
population (n=3,609) showed that one variant (rs56048322) was actually significantly associated with the
disease. Of course, Dr. Ge stressed that correlation is not the same as causation but, bigger picture, praised
the result as a success for showing that sequence-based research can reveal deleterious variants that can aid
in the identification and understanding of disease-relevant genes. The next step in working toward
"causation" is investigating how rare variants are actually contributing to type 1 development (e.g., the
mechanism of action) and while this understanding is far away, Dr. Ge provided plenty of optimism that the
genomics field in diabetes is trending in the right direction.

Questions and Answers

Q: Have you looked at whether populations with the rare missense variant have a higher
prevalence of an additional autoimmune disorder in addition to type 1 diabetes?

A: We haven't tested that yet. We have only looked at the association studies with type 1 diabetes.
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LARGE-SCALE EXOME ARRAY META-ANALYSES IDENTIFY NUMEROUS NOVEL COMMON,
LOW FREQUENCY, AND RARE-CODING VARIANTS ASSOCIATED WITH GLYCEMIC TRAITS

Jennifer Wessel, PhD (Indiana University Fairbanks School of Public Health, Indianapolis,
IN)

On behalf of the MAGIC consortium, Dr. Jennifer Wessel presented data evaluating the role of single-
nucleotide variants (SNVs) in glycemia in people without diabetes. For context, she opened her talk by
noting that SNVs in protein-coding regions of genes can cause important disease-relevant changes in traits
(e.g., type 1 diabetes). To explore the role of these variants, Dr. Wessel and colleagues investigated the
association of 241,000 SNVs with fasting glucose, fasting insulin, two-hour glucose, and A1c levels from
over 144,000 individuals and found that a number of genes were associated with glucose levels. At this
point, it is tough to say what these associations mean specifically, though Dr. Wessel did herald these initial
findings as an important step toward understanding genetic architecture and the novel biology underlying
type 1 diabetes. The investigation is ongoing and we look forward to the presentation of full results from
these newly identified variants at EASD 2016.

CODING VARIATION AND TYPE 2 DIABETES RISK IN 435,386 INDIVIDUALS

Anubha Mahajan, PhD (University of Oxford, UK)

Dr. Anubha Mahajan presented data from the EXT2D Exome Chip Consortium, PROMIS, CHARGE, and
T2D-GENES/GOT2D cohorts that evaluated the contribution of coding variation (i.e., genetic variation that
falls in actual coding regions of genes) to type 2 diabetes. The study included a staggering 435,386
individuals from 51 studies (73,033 cases of type 2 diabetes and 362,353 controls) and identified 15 entirely
novel association signals outside known type 2 diabetes genome-wide association regions (p<5 x 10 ).-7

Notably, 38 significant coding associations were also mapped within 20 already-established common
variant GWA loci though only eight of these showed evidence of a causative role in type 2 diabetes. Overall,
Dr. Mahajan suggested that these low frequency variants may underlie much of the unexplained genetic
variance in the disease and concluded by offering optimism that our growing understanding genetic
variance may help tease apart type 2 pathophysiology in coming years.

Posters

RECENT TRENDS IN THE PREVALENCE OF TYPE 1 DIABETES (T1D), TYPE 2 DIABETES
(T2D), AND PREDIABETES IN THE US

H Caspard, JJ Sheehan, P Fenici, and N Hammar

This late breaking poster featured the latest US prevalence in type 1 diabetes, type 2 diabetes, and
prediabetes from the 2013-2014 National Health and Nutrition Examination Survey (NHANES). The study
analyzed all participants aged >20 years and determined diabetes diagnosis by asking, "other than during
pregnancy, have you ever been told by a doctor or other health professional that you have diabetes or sugar
diabetes?" Type 1 diabetes was defined as being ≤30 years of age and requiring insulin; undiagnosed type 2
diabetes was defined as A1c ≥6.5%; and pre-diabetes was defined as A1c between 5.7% and 6.5%. Prevalence
was determined by sampling weights provided by NHANES. After exclusions for age, pregnancy, missing
diagnosis, and missing A1c, each NHANES survey period (from 1988-1994 to 2011-2012) yielded between
3,959 and 5,684 participants for analysis. Overall, the researchers found that the type 2 diabetes prevalence
rate has increased since 1999-2000; type 1 diabetes has remained relatively stable while the prediabetes
prevalence has decreased in recent years (from 2011-2012 to 2013-2014). Please see below for more details
on the specific findings.

▪ Diabetes prevalence rates rose between 1999-2000 and 2013-2014. For type 2 diabetes,
the mean (95% Confidence Interval [CI]) annual increase was .19%. For type 1 diabetes, the mean
(95% CI) annual increase was .027%. Prediabetes prevalence experienced a mean (95% CI) annual
increase of .83%. Overall, the study authors noted that the rise in type 2 diabetes and prediabetes
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can be partially contributed to changing demographics - specifically aging - as standardization for
age resulted in smaller increases.

▪ Notably, prediabetes rates peaked in 2011-2012 at 22.6% and have started to decrease
(to 19.7% in 2013-2014). This may indicate the increasing efficacy of prevention programs, as we
have seen greater movement on prevention and early intervention on the policy front.

▪ By age, the documented increase in type 2 diabetes was evident only in individuals
aged ≥45 years or older. The sharpest increase was noted in patients aged ≥65; and prevalence
among those younger than 44 did not change significantly at all. These data suggest that the overall
population's aging plays a significant role within the epidemic and calls for a greater focus on
geriatric care in diabetes.

▪ By race/ethnicity, blacks experienced higher rates of type 2 diabetes than whites,
while Latinos were intermediate to the two groups. When stratified for race/ethnicity, no
group showed significant increases, but the analysis still showed disparities based on race/ethnicity
that have remained unchanged since 1999-2000.

▪ Pre-diabetes increased among all age and racial/ethnic groups since 1999-2000. Those
older than 65 showed the greatest increase in prediabetes while those younger than 44 years of age
showed a less dramatic increase. Among racial/ethnic groups, blacks experienced the greatest
increase; however, no group showed a significant difference in rate of increase after 1999-2000.

Symposium: Beyond A1c - Why Quality of Life Matters (with Richard R. Rubin Award Lecture)

DEVELOPING A MEASURE OF DIABETES HEALTH-RELATED QUALITY OF LIFE ACROSS
THE LIFESPAN - PRELIMINARY QUALITATIVE FINDINGS

Marisa Hilliard, PhD (Baylor College of Medicine and Texas Children's Hospital, Houston, TX)

In her eloquent presentation, Dr. Marisa Hilliard discussed her team's work in developing a reliable and
tailored measure of diabetes health-related quality of life (HRQOL) for people with type 1 diabetes and their
caregivers. Following an introduction that covered the goals of HRQOL, she outlined the aim of her project:
to develop a suite of diabetes HRQOL measures that can be done in the office waiting room (consisting of
<30 questions that take <5 minutes to complete) and that encompasses several domains of a patient's life.
The measures are tailored to one of seven age groups, and are written according to the language and
developmental level of each group. Dr. Hilliard's team began by interviewing 81 diabetes patients and their
family members, as well as five healthcare providers. From the answers, they identified core themes (e.g.,
worry, appreciation of social support, and desire to "carpe diem") that guided the production of draft
HRQOL measures. The team has piloted these measures with 41 patients and their families (21 pediatric and
20 adult patients) and are currently in the process of refining and validating the measures. Looking
forward, Dr. Hilliard expressed hope that diabetes HRQOL measures will be a routine part of diabetes care
("to be performed as frequently as A1c") and will provide data for further research and quality
improvement.

▪ Dr. Hilliard defined diabetes HRQOL as a key patient-reported outcome that reflects a
patient's everyday well-being with respect to health - both general health and diabetes-
related health. She remarked that the concept is as important as A1c, noting that data show the
parameter is linked to increased diabetes management and control. Dr. Hilliard pointed out that
diabetes HRQOL is distinct from general quality of life, a measurement that is not necessarily
related to health.

▪ Dr. Hilliard reviewed the characteristics of a well-designed HRQOL measure: (i) it
should consider many domains - i.e., work, home, school, etc.; (ii) it should include factors that are
relevant to an individual's current developmental stage of their; (iii) it should encompass not just
the patient but also his/her parents, partners, and families; and (iv) it should address the successes
as well as the challenges of living with diabetes.
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▪ In addition, she covered several drawbacks of existing self-reported measures of
diabetes health. Dr. Hilliard noted these often focus on youth with diabetes, and as such, are not
tailored to different age ranges. Furthermore, when parents complete measures, they are often asked
to report about their child with diabetes (proxy-report), and few existing instruments assess parents'
(or, even less often, partners') own quality of life. Many are outdated and have questionable clinical
relevance, and most emphasize the burden of diabetes.

▪ Dr. Hilliard discussed next steps for evaluating her team's diabetes HRQOL measures.
Her team plans to validate the measures with the T1DX registry, and have trained three pediatric
and three adult sites, with a target recruitment of 3,600 patients (1,800 pairs). To evaluate re-retest
reliability, she shared that her team plans to have the patients take the measure two times, spaced
four to six weeks apart. To evaluate discriminant and convergent validity, the patients will take
several others questionnaires during this timeframe. Lastly, to assess criterion validity, the site
coordinators will also measure patient adherence to treatment, as well as A1c. Looking further into
the future, Dr. Hilliard plans to convene an expert panel every five years to revise the measures.

Questions and Answers

Q: That was a fabulous presentation, and I appreciate the rigorous methodology. In the
interviews, what questions did you ask people to elicit how diabetes impacts their quality of
life?

A: We had a great group of multidisciplinary researchers. We went to the literature and saw what other
measurements were asking and not asking. We tried to ask about a lot of different domains. And we had 14
different types of interviews because we wanted to tap into each domain for each age band. At the end of the
interview, we asked the patient if we missed anything - that way, we were able to fill in any gaps.

Q: I have a question regarding your plans for the final measures. I understand that you haven't
done psychometric testing yet. Do you plan to have the scoring done in such a way that as the
patient ages, the scoring stays consistent? Also, have you thought about collecting the answers
electronically?

A: Yes, our scoring system will probably be on a scale of zero to 100, so that it can be standardized and
compared across age ranges. We are, for the validation phase, largely using electronic measurements, though
we do have some sites (especially those with older patients) who have asked to have papers measures. We
would like this to be something that is flexible.

Q: During the interview, what did patients say about advances in technology and how that
affects their quality of life?

A: We very deliberately chose not to include technology-specific items in this questionnaire because research
and technology advances so quickly - we didn't want it to outdate our questionnaire. We have wonderful
colleagues who are developing this exact measure, and we have been able to share methodologies between the
two groups.

QUALITY OF LIFE - ISSUES OF CONCEPTUALIZATION AND MEASUREMENT

Lawrence Fisher, PhD (UCSF, San Francisco, CA)

Dr. Lawrence Fisher discussed the need to measure quality of life (QOL), the different tools available, and
his approach. He opened with an eye-opening dialogue about his literature review on the topic, which
showed that while QOL is a large field (1,273 papers in 2015 alone), the measures are inconsistent and QOL
itself is rarely a primary endpoint for studies. Dr. Fisher then addressed the need to focus on QOL in
diabetes care, noting that it helps physicians evaluate the true cost/benefit of a therapy, that it may predict
medical outcomes, and that QOL data is often required from journals and the FDA. After reviewing the
history of health-related QOL (which focuses on the effects of disease), Dr. Fisher touched upon the different
models of HRQOL, sharing that both general and diabetes-specific models have a place in diabetes care. In
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ending his talk, he emphasized that doctors should not apply a "one-size-fits-all" tool for measuring QOL,
but rather should approach the topic carefully and thoughtfully.

▪ Six months ago, Dr. Fisher started a literature review on quality of life measures, and
was taken aback by the large number of publications ("in 2015, there were 1,273 PubMed
papers with the key words, 'diabetes' and 'QOL'"). Dr. Fisher also noted the inconsistency in the
field: "It is one gigantic bucket into which we have thrown all kinds of things that we call QOL, none
of which are related to each other, and it's full of measures and measures, all called QOL, which
address it in different ways." Lastly, he noticed a trend - i.e., that nearly every study listed QOL as a
secondary or tertiary outcome, and that having QOL as a primary outcome was extremely rare. Dr.
Fisher concluded, "Quality of life seems to be a stepchild, separate from our primary goal of A1c."

▪ Dr. Fisher then addressed the need to focus on QOL in diabetes care. He noted that from
a clinical standpoint, QOL is important because it is a central goal of healthcare providers, and
because it helps physicians evaluate the true costs and benefits of a therapy (e.g., a new treatment
may be impractical if the cost from a QOL viewpoint is too high). From a practical standpoint,
healthcare providers are increasingly asked to provide QOL data to meet the requirements of
healthcare systems, journal reviews, and the FDA. Lastly, from an empirical standpoint, Dr. Fisher
relayed that some aspects of QOL are better predictors of medical outcomes that biologic measures.

Questions and Answers

Q: I just finished the task of helping to revise the National Diabetes Education for Healthcare
Professionals webpage. I did the component on quality, so I was also conducting a literature
search on this topic. And at our health center, we measure only two outcomes: risk reduction
and quality. We're now in the era of payment for quality. Your lecture was wonderful and we
really should be looking at how this should be set up, because if it's not paid for, people won't
pay attention to it in our current system.

A: That's a tricky one. To be candid, I'm not sure how to respond. It's a complicated question. You're asking
how to integrate the importance of quality of life in the clinical setting because we are going to be paid for it,
just like we are for A1c. It has to be more fine-tuned. The biggest danger is coming up with a scale that we use
for all patients. It's dangerous because it implies consistency that doesn't exist. For many people, quality of
life changes with time, and having a single measure risks missing how quality of life changes over time. We
have to be more patient-focused. I don't think it needs to be overly complex, but it has to be a lot more
heterogeneous than how we've gone through it in the past.

NDEP Symposium: Moving Beyond Lip Service - Getting Serious about Diabetes Self-
Management Education and Support

THE FUTURE OF SELF-MANAGEMENT - WHAT'S EMERGING FROM NIH RESEARCH?

Judith Fradkin, MD (National Institutes of Health, Bethesda, MD)

Dr. Judith Fradkin provided a comprehensive overview of current and future efforts in diabetes self-
management education and support (DSME/S). She opened by noting that DSME/S is a cost-effective
approach to care, with proven clinical and psychosocial success but contrasted this efficacy with the fact
that less than 6% of patients utilize such programs within a year of diagnosis. She attributed this trend to a
number of factors - from commute challenges to insufficient insurance coverage to depression to a lack of
appreciation for DSME/S's efficacy - and, with that in mind, provided a framework for those interested in
building successful DSME/S programs to improve outcomes. Dr. Fradkin emphasized that DSME/S efforts
can fall into three major categories (telemedicine, community health, or primary care delivery) and that in
designing any of these solutions, the practicality of the approach is paramount - e.g., Will the design fit into
the existing healthcare infrastructure? Indeed, she noted that while the success of DSME/S programs are
often measured by glycemic outcomes (A1c, comorbidities), other important considerations include whether
the program is cost-effective and scalable in the real world and how seamlessly providers and health
systems will be able to implement the program. Dr. Fradkin concluded by offering confidence that the
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importance of rigorously validated DSME/S programs is becoming more widely appreciated and expressed
optimism that behavioral scientists will make serious strides in DSME/S interventions within the next year

▪ We were particularly intrigued to hear Dr. Fradkin describe the Flexible Lifestyle
Empowering Change trial, an NIH-funded RCT that aims to help teens (13-17 years
old) with type 1 diabetes find new ways of managing their diabetes. The study compares
usual care vs. usual care plus health coach sessions that include a motivational interview in
problem-solving skills and targeted self-management of diet and physical activity. The 18-month
intervention will compare A1c and glycemic variability (we're not sure how the latter will be
measured since blinded CGM is not being used) between the groups and is expected to report "in the
next year or two."

IS DIABETES EDUCATION BROKEN? IF SO, HOW DO WE FIX IT?

Jodi Krall, PhD (University of Pittsburgh Diabetes Institute, Pittsburgh, PA)

According to Dr. Jodi Krall, "diabetes education is broken" due to its extreme underutilization in
comprehensive diabetes care. The primary barriers that prevent adequate diabetes self-management
education and support (DSME/S) implementation and utilization include: (i) time and location; (ii) cost and
reimbursement; (iii) value confusion; and (iv) unclear expectations (when, what, and how to deliver). Dr.
Krall argued that we must develop and maintain patient-centered, community based, medical education
programs that aim to deliver ongoing support for every single patient living with diabetes. Specifically, Dr.
Krall highlighted the Telemedicine for Reach, Education, and Treatment (TREAT) program, which has
employed technological communication (e.g. video conferencing) to reach patients in rural areas to
supplement traditional diabetes education. Through providing remote ongoing management, education,
and treatment, TREAT has demonstrated a reduction of 2% in A1c values at six months and at the 12 month
follow up, as well as a decrease in patient distress.

Symposium: Diabetes Self-Management Education and Support in Type 2 Diabetes - Joint
Position Statement of the ADA, AADE, and AND

DIABETES SELF-MANAGEMENT EDUCATION AND SUPPORT - BENEFITS, CHALLENGES,
AND ACHIEVING PERFORMANCE MEASURES

Amy Hess-Fischl (The University of Chicago Medicine Kovler Diabetes Center, Chicago, IL)

Amy Hess-Fischl set the stage for the joint position statement from the ADA, AADE, and AND on the critical
importance of developing and implementing diabetes self-management education and support (DSME/S)
programs to improve patient health outcomes and lifestyle well-being. The statement aims to address three
goals: (i) to improve patient experience of care and education; (ii) to improve the health of individuals and
the population; and (ii) to reduce diabetes-associated per capita healthcare costs. Along with the statement,
these institutions jointly created a diabetes education algorithm that defines when, how, and what kind of
DSME/S should be provided for adults with type 2 diabetes. Despite widespread inclusion in many diabetes
guidelines and fairly universal insurance coverage (including Medicare coverage), only 6.8% of newly
diagnosed type 2 diabetes patients in the US receive DSME/S within 12 months of diagnosis. By advocating
for its importance and detailing the implementation of DSME/S, the joint statement and algorithm provides
healthcare teams with the information required to better understand the educational process and
expectations, allowing for more successful integration into routine care.

▪ "If DSME were a pill, would you provide it?" Echoing Dr. Maggie Powers' president address
statement, Ms. Hess-Fischl provocatively proposed this question to the audience in conjunction with
evidence that proves the multi-faceted benefits of DSME/S. According to a global study, proper
DSME/S reduced patients' A1c by over 1%, resulted in more healthful eating patterns and regular
activity, and enhanced self-efficacy and empowerment. The magnitude of reductions in A1c
exceeded that of normal care, but was paired with the conclusion that DSME/S must be an ongoing
process to maintain the significant positive outcomes in glycemic control and psychosocial stability.
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GUIDING PRINCIPLES AND KEY ELEMENTS OF INITIAL AND ONGOING DIABETES SELF-
MANAGEMENT EDUCATION AND SUPPORT

Martha Funnell (Michigan Diabetes Research and Training Center, Ann Arbor, MI)

Martha Funnell further illuminated the significance of DSME/S implementation by presenting the guiding
principles of the joint position statement of the ADA, AADE, and AND, which detail how DSME/S should be
provided. The guiding principles and key elements of initial and ongoing DSME include: (i) engagement;
(ii) information sharing; (iii) psychosocial and behavioral support; (iv) integration with other therapies;
and (v) coordination of care across specialty care, facility-based care, and community organizations. As
Ms. Funnell argued, in order to successfully educate diabetes patients about self-management, care must be
personally tailored to meet patients' unique needs, without requiring dramatic (and therefore unlikely)
changes to their daily lives. The most effective strategies are based on patient-centered approaches and
must address the patient, family members, healthcare professionals, and the community at large.

Symposium: How to Succeed at Diabetes Self-Management Education (DSME)

TAPPING INTERNAL AND EXTERNAL RESOURCES STRENGTHENS DSME REACH

Kathryn Parker (University of Florida Health Shands, Gainesville, FL)

As stated by Dr. Peter Carek, "With diabetes education, we are engaging the most important member of the
healthcare team in management-the patient." Kathryn Parker emphasized this statement in her
presentation about the importance of implementing diabetes education programs with the help of internal
and external resources. After taking over the University of Florida Health Shands Diabetes Education
Program, she expanded the educational and medical capacity of the program by promoting internal and
external resources. Ms. Parker advised a multi-stage model that includes internal (marketing to staff),
external (marketing to the community), and internal/external (committees) development. Internally, she
focuses resources on training staff through workshops, highlights the importance of having a good staff
reputation, and aims to have a diabetes resource nurse on every floor of the hospital in the course of a
couple years. She also illuminated the benefits of engaging the external community through lost-cost
awareness events (e.g. World Diabetes Day) and explained the outstanding city program that pays for all
diabetes medications (and related complications) following the completion of wellness initiatives. Finally,
Ms. Parker advocated for a combined approach that involves both the internal and external spheres in
partnerships with larger organizations to facilitate resource development for patients and staff.

Questions and Answers

Q: How do you differentiate diabetes education from support activities?

A: It is really the doctor or the health care professional that is making the distinction. It pays to sit on
committees to have a say in how this distinction is made. The reality is that no one shows up to support group
meetings, but people end up learning the benefit of education, which is why it is important to create these
distinctions.

ADVANCING DIABETIC CARE FROM HOSPITAL TO OUTPATIENT DSME USING
INNOVATION AND CROSS-DEPARTMENTAL COLLABORATION

Nancy Talio, RN (Boca Raton Regional Hospital, FL)

Ms. Nancy Talio discussed the success of her diabetes self-management education (DSME) program at the
Outpatient Diabetes and Nutrition Center at the Boca Raton Regional Hospital, a 400-bed teaching hospital
that sees ~1,200 diabetes patients every year. She began by highlighting several challenges that DSME
programs face - e.g., a lack of profitability, a lack of Medicare and other payer reimbursement - stressing
that her group has seen an impressive amount of support from senior management that has enabled it to
overcome many of these typically handicapping hurdles. For example, she noted that the Boca Raton
Hospital has established a requirement for physicians to explicitly state a reason for NOT referring patients
with diabetes for self-management - a directive that has seen great success. Ms. Talio noted that 85% of
patients who come through her program experience a 0.5%-1.0% drop in A1c within six months of starting
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and that, in the first year of the program, 250 patients received education referrals and none of them were
readmitted to the hospital. That's impressive! Since the program is small, Ms. Talio acknowledged that the
77% completion rate is a drawback and suggested that more work is needed to be done to explore why
nearly one-fourth of participants are not completing the course. The group has done a good job leveraging
the electronic health record to find patients who would need DSME and making educational videos
accessible online (e.g., YouTube), and we wonder whether continued efforts to make DSME fit seamlessly
into patients' lives might increase the completion rate.

INCREASING ACCESS TO DIABETES SELF-MANAGEMENT EDUCATION IN LOW RESOURCE
AND UNDESERVED POPULATIONS

Dietrich Taylor, RN (Mississippi State Department of Health, Jackson, MS)

The diabetes community has demonstrated the need for effective diabetes self-management education
(DSME), but few have tackled the monumental access barrier that exists among low-income, rural, and
underserved communities. Dietrich Taylor discussed the challenge of working to combat diabetes in
Mississippi, which currently ranks second in the country for diabetes prevalence (13% of adults have type 2
diabetes) and third for obesity prevalence (35.5% of adults have obesity), costing the state over $2.7 billion
annually (ADA, 2012). In addition, about 21.5% of the Mississippi population falls below the national
poverty line, and 51 out of 82 counties are considered medically underserved. However, Mr. Taylor
challenged the audience and the diabetes world as a whole to see these numbers not just as statistics but
instead as actual patients' lives. To combat the disturbing lack of education and access to adequate diabetes
care in Mississippi, Mr. Taylor pioneered a centralized program that funded diabetes education sites
throughout the state, guided patients to accessible treatment centers, and improved insurance literacy
among diabetes educators and other providers to ensure universal care. By partnering with nation-wide
organizations (CDC, ADA, and CMS) and local partners (existing diabetes treatment centers), Mr. Taylor
generated financial, political, and social support to create more treatments centers, provide accreditation to
existing centers, and train providers on the business element of care. Thanks to these efforts, Mississippi
increased DSME offerings by 80%, becoming the second-ranked state in DSME access in the country.

Questions and Answers

Q: What do you advise as far as how often to have the class? When we first started, we held
them maybe once a month, and I think that was too much time in between individual classes.

A: Especially when it comes to FQAC, you guys have a unique opportunity, because your build is different
than everybody else. With FQACs and Medicare, you have to see those individuals one-on-one, and you get
just as much for a DSME visit as you get for a medical visit. So I would set the program up where I have
someone in the office, eight hours a day, actually doing those one-on-one visits, because your population is
there. It amazes me how FQACs will schedule classes maybe once a month, but the reimbursement is actually
there to see those patients on a daily basis. If you have a population with 2,000 people, which yours is close
to, I would say have someone teaching folks every day. And for the some of those third party insurances and
some of the Medicare patients, I would maybe see them once a week.

Q: (From CDC) You gave the example of people in rural areas not being able to get places. With
the system that you have, how are you addressing the fact that people's access (in terms of
living in a rural area) is really difficult?

A: The health departments are located in those areas. We have the capacity in the buildings where those
people live, as opposed to traveling halfway across the state. That gives them an opportunity to not have to
travel maybe five or ten minutes instead of an hour. Another thing you can do is utilize churches. Work with
the local Pastors and organize a van to pick people up in that community from the church and transport them
to that class, because the Pastor and the church want to see those people healthy as well. Another thing about
going into the community, rather than going away from home, is that it is trusted more. If I go into a place in
North Mississippi, I have to have someone say "Dietrich is a good guy, trust what he's saying." So if you bring
it into the community, you get more participation as well.
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Symposium: The Future of Quality Measurement - Metrics that Matter

PATIENT-REPORTED OUTCOMES

Andrea L. Cherrington, MD, MPH (University of Alabama, Birmingham, AL)

Patient-reported outcomes are captured very rarely in clinical trials. Of the 622 phase III type 2 diabetes
clinical trials published between 2000 and 2012 with a sample size greater than 50, only 7% (n=44)
included any patient-reported outcomes! In her presentation, Dr. Cherrington argued that patient-reported
outcomes should be included in more studies of people with type 2 diabetes not just because they influence
diabetes self-care and glycemic control, but because they are important outcomes in their own right. For
instance, in the REGARDS study that followed 22,003 individuals (4,090 of whom had diabetes) for 6 years,
the presence of depressive symptoms or stress was associated with an increased incidence of stroke and
cardiovascular disease, with an even greater effect among people with diabetes. Another example comes
from the Diabetes Connect pilot study (n=97), which aimed to develop a web-enhanced community health
worker-based intervention for diabetes management. The study found that community health worker
support led to significantly lower A1c and BMI levels, plus a significant reduction in diabetes distress. Dr.
Cherrington concluded that many patient-reported outcomes should therefore be targeted alongside
glycemic control by diabetes management interventions.

Questions and Answers

Q: If we were to incorporate one measure into our practice that wouldn't require a massive
redesign, is there something you feel has been potent in driving he mission?

A: I think the easiest answer is to incorporate some measure of depression (PHq2 - it's two items). It's low-
hanging fruit, if people aren't already doing that. I think we should also do a better job about medication
adherence. I think a lot of the time we fly right past it - If I Normalize it to the patient and just say, a lot of
people have a hard time taking their medicine all of the time - how often does that happen to you? Once you
give them permission to not take medicines, they tell you they're not taking their medicine. It opens up the
door.

COMPREHENSIVE DIABETES AND CARDIOVASCULAR QUALITY MEASURES

Patrick O'Connor, MD (HealthPartners Institute, Minneapolis, MN)

Dr. Patrick O'Connor discussed the need to examine and rethink quality measures for diabetes and
cardiovascular care. He noted that current quality metrics consist largely of a composite metric that takes
into account: (i) whether patients have achieved an A1c <7%; (ii) whether patients have achieved a systolic
blood pressure <130 mmHg; (iii) whether patients are using aspirin; and (iv) whether the patient is a
smoker. In describing this composite score, Dr. O'Connor remarked that the metric is valuable for judging
how well a clinic or population or patients is doing but noted that, on an individual basis, the composite
number does not have enough granularity to inform therapeutic decision-making. Along these lines, he
noted that his clinic actually uses the scores to help physicians figure out the areas in which they are not
serving their patients well, noting that there is real benefit to be gained from the score if clinics keep in mind
the drawbacks. For example, he listed a number of flaws of the metric: (i) several of the measures can be
"gamed" [e.g., blood pressure can be manipulated based on faulty reporting; aspirins/statins only have to
be prescribed, not taken, to count positively]; (ii) it overlooks some measures, such as LDL cholesterol, that
are clinically valuable; and (iii) it ignores race, ethnicity, and socioeconomic status, all of which
significantly influence health. In sum, Dr. O'Conner concluded that there is a real need to develop more
comprehensive and faithful metrics of quality and suggested that clinics and providers engage in a more
expensive dialogue about which metrics are valuable and which are still needed.

Questions and Answers

Q: At the provider or practice level, how do you make sure that providers and staff are paying
enough attention to all patients - for example, both the patient with an A1c of 7.2% and 9.2%?
How do you provide for proper resource allocation?
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A: We've made a decision-support system that shows whether a diabetes patient is at goal for the five
measures and BMI and then rates the relative CV risk based on the UKPDS outcomes. We run those
algorithms to help us prioritize what to focus on with each patient. Then, you can walk into the room with the
list of diabetes-related health goals that are out of control and what will provide them the greatest health
benefits.

Q: Is the algorithm available outside of HealthPartners?

A: Yes, talk to me after the presentation. In our first few versions, we had physicians helping us improve the
algorithm by letting us know when something was wrong - Now, it is usually the doctor who is wrong vs. the
algorithm.

Q: Not all metrics are equal in terms of what contributes to outcomes. For example, studies on
the heart have demonstrated that smoking is incredibly significant to patients' health. Can you
comment on that? Sometimes these measures produce abnormal behavior from physicians
because they don't weigh these factors properly.

A: I agree - if a person is smoking, that always comes up first in our algorithm. Additionally, we do have to
individualize. Evaluating therapy from only a measurement point of view brings up many questions - it
doesn't take into account how far patients are from goal or their personal circumstance. For example, it was
reported that One Medical Group recently went through all their diabetes patients who only had one measure
not at goal, and the clinic targeted them so that they could pull those patients to the finish line. That is sick.
That is one of the problems with diabetes quality measures.

Symposium: New Challenges in Adolescents and Young Adults with Type 2 Diabetes

NEW INSIGHTS ON GENETICS OF TYPE 2 DIABETES

Jose Florez, MD, PhD (Center for Human Genetic Research, Boston, MA)

Dr. Jose Florez challenged any existing notion that type 2 diabetes is solely a condition with environmental
causes by citing the convincing findings of many genome-wide studies. He noted that these studies have
identified over 100 genetic markers predicting the onset of type 2 diabetes, including over 100 risk loci and
nearly 3,000 allele variants. He posited that the process of identifying more loci and variants is
approaching an upper limit and, as opposed to some researchers who still believe that a still-unidentified
genetic marker is the major culprit, suggested that the 2,000-3,000 existing variants each contribute
incrementally to diabetes risk. As such, he argued that the focus of genomic studies should shift to larger
populations in order to identify which variants are the strongest predictors. Dr. Florez also highlighted the
cultural context of genetic markers by focusing on one particular gene locus, SLC30A8, and its relatively
high correlation with diabetes onset of Mexican sub-populations. With this perspective, Dr. Florez suggested
that future studies of genetic markers may be able to inform individualized care and treatment regimens.

▪ Dr. Florez cited GWAS studies that have demonstrated an association between the
R325W polymorphism of the SLC30A8 gene and diabetes risk in Mexican populations.
He noted that the gene encodes a beta cell-specific zinc transporter and cited a 150,000-person
study in which patients with type 2 diabetes were more likely to show loss of function mutations in
the SLC308 gene than "normal" controls. Further complicating matters, Dr. Florez shared data from
9,000 patients with type 2 diabetes in Mexico suggesting that the allele variant may explain up to
20% of the diabetes risk increases in Mexican populations, but noted that the same locus can only
explain 2% of increased type 2 diabetes risk in European populations.

Questions and Answers

Q: Did patients with this mutation demonstrate any unique phenotypes? Were any other
clinical characteristics correlated with this mutation?

A: Although the mutation we observed occurs in the MODY gene, the phenotypes are indistinguishable from
more common forms of diabetes. BMI, age of onset, and other clinical metrics provide no significant
indicators of the mutation.
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Q: With regards to the study conducted in Mexico, did you track mutations across extended
family networks?

A: What we've seen is that 2% of the population of patients diagnosed with diabetes have some form of this
mutation, which propagates within 50% of family members. Overall, an estimated 140,000 people in Mexico
have this mutation.

Symposium: Moving On Up - Transition to Adulthood and Adult Care for Young Adults with
Type 1 Diabetes

RISK BEHAVIORS RELATED TO T1D MANAGEMENT IN ADOLESCENTS AND YOUNG
ADULTS

Diana Naranjo, PhD (Stanford University, Palo Alto, CA)

Dr. Diana Naranjo discussed the five features of emerging adulthood: (i) age of identity and exploration;
(ii) age of instability; (iii) age of self-focus; (iv) age of feeling in between; and (v) age of possibility. The
specific developmental, behavioral, and structural factors during this period of change have significant
implications for diabetes management. In order to adequately care for adolescents and young adults, health
care providers and parents have to understand the ways in which these factors impact the health and well-
being of emerging adults who are dealing with diabetes. Dr. Naranjo emphasized that as young adults
discover who they are as a person, they must simultaneously discover "who they want to be with diabetes"
(i.e. what role diabetes will play in their young adult life). This period is accompanied by various shifts in
physical location, which makes comprehensive care much more difficult to maintain, due especially to
transitions in health care professionals. These dramatic changes in lifestyle lead to increased stress that can
affect problem-solving and coping abilities, as well as greater incidences of risk behaviors and mental
health concerns. Therefore, Dr. Naranjo illustrated that health care professionals must be particularly in
tune to honoring their adolescent patients' sense of identity, supporting patients' personal process of peer
disclosure (sharing they have diabetes), providing resources to account for instability in medical care,
recognizing and addressing increases in risk behaviors or mental health concerns, assisting in patients'
diabetes management to encourage independence and responsibility, and promoting positive well-being.

DESIGN AND VALIDATION OF A TRANSITION/PREPARATION READINESS SKILLS
MEASURE

Joyce Yi-Frazier, PhD (Seattle Children's Research Institute, Seattle, WA)

Transitioning to adult diabetes care is a substantial step in a patient's course of treatment, especially due to
the decline in clinical attendance and health outcomes observed in many young adults. Dr. Joyce Yi-Frazier
elucidated the common psychosocial, health system, and developmental barriers that prevent successful
transitions, and presented the preparation readiness skill scale that assesses a patient's level of self-
confidence to move on to adult diabetes care. This scale aids patients and providers in understanding when
a young adult with type 1 diabetes is prepared to transition from pediatric to adult diabetes care. The
"READDY" scale includes four factors: (i) knowledge (extent of diabetes and related terms knowledge); (ii)
health behaviors (ability to manage diabetes by self and involve provider when necessary); (iii) insulin
management (confidence in adjusting insulin doses, especially in social situations); and (iv) navigation
(capability to independently negotiate with healthcare providers, insurance companies, and pharmacies).
Although the scale is still being developed and measured for real-life validation, it presents a concrete tool to
quantify a patient's aptness to move to adult diabetes care. According to Dr. Yi-Frazier, there is significant
potential to incorporate this scale into all young adult diabetes care to help improve personalized education,
training and treatment.

Questions and Answers

Q: Have you looked at a parent or provider report of preparation readiness in addition to a
patient readiness skills measure?

A: We have not yet looked at a parent or provider report, but that is our next step.
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Symposium: Impact of Intrauterine Environment on Beta-Cell Dysfunction and Diabetes

DEVELOPMENTAL PROGRAMMING OF TYPE 2 DIABETES

Susan E. Ozanne, PhD (University of Cambridge, UK)

Dr. Susan Ozanne provided an overview of the current status of research on the consequences of obesity in
pregnancy. She noted that while the immediate impact of obesity is well documented (e.g., increased risk of
miscarriage, gestational diabetes, pre-eclampsia, still birth, and developmental abnormalities), less is
known about the long-term effects on the child. With that in mind, Dr. Ozanne cited studies conducted in
mouse models that have demonstrated that the offspring of mice on an obesogenic diet do not weigh more
than the offspring of mice on a normal diet at eight weeks post-birth. She termed this a positive finding, but
noted that offspring in the former group did experience a greater prevalence of left ventricular cardiac
hypertrophy (a sign of major cardiovascular stress) and significant hyperinsulinemia. Analysis of mRNA
and insulin receptor substrate 1 (IRS-1) levels indicated that microRNAs are responsible for this reduced
insulin sensitivity and that changes in offspring are likely epigenetic in nature. Dr. Ozanne also described a
follow-up study in which a modest exercise intervention program in obese, pregnant mice in the week
leading up to and including the three-week gestation period (20 minutes on a treadmill, 5 days/week)
returned insulin levels to normal in mothers (despite not resulting in significant weight change). The
offspring of exercising mothers actually experienced lower levels of insulin resistance and cardiac
hypertrophy, suggesting exercise intervention may not necessarily need to lead to significant weight loss in
mothers to have metabolic and cardiovascular benefits for their children. Of course, Dr. Ozanne noted that
much more research needs to be done before these results can be extended to humans but certainly
expressed optimism that the developmental programming of type 2 diabetes can be influenced by healthy
behavior even over a short period of time.

Questions and Answers

Q: This is great - learning that these women who are obese should be recommended to do
more exercise. Moving forward, that's really exciting. But what about the offspring who have
already been born to women who are obese during pregnancy? Have you tried any
interventions? It's depressing to think that there's nothing you can do.

A: There's not nothing you can do - you can improve insulin sensitivity in obese offspring. We haven't formally
tested any intergenerational effects, but I think the advice would be nothing more than what we advise people
to do in eating a healthy diet and exercising. The difference is that there may be a more focused group for the
intervention.

Q: I'm curious about the exercise intervention - how did it affect diet?

A: We didn't control for diet at all - all were fed ad libertum. We didn't record if they ate more. However, after
such a short period of exercise, it was unclear if they actually compensated by eating more but they still had
increased metabolic function.

Symposium: Diabetes and Precision Medicine-What Can We Learn about Diabetes with
"Omics"?

THE PROMISE OF OMICS FOR CLINICAL CARE

Robert Gerszten, MD (Harvard Medical School and Beth Isreael Deaconness Medical Center,
Boston, MA)

Dr. Robert Gerszten began his talk by highlighting the importance of understanding the biology behind
disease in order to diagnose and treat it effectively, since not all patients display identical risk factors. He
explained how targeted mass spectrometry technology and metabolic profiling of participants in the
Framingham Heart Study (FHS) across phenotypes were used to identify different metabolic pathways that
may play a role in the development of heart disease. Non-targeted mass spectrometry techniques have also
been used to measure peaks using HILIC chromatography methods, and protein information has also been
integrated. Dr. Gerszten mentioned that the integration of the metabolome and proteome would identify
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novel protein/metabolite associations and correlations that could then help discover less common yet still
important risk factors. It was refreshing to hear Dr. Gerszten's practical viewpoint that these novel
biomarkers may be more likely to be introduced into clinical care than other forms of precision medicine
since they are less impersonal and are likely to face fewer obstacles in today's healthcare environment.

Professional Interest Group Session on Epidemiology and Statistics

FALLING DIABETES INCIDENCE IN THE US - SHOULD WE BELIEVE THE DATA?

Mohammed Ali (Emory University, Atlanta, GA), Elizabeth Selvin, PhD (Johns Hopkins
Bloomberg School of Public Health, Baltimore, MD)

In an entertaining and thought-provoking debate, Mr. Mohammed Ali and Dr. Elizabeth Selvin tackled the
question of whether or not NHIS data documenting reductions in the incidence of diagnosed diabetes in the
US tell an accurate story (i.e., Is this reduction real?). Regardless of how they interpreted the data (see
below for each of their takes), both Mr. Ali and Dr. Selvin agreed that diabetes is still at epidemic
proportions and that improved strategies for prevention and treatment are urgent needs. Ultimately, we
left the debate with a better understanding of the importance of evaluating the credibility of epidemiological
data since it forms an important basis for state and national policy, public health interventions, and public
attitudes.

▪ Mr. Ali took the "yes" stance, highlighting the fact the data are credible and consistent
with ample corroborating evidence. To that end, he shared data showing that diabetes
prevalence has plateaued while mortality has decreased, concluding that diabetes incidence must
also be decreasing. In addition, he noted that other US data sets (SUPREME-DM, Truven
Marketscan, Framingham Heart Study) and data from other countries (Denmark, the UK, Italy,
Canada, Israel, Sweden, and Taiwon) show similar trends in diabetes incidence. Further, he cited
recent data demonstrating that diabetes risk factors are also on the decline: BMI and obesity
prevalence have flattened since 2005, and adults and children in the US are consuming a reduced
number of total daily calories.

▪ Meanwhile, Dr. Selvin took the "no" stance, stating that the incidence decline in NHIS
data is an artifact reflecting changes in diagnostic criteria rather than biological
factors. As an example, she reminded the audience that there was a spike in diabetes diagnoses
after 1997 when the clinical practice guidelines lowered the cutoff for a diagnosis from a fasting
glucose of 140 mg/dl to 126 mg/dl. She also argued that there has been no decline in major diabetes
risk factors such as obesity and prediabetes. She also argued that the tightening of guidelines in
2010 - which increased the diagnostic A1c level to 6.5% - may have contributed some to the recent
reduction in rates of diabetes diagnosis -- to the extent that physicians are using A1c more than
glucose to diagnose diabetes.

Corporate Events: Insulet Presents - PsychoSocial Management in Diabetes

SUMMARY

Barbara Anderson, PhD (Baylor College of Medicine, Houston, TX), Riva Greenberg
(Huffington Post, New York, NY), Lori Laffel, MD (Joslin Diabetes Center, Boston, MA), Gary
Scheiner (Integrated Diabetes Services, Wynnewood, PA)

An evening panel with Dr. Barbara Anderson, Ms. Riva Greenberg, Dr. Lori Laffel, and Mr. Gary Scheiner
focused on how HCPs can help patients maintain the healthy mindset needed to succeed in their diabetes
management. Panelists provided earnest opinions on everything from how to best deliver psychosocial care
to the value and burden of technology in diabetes management. Dr. Riva Greenberg discussed her
"flourishing approach" to living with diabetes, stressing the value of identifying positive outcomes and
shifting the focus from problems to possibilities: "What leads people to be resilient and have post traumatic
growth instead of post traumatic stress? Are we really treating people in a way that brings out the best in
them?" She criticized the traditional, problem-focused coping approach to diabetes and advocated instead
for a shift towards building upon patients' strengths. On a similar note, the panelists each shared their
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strategies for maintaining a healthy mindset: Ms. Greenberg advocated for creating habits and routines to
reduce the burden of diabetes; Mr. Scheiner suggested setting realistic expectations for providers and their
patients; and Dr. Laffel highlighted the need for a multidisciplinary team to create a diabetes management
plan. Another theme that emerged from the panel was the need to accept human fallibility and limitations -
"we never get the best, it's always better," said Dr. Laffel. "No one is going to win the Olympic gold in
diabetes, it's about baby steps," added Dr. Anderson, "It's about the ability to keep on going in the face of all
the frustration." To help people better manage their diabetes, multiple panelists highlighted the social
component of self-care and the importance of asking for help - "diabetes is never a do-it-yourself disease,"
noted Dr. Scheiner. We love that Insulet dedicated an entire evening to discussing psychosocial
management in diabetes - this important topic rarely receives such attention despite the impact it has on
diabetes outcomes and quality of life and we applaud the company for raising the level of conversation on
this front.

Generic Drugs

Oral Presentations: ADA Presidents Oral Session

DIABETES PREVENTION WITH PIOGLITAZONE IN INSULIN RESISTANT PATIENTS WITH
CEREBROVASCULAR DISEASE

Silvio Inzucchi, MD (Yale School of Medicine, New Haven, CT)

Dr. Silvio Inzucchi (Yale School of Medicine, New Haven, CT) presented secondary endpoint analyses from
the IRIS trial demonstrating a 52% risk reduction for progression to type 2 diabetes and reductions in
insulin resistance and fasting plasma glucose (FPG) with TZD pioglitazone in patients with elevated insulin
resistance and high cardiovascular risk. The five-year, placebo-controlled trial (n=3,876) enrolled
participants without diabetes with a history of recent stroke or transient ischemic attack (TIA), and insulin
resistance (defined as HOMA-IR >3.0). The hazard ratio for new diagnosis of type 2 diabetes in the
pioglitazone group was 0.48 (95% CI: 0.33-0.69, p<0.0001), with 3.8% of those in the pioglitazone group
developing type 2 diabetes compared to 7.7% in the placebo group. Furthermore, Dr. Inzucchi presented
new data demonstrating a significant improvement in insulin resistance for the pioglitazone-treated group,
as measured by HOMA-IR. HOMA-IR at one year decreased to 4.1 (-24%) in the pioglitazone-treated group
and increased to 5.7 (+7%) in the placebo group (baseline HOMA-IR=5.4, p<0.0001). Pioglitazone treatment
also produced improvements in fasting plasma glucose (FPG) compared to placebo: after one year, mean
FPG was 95.1 mg/dl in the pioglitazone-treated group and 99.7 mg/dl in the placebo group (baseline
FPG=98.2 mg/dl, p<0.0001). Furthermore, the analysis revealed that pioglitazone's preventive effect for
new diabetes diagnosis was more potent in participants at higher risk for type 2 diabetes (with impaired
fasting glucose, higher A1c, more insulin resistance, and metabolic syndrome) - see the detailed results
below. It appears that pioglitazone can ameliorate the increased risk of diabetes associated with high
cardiovascular risk and perhaps intervene in the additive risk effect of concurrent cardiovascular disease
and type 2 diabetes. Dr. Inzucchi highlighted the fact that pioglitazone is now the only oral glucose-lowering
agent demonstrated to reduce atherosclerotic events and the only one shown to prevent diabetes and
improve cardiovascular outcomes in the same trial (although, as he mentioned, these two effects are not
necessarily linked). The side effects of TZDs are not minor (though Dr. Inzucchi has asserted they can be
managed), but there does appear to be a significant upside to this medication for the right patients.

▪ The relative and absolute risk reduction for progression to type 2 diabetes was greater
for participants with prediabetes (defined as FPG ≥100 mg/dl at baseline or A1c
≥5.7%), with the highest insulin resistance, or with metabolic syndrome. For patients
with impaired glucose tolerance and FPG ≥100 mg/dl, pioglitazone produced a 59% relative risk
reduction (HR=0.41; 95% CI: 0.30-0.57; p<0.0001, absolute risk reduction [ARR]=8.5%), while it
only produced a 31% non-significant relative risk reduction in participants without impaired glucose
tolerance (HR=0.58, 95% CI:0.39-1.23; p=0.21, ARR=0.8%). In participants with baseline A1c
≥5.7%, pioglitazone treatment demonstrated a 54% risk reduction (HR=0.46; 95% CI: 0.34-0.62,
p<0.0001; ARR=5.6%), compared to a non-significant risk reduction of 42% in participants with
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A1c<5.7% (HR=0.58; CI: 0.27-1.28; p=0.17; ARR=1.0%). By insulin resistance level, those with a
HOMA-IR ≥4.6 experienced a relative risk reduction of 60% (HR=0.40, 95% CI: 0.29-0.57;
p<0.0001; ARR=6.3%), compared to a non-significant risk reduction of 37% in participants with
HOMA-IR <4.6 (HR=0.66; 95% CI: 0.40-1.08; p=0.10; ARR=1.4%). For those with metabolic
syndrome (as defined by National Cholesterol Education Program [NCEP] criteria), pioglitazone
treatment offered a 54% risk reduction (HR=0.46, 95% CI: 0.33-0.63, p<0.0001, ARR=5.9%),
though risk reduction for those without metabolic syndrome remained significant at 57% (HR=0.43,
95% CI: 0.23-0.80, p<0.006, ARR=2.1%). Tests for interaction were non-significant in each of these
cases, but Dr. Inzucchi nonetheless emphasized that primary protection from new diabetes
diagnosis was driven by the highest-risk participants. Interestingly, treatment with pioglitazone
reduced the Kaplan-Meier curve for participants with high insulin resistance to the point where it
was nearly superimposable with that of the placebo-treated group with lower insulin resistance.

▪ The IRIS trial previously demonstrated that pioglitazone treatment produced a
relative risk reduction of 24% for the composite primary endpoint of fatal and non-
fatal stroke and MI (HR=0.76; CI: 0.62-0.93, p<0.007). 9.0% of patients in the
pioglitazone-treated group experienced a stroke or MI during the trial period, compared to 11.8% of
those in the placebo-treated group. However, other secondary endpoints besides new diabetes
diagnosis (stroke, acute coronary syndrome, three-point MACE [stroke, MI, and heart failure], and
death) were not significantly reduced with pioglitazone when compared with placebo. That said, Dr.
Inzucchi has previously emphasized that this is fairly typical in such trials, driven by the lower
number of events for these secondary endpoints. He pointed out that, while not statistically
significant, each of these endpoints was less frequent in pioglitazone-treated patients. Adverse
events associated with pioglitazone were as expected, including weight gain, edema, and bone
fractures.

Oral Presentations: Treatment Choices after Orals in Type 2 Diabetes

EFFICACY AND DURABILITY OF EXENATIDE IN COMBINATION WITH PIOGLITAZONE VS.
BASAL-BOLUS INSULIN IN POORLY CONTROLLED TYPE 2 DIABETIC PATIENTS: THE
QATAR STUDY

Muhammad Abdul-Ghani, MD, PhD (UT Health Science Center, San Antonio, TX)

Dr. Muhammad Abdul-Ghani presented results of the QATAR study, demonstrating that the addition of
exenatide in combination with pioglitazone in poorly controlled type 2 diabetes patients (on metformin/
SFU) produces greater A1c reductions with less hypoglycemia and weight gain compared to basal-bolus
insulin therapy. This study randomized poorly controlled type 2 diabetes patients on maximal dose of
metformin/SFU to either once-weekly exenatide plus pioglitazone (n=112) or basal (glargine)-bolus (aspart)
insulin (n=114). Follow-up visits were conducted monthly for the first six months and then every two to
three months afterwards. At six and 12 months, the exenatide/pioglitazone arm (baseline A1c of ~10%)
achieved A1c levels of 6.5% and 6.2%, respectively, compared to the insulin arm's achievement of 7.5% and
7.3% at 6 and 12 months, respectively. In addition, more participants in the insulin therapy arm failed to
achieve the A1c goal <7% compared to the combination therapy arm (63% vs. 17%). Regarding adverse
events, the exenatide/pioglitazone group experienced significantly less hypoglycemia (0.21 vs. 0.67 events/
patient year) and gained less weight (0.7 kg vs. 3.1 kg). On the other hand, the combo therapy arm saw
greater edema, injection site bumps, nausea, and other GI side effects. But ultimately, these findings are
promising and highlight some potential of TZDs (many had written off the class) and reinforce greater
enthusiasm for various forms of combination therapies. The TZD element of the combination was great to
see, particularly as this is now a generic drug - we've heard when it is taken in lower doses, there are often
significantly fewer side effects and we'd love to know more on that. These results reinforce our thinking that
early and mid-stage in diabetes treatment, prandial insulin is going to be chosen a smaller percentage of the
time given other alternatives - we believe the other alternatives will also keep patients alive longer and that
more will eventually need prandial insulin as the "lifespan" will continue to expand. We just hope an
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"elderly well" rather than an "elderly unwell" will start to emerge. Although we hear a lot of negativity
about SFUs, we'd also love to see "all" patients get "the best one."

Questions and Answers

Q: What did you do with the SFUs? Did you continue it or what?

A: Yes, the treatments were added on top of SFUs and metformin. Participants were also allowed to adjust
meds throughout the study.

Q: You noted there was more edema in the combo therapy - was that related to CHF?

A: It was peripheral edema. Only three patients discontinued due to the edema.

Q: One third of your patients had nausea in the combo therapy. Most of these patients also had
severe insulin resistance. Did you check the food intake with nausea in relation to the weight
changes?

A: No, we didn't but it's an interesting point.

Dr. Julio Rosenstock (UT Southwestern, Dallas, TX): This is very interesting data. These
patients have more than ten years of diabetes and A1cs of 10% on metformin and SFUs. The
A1c reductions are so impressive. I've never seen anything like this. I wish my patients were in
the QATAR study.

Oral Presentations: Hypoglycemia Potpourri

CARDIAC EFFECTS OF SULFONYLUREA-RELATED HYPOGLYCEMIA: INCREASED QT
DYNAMICITY AND ECTOPY

Timothy Middleton, MBBS (Royal Prince Alfred Hospital, Sydney, Australia)

Dr. Timothy Middleton's study investigated the effects of hypoglycemia on cardiovascular (CV) risk in 30
type 2 patients on SFUs and other anti-diabetes agents. The participants wore both CGM (iPro2) and Holter
monitors for 48 hours, under normal living conditions. The 1,360 hours of data showed a total of 15
hypoglycemic episodes (<63 mg/dl) that occurred in nine patients - most episodes were nocturnal (67%)
and asymptomatic (73%). Baseline characteristics, CV disease status, and treatment were comparable
between the patients with hypoglycemia ("hypo" group) and those without ("NH" group). The 30 study
participants (12 females and 18 males) had an average age of 67 years and average A1c of 6.9%. An
increased QTc interval was observed in a fraction of the patients with hypoglycemia. The authors measured
QT dynamicity (QTD) - a predictor of mortality - and found an increase in nocturnal QTD in the hypo group
vs. the NH group (0.19 vs. 0.16, respectively; p=0.01). This increase was observed even when patients in the
LG group were out of the hypoglycemic range. In addition, the authors found increased rates of ventricular
ectopy (RR 1.6 [95% CI: 0.4-2.1]) and of supraventricular ectopy (RR 1.3 [95% CI: 09-1.6]) during the
episodes of hypoglycemia. Lastly, nocturnal, asymptomatic hypoglycemia was observed in >25% of well-
controlled participants in association with increased QT dynamicity and ectopy. These findings provide
unique implications for guidance on the intensity of glycemic control, as we hope we can identify which
patient populations are most at risk with this association.

▪ Baseline characteristics were similar between the hypoglycemia and non-
hypoglycemia groups, with the exception of systolic blood pressure. The participants had
an average age of 63-68 years, percent male 57-67%, percent Caucasian of 78-81%, duration of
diabetes 14-15 years, A1c of 6.6-7.0%, BMI of 31-32 kg/m , SBP of 122 (hypo) and 131 (non-hypo),2

DBP of 71-72, rate of hypertension of 67-71%, rate of dyslipidemia of 56-86%, rate of microvascular
complications of 11-38%, and rate of macrovascular complications of zero (hypo) vs. 24% (non-
hypo). At baseline, the participants had an average SFU dose of 60mg. Across the two groups,
43-56% were on one or two diabetes agents and 44-57% were taking three to four diabetes agents.

▪ Dr. Middleton highlighted that some individuals displayed significant QTc
prolongation during hypoglycemia, while others did not. Of the three participants who
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experienced daytime hypoglycemia, one experienced borderline QTc prolongation. Of the eight
participants who experienced nocturnal hypoglycemia, four had borderline or prolonged QTc.

▪ QT dynamicity (QTD) is the QT interval vs. thee RR interval regression line gradient -
i.e., the variations in QT duration that depend on physiologic conditions. It reflects activation of the
sympatho-adrenal system and varies diurnally, with lower levels at night. Dr. Middleton noted that
QTD is an emerging risk factor assessment for cardiovascular disease.

Questions and Answers

Q: Congratulations! That was a nice presentation and great study. Do you know the potassium
level in your participants, and did you look at heart-rate variability?

A: We did measure potassium at baseline, and there was no significant abnormality. Unfortunately, because
it's a free living study, we could not test potassium levels at the time of hypoglycemia. I did not look at heart
rate in this particular study.

Q: What other anti-diabetes agents were the patients taking?

A: All of the patients were also on metformin. Other agents included DPP-4 inhibitors and GLP-1 agonists.

Q: Was there a difference between asymptomatic and symptomatic hypoglycemia?

A: I did not find a particular relationship with respect to symptomatic versus asymptomatic episodes.

Oral Presentations: What's New in Pediatric Type 2 Diabetes?

INITIAL PRESENTATION OF TYPE 2 DIABETES (T2D) IN ADOLESCENTS PREDICTS
DURABILITY OF SUCCESSFUL TREATMENT WITH METFORMIN MONOTHERPY: INSIGHTS
FROM THE PEDIATRIC DIABETES CONSORTIUM (PDC) T2D REGISTRY

Fida Bacha, MD (Baylor College of Medicine, Houston, TX)

Dr. Bacha shared results from a subgroup analysis of the TODAY study, investigating the optimal group of
adolescent individuals for metformin monotherapy based on the patients' initial presentation. Data from
the Pediatric Diabetes Consortium Type 2 Diabetes (PDC T2D) Registry for adolescents with diabetes
duration ≥ 2 years were examined to see if there were differences between those whose diabetes was
effectively managed with only metformin (n=83) and those who required intensification to insulin therapy
within a year (n=174). The analysis revealed significant differences between the two groups based on initial
patient presentation. Male patients were more likely to experience better glycemic control for longer on
metformin. Not surprisingly, those who required insulin therapy at one years were more likely to have a
higher A1c at diagnosis (mean baseline A1c=10.6% in the insulin+metformin group vs. 9.1% in metformin
monotherapy group, p<0.001) and were more likely to be on insulin therapy at time of diagnosis (74% in
the insulin+metformin group vs. 51% in the metformin monotherapy group, p<0.001). Race had no impact
on the durability of metformin's effect on glycemic control. Overall, diagnosis of type 2 diabetes at a lower
A1c and starting therapy earlier was associated with better glycemic control in patients on metformin
monotherapy. This study further drives home the benefits of earlier diagnosis and proactive diabetes
treatment. As type 2 diabetes becomes more prevalent in adolescents, the importance of screening and early
diagnosis in this population because ever more salient.

Oral Presentations: Treatment and Management of Complications - Can a Dog Really Smell
Hypoglycemia?

THE EFFECT OF METFORMIN EXPOSURE ON NEURODEGENERATIVE DISEASE AMONG
ELDER ADULT VETERANS WITH DIABETES MELLITUS

Qian Shi (Tulane University, New Orleans, LA)

Ms. Qian Shi presented findings that long-term (>2 years) metformin therapy decreases the risk of
neurodegenerative disease (ND) in adult veterans with diabetes. Her retrospective study looked at
individuals from the Veterans Affairs database between 2004-2010 (n=6,026) who were at least 50 years
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old (mean age of 63 years), on insulin therapy for at least 1/3 of the study period, and had no ND at
baseline. The incidence of ND - defined as onset of dementia, Alzheimer's, Parkinson's, Huntington's, or
cognitive impairment - was 1.15 per 100 person-years for patients treated with metformin for any length of
time vs. 2.79 per 100 person-years for patients with no metformin exposure (p<0.0001). Interestingly, Ms.
Shi shared that metformin seems to need a couple years before it shows significant neuroprotection.
Patients with two to four years of metformin therapy were 41% less likely (p=0.0026), and patients with >4
years of therapy were 84% less likely (p<0.0001), to develop ND compared to those who never took the
drug. The neuroprotective effect did not reach statistical significance for patients with one year (increased
risk by 7%, p=0.61) or two years of metformin exposure (decreased risk by 29%, p=0.08). These results are
helpful in clarifying the direction of influence of metformin on ND, which has been a subject of debate.
However, Ms. Shi acknowledged a few problems with the study sample, namely that it was small, 90%
male, and represented only 8% of veterans by pulling from medical centers and outpatient clinics
specifically in the southern central region of the US. Ultimately, a larger, prospective cohort study is
necessary for more definitive answers on the neuroprotective or neurodegenerative impact of short- and
long-term metformin therapy. As type 2 diabetes has been suggested to be associated with
neurodegenerative diseases, we hope to see greater research on how currently available diabetes drugs can
also target this potential comorbidity.

Questions and Answers

Q: Do you have any data on the progression of ND? Do patients deteriorate if they stop taking
metformin?

A: Unfortunately, we identified diagnosis of ND but didn't look at progression.

Q: There's been discussion about how metformin may interact with central mechanisms of
aging. Given that ND is also age-related, could it be that the protective action of metformin is
mediated by tissue aging?

A: My hypothesis is for a more direct influence of metformin on the central nervous system. Based on the
existing literature, we know that metformin can cross the blood brain barrier. Once inside, it exerts some
protective power on the central nervous system, though the precise mechanism of action is still unknown.

EFFICACY OF DAPAGLIFLOZIN-SAROGLITAZAR COMBINATION FOR TREATMENT OF
NAFLD IN YOUNG DIABETICS

Kiran Pal Singh, MD (Fortis Hospital, Mohali, India)

Dr. Kiran Pal Singh's single center, randomized, open-label study investigated the effects of combining
dapagliflozin and saroglitazar (a PPAR alpha/gamma agonist) vs. dapagliflozin alone on A1c and the liver
in 56 young patients with diabetes and non-alcoholic fatty liver disease (NAFLD). The patients (ages 20-35
years) had been on dietary and metformin therapy for ≥3 months and received either dapagliflozin 10 mg
alone (n=28) or in combination with saroglitazar (4 mg; n=28). Transient elastography (Fibroscan) was
used to measure hepatic steatosis (via the controlled attenuation parameter), as well as hepatic fibrosis (via
liver stiffness). The 24-week data showed that compared to dapagliflozin alone, the dapagliflozin-
saroglitazar combination led to significantly greater reductions in triglycerides and liver fat content, as
well as higher rates of transaminase normalization. Dr. Pal Singh thus concluded that this drug
combination may have potential benefit in NAFLD.

▪ In opening his talk, Dr. Pal Singh highlighted that NAFLD commonly coexists with
impaired glucose tolerance and type 2 diabetes, and is believed to be the hepatic component
of the metabolic syndrome. He relayed that the major risk factors of NAFLD (dyslipidemia, type 2
diabetes, obesity, metabolic syndrome) overlap with those for diabetes. The pathogenesis of
hyperlipidemia and hyperglycemia in NAFLD is multifactorial, and includes insulin resistance and
increased production and retention of lipids in hepatocytes due to impaired apolipoprotein secretion
or beta oxidation. NAFLD carries several risks, including increased liver-related and cardiovascular
mortality, as well as the risk of cirrhosis.

www.closeconcerns.com 358



▪ Dr. Pal Singh highlighted that despite the risks associated with NAFLD, an optimal
treatment has not yet been established. In his view, an ideal drug should aim to improve
insulin sensitivity, glucose metabolism, and dyslipidemia. It should also reduce steatosis and
transaminitis, and should halt the progression of liver fibrosis. He cited several drugs currently
under investigation, including GLP-1 agonists, SGLT-2 inhibitors, PPAR alpha/gamma agonists,
Farnesoid X receptor agonists, and leucine-metformin-sildenafil combinations. See our competitive
landscape for what this market's latest looks like.

▪ PPAR alpha/gamma agonists are a promising therapy for NAFLD. PPAR alpha activation
leads to fatty acid oxidation, which decreases triglycerides and increases HDL, ultimately leading to
lipid lowering. PPAR gamma activation acts on adipogenesis and lipogenesis to increase glucose
uptake and lower blood glucose levels. Dr. Pal Singh mentioned that while several members of the
glitazar class have failed clinical trials for NAFLD due to their poor side effect profile (muraglitazar,
tesaglitazar, farglitazar, aleglitazar), saroglitazar's unique structure makes it less likely to cause
weight gain and edema. Previous trials have already shown that it reduces triglycerides and lowers
A1c.

▪ Patients in both groups had similar demographic, clinical, and biochemical
parameters: mean age of 29-30 years, gender breakdown (39-42% female), mean duration of
diabetes of 2 years, BMI of 30, baseline A1c of 7.9%-8.2%, triglycerides of 374-399 mg/dl, abnormal
transaminases in 61%-64% of each group, and liver fat content of 324-336 dB/m.

Table 1: 24-week results from the study

dapagliflozin-saroglitazar
combination

dapagliflozin only p value

baseline 24 wks change baseline 24 wks change

A1c 8.2 7.1 -1.2 7.9 7.1 -0.87 0.8

Triglycerides 399 183 -216 373 230 -143 0.002

Liver fat content 336 205 -131 324 250 -74 0.001

Abnormal

Transaminases

n=18/28

(64%)

n=5/28

(18%)

72% n=17/28

(61%)

n=11/28

(39%)

35% ---

Questions and Answers

Q: For your longer term study, have you considered having at least a sample of the patients in
both groups undergo evaluation by MRI or liver biopsy?

A: No, we did not do any MRI scanning or biopsies. We just used the fibroscan.

Q: Did the fibroscan give you any measure of fibrosis in addition to liver fat?

A: Yes, we have done that, but we have not analyzed the data. The fibroscan gives both parameters.

Posters

COADMINISTRATION OF CANAGLIFLOZIN (CANA) AND PHENTERMINE (PHEN) FOR
WEIGHT MANAGEMENT IN OVERWEIGHT AND OBESE ADULTS (319-LB)

PA Hollander, HE Bays, J Rosenstock, ME Frustaci, A Fung, and N Erondu

In a late-breaking poster, phase 2 results of the co-administration of J&J's Invokana (canagliflozin) and
phentermine showed significantly greater weight loss vs. placebo in adults with overweight and obesity.
This study was a four-arm, 26-week study and evaluated the efficacy and safety of Invokana +
phentermine, phentermine alone, Invokana alone, and placebo in 334 adults with BMIs of 30-50 kg/m and2
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without type 2 diabetes or with hypertension and/or dyslipidemia and BMIs of 27-50 kg/m . The findings2

demonstrated that at 26 weeks, from a mean baseline BMI of ~37 kg/m , the Invokana + phentermine2

group achieved significantly greater weight loss (7.5%) compared to the other groups (4.1%, 1.9%, and 0.6%
for Invokana, phentermine, and placebo, respectively). In addition, the combination therapy group had a
significantly higher proportion of participants achieving ≥5% weight loss compared to placebo (67% vs.
18%). Only 18% and 42% of the Invokana and phentermine groups' participants achieved weight loss of at
least 5%. On other secondary endpoints, the combination therapy group also had a significant reduction in
systolic blood pressure, with a placebo-subtracted reduction of 4.2 mmHg. Regarding safety and
tolerability, no new signals emerged from these data; however, the combination therapy, phentermine, and
Invokana groups all experienced increases in heart rate of 3.5 bpm, 4.1 bpm, and 0.7 bpm, respectively - an
observation whose potential consequences on cardiovascular events have not yet been determined and will
likely warrant further investigation. Ultimately, these findings are powerful in support of using
phentermine with SGLT-2 inhibitors in chronic weight management, and we are interested to see whether
Janssen will move forward with phase 3 trials, and ultimately pursue an obesity indication. Combination
therapies have certainly gained significant attention within obesity management (in addition to diabetes),
and we have specifically heard greater enthusiasm for the potential of GLP-1 agonists and SGLT-2
inhibitors in weight management. With so much evidence already accumulated on these various diabetes
drugs, we look to see how industry, healthcare providers, and the FDA envision the movement of these
products into obesity, given the troubled commercial environment for obesity compounds to date and given
the extreme high need for therapy to help patients.

Symposium: Metformin Revisited 2016 - New Insights, New Directions

METFORMIN AND THE HEART - WHAT DO WE KNOW?

Rury Holman, FRCP, FMedSci (University of Oxford, UK)

Dr. Rury Holman (University of Oxford, UK) shared that analysis for a ~250 patient feasibility study for the
GLINT metformin cardiovascular outcomes trial is almost complete. This is smaller than the ~500 patient
feasibility trial Dr. Holman previously discussed when he introduced the GLINT study (which he is Chief
Advisor and previously a co-chair for) at Diabetes UK 2013 and EASD 2014. The GLINT trial hopes to enroll
~12,000 patients with prediabetes and high cardiovascular risk and assess primary prevention of a 3-point
MACE primary endpoint (cardiovascular death, non-fatal MI, non-fatal stroke). Secondary endpoints
include incident cancer and new-onset diabetes (inspired by some less-rigorous evidence that metformin
can reduce incidence of both). Dr. Holman shared that the larger trial is currently seeking funding, noting
that industry has little incentive to fund such a large trial for an old medication. Dr. Holman suggested that
the impetus for the trial comes from the lack of clear understanding of the true benefits and risks of
metformin, despite its long history of clinical use. He reviewed UKPDS data that showed a potential potent
cardiovascular benefit for metformin, though he emphasized that the study was underpowered and "some
think the data is magic, a fluke that can never be replicated - because nobody has tried to replicate it." On
the flip side, he also reviewed UKPDS data that showed an increased cardiovascular risk with metformin
and sulfonylurea combination therapy compared to sulfonylureas alone, though he emphasized that the
event rate was low in the trial itself and that the risk was attenuated in longer-term follow-ups as the event
rate rose. Overall, Dr. Holman supported the use of metformin as a first-line therapy and noted that many
smaller studies and decades of clinical experience seem to suggest that the drug is safe, but he believes there
is a need for a long-term study such as GLINT to more definitively understand the relationship between
metformin and cardiovascular disease, cancer, and new-onset diabetes.

▪ We see the GLINT trial as a potential very ambitious parallel to the recent IRIS trial,
which demonstrated a cardiovascular benefit for generic TZD pioglitazone in patients
with prediabetes and a history of stroke or transient ischemic attack (TIA). The IRIS
trial was similarly driven by a group of academic researchers, though it was a much smaller trial
(n=3,876) in a higher risk participant population. That trial demonstrated significant risk reduction
for the primary endpoint of fatal and non-fatal stroke and MI, but it did not meet its secondary
endpoint of 3-point MACE reduction. As a much larger trial with ambitions to demonstrate a more
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difficult primary prevention benefit, the GLINT trial will likely take many more years and be much
more expensive. At the time of the trial announcement, Dr. Holman estimated that data would be
available in 2022. We see IRIS and GLINT as an encouraging indication of interest in revisiting the
cardiovascular risk reduction potential of older glucose-lowering medications and we hope that
GLINT is successful in winning the funding to establish the long-term outcomes associated with
metformin. We're also intrigued by the possibility that long-term clinical trial evidence establishing
a diabetes preventive effect for metformin or pioglitazone could pave the way for approval of
therapies for people with high-risk prediabetes. Dr. Silvio Inzucchi will present more in-depth data
on the 52% relative risk reduction in new diabetes diagnosis (p<0.001) seen in the IRIS trial at an
oral presentation on Tuesday (380-OR).

CLINICAL CONTROVERSIES - USE OF METFORMIN IN PATIENTS WITH REDUCED KIDNEY
FUNCTION - CURRENT DATA

Kasia Lipska, MD (Yale University, New Haven, CT)

Dr. Kasia Lipska summarized data in support of the recent FDA revision of the metformin label, which now
allows metformin treatment to be continued in patients with mild to moderate chronic kidney disease
(CKD), or an eGFR between 30-45 ml/min/1.73 m . Though metformin was previously contraindicated for2

patients with renal impairment, Dr. Lipska argued that the increased risk of lactic acidosis is neither
substantial nor statistically significant, as metformin levels in these patients are still largely maintained
within therapeutic range. She discussed a review article, which was led by Dr. Silvio Inzucchi (Yale
University, New Haven, CT) and published in JAMA, that found that the likelihood of lactic acidosis in
metformin users with eGFR 30-60 ml/min/1.73 m is between three and 10 incidents per 100,000 person-2

years, nearly indistinguishable from the base rate of lactic acidosis in metformin users across the entire
diabetes population. Given that metformin is an affordable generic, Dr. Lipska shared her commitment to
expanding its use, co-authoring with Dr. Inzucchi one of the two citizen petitions that pushed the FDA to
consider label changes. She said the revisions will affect 86,900 patients with an eGFR >45 ml/ min/1.73
m , for whom metformin is now considered safe, and an additional 784,700 patients with eGFR 30-45 ml/2

min/1.73 m , who can continue metformin therapy alongside frequent kidney monitoring. In addition, Dr.2

Lipska noted how the FDA did not endorse an explicit dosing scheme, which spurred herself and colleagues
to submit a second petition asking for another revision with recommendations on how to dose metformin
when eGFR declines. Metformin is still contraindicated in patients with an eGFR <30 ml/min/1.73 m , and2

the FDA recommends against initiating treatment at an eGFR <45 ml/min/1.73 m . As metformin continues2

to have many unknowns but is widely used, we applaud these challenges to the status quo, as we learn more
about the drug.

Questions and Answers

Q: When and how do you monitor lactic acidosis?

A: I don't typically monitor lactic acid levels in my patients. However, I'm a cautious prescriber. I wouldn't use
metformin in patients with eGFR <30, and I would monitor renal function regularly in those with eGFR <60.

Q: I remember the American College of Radiology made a strong recommendation to stop
taking metformin prior to a radiology study. Has there been any recommendation to the FDA
on this topic?

A: Dr. Flory's petition did ask for a revision of those recommendations, which was partly granted by the FDA.
They now recommend stopping metformin 48 hours before such a procedure in patients with an eGFR <60
ml/min/1.73 m , and they recommend repeating creatinine measures before resuming metformin.2

Comment: The American College of Radiology has since revised their stance as well, and now
they have more liberal recommendations.

Q: The use of the word 'cautious' seems kind of silly. It's a wiggle word. We always prescribe
with caution, so I'm not sure what that means.
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A: Cautious means to me that the patient has been told about all side effects and they agree that the benefits of
metformin outweigh the risk of lactic acidosis. We also have to be confident that the patient will return and
cooperate with all monitoring.

Q: Why can we continue but not initiate metformin in certain patients?

A: There are some lingering questions about this distinction, I agree. If a patient is safely on metformin and
has been doing well, it's likely that they'll continue to do well. Starting metformin when someone's eGFR is
already very low is trying something new and potentially harmful.

Q: The problem for patients with CKD often comes from the nephrologist who totally
discourages the use of metformin, to the point where it's on a list of drugs to avoid. What do
we do there?

A: This definitely happens in practice and it's happened to me. I explain carefully to the patient that we're
going to continue metformin and monitor closely. There has to be clear communication so that another
physician doesn't discontinue metformin.

Q: We've acknowledged that it can be difficult to fight with a nephrologist, so what are the
benefits to metformin that you enumerate? Is there any scientific evidence that shows
metformin damaging your kidneys, or definitively not damaging your kidneys?

A: There's no data that says metformin damages the kidneys per se. When the kidneys aren't working well, the
concern is clearing metformin and avoiding lactic acidosis. In terms of benefits, I ask, what are the
alternatives? If any other candidate medicine would be a good solution, that's great, but often those choices
are limited and patients will need to go on insulin, which is difficult in terms of self-management.

Q: What is the next alternative, if not insulin, for patients with low eGFR?

A: There are many other potential therapies, including DPP-4 inhibitors and sulfonylureas.

METFORMIN AND THE GUT - NEW INSIGHTS INTO GUT-BASED MECHANISMS OF
METFORMIN - PHYSIOLOGY AND THERAPEUTIC IMPLICATIONS

Clifford Bailey, PhD (Aston University, Birmingham, United Kingdom)

Speaking to a packed, engaged crowd (filling one of the largest halls in the convention center), Dr. Bailey
gave a well-organized talk that outlined the several ways metformin acts in the gut. Following a brief
review of metformin's history, he turned to the drug's PK profile, emphasizing that the concentration of
metformin in the intestines is many orders of magnitude higher than its concentration elsewhere in the
body. This "gut reservoir" has several effects: (i) increasing lactate production, which decreases hepatic
glucose production; (ii) increasing the amount of bile acids in the gut lumen, which acts on intestinal L cells
to promote GLP-1 secretion; (iii) potentially altering the gut microbiome; and (iv) potentially decreasing
cancer risk through mechanisms that require further investigation. Dr. Bailey ended his well-received talk
by reviewing the different metformin formulations, noting that smaller doses of the delayed-release
formulation can have the same glucose-lowering effects as much larger doses of the extended-release
formulation, with a decreased likelihood of lactate buildup.

▪ Dr. Bailey began with a brief review of metformin's history. He traced metformin from its
origin as a traditional medicine from the galega officinalis plant to the 1850 discovery that
metformin contained significant amounts of guanidine, to the 1918 finding that guanidine lowered
blood glucose levels. While scientists developed an effective metformin formulation in the 1920s, its
use was initially overshadowed by the uptake of insulin, and physicians first prescribed metformin
primarily to treat the flu. It was not until 1957 that Jean Sterne rediscovered metformin by showing
that it lowered glucose levels. Dr. Bailey recounted how metformin's reputation was previously
tarnished by its association with more harmful biguanides such as phenformin, and he emphasized
that metformin is distinct from other drugs in its class. He ended his review with a picture showing
himself, Dr. Ralph DeFronzo (UT Southwestern, Dallas, TX), and other diabetes heavyweights in
front of the FDA, which approved metformin in 1994.
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▪ Turning to metformin's pharmacokinetics, Dr. Bailey highlighted the high
concentration of metformin in the gut compared to the rest of the body. He relayed that
metformin is absorbed through the intestines (mainly via organic cation transporters), is widely
distributed via the circulation (reaching a plasma steady state concentration of 0.4-1.3 micrograms/
ml), and is secreted into the urine. Dr. Bailey cited data showing that in obese patients with type 2
diabetes, the concentration of metformin after a morning dose of 850 mg was much higher in the
intestines vs. the blood (~500 micrograms/ml vs. ~1 micrograms/ml, respectively). In addition, PET
imaging following injection of a C-metformin tracer showed that metformin accumulates in the11

intestines within 30 minutes.

▪ Dr. Bailey dedicated the majority of his presentation to outlining the varying effects of
metformin on the gut.

◦ Studies indicate that the reservoir of metformin in the gut leads to an increase
in anaerobic glucose metabolism, which increases lactate production and
subsequently decreases hepatic glucose production. Dr. Bailey highlighted data showing
that the portal vein is the site of the largest increase in plasma lactate levels, as well as the
site of the greatest reduction in plasma glucose levels.

◦ Metformin also increases vagus-mediated afferent signaling to the brain,
resulting in vagus-mediated efferent signaling to the liver that decreases hepatic glucose
production.

◦ Studies have indicated that metformin increases GLP-1 levels. Metformin
inhibits the major pathway of bile salt recycling - i.e., active absorption in the ileum.
Specifically, it blocks the apical sodium-dependent bile acid transporter (ASBT; of note,
this inhibition outweighs the metformin-induced increase in passive bile acid absorption in
the jejunum). The increased concentration of bile acids in the intestinal lumen leads to
greater action on the TGR5 receptor on intestinal L cells, resulting in increased GLP-1
secretion. Metformin and the hormone CCK appear work synergistically, leading to even
higher GLP-1 activity when combined. Notably, small decreases in DPP-4 activity have also
been observed with metformin, though this association is tenuous.

◦ Metformin appears to alter the gut microbiome, though the specific effects
remain unclear. Dr. Bailey noted that metformin changes the balance between the
>1,000 species in the gut microbiome; specifically, it increases Escherichia and decreases
intestinibacter abundance. Metformin may also increase the production of metabolic
substrates such as butyrate and propionate, thereby affecting intestinal gluconeogenesis
and satiety. Dr. Bailey highlighted that while studies have detected changes in the gut flora
genome with metformin use, these data have not been consistent.

Questions and Answers

Q: What is the metformin concentration necessary to inhibit respiration compared to that
needed to inhibit the bile acid transporter?

A: Because the concentration of metformin in the gut is so much higher than that in the rest of the body,
metformin appears to not only distinctively inhibit the active transporter, but also leads to increased
stimulation at the TGR5 receptor. Remember that we're talking about a concentration of 10 molar in the-3

intestines vs. 10 molar in the muscle. That's a big difference. People often confuse this and there's a lot of-5

misinformation in the literature because the doses are not correct.

REPURPOSING METFORMIN - METFORMIN AND CANCER RISK AND MORTALITY

Michael Pollak, MD (Jewish General Hospital McGill University, Montreal, QC, Canada)

Dr. Pollak opened his talk with a plea for more multi-disciplinary research, noting that as an oncologist, "I
have a lot to learn from my endocrinology and diabetology colleagues." He remarked that interest in
applying metformin to oncology began over ten years ago and has culminated in over 100 current clinical
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trials on this topic. Dr. Pollak emphasized throughout his talk that all biguanides inhibit oxidative
phosphorylation, a cellular process that serves several important functions to tumor cells, most notably
energy generation. In addition, the insulin-lowering effects of metformin may also account for part of its
anti-neoplastic effects. Dr. Pollak noted that several of the aforementioned clinical trials have begun
reporting data; while some have returned negative results, others indicate that metformin may decrease the
recurrence rate of colon polyps in patients with previously-resected polyps (38% vs. 57% with placebo), and
that metformin may be useful in bladder cancer because it is concentrated in the urine. Per Dr. Pollak, these
clinical trials are simple repurposing studies that use the anti-diabetic dosing of metformin. Looking ahead,
he hopes to see more trials that address new derivatives of metformin, PK opportunities, rational
combinations, and markers of sensitivity.

▪ Dr. Pollak reviewed the evidence that first sparked interest in repurposing metformin
for oncology. In 2006, his lab collected data from retrospective studies showing that, among
patients with diabetes, 60% of the expected cancer cases were absent. At roughly the same time,
tissue culture studies from his lab indicated that metformin inhibited the growth of tumor cells. Dr.
Pollak then remarked that more recent studies, "have not disproven this early data, but have made it
more controversial." Of note, he referenced newer epidemiologic studies that have concluded an
opposite effect for metformin and relayed that some investigators believe that the initial, promising
results reflected statistical issues rather than a true biological effect of the drug. We hope that the
GLINT long-term outcomes trial of metformin in patients with type 2 diabetes will help clarify this
point, as the trial will prospectively evaluate the impact of metformin on new cancer incidence as a
secondary endpoint.

▪ Looking forward, Dr. Pollak discussed the potential for potential rational
combinations involving metformin. Specifically, he discussed using tyrosine kinase inhibiters
to decrease glycolysis in tumor cells and then also using biguanides to inhibit the compensatory
increase in oxidative phosphorylation. This approach, he noted, could maximize energetic stress to
tumor cells.

▪ Dr. Pollak explained that all biguanides inhibit oxidative phosphorylation, though they
differ in potency. Biguanide-mediated energetic stress activates the AMPK pathway, leading to
downstream inhibition of mTOR, decreased energy consumption, and ultimately a cytostatic effect
on the cell (or, in some cases, perhaps a cytotoxic effect). Interestingly, Dr. Pollak remarked that
these effects may overlap with those of known anticancer agents, specifically mTOR inhibitors such
as rapamycin.

Questions and Answers

Q: Is there any theoretical rationale for the use of metformin in metastatic renal cancer?

A: Theoretically, there are hypotheses. However, if you are asking me if metastatic renal cancer is more likely
to be responsive to metformin, I would not say that it is more likely or less likely than other tumors. The take-
home message from the bladder cancer data is that the bladder urothelium is exposed to a high concentration
of metformin. That would not be the case for metastatic cancer, since it is located in other parts of the body.

Symposium: Insulin Resistance, Statin Treatment, and Exercise - Incompatible Partners?

INTERACTIONS BETWEEN STATINS, EXERCISE, AND MUSCLE SYMPTOMS

Beth Taylor, PhD (University of Connecticut, Storrs, Connecticut)

Dr. Beth Taylor reviewed several studies to drive home the point that statin associated myalgia side effects
(SAMS) are often non-specific and not truly statin-related. She estimated that 30%-50% of SAMS may be
non-specific or non-statin related, evidenced by various double blind studies conducted on patients
reporting such events. Dr. Taylor also mentioned that, although there is controversy in the field, acute
exercise may promote SAMS because of an elevation in creatine kinase levels. She estimated that among
high caliber athletes who are on statins due to familial genetic disposition, only 30% can tolerate statin use
without experiencing severe SAMS. Additionally, Dr. Taylor theorized that statins alter mitochondrial
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respiration and fat metabolism pathways by altering levels of CoQ10, oxygen uptake, and citrate synthase.
Despite the potential link between exercise and SAMS, Dr. Taylor emphasized that statins and physical
activity also have a synergistic effect to lower all-cause mortality. The issue of SAMS or "statin intolerance"
has become very relevant with the arrival of the new PCSK9 inhibitor class. Patients with elevated LDL
cholesterol and true statin intolerance are a logical target population for these drugs, but the desire for
strict eligibility criteria due to the drugs' high list prices has led to some debate over how widespread statin
intolerance is and how it should be defined.

Exhibit Hall and Product Theaters

Exhibit Hall - Devices

ABBOTT

A rotating, circular sign reading "FreeStyle Libre Pro" and accompanying a picture of the FreeStyle Libre
Pro sensor and reader heralded BIG news in Abbott's spacious booth … and the exhibit did not disappoint
with a slew of updates: (i) the US debut of FreeStyle Libre Pro on an Exhibit Hall floor (still under FDA
review); (ii) confirmation that the consumer version has not been submitted to FDA; (iii) an updated
timeline on LibreLink - multiple EU launches slated for this month; (iv) the debut of Abbott's new LibreView
data management software; (v) news that LibreLink will soon sync with LibreView; and (vi) confirmation
that the company is working hard on LibreLink Apple compatibility and further discussion about the
possibility of an iPhone adapter to power the NFC-reading capability. See details on all the highlights
below:

▪ Abbott has chosen ADA 2016 to debut its Libre Pro sensor at a US conference for the
first time and came out with strong marketing intent. Among many gizmos and gadgets on
hand, the booth featured a touchscreen display complete with videos that introduced attendees to
Libre Pro's features, seemingly omnipresent Libre Pro signage, and multiple demo sensors and
readers on display. Reps and booth-goers alike shared huge enthusiasm for Libre Pro though the
former were very quick to point out that the product remains at FDA with no timeline for approval.
As a reminder, the product was most recently slated for a mid-2016 US launch (submitted in 2Q15),
which would mean an approval would have to come soon to meet this timeline. It sounds like there
are plans to launch Libre Pro in additional international territories in coming months (it's currently
available in India) though reps did not share any further details.

◦ We happened to drop by the Abbott booth at the same time as a noted KOL,
who asked an interesting question: Will providers have the option to give the
Libre Pro reader to patients unblinded? The answer was a firm "No," to which
the KOL suggested that the professional version might see better uptake if this
functionality was built in. He spoke to his positive experience giving Dexcom G4 CGMs to
patients in a professional setting unblinded and the benefit of allowing them to see their
data - he spoke in particular to the teachable moments unblinded CGM can create - e.g.,
connecting the dots between eating ice cream before bed and having a high morning
fasting glucose. We, too, would love to see this functionality built in though can understand
the counter-argument that the majority patients suitable for professional CGM/Libre
might be overwhelmed if they were to go from intermittent BGM to continuous glucose
data. We look forward to more discussion on this front.

▪ There were no updates on the US timing of the FreeStyle Libre consumer version, and
management confirmed today that the system has yet to be submitted to the FDA. As a
reminder, Abbott CEO Miles White said last year that the consumer version could be "optimistically"
approved in time for an end of 2016 launch; that seems less likely at this point.

▪ On the EU front, we learned an interesting new detail that FreeStyle Libre is available
in readers that report in "mg/dl" or "mmol/l." We had previously thought that only the latter
was available. However, depending on the territory, management confirmed that there are Libre
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readers coded in both units, though individual readers do not allow patients to switch between mg/
dl and mmol/l for safety purposes.

▪ Reps confirmed that LibreLink has seen a successful launch in Sweden and the
Netherlands and remarked that the mobile app would come to other EU countries
where FreeStyle Libre is available (Italy, Spain, Germany, France, and the UK) by the
"end of the month." See our coverage from earlier this week. We're not sure if this was simply off-
the-cuff commentary - especially given that Abbott said during Thursday's official Sweden/
Netherlands launch that only the German launch would come this month - but hints that Abbott is
pushing strongly to get this to more patients as quickly as possible.

▪ Abbott continues to work "eagerly" on expanding LibreLink to Apple devices though
reps reiterated ATTD commentary that the device may require an iPhone adapter to
power the NFC-reading capability. As a reminder, the iPhone franchise (up to and including
iPhone 5S) has not had NFC built-in and it sounds like this solution would work for both existing
iPhones and the iPhone 6 (that, in fact, does support NFC but - according to the rep - does not have
the ability to read data from Libre.) As we understand it, the adapter would be plugged into the
headphone jack, would scan data from the sensor, and would then send the data straight to the app.
We applaud management for identifying a workaround though it is a less-than-deal solution -
requiring an adapter negates the seamlessness and patient convenience of scanning with just a
phone alone.

▪ Abbott also unveiled its new LibreView cloud-based data management software - this
is the first time we've seen the software on display in an exhibit hall. According to reps,
the platform soft-launched in September 2015 but the company is still building up compatibility to
support a full launch. The software allows patients to download data from both Abbott and other
proprietary BGMs using an appropriate USB cable and can give healthcare professionals access to
glucose data. We didn't get the chance to explore the cloud-based software in depth, but it looks like
the platform in its current form provides graphical displays with typical glucose trends and statistics
- key for staying competitive with Medtronic CareLink and Dexcom Clarity. We did not see AGP
graphs on any of the LibreView pictures, but assume this is part of the program.

◦ We were told that LibreView will soon sync data from LibreLink, a logical step
to keep FreeStyle Libre competitive on the connectivity and software fronts with Medtronic
(Guardian and CareLink) and Dexcom (G5 and Clarity).

ALERE

The Alere booth showcased the company's Afinion AS100 Analyzer, a high-performing, rapid (only three
minutes) point-of-care A1c measurement device (it also does albumin-creatinine ratio). The importance of
in-clinic, high-speed analysis was underscored by the slogan, "Knowing Now Matters." Coming down the
pipeline, the company hopes to see the Afinion AS100 lipid panel testing approved in the US on the heels of
last year's European launch. In other pipeline news, the rep did not mention the July 22 FDA Advisory
Committee meeting that will discuss and vote on a 510(k) application for Alere's Afinion HbA1c Dx point-of-
care test to be used for diagnosing diabetes. If cleared, Afinion would be the first point-of-care A1c test
cleared for diabetes diagnosis. ADA guidelines currently specify that only lab A1c tests should be used to
diagnose diabetes, which would make this an important marketing claim. This clearance could make it
easier and faster to diagnose diabetes and prediabetes right in the clinic, or perhaps other locations like
pharmacies. This is critical from our view given the importance of prevention and the ease of use with this
test.

ASCENSIA

Ascensia has come to ADA 2016 with a bang! The company's large bold booth at the back of the exhibit hall
was decked out in the new purple and blue colorway, and it was refreshing to see a big investment in ADA
real estate after the company's absence at ADA 2015. Reps informed us that the transition to a standalone
company has really allowed the teams to flourish, citing the company's recently launched Contour Next One
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and Contour Plus One Bluetooth-connected BGM systems (currently launched in Switzerland and Poland
respectively; CE Mark in May 2016). Additional EU launches are planned for later in 2016. The Contour
Next One system is still being reviewed by FDA and the company anticipate clearance before the end of
2016.

BD

Reps in BD's booth shared new news that the MiniMed Pro FlowSmart Infusion Set with exclusive partner
Medtronic will launch in the US and France "by the end of 2016." This is the most concrete forecast we can
recall hearing to date and confirms previously disclosed plans to orchestrate a "limited launch" in 2016. It's
great to hear that patients in the US will have access during this soft launch period (we're hoping we'll have
the chance to try it out!) but assume that this will be fairly low-key at first. The purpose of the soft launch is
to gather feedback from early users to inform the subsequent full-scale rollout. Back to the booth, the
infusion set itself was not on display as BD - per usual - focused its exhibit on injection counseling technique.
We were sad to see that BD has retired its classic lipohypertrophy demo ("Lipo Larry") but very excited to
see what he was replace with - two virtual reality simulations! The demo allowed us to experience an
injection technique counseling session as a patient with type 2 diabetes who had just been instructed to go
on insulin, with one video documenting common mistakes physicians make and the other documenting best
practices. Kudos to BD for bringing this experience to attendees! We've heard the demo has been wildly
successful, sharing that multiple providers have asked to have access to the videos in their clinic (to show
peers) while one promised to change the way he addressed patients after watching the video - we'd very
much hope to hear more of that.

▪ Consistent with the injection technique theme, BD's booth also shared data that
showed improved clinical outcomes at three months for type 1 and type 2 insulin-
treated patients who optimized their injection technique. Patients (n=346) in this
uncontrolled study received intensive education on the value of rotating injection sites and
instructions to switch to BD's Ultra-Fine Nano 4 mm x 32 gauge pen needles. Results looked
encouraging - patients in the intervention cohort saw: (i) a 0.6% reduction in A1c (baseline not
provided; p<0.05); (ii) a 14.2 mg/dl reduction in fasting glucose (baseline not provided; p<0.05);
(iii) a two units reduction in total daily dose (baseline not provided; p<0.05); and (iv) a 0.5 kg/m2
BMI reduction (baseline not provided; NS).

▪ BD has unveiled new branding. The company has: (i) embraced a "lighter, brighter" look
following the acquisition of CareFusion; (ii) updated its logo - see the new look below; and (iii) has
updated its slogan from "Helping people live healthy lives" to "Advancing the world of health."

DEXCOM

Dexcom's booth in the center of the hall was flanked around by iPhones showing off G5 mobile in all its glory
- including versions in mmol/l for attendees. Reps took us through the new Professional version of Dexcom
Clarity, which will launch this summer and has some slight improvements to consolidate multiple patient
accounts on one page. Oddly, providers can't track their population of patients and easily identify those
with dangerous glucose levels that need prioritization (like Glooko's Population Tracker) - we hope this is
added over time, since it makes so much sense and is where digital must take diabetes. Dexcom will also add
standard deviation to Clarity this summer, along with a seven-day modal day overlay plot (the infamous
CGM spaghetti chart, with each day appearing in a different color). We've heard that providers are asking
for the spaghetti chart to be put back into Clarity, a surprise to us since they are so hard to make sense of.
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GLOOKO

Glooko had its largest exhibit hall presence at ADA ever, flanked by computers highlighting its next-gen
work to optimize insulin dosing: the DreaMed partnership to develop a pump settings advisor (clinical trial
starting later this year) and its own Mobile Insulin Dosing System (MIDS) to optimize long-acting insulin
for type 2s (studies in 2H16, commercial launch in 2017). Both were first announced at ATTD, though we
appreciated another look at MIDS in particular, which allows a clinician to select an insulin plan, and then
allows patients to confirm fasting blood glucose values and receive constantly updated insulin doses in the
app. Glooko and Medtronic also announced their integration work is complete and will officially launch in
July. The user interface for displaying pump and CGM data looks great and adds Glooko's new "Personal
Advisor," bringing new pattern recognition features in the patient-facing app (high and low trends by time
of day, best day, fun emoji faces, etc.). This integration has been more than a year in the making (Medtronic
invested in Glooko last March) and we give HUGE kudos to Glooko (and particularly Holly McGarraugh)
for breaking open the Medtronic CareLink data silo. A massive win for diabetes data! Glooko is riding
impressive momentum after its partnership with Insulet was announced in January, and management told
us it is in more than 1,000 US clinics now. We love seeing all the new work on optimizing insulin dose
titration and have very high hopes it will save the system massive costs, save providers time, and help
patients more safely dose this very dangerous drug.

▪ Glooko's mobile insulin dosing system (MIDS) for type 2 patients on long-acting
insulin will help clinicians and patients continuously titrate insulin based on observed
glucose readings. A clinician will select and/or configure insulin-dosing titration instructions,
with the option of selecting standard titration schemes (e.g., AACE geriatric dosing template).
Clinicians enter a patient's basic information, type of insulin, glucose range, and time periods. A
patient's mobile device then receives the personalized dosing configuration, with reminders to check
glucose and to take insulin doses. Titration happens on a regular basis based on the glucose readings
collected (e.g., from a Bluetooth-enabled meter) and the clinician's configuration of MIDS.
Clinicians can monitor remotely, with everything integrated into EHRs. Glooko is naturally receiving
lots of interest from the pharmaceutical industry, medical device companies, and health systems in
making this part of their standard of care for new insulin starts.

◦ Patients will receive notifications such as, "It's checkup time! Let's see if your
insulin dose needs to be adjusted," "Your new dose is 12 units," and "Here's what to do
next: take 12 units of Lantus at 9pm every day for the next three days. Check your fasting
blood glucose at 7am every day. Your next insulin adjustment will be on Sunday, May 1."

INSULET

The Insulet booth showed off the company's snappy new branding, highlighted three major company goals:
innovation ("commitment to pursue a hybrid closed loop artificial pancreas"), clinical benefits (72
continuous hours of insulin delivery), and quality of life (the tight-knit "podder community"). A corner of the
booth showed off Insulet-branded Glooko, the data downloading product announced in January and now in
over 1,000 clinics - wow! The company recently launched its new patient-facing app for reordering
supplies, a precursor to its goal of viewing key pump data from the next-gen OmniPod on a smartphone app
(FDA submission "later this year").

INSPARK TECHNOLOGIES

We were very pleased to see InSpark Technologies with a small booth at ADA 2016 following the recent
launch of Vigilant, its Android and iOS blood glucose pattern recognition app based on technology
developed at UVA. Reps shared a keen interest in expanding compatibility beyond Roche's Accu-Chek
Connect BGM to other connected meters in the near future and possibility to CGM. Notably, Vigilant still
cannot take data from Apple's HealthKit, though this is planned in the VERY near-term; they had been
hoping to have this by ADA but it sounds like they barely missed their timeline. On the cost front, reps
shared that Vigilant will move to a low-cost subscription model in the coming "six months or so" and is
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hoping to price the product at "less than a co-pay." A payer- or clinician-facing business model is also a
near-term possibility and InSpark is currently in conversations on this front.

J&J/ANIMAS

Animas' booth occupied a small sliver of the J&J real estate. Excited reps eagerly provided us an overview of
the Animas Vibe G4. They expressed great enthusiasm for the pumping accuracy of the product, suggesting
that the solid foundation puts Animas at an advantage in the closed-loop game vs. Tandem (who also has its
CGM-integrated t:slim G4). Reps also suggested that work on a G5-integrated pump is underway though
did not provide any further specifics. Per J&J's Medical Device Business review two weeks ago, the goal is
be in a pivotal study of the hypoglycemia-hyperglycemia minimizer (HHM) before the end of this year, with
a launch targeted by November 2017. Reps could not comment on other pipeline updates, such as the
OneTouch Via on-demand mealtime insulin delivery device (previously Calibra's Finesse). In the Medical
Device Business review, a regulatory filing for the device is expected in 2H16, with an launch planned by
May 2016.

J&J/LIFESCAN

LifesSan's booth aimed to get booth-goers thinking about the biggest challenges they face on a daily basis
(e.g., reimbursement, access) and create an opportunity for reps to explain how LifeScan's portfolio solves
these challenges - nice marketing! There were no major updates but we did notice that the OneTouch Verio
Flex was on the floor, following the stateside launch in February 2016. Notably, the booth also featured a
rep from WellDoc to talk about the companies' recent partnership and it sounds like there is a lot of internal
enthusiasm on this front as well as for the paired Reveal mobile app, which was also on display.

LABSTYLE

LabStyle's modest booth showcased Dario, their all-in-one smartphone BGM (plugs into headphone jack),
which launched in the US in March 2016 with a self-pay subscription model for strips. The rep didn't
provide any substantial updates on the pipeline, but did mention that the Android smartphone app has been
submitted to the FDA - the app is pending approval and he did not share a timeline for launch. The Dario
app remains available for free on Apple devices, and the reps shared great enthusiasm for the cloud-sharing
feature, which allows patients to upload and share their glucose trends with family/friends. Despite the
company's shoestring cash levels and the very challenging BGM environment, the rep spoke optimistically
about ongoing efforts to bring Dario to additional markets in the near future (it is currently in US, UK,
Netherlands, New Zealand, Australia, and Canada).

MEDTRONIC

Medtronic's expansive booth showed off its growing slew of products, including glass cases housing its
MiniMed 670G/Enlite 3 (FDA submission by end of this month) and Bluetooth-enabled Guardian Connect
mobile CGM (under FDA review, US launch expected by April 2017; EU launch this summer). We got a
closer look at the next-gen CareLink report to optimize pump basal and bolus settings, which won't be quite
as specific as the Glooko/DreaMed vision. Instead of specific changes (I:C should be 1:12 in the morning),
the CareLink report will share which time of day and direction pump settings should change (Increase basal
rate from 8am - 12pm). Slides around the booth highlighted the growing list of partners, including IBM
Watson (SugarWise app launching this summer with retrospective data analysis), Glooko (compatibility
launching in July), and Nutrino (food app + CGM beta launched yesterday). Signs showed a larger presence
in type 2 diabetes, highlighting the iPro 2 professional CGM and positive pump data from Opt2mise.

TANDEM

In a surprise, Tandem's booth showed pictures of its predictive low glucose suspend device and t:sport patch
pump. The latter was the first image shown in a couple years, appearing as a 50% smaller pump worn on
the body with a short infusion set (it looked just like Cellnovo's pump), a "separate touchscreen controller or
mobile app" (Tandem is presumably still in FDA discussions on this), waterproof, a rechargeable battery,
and CGM integration. No timing was shared, but the 4Q15 call suggested an FDA submission would occur in
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2017. The predictive low glucose suspend device looked just like the t:slim G4, but with a slightly updated
interface to denote a suspend event (the color is really impactful). It is still expected to enter a feasibility
study in summer 2016 and a pivotal study in late 2016. This product will be behind other AID systems that
respond to hyperglycemia (MiniMed 670G, Animas Hypoglycemia-Hyperglycemia Minimizer, and many
others), though perhaps the path to market is easier for PLGS. Signs on the top of the booth noted, "Having
diabetes isn't a choice. How you manage it should be." The slogan was appropriate to describe Tandem's
portfolio of three pumps, and of course, even more apt to respond to the Medtronic/UHC agreement that
excludes Tandem pumps.

VALERITAS

Valeritas hosted a modest booth to expound upon their wearable insulin delivery device, V-Go. The
disposable pump has been highly effective at: (i) increasing affordability; and (ii) improving diabetes health
metrics such as A1c (1.59% decrease in 14 weeks in one study), A1c variability, and total daily insulin dose.
Reps suggested that the product has been so successful because of its simplicity - patients adhere to their
regimens, promoting better glycemic control and reducing the need for expenses on excess insulin. In
addition, we were interested to see in-person the changes in branding that Valeritas has rolled out in the
past year. They have adopted two double-entendre-laced taglines - "Suddenly it clicks" and "Get your V-Go
On" - to encourage patients to try the wearable patch for better diabetes management.

Exhibit Hall - Drugs

ASTRAZENECA

AZ posted a large, centrally located booth that devoted essentially equal time to each of its diabetes
products. Each featured drug - Farxiga (dapagliflozin), Xigduo (dapagliflozin/metformin), Bydureon
(exenatide once weekly), Byetta (exenatide twice daily), Onglyza (saxagliptin), Kombiglyze (saxagliptin/
metformin), and Symlin (pramlintide) - received its own block hanging from the ceiling, and most also had
a small booth with a screen providing prescribing information. AZ's booth was one of our more interactive
experiences in the exhibit hall today; we tried our hand at the "mechanism of action challenge" for GLP-1
agonists and SGLT-2 inhibitors (we did pretty well but couldn't beat the record time of nine seconds!) and
built a personalized recipe collection at the station featuring the company's Fit2Me patient support
program.

GSK

GSK's booth was large but sparse, featuring a white theme with signature orange and purple accents. The
booth's colors were carried through to the treats of mango and acai berry sorbet on offer. The booth was
focused entirely on the company's sole approved diabetes drug: GLP-1 agonist Tanzeum (albiglutide). The
marketing featured the slogan "Your experience may change theirs." Our sense (based on the most recent
sales and volume data) is that Tanzeum has struggled to break into the crowded GLP-1 agonist market - we
believe the market will continue to expand and it will be interesting to see how it evolves. Tanzeum has a
more modest efficacy compared to other agents, but we are surprised that the company's strategy of
competing on price has not paid off more in such a cost-conscious environment.

INTARCIA

Intarcia wins the award for the most significant exhibit hall upgrade at this year's ADA, posting two fairly
sizable booths instead of the single small booth we have seen at recent conferences. One especially eye-
catching booth focused on the newly branded Medici delivery device, with signage promising a
"Renaissance in medicine delivery." The décor had a bit of a seventies vibe, with neon lights hanging above
the booth, bright blue plush carpeting, and walls covered with graphics of the Medici device with colorful
flowers, smiley faces, etc. emerging from the end. The booth centered around two stations where reps
demonstrated the insertion and removal procedures for the device - this has been the mainstay of Intarcia's
booth at previous conferences, though this time the reps went to great lengths to emphasize that they were
promoting only the Medici device, not ITCA 650 (implantable exenatide mini-pump). Any questions about
ITCA 650 were referred to the company's second booth across the hall, labeled "Is T2D Spiraling Out of
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Control?" and featuring a huge funnel hanging from the ceiling with words like "prevalence," "hypo," and
"not to goal" going around and around in a downward spiral. Even that booth featured little mention of
ITCA 650 specifically, focusing instead on the need for a paradigm shift in how type 2 diabetes is treated.
Intarcia is clearly making a concerted effort to broaden its focus beyond a single product, and we can't wait
to see what it has in store.

J&J/JANSSEN

As in the recent past, Janssen occupied the majority of J&J's booth, with approximately equal real estate
devoted to Invokana (canagliflozin) and Invokamet (canagliflozin/metformin). The booth had several
prominent signs promoting the recent expansion of Invokamet's indication to include use as a first-line
therapy for type 2 diabetes. We see this as a major win for drug-naïve patients with a high A1c and believe it
should spur greater use of Invokana in patients at earlier stages of the disease. The booth also had a
substantial focus on ancillary programs for Invokana, including the CarePath patient support program and
the Check Your Numbers Tracker App. We found it interesting that there seemed to be less of a focus on
Invokana's strong formulary positioning compared to previous exhibit halls - management acknowledged
during the company's 1Q16 update that Invokana has faced increased competition for formulary positioning
this year but emphasized that it retains 80% preferred access in the combined commercial and Medicare
Part D segments.

LILLY

Lilly's classically red booth was set up in a circular labyrinth-like layout with sections promoting each of its
diabetes products surrounding a quiet inner oasis with (sugar-free) artisanal espressos and café seating.
We especially loved the wall that asked attendees to fill out magnetic tiles answering the question "Whose
diabetes do you have?" as a show of support for loved ones with diabetes (answers were in the format "I
have ___'s diabetes"). The center portion also featured screens that encouraged participants to explore
Lilly's extremely diverse product portfolio through the lens of the multi-organ pathophysiologies associated
with type 2 diabetes - we previously saw this at the AACE 2016 exhibit hall. In terms of products, the booth
devoted a sizable aqua-drenched section to its Humulin U500 KwikPen, the striking color scheme
complementing the bright aqua body of the pen. We also got our first glimpse of Basaglar in a US exhibit
hall - we love the minimalist logo that evokes A1c reduction with a single drop of a blood over a downward
arrow. The screens for Basaglar drove home a single point: "Basaglar is coming December 15, 2016."
Clearly, Lilly/BI is already starting to build the excitement for the product. The booth also devoted floor
space to Jardiance (empagliflozin), Glyxambi (empagliflozin/linagliptin), Tradjenta (linagliptin),
Jentadueto (linagliptin/metformin), Trulicity (dulaglutide), and the Humalog and Humalog U200
KiwkPens.

LILLY/BI

Lilly/BI's large, airy booth sported gray and teal accents against a predominantly white background - a
contrast to the wood-paneled Scandinavian-modern-rustic look we'd become accustomed to. The booth's
star product was clearly Jardiance (empagliflozin) whose materials took up a full half of the display (along
with those of its sister product Synjardy [empagliflozin/metformin]). Several touchscreens featured the
memory game seen at the Lilly standalone booth - we counted at least four stations where attendees could
try their hand at matching pictures of Jardiance-related info within 60 seconds. On the more old-school
side, the Jardiance section also featured a croquet game in which attendees attempted to navigate through
hoops such representing healthy lifestyle choices while avoiding obstacles such as "Mom's Spaghetti" and
"Desk Chair Dessert." The other half of the Lilly/BI booth was evenly split among Glyxambi (empagliflozin/
linagliptin), Tradjenta (linagliptin)/Jentadueto (linagliptin/metformin), and Basaglar (biosimilar insulin
glargine). Lilly/BI has also stepped up its promotional materials for Glyxambi with a Pixar-style cartoon of
a two-person cleaning crew ("Dual inhibition, ready for action") to represent the dual empagliflozin and
linagliptin components of the product. The exhibit even featured a photobooth area in which attendees
would don props and pose with large statues of the two characters. We're glad to see Glyxambi garner more
attention within Lilly/BI's marketing scheme - there have been high hopes for this product as the only
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incretin/SGLT-2 inhibitor fixed-dose combination on the market, but Lilly has been fairly quiet on its
performance since its launch over a year ago.

MANNKIND

Our trip to the MannKind booth allowed us to experience the company's nifty new spirometry solution for
healthcare providers to test lung function before prescribing Afrezza. The small, relatively inexpensive
device (~$400) pays for itself quickly, as providers can bill $50 for each test. It plugs directly into a desktop
computer and is factory calibrated, saving time. It's a massive improvement for endocrinologists that will
now be able to do spirometry in-office, rather than sending patients to specialists. The MannKind team
seemed enthusiastic and said they had "learned a lot" from the Sanofi partnership, and we look forward to
seeing some commercial progress as MannKind takes over responsibility for the ultra-rapid inhaled insulin.
We love seeing this new tool and think it will aid uptake significantly.

MERCK

Merck and its DPP-4 inhibitor empire had a decently sized booth, with the majority of marketing
unsurprisingly focused on the Januvia (sitagliptin) franchise. The green and white booth included six
boards on Januvia and two on Janumet (sitagliptin/metformin), with emphasis on the drugs' potential
concomitant use with insulin, "strong" A1c reductions, and tolerability. The company also aimed to bring a
patient-centric feel to the booth, with several large touch screens on images and stories of patients as well as
a center to pick up patient education resources. In addition, Merck featured a yogurt parfait bar (which
generated a decent amount of traffic) as well as a virtual reality experience on Januvia's mechanisms of
action - an increasingly popular entity in exhibit halls. Other non-diabetes drugs promoted at the booth
included LDL-lowering drug Zetia (ezetimibe) and vaccine Pneumovax 23 (pneumococcal vaccine
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polyvalent). The TECOS results appeared to not be as heavily featured as we've seen in the past, likely due to
the upstaging of the more recent CVOTs. Nonetheless, Merck continues to hold onto leadership of the DPP-4
inhibitor class, although the company has notably directed more attention to other classes recently, with the
decision to drop once-weekly omarigliptin and greater attention to SGLT-2 inhibitor candidate ertugliflozin.
For more on Merck's latest, check out our 1Q16 update.

NOVO NORDISK

Novo Nordisk's bright, airy booth was hard to miss as one of the largest displays in the exhibit hall. In terms
of products, the booth was focused almost entirely on Tresiba (insulin degludec), though there was a small
amount of signage promoting Victoza (liraglutide) and NovoLog (insulin aspart). Promotional materials
for Tresiba emphasized the product's long duration of action and the potential for flexible dosing ("schedules
change, dosing can too"). The Tresiba section also included a few creative touches such as a large hanging
parachute labeled "A1c" and a "virtual representative" of sorts (a webcam on a motorized roving base)
circulating around the booth. Aside from products, we were thrilled to see a sizable portion of the booth
devoted to the company's Cities Changing Diabetes program; when we stopped by, a presentation was in
progress about the contribution of environmental sustainability initiatives to Novo Nordisk's "triple bottom
line." As usual at ADA, Novo Nordisk's booth also featured the popular A1c testing station, which was
attracting a pretty substantial crowd.

SANOFI

Sanofi's large booth at the center of the exhibit hall was one of the largest and most elaborate Sanofi booths
we've seen in recent memory. At the center of the booth, Sanofi created a COACH café, featuring dark wood
floors, low-slung white sofas, and treats such as banana mint slushees and apple crisps. The café promoted
Sanofi's COACH patient support programs that offer live diabetes education and more to patients with a
prescription for Toujeo (U300 insulin glargine). Toujeo itself occupied much of the square footage of the
booth, which signage simply asserting "All Day. Every Day." and characterizing Toujeo as "an insulin of
today." Sanofi's other major insulin products, Lantus (insulin glargine) and Apidra (insulin glulisine), were
also given sections of the massive booth. The giant SoloStar pens for Toujeo, Lantus, and Apidra returned to
dominate a far corner of the booth. In a separate location, Sanofi's unbranded Glycemic Explorer booth
made a reappearance.

TAKEDA

Takeda took up a good amount of real estate toward the back of the exhibit hall, promoting Nesina
(alogliptin), Kazano (alogliptin/metformin), and Oseni (alogliptin/pioglitazone). The marketing centered
around the theme of a puzzle ("diabetes management is a puzzle" and "every piece counts") while the booth
included a few touch screens reviewing the products' information and a "personality quiz" that tested
attendees' diabetes knowledge. Overall, the booth seemed to be lighter on promotional material, with
approximately two-thirds of the booth's space blocked off for a lounging area for international delegates - a
nod to the fact that most of Takeda's drugs are marketed ex-US. As expected, the booth had no mention of
obesity drug Contrave (naltrexone/bupropion), as Takeda recently left the drug's partnership with
Orexigen - see our coverage of this news for more.

Exhibit Hall - Obesity

NOVO NORDISK (SAXENDA)

Similar to recent meetings, Novo Nordisk had one booth focused exclusively on its obesity drug Saxenda
(liraglutide 3.0 mg). In its typical purple color scheme, the promotional material emphasized Saxenda as
the "first and only GLP-1 agonist" approved for chronic weight management, as reps walked attendees
through clinical data and had demo pens on display. Imaging throughout the booth again featured a
woman holding up a pair of old larger jeans inscribed with "excess weight," "high cholesterol," "large
waistline," and "high blood pressure" - highlighting the versatility of Saxenda. Next to a smoothie bar, a
video also played in the background, stressing the "science of Saxenda," with an emphasis on biology rather
than willpower (we love this education piece for removing stigma). Not surprisingly, Novo Nordisk's
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Saxenda booth was the only obesity drug representation on the floor, with no booths from Arena/Eisai,
Vivus, or Orexigen - a stark contrast from ADA 2014, when the obesity drug market seemed to be at the
height of its anticipation. We believe Saxenda sales would improve if the price were not based on the dose.

Exhibit Hall - PCSK-9 Inhibitors

AMGEN

Amgen brought a relatively large booth to the ADA floor, with all eyes on its PCSK9 inhibitor Repatha
(evolocumab). Buzzwords and phrases on the product included "maximize efficacy from the start,"
"intensive reduction," and "predictable response." We were very glad to see the Amgen booth and focus on
PCSK-9 given the very high numbers of patients who need significant help on the cholesterol front. In a blue
and white color scheme, several touch screens scattered throughout the booth showcased the product's
safety and prescribing information, while a video of PCSK9 inhibitors' mechanisms of action played in the
background. To illustrate "who Repatha is for," the booth featured stacked blocks of "clinical ASCVD
history," "current statin use," and "LDL-C levels." Similar to last year, Amgen also incorporated an element
of fun, with a hands-on game simulating PCSK9 inhibitors' mechanism of action, as attendees threw stuffed
LDL-C molecules onto Velcro-backed LDL receptors on two different walls, each representing either more
functional (with fewer receptors available) or less functional PCSK9 (with more receptors available). In
efforts to differentiate Repatha from Sanofi/Regeneron's Praluent (alirocumab), Amgen also highlighted
that Repatha is the only PCSK9 inhibitor with 30-day room temperature storage for patients, no dose
titration, and one 140 mg/ml sub-Q dose every two weeks. The company seemed to come to ADA in full
force, with scientific affairs and medical booths, a scheduled product theater, and of course, a popular
espresso bar. As a reminder, Amgen's recent calls have expressed strong enthusiasm for Repatha (first
revenues released in 1Q16 at $16 million) and the company's significant presence at ADA gives us the
impression that Amgen has its eyes on diabetes once the product can gain the momentum to expand its
indication - see our 1Q16 report for more.

SANOFI-REGENERON

Sanofi-Regeneron, one of two PCSK9 inhibitor players on the ADA floor, had a decently sized booth focused
on Praluent (alirocumab). The company marketed the product with an emphasis on its dosing flexibility,
with repeated mentions of "power like never before…and more power if you need it," with giant down
arrows in a green and turquoise color scheme. Additionally, the booth stressed this flexibility as a key
differentiator, with the message that Praluent is the only PCSK9 inhibitor that "offers two levels of efficacy."
Sanofi/Regeneron's imaging also appeared to bring the patient to life, as several touch screens featured
different patient types and walls showed images of patients with shirts exclaiming their lower LDL levels. In
addition, we were glad to see the patient support program, MyPraluent, make up a wall of the booth,
promoting information on how to help patients with coverage support, cost, and adherence. We have heard
of the complex paperwork and processes involved in authorization for PCSK9 inhibitors for both patients
and providers, so we would imagine that such patient support programs are critical for the product's
success - for more on this, see our 1Q16 update from Sanofi.

Product Theaters

THE EFFICACY MIRAGE IN T2D - WHY DO CLINICAL TRIAL RESULTS DISAPPEAR IN
CLINICAL PRACTICE (SPONSORED BY INTARCIA)

Steven Edelman, MD (University of California, San Diego, CA); William Polonsky, PhD, CDE
(Behavioral Diabetes Institute, San Diego, CA)

This exceptionally well-attended session in the exhibit hall - with attendance over 200 by our count - never
mentioned Intarcia or its implantable exenatide mini-pump ITCA-650 - brilliant, in our view! Instead, very
popular and highly regarded session leaders Dr. Steven Edelman and Dr. Bill Polonsky tackled a more
general and very highly relevant question in diabetes care from our view: why real-world efficacy for new
glucose-lowering therapies so rarely matches what is seen in clinical trials? The short answer is adherence,
which some data suggest accounts for 75% of the clinical trial / real world discrepancy, though there are
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also other important factors at play - cultural and social determinants that are often masked in RCTs. Drs.
Edelman and Polonsky hammered home the point that 40 new type 2 diabetes therapies have been
approved since 2005 without any significant change in the percentage of patients with A1cs below 7%. Dr.
Polonsky worked hard to shift blame away from the patient, noting that patients logically will not adhere to
a regimen that they do not perceive as worthwhile, or that is too burdensome to manage. He challenged
members of the audience to avoid seeing their non-adherent patients as chronically unmotivated; after all,
he pointed out, nobody is unmotivated to live a long and healthy life. We will look forward to hearing more
in the future about what will engage patients with traditional therapies and with ITCA 650, how taking
adherence "off the table" to a large degree will result in different outcomes (how engaged patients are,
whether they have more bandwidth to focus on diet/exercise, whether doctors and nurses are more
motivated by also receiving procedure payments, etc.) In the meantime, we heard a lot of audience
enthusiasm from this less traditional and very absorbing session.

▪ The product theater was part of a larger Intarcia-sponsored unbranded initiative
called RethinkT2D (along with the "efficacy mirage" booth at the exhibit hall). In what
we thought was a nice touch, all session attendees were invited to visit RethinkT2D.com to
download the presentation slide deck for their own use.

A TREATMENT OPTION FOR PATIENTS WHO ARE SEVERELY INSULIN RESISTANT
(SPONSORED BY SANOFI)

Timothy Gilbert, MD (Texas Diabetes & Endocrinology, Dallas, TX) and Jeremy Pettus, MD
(University of California San Diego, San Diego, CA)

Dr. Pettus characterized Toujeo (U300 insulin glargine) as a completely new basal insulin, with what he
emphasized was a PK profile distinct from that of Lantus (U100 insulin glargine). He reviewed the basic
characteristics of the drug, including its lower injection volume (one-third that of Lantus), the fact that it
forms a smaller precipitate than Lantus, and the convenience offered by the one-to-one unit conversion
between the Lantus and Toujeo pens. Both Dr. Pettus and Dr. Gilbert highlighted that Toujeo is more stable
than Lantus over 24 hours. In reviewing the six-month non-inferiority phase 3 EDITION studies that
compared Toujeo to Lantus, both physicians focused on EDITION 3, which recruited insulin-naïve type 2
diabetes patients uncontrolled on oral agents. They highlighted that both drugs had similar A1c reductions,
and that Toujeo had improved rates of hypoglycemia. During the second half of the talk, the two physicians
reviewed a patient example, walking the audience through the considerations of starting basal insulin.

▪ For insulin-naïve patients, Dr. Gilbert recommended starting with a Toujeo dose of
0.2U/kg/day for type 2 patients and with one-third to one-half of the total daily insulin
dose for type 1 patients. For patients on once-daily long or intermediate acting insulin, he
recommended a 1:1 conversion. Lastly for those on twice-daily NPH insulin, he recommended
starting with 80% of the total daily NPH dose. Dr. Pettus suggested increasing the Toujeo dose every
three to four days based on the patient's personalized fasting plasma glucose target.

▪ In reviewing the EDITION 3 data, Dr. Pettus highlighted that both Lantus and Toujeo
had similar A1c reductions, and that the rates of severe hypoglycemia and documented
symptomatic hypoglycemia with Toujeo were 0.9% and 8%, respectively. Dr. Pettus acknowledged
that the data for Lantus were not shown, and stated that studies have indicated a trend toward less
hypoglycemia with Toujeo. That said, hypoglycemia with Toujeo has not been studied in a dedicated
trial as it has with Novo Nordisk's Tresiba (insulin degludec) in the SWITCH 1 and SWITCH 2 trials.
We'll be curious to see if Sanofi initiates a similar trial of hypoglycemia in Toujeo as it vies with
Tresiba within the next-generation basal insulin market.

OPTIONS IN BASAL INSULIN: BASAGLAR (SPONSORED BY LILLY/BI)

Tom Blevins, MD (Texas Diabetes & Endocrinology, Austin, TX)

In this Lilly/BI Saturday afternoon product theater, Dr. Tom Blevins reviewed Basaglar's (biosimilar
insulin glargine) phase 3 efficacy and safety data, highlighting its non-inferiority vs. Sanofi's Lantus.
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Throughout the presentation, Dr. Blevins emphasized that while Basaglar is identical to Lantus in terms of
amino acid sequence and dosing information, the FDA does not technically consider it a biosimilar - it was
approved under the 505(b)(2) regulatory pathway, which will be consolidated with the newer "official"
biosimilar pathway in 2020. Dr. Blevins also commented on the delivery device - Basaglar will be delivered
in a uniquely-colored KwikPen that is compatible with BD's ultrafine needles. This is different than the
delivery device for Lantus and could potentially make Basaglar more appealing for patients averse to
needles. While Dr. Blevins did not comment on pricing during the presentation, he suggested during Q&A
that the cost would "probably be more or less the same compared to Lantus." We would be surprised if this
is the case given the widespread belief that biosimilar insulins do not provide better quality (quality will
have to be proven) but will provide at least somewhat better access to many. Notably, although many call
Basaglar a "biosimilar" the company has not done so to date. So far, the product has been priced at about a
10%-20% discount compared to Lantus in the EU countries where it has launched. We had assumed that the
discounts may be larger in the US given the higher list prices for basal insulin analogs there compared to
Europe, though the discounts are still expected to fall well short of those for small-molecule generics
compared to branded drugs. Dr. Blevins confirmed that Basaglar is expected to launch in the US launch
around December 15, 2016 as per the terms of Lilly's patent lawsuit settlement with Sanofi. During the
presentation, Dr. Blevins also reviewed results from the phase 3 ELEMENT I and ELEMENT II trials
(presented at ADA 2014) demonstrating non-inferiority between Basaglar and Lantus in terms of A1c
reduction and percentage of patients achieving an A1c <7% in type 1 and type 2 diabetes.

Questions and Answers

Q: Are there any differences in cost between Basaglar and Lantus?

A: The cost will probably be more or less the same. I'm not sure, as that information isn't available yet. I
would suggest continuing to communicate directly with BI and Lilly to find out exact information on pricing.

Q: Can you speak to the interchangeability in treatment with Basaglar and Lantus?

A: Basaglar did meet the criteria for non-inferiority vs. Lantus. However, I don't believe that these two are
officially interchangeable - that is not worked out. Basaglar is another option, that's my best answer. However,
there is no difference in achievement; Basaglar is non-inferior to Lantus.

A: Because Basaglar is regulated through an NDA, and interchangeability is a regulatory status, this follow-on
is not deemed interchangeable in the US. We know that for sure.

Q: What does the experience of someone who is pregnant and on Basaglar look like?

A: We haven't studied Basaglar in pregnancy.

TOUJEO: A ONCE-DAILY BASAL INSULIN (SPONSORED BY SANOFI)

Bruce Bode, MD (Atlanta Diabetes Associates, Atlanta, GA), Bill Polonsky, PhD (University of
California San Diego, San Diego, CA) Steven Edelman, MD (TCOYD, Del Mar, CA), Debbie
Hinnen, APRN, CDE (Touro University California, Vallejo, CA)

At a well-attended Sanofi product theater, the A+ team of Drs. Bruce Bode, Steve Edelman, Bill Polonsky,
and Debbie Hinnen made a strong case for why providers should prescribe Toujeo (insulin glargine U300)
in type 2 diabetes. The speakers began by taking turns presenting on Toujeo's pharmacology, clinical data,
and administration before walking through different case studies to demonstrate how to dose for a wide
range of patients, from those who are insulin-naïve to those on basal-bolus therapy. Notably, the
formulation was characterized as a particularly "forgiving" insulin, both in terms of its smooth basal rate
(which enables patients to get away with errors - Dr. Bode actually noted that the flat profile is just like
"what you see with an insulin pump") and flexible dosing (which allows patients to get away with missing a
morning dose). We got the sense that Toujeo fits better into patients' lives - rather than patients having to fit
their lives around the insulin - which led Dr. Edelman, in particular, to highlight the potential adherence
benefits - we have heard a lot about this anecdotally speaking. He also acknowledged the company's "very
good" COACH program, stressing his view that more patient contact and support leads to better outcomes.
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Lastly, panelists spent time discussing the clinical transition from Lantus (insulin glargine) to Toujeo,
stressing that it takes 3-4 days for the latter to achieve steady state - indeed, all the speakers had stories of
patients who claimed Toujeo "didn't work" because they did not stick with it long enough, and with that in
mind, stressed that setting expectations is key.

TCOYD/The diaTribe Foundation 10th Annual Diabetes Forum

Anne Peters, MD (USC, Los Angeles, CA), Jeremy Pettus, MD (UC San Diego, CA), John
Anderson, MD (Frist Clinic, Nashville, TN), Rury Holman, FMedSci (University of Oxford,
UK), Steve Edelman, MD (Founder and Director, TCOYD, Del Mar, CA), and Kelly Close, MBA
(Director, The diaTribe Foundation, San Francisco, CA)

Summary

The annual TCOYD/The diaTribe Foundation forum celebrated its 10 anniversary by welcoming ~300th

attendees to a night of delicious appetizers, refreshing drinks, and engaging discussion at the elegant Ritz-
Carlton New Orleans. As is tradition, the night opened with a short video from the famed TCOYD team - this
year's hilarious rendition envisioned a world in which the artificial pancreas has improved diabetes care to
the point where endocrinologists are out of their jobs. The star-studded panel of diabetes experts included
Drs. Anne Peters (USC, Los Angeles, CA), Jeremy Pettus (UCSD, CA), John Anderson (Frist Clinic, Nashville,
TN), and Professor Rury Holman (University of Oxford, UK). TCOYD founder and director Dr. Steve
Edelman and our very own Ms. Kelly Close co-moderated the illuminating panel discussion.

The wide-ranging hour of insights shared enthusiasm for CGM and closed loop systems coming out of ADA
(Dexcom's DIaMonD study, 670G pivotal), but major concerns about access, adherence in type 2, and the
continued lack of studies to inform real-world prescribing. Dr. Peters gave the entire room a reality check
when she described some of the access challenges she still faces in East LA, where underserved patients often
can't get insulin analogs, and where sulfonylureas are still widely used. "Someone needs to do the study to
make sure I don't have to prescribe sulfonylureas because they're cheap." Dr. Holman further lamented that
the regulatory focus of most drug trials excludes answering more important clinical questions: what
therapy should this type of patient get at this time?

There was lots of debate about where new innovation is most needed: do we need more focus on new
therapies or better using what we already have? Obviously both are critical, though panelists leaned
towards the latter - despite so many new tools, outcomes have not improved, and adherence remains a
significant problem in type 2 diabetes. Noted Dr. Edelman, "Type 2 diabetes is asymptomatic. The lack of
urgency is not because they don't care, but they don't feel any symptoms and don't feel any different
whether they take their meds or not."

Many expressed sincere hope that wider use of CGM will be a gamechanger, whether for intermittent
diagnostic purposes, documenting drugs in clinical trials, or changing type 1 diabetes (even in MDIs). Dr.
Edelman was particularly excited about the future of the GLP-1 class, while Dr. Holman hoped that digital
health might help solve type 2. Clearly, lots is in the pipeline that is going to improve care, though the panel
was very clear: the toolbox we have is quite good already, and more work needs to be done on better using
it.

Below, we've included a handful of our favorite quotes from the panel discussion, followed by detailed
coverage. This forum would not be possible with the support of our generous sponsors who envision a better
future for diabetes. In particular, we'd like to thank the best-in-class sponsors Abbott, AstraZeneca,
Intarcia, Merck, and the Fenix Group; our first-in-class sponsors Janssen and NuSirt; our forum sponsors
Adocia, Ascensia, Bigfoot, Dexcom, Lilly, Sanofi, and Tandem, and our supporting sponsors BD, CeQur,
Glysens, Insulet, Medtronic, Profil, and Zealand.
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Quotable Quotes

THE MOST EXCITING AREAS IN DIABETES?

▪ "What's coming with the artificial pancreas...this is here and now and by the time we do
the panel next year, Steve, Kelly, and I could all be on a closed-loop system. Most patients and even
doctors don't realize that and it could change the conversation around diabetes." - Dr. Pettus

▪ "My high point of this meeting by far was the DIaMonD trial. With one simple tool,
CGM, given to people on MDI, you can get the same reduction in everything that's as wonderful
as what you get with closed loop systems. It makes me wonder why we need the loop when humans
are just as good." - Dr. Peters

▪ "In type 2 diabetes, it would have to be the GLP-1 space. We have new approved fixed
combinations, implantable micro pumps that deliver exenatide for a year, we have once weekly
agents, and all kinds of new options. If I had to pick one class with the biggest effect, I would have to
pick that." - Dr. Edelman

▪ "In the type 2 space, which is where I work, it will be digital or eHealth. For patients with
long-term chronic conditions, they visit multiple practitioners, pharmacists, hospitalists, and others.
There's a wealth of data being collected, but it remains separate, in silos. We should integrate the
data...[to] help with compliance and treatment, and help people providing care to see the whole
picture" - Dr. Holman

▪ "I love the idea of CGM as a human right" - Ms. Close

BIGGEST CONCERNS AND NEEDS?

▪ "My [East LA] folks don't have insulin pens, they often don't have analogs, and they're
dying in their 20s and 30s of a disease we treat with high level technology that may not trickle
down." -Dr. Peters

▪ "I love CGM, I love being able to use it in my patients, but it's a tiny fraction of my
patients. I wish I could have 60% of my patients on it." - Ms. Virginia Valentine from the audience

▪ "...what did LEADER show? Is this another trial showing that a lot of insulin is bad or
is it showing that GLP-1 is better? Someone needs to do the study to make sure I don't
have to prescribe sulfonylureas because they're cheap...All I can think is give me a GLP-1 and
take away sulfonylureas. That's the data I need to get payers to pay for it, otherwise I have to keep
using sulfonylureas and that kind of pisses me off." - Dr. Peters

▪ "The use of tech in primary care is woefully inadequate...there needs to be a big
push...We need to get the technology into hands of patients who currently don't even know it's
available because their providers don't know about it." - Dr. Anderson

▪ "As the risk of DKA with SGLT-2 inhibitors in type 1 diabetes comes up with the FDA,
its important to have patient there - what's lost in the data is the patient experience. As
an anecdote, when I have type 1 diabetes patient who takes the drug, they say, "My life is better.
Maybe I should've bolus four units and only bolused for three, and the SGLT-2 inhibitors picks up
the slack. It takes away some of the chaos." - Dr. Pettus

▪ "One of the greatest things we could do is to move to running clinical trials that are
informative for the clinician and patient. At the moment, it's all built around regulatory
licensing, which of course is needed to sell the drug. But there is a disconnect between regulatory
studies and what we need to know how to best use the medication. If I have a particular patient in
front of me, how do I know what is best for that patient at that time? - Dr. Holman

▪ "I think the paradigm we use to treat type 2 diabetes is all wrong. We're making
adjustments in medications for individuals, not populations but individuals, based on A1c....We have
to get the message that an A1c of 8% could be a glucose of 120 or 210. Deciding whether to add or
subtract a drug by A1c is bad medicine." - Dr. Irl Hirsch from the audience
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WHAT ABOUT ADHERENCE?

▪ "I would say that right now, with type 2, we have enough tools. It's about getting
people to adhere to them. If we had the same conversation ten years ago, and you told me that
we would have multiple medications like we do now that would cause drops in A1c with weight loss,
I would have said that we would be done. But it's not. We've had multiple medications come out, and
average A1cs in the population have stayed the same. It's about adherence." -Dr. Pettus

▪ "There is a disconnect. We don't have all the tools, not even for type 2 diabetes. But we
could do better with what we have. Diabetes should be managed, it shouldn't manage you." - Dr.
Holman

▪ "There has to be something to engage the patient. Type 2 diabetes is asymptomatic.
The lack of urgency is not because they don't care, but they don't feel any symptoms and don't feel
any different whether they take their meds or not." -Dr. Edelman

▪ "...we already have tools to make life better for millions underserved across world,
and we don't actually do it. We're not pulling along those people who could benefit already. We
could do a lot more with tools we have while waiting for a final answer."-Dr. Holman

ADVICE FOR THE FDA?

▪ "...get the drug side to talk to the device side. We need to use CGM in trials and have it be an
outcome." - Dr. Peters

▪ "I would tell the FDA to let patients have some say on the risk-benefit ratio they're
willing to accept." -Dr. Edelman

▪ "I was the first person to sound the alarm on euglycemic DKA in type 1 diabetes
patients on SGLT-2 inhibitors. When I found that out and started to make noise to let people
know, I spoke with Irl Hirsch and John Buse and they were seeing the same thing. We became a trio
interested in informing the world of a risk, but we didn't want to damn the drug. It turns out that's
harder to do than you'd think, because the second you say that you see a side effect, everyone flees."
-Dr. Peters

Panel Discussion

Ms. Kelly Close (Founder, The diaTribe Foundation, San Francisco, CA): Thank you SO much
again everyone for being here. The first question we're going to ask is - in 90 seconds or less -
what is your overall impression of ADA and what has been the biggest highlight for you?

Dr. Jeremy Pettus: On a personal note, what really hit me in face was dealing with my own blood glucose.
Since coming here and eating delicious food, staying up too late, and drinking too much, I've had multiple
blood glucose readings over 300 mg/dl or less than 50 mg/dl. I actually turned off my Bluetooth because
Steve follows me on Dexcom Share - I was getting texts from family asking what the hell I was doing. The
point is, life with type 1 diabetes in 2016 is hard. I know a lot about the disease and it still gets better of me.
Something that stuck out to me from the conference is what's coming with the artificial pancreas. That was a
funny video we watched, but there's truth in it. This is here and now and by the time we do the panel next
year, Steve, Kelly, and I could all be on a closed loop system. Most patients and even doctors don't realize that
and it could change the conversation around diabetes. I went to a session on calculating the pre-prandial
bolus for fat and protein. The integrated calculus we require patients with type 1 diabetes to do is ridiculous. I
hope that was the last time I sit in a session on that. If we can have system that really makes life easier, that's a
big deal to me.

Dr. Anne Peters: I don't mean to be negative, but I spend half my time in the most underserved part of Los
Angeles and the other half in the most well served. I see the most heartbreaking things in the less well-served
population, especially people with type 1 diabetes. All I could think of when I watched that video was that it's
nice you rich white folks are out of a job because of the artificial pancreas. My folks don't have insulin pens,
they often don't have analogs, and they're dying in their 20s and 30s of a disease we treat with high level
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technology that may not trickle down. My high point of this meeting by far was the DIaMonD trial. With one
simple tool, CGM, given to people on MDI, you can get the same reduction in everything that's as wonderful
as what you get with closed loop systems. It makes me wonder why we need the loop when humans are just as
good. The study confirmed what I think. I tried to do a study five or six years ago in my population but the
sensors were not good enough, so it was too much of a leap. Now we know we have to get them to the point
where they can use them. Because of Helmsley we're creating lower literacy treatment tools in English and
Spanish to make technology available to low SES patients to get to where you are so we can all be equal.

Ms. Close: I love the idea of CGM as a human right.

Dr. Steven Edelman (UCSD, CA): I think the onset of CGM helping people on MDI is not a novel thought.
Even the thought of doing a study didn't make sense to me, but we have to prove it to the world. I'm glad we
have and that we realize anyone with type 1 diabetes can benefit from CGM. Several companies are working to
make cheap, accurate, disposable, durable glucose sensors for type 2 diabetes. I think it will really be a
gamechanger.

Dr. John Anderson: There were lots of great sessions. There were new novel ultra-rapid-acting insulin
analogs, the LEADER data was great, and there was interesting data on economics. I also found the Banting
Lecture this year particularly impressive. Dr. Kahn did not refer to herself even once; everything was about
her postdocs and fellows and their scientific brilliance. I'm struck by how one person's brilliance can affect the
careers of many researchers. It was an amazing moment for the Association.

Dr. Rury Holman: There are all these people desperate to do better. Barbara Kahn is phenomenal, she's risen
to the top and her novel lipid could be transformational. Everyone thinks we'll cure diabetes tomorrow with
some trick, some sensor, the computing cloud. But the presidential lecture highlighted that we already have
tools to make life better for millions underserved across world, and we don't actually do it. We're not pulling
along those people who could benefit already. We could do a lot more with tools we have while waiting for
final answer.

Ms. Close: I would love to see all of science do much better and focus more on the prevention
and systems problems that all of you work through. There is so much happening on behavior
change that Steve and Jeremy are a major part of. If we look at how much is being spent on
prevention, it is so cheap compared to what we're spending on complications. It's all about
individualizing and personalizing. Do you have views on challenges outside the science?

Dr. Edelman: I agree that in type 1 diabetes it's CGM, and think about it: the artificial pancreas is so close, it's
unbelievable after all these years. In type 2 diabetes, it would have to be the GLP-1 space. We have new
approved fixed combinations, implantable micro pumps that deliver exenatide for a year, we have once weekly
agents, and all kinds of new options. If I had to pick one class with the biggest effect, I would have to pick that.
Thank god for all the oral agents, but that would be the single most important thing I've seen. We have a
fantastic toolbox. We have lots of incredible insulins, GLP-1s, combinations, but A1c hasn't changed in the
past 10 years in this country with 40 new medications. It's so hard to fathom. One of the biggest challenges is
getting the right drug to the right person. The second big part is getting people to be adherent and persistent
and make diabetes higher on their priority list. I've heard Bill Polonsky say that medications don't seem to
work unless you take them. [Laughter] I really think we need to address both issues head on.

Ms. Close: I also see a lot of you working on tools that would make things easier not just for
patients, but also for healthcare providers. It's great to see that focus since clinician positions
need to be easier and better. Speaking of that, I'd like to have you all think about the biggest
piece of advice that you would give to the manufacturers in this room - what would this be?

Dr. Holman: One of the greatest things we could do is to move to running clinical trials that are informative
for the clinician and patient. At the moment, it's all built around regulatory licensing, which of course is
needed to sell the drug. But there is a disconnect between regulatory studies and what we need to know how
to best use the medication. If I have a particular patient in front of me, how do I know what is best for that
patient at that time? Obama copied David Cameron's speech when he talked about precision medicine, or the
right therapy for the right person at the right time. We have a huge group of therapies for diabetes, but we
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don't know which one to give to which person. If would be helpful if we took registration trials and made them
richer, delivering to clinicians and patients the information they need to make personalized choices. That
might be wrapped up in some computerized system, but the complexity of such a system should not stop us.
Instead of trying a drug, failing, and moving to the next one, why don't we do the intelligent thing: use data
and give the patient a drug that's best for them.

Dr. Anderson: I'll be honest, I'm not a big manufacturing guy, but I will say this: if you look at the vast
majority of people taking care of diabetes, it's primary care physicians. The use of tech in primary care is
woefully inadequate, but companies are starting to understand that, beyond endocrinologist outreach, there
needs to be a big push for the education of primary care and need primary care physicians need to be a target.
We need to get the technology into hands of patients who currently don't even know it's available because
their providers don't know about it.

Dr. Peters: I think real world experience with medications is what we need. When I was watching the
LEADER trial today, I was looking at it and thinking this is pretty cool, another drug that reduces
cardiovascular risk, and then I looked at the placebo group and how much insulin they were suddenly using at
the end of the trial. Then I raced back to my room and pulled up the NEJM article, and lo and behold there
was a 30% increase in the rate of severe hypoglycemia in the placebo group and a significant increase in all
hypoglycemia because they were on so much insulin, mixtures, and sulfonylureas. Then I looked at the
EMPA-REG trial to see if there was a difference in hypoglycemia and there wasn't. Then I said to myself in a
slightly cynical tone, what did LEADER show? Is this another trial showing that a lot of insulin is bad or is it
showing that GLP-1 is better? Someone needs to do the study to make sure I don't have to prescribe
sulfonylureas because they're cheap. They took people whose A1cs were higher than in other trials and they
needed to try really hard, so what did they do? They gave lots of insulin and sulfonylureas and it wasn't very
good for them. Actually the main flaw as far as I can tell in the LEADER trial is what happened in the placebo
group. We need a sub-analysis of this. All I can think is give me a GLP-1 and take away sulfonylureas. That's
the data I need to get payers to pay for it, otherwise I have to keep using sulfonylureas and that kind of pisses
me off.

Dr. Pettus: Keeping my type 1 hat on, I'd say more adjunct therapies, specifically SGLT-2 inhibitors in type 1.
There's no question that these drugs work in type 1 - they lower A1c, improve time in range, and improve
quality of life, but there's the risk of DKA. In 2016 we may be able to accept and mitigate the risk, but as
technologies like CGM and the artificial pancreas improve or become more available, it will change the risk-
benefit ratio. I actually think that is going to happen pretty quickly. I think the artificial pancreas is going to
be here sooner than we realize, but the rollout will be slower. Things are going to be very different even two
years in the future.

Dr. Edelman: My advice would be to talk with your patients. Bring them in when you are actually designing
the study, before you lock in the protocol. At TCOYD we put together patient advisory committees for pharma,
and it's shocking how much they changed the way they thought about and designed studies. Like Rury said,
listen to the patient from the beginning, not only when things are too late to be changed.

Ms. Close: Thank you! And along the same lines … what's the single biggest piece of advice you
have for FDA?

Dr. Edelman: I would tell the FDA to let patients have some say on the risk-benefit ratio they're willing to
accept.

Dr. Holman: I spent 15 years training FDA commissioner Dr. Robert Califf to be an endocrinologist and
helped launch his new career. Three years ago, we wrote a joint paper on how to run cardiovascular outcomes
trials, so we've got a roadmap there. We should look at trials that move away from pure non-inferiority and
just looking at A1c and instead address the whole patient's needs - that's what I'd like to see. The issue is we
have the FDA guidance, which was transformational, but it was also a major imposition. It's a good thing in
that it launched a thousand trials, and some were helpful, but I suspect we could do much more. I would like
to see sequential licensing. In a trial, the drug first must do no harm - the FDA needs to make sure the patient
is safe and make sure trials don't kill people with a bad drug, but should also address potential benefits. We
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could have a system where the early part of a trial confirms safety and the drug is licensed based on an interim
report for safety data. The trial could then continue to yield not only data on potential benefits in the longer
term but also provide data on large sets of patients to inform precision medicine strategies. Thus, we'd have a
rich data set and have information not only about the safety but also the true benefits of the drug and its
clinical applicability for individuals. For LEADER, we saw a 13% risk reduction overall; I want to know for the
patient in front of me whether he or she will get 5%, 13%, or 25%? We need to see much more intelligent
trials.

Dr. Anderson: Pay them. Pay them really, really well and recruit the absolute best and brightest people.
Secondly, remove them from the annual budgetary process and put them under HHS where they're not
subject to the whims of Congressional peccadillos. Make them a scientific, well-paid organization that's not
subject to political influence.

Dr. Peters: In full disclosure, I'm actually a special agent to the FDA. They vetted me, and said for some
reason that I'm someone who is unpolluted enough to be a part of them. They don't ask my advice very often,
but if I was to tell them anything, the first thing would be to get the drug side to talk to the device side. We
need to use CGM in trials and have it be an outcome. The FDA doesn't let it be an outcome currently, but it's
really important to measure and something that the drug side doesn't see. Also, I was the first person to sound
the alarm on euglycemic DKA in type 1 diabetes patients on SGLT-2 inhibitors. When I found that out and
started to make noise to let people know, I spoke with Irl Hirsch and John Buse and they were seeing the
same thing. We became a trio interested in informing the world of a risk, but we didn't want to damn the drug.
It turns out that's harder to do than you'd think, because the second you say that you see a side effect,
everyone flees. Within 24 hours, there were 1-800-lawyer ads asking if people were on SGLT-2 inhibitors. Dr.
Buse recommended that I speak to someone in the FDA drug division. I got to speak to a remarkable woman
who listened. Previously, who knows who was working at the FDA, but nowadays it's a darn good job - who
wants to go into medicine anymore, when you get fixed benefits at the FDA? People at the FDA not only talked
to me, but respected what I had to say, asked my opinion, and we had an amazing dialogue. They asked me to
get my colleagues to report side effects, even if we were using the drug off-label. I realized that there is a role
for us as physicians, who understand patients and understand the risks involved. No drug is without side
effects, but diseases have side effects that are worse. Patients need to really understand the risks and benefits.
And providers are afraid of lawsuits. We all need to work together to get drugs to market. Like I said, the
dialogue I had with FDA pleased me, and there's progress being made. It will need help from patient
advocates, physicians like me, patients, and other voices that are not in it for the money, but are just
interested in doing things right.

Dr. Pettus: I'll make mine short and I'm outmatched here. As the risk of DKA with SGLT-2 inhibitors in type 1
diabetes comes up with the FDA, its important to have patient there - what's lost in the data is the patient
experience. As an anecdote, when I have type 1 diabetes patient who takes the drug, they say, "My life is
better. Maybe I should've bolus four units and only bolused for three, and the SGLT-2 inhibitors picks up the
slack. It takes away some of the chaos." That's the real value of some of these medications and needs to be
considered, however you want to put that there.

Dr. Peters: I had a wonderful experience. I was asked at Rachmiel Levine to debate David Nathan about
whether we were at a point where we could use non-insulin drugs for type 1 diabetes. He's a little sure of
himself. He was the captain of the Harvard debate team and I'm just from Wesleyan. I say, "I'll do this," then I
thought "This was the stupidest thing. I'm bad at debate; I'm good at saying what I think, but debate is
different." I thought, "I'm never going to win; I will only win if I bring a patient." So I brought a patient with
type 1 diabetes on an SGLT-2 inhibitor who was the captain of her college debate team. So he speaks first and
he doesn't know I have a stealth weapon. I go and give a few slides and then say I have secret weapon, and she
completely trumps him. I didn't win because of me; I won because of my patient.

Ms. Close: Let's pretend we get to a supreme world where access is improved and people can
all get the technologies and drugs that they need. What therapies or technologies will be the
biggest gamechangers in the next five years?
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Dr. Holman: In the type 2 space, which is where I work, it will be digital or eHealth. For patients with long-
term chronic conditions, they visit multiple practitioners, pharmacists, hospitalists, and others. There's a
wealth of data being collected, but it remains in separate silos. We should integrate the data on a platform that
patients can access. It could help with compliance, treatment, and help people providing care to see the whole
picture.

Dr. Anderson: I completely agree, because with all of the tech we've got and all of the new great medications,
it's an adherence and access issue that continues to plague lots of patients. If you look at nanotechnology,
smart insulin, and even just recently, things like PCSK9 inhibitors have the potential to be gamechangers in
how we deliver the right medication to the right person in the right way.

Dr. Peters: We have a lot of really good therapies now. I'm not sure I need more therapies, I just need more
people to use them in the right way. That needs two kinds of people. We need lots more cognitive behavioral
therapists. I want help from people who can help me figure out how to help my patients. I hate the word
denial, it's about people making choices, but I want people to make the right choice. I think mHealth can help
but I'm not sure it's enough. I helped develop Omada Health, and after they started it, the next two people
they hired were a cognitive behavioral therapist and an expert in gamification. These guys who made the video
games that addict our children could addict us to something positive. I see it as making tools. I'm not sure
what the vision for the tools is, but online communities and ways to connect to each other and use the data,
the information, and the tools we have. It's not me telling someone to take a medication; it's getting them to
believe it's the right medication for them. We need a lot more help to understand how to integrate that.

Dr. Pettus: I would say that right now, with type 2, we have enough tools. It's about getting people to adhere
to them. If we had the same conversation ten years ago, and you told me that we would have multiple
medications like we do now that would cause drops in Aa1c with weight loss, I would have said that we would
be done. But it's not. We've had multiple medications come out, and average A1cs in the population have
stayed the same. It's about adherence. I think the things you do at TCOYD are important, in terms of getting
the message out to people and educating them. This may be controversial, but in type 2 I don't think we need
more therapies.

Dr. Edelman: As a side note, I knew Jeremy when he was a fellow, and back then, he didn't want to see people
with type 2 diabetes. He would say, "I think they're type 1." He wanted to do antibody testing on a Pacific
Islander whose parents both have type 2 and who has central obesity. But yes, Jeremy, there is type 2 out
there. [Laughter]

I don't have all the answers either, but my comment is a combination of what's said before. I look to pharma
and the device industry to come up with safe, easy-to-use products, whether it's disposable CGM or a once-
yearly GLP-1, but if you don't have the patient part, it's not going to work. There has to be something to
engage the patient. Type 2 diabetes is asymptomatic. The lack of urgency is not because they don't care, but
they don't feel any symptoms and don't feel any different whether they take their meds or not. That's the
challenge, it's not new drugs.

Dr. Anderson: Whether you're a fan or not of the Affordable Care Act, there are all sorts of performance
measurements in there for providers, but there's not one patient component. There's no stake in the game, no
positive incentives, no way to engage patients in terms of participation in care. We give them 15 minutes 5
times a year. We need a systematic way to engage patients where they're incentivized just like we are to have a
stake in the game.

Dr. Edelman: For a patient to wake up and say, "I need to take this medication because it will help me live a
long healthy life," that's what we want. That's what we don't have in type 2 diabetes.

Ms. Close: It's really very disappointing to think about how many providers, patients, and
advocates out there are so exhausted. It may be helpful as we look toward improvements to
see how other therapeutic areas have engaged patients, like cancer has.

Dr. Aaron Kowalski (JDRF, New York, NY): First, can I please break the myth that we're there
with treatments for diabetes? I understand that there are access issues, but one of the most
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powerful studies over the past few years is the data from Drs. Buckingham and Maahs,
focused on type 1, and showing that in patients on a pump and CGM testing eight times a day,
in a clinical trial in two of the best centers in the world, still spent nearly one in ten nights with
at least two hours below 60 mg/dl. Right now we don't have all the tools we need. In the type 1
community, words like "compliance" and "adherence" are touchy. The real question is about
the return on investment for a therapy, and for all the investment patients make in these new
therapies they are still getting low almost every single week - sometimes profoundly low. The
question I have is how we will drive towards better therapies, and how we can take big data
and info from CGM, like Rury said, to do a better job of getting the right therapy to the right
person.

Dr. Pettus: I always agree with you. My comment is that we have enough tools applies to type 2. Since I've
been here, my blood sugars have been all over place. I'm intelligent, I have insurance, I have the right tools,
and I still can't get it right. In the type 1 space, we don't have enough tools. There's a need there. It's not as
simple as take more insulin, etc. When I do trials with patients with type 1 diabetes, they say to titrate the
basal insulin to a fasting plasma glucose of less than 100 mg/dl. It's not that easy, type 1 diabetes is so
nuanced. We need more therapies and more solutions. We're not there yet.

Dr. Holman: There is a disconnect. We don't have all the tools, not even for type 2 diabetes. But we could do
better with what we have. Diabetes should be managed, it shouldn't manage you. People can't be living 24/7
worrying about the next carbohydrate they'll ingest. We need to harness technology. It's difficult but we've got
the scientists, the mathematicians, the big data experts, and they'll develop the tools and the predictive
algorithms. That will come and it will take over until we can prevent the disease or put in place a complete
pancreas replacement. We have to manage it here and now. The theme is we could do so much better with
what we have and not put so much of it on the person. It's not their fault, not even in type 2 diabetes. They
have bad genes; they might have a lifestyle that made it happen earlier, but they wouldn't have it if they didn't
have the bad genes..

Dr. Peters: Since we've had Tresiba on the market, I've started using it in type 1 patients, and I think the
conversations are quite different between type 1 and type 2. In type 2, I'd certainly like some therapies that
could delay beta cell failure. It's also frustrating that some people only have access to metformin and
sulfonylureas. In the type 1 space, I push sensors and want everyone on a sensor. I put a bunch of people on
Tresiba and they said they liked it - that it was a more stable basal for them. In my own little clinic, if I had a
way to collect CGM data from everyone, I could take it to insurers and use it to argue with them for coverage.
It's tough for me to have to write all these prior authorizations. We need data that we can use to our benefit.

Tamar Sofer-Geri (CARB DM, Palo Alto, CA): Thank you all for wonderful remarks. My
daughter been on the 670G as part of the pivotal trial and it hasn't been easy. Jeremy
mentioned that next year you three could be on the artificial pancreas. One of the most
important things is to manage expectations - you're still going to be doing a lot with your
diabetes. Certainly for the first gen and the Medtronic pump, you will still have to count carbs,
you'll still be going high, though you won't be going low as much. It's important to manage
patients' and physicians' expectations on what it's going to be like. The wrong expectations are
going to lead to failure of adoption.

Dr. Pettus: I totally agree. If you could take people with type 1 diabetes and get them to a reasonable A1c
reduction, that's a big deal. It's not perfect, but it's a first step in getting people on board, especially those who
haven't heard of it before. A lot of the general public think the artificial pancreas is a surgically implanted
thing. Lots of people have different ideas of what this is. The whole community coming around to understand
what does this actually mean. Education will be important. It's good we'll have multiple systems so people can
have a conversation about the pluses and minuses of each system. It's all going to change.

Ms. Geri: You'll still even have to check your blood glucose. The main thing is the systems are
still going to be a lot of work.
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Ms. Close: I also know how amazing it is not to be scared of hypoglycemia. I want to commend
the field. I'm so happy to see so much focus on reducing hypoglycemia here at the Scientific
Sessions - it is absolutely unparalleled. Whether it's the closed loop, FreeStyle Libre IMPACT
study, DIaMonD, or other studies, we'd love to see much more focus on hypoglycemia and
acknowledgement of its danger.

Dr. Irl Hirsch (University of Washington, Seattle, WA): The reason I like listening to Anne is she gives a
reality check. I'm going to give you a reality check now. I had a nice walk over here, and then I looked at my
phone and saw that I have a patient who died this afternoon. I've been following him since 1991, he got his life
in order and took good care of himself, and then he ended up with sepsis and had an MI as they were getting
ready to amputate his toe and he never recovered. When you look at the three big trials in type 1 diabetes
published in the last 18 months, you see that consistently around the world, 5-10% of the mortality is from
hypoglycemia and about as much from DKA. To me that's not acceptable. The next time we see big
epidemiological studies from the UK or Scotland or the US, that number needs to be close to zero. As we
improve the technology, we're still seeing deaths for the same reason as before the discovery of insulin. And
that's just the adjudicated deaths.

I made the point yesterday that I think the paradigm we use to treat type 2 diabetes is all wrong. We're
making adjustments in medications for individuals, not populations but individuals, based on A1c. I didn't
know about the FDA meeting in August on Outcomes Beyond A1c, but I want everyone to realize what Richard
Bergenstal taught us about the range of estimated glucose for a given A1c. We've seen it in three trials now.
We have to get the message that an A1c of 8% could be a glucose of 120 or 210. Deciding whether to add or
subtract a drug by A1c is bad medicine. We need glucose data. What we saw with CGM is the best way even if
it's intermittent, and even for someone with type 2 diabetes not on insulin.

Q: With all this data, I'm worried about all the attorneys in this world and liability as patients
stream data to us. In California, we're supposed to report severe hypoglycemia, which gets the
patient's license yanked. If I get a CGM trace and a patient has lots of hypo, do I report it? And
if I get data and don't look at it, am I responsible if I don't intervene and something goes
wrong?

Dr. Anderson: In Pennsylvania there was a similar requirement that physicians were to report hypoglycemia,
which would immediately get the patient's license revoked. That was even if the hypoglycemia didn't occur
when the patient was driving. They changed that law, because they found that patients just weren't reporting
their lows. When that happened, we were just missing opportunities to alter therapies for those individuals
because of a law that was arbitrary and ridiculous. I'd encourage you to get your advocates together and fix
laws like that.

Dr. Holman: We had a change to UK law that said any hypo, day or night, could put one's license at risk. This
inclusion of nocturnal hypoglycemia was punitive as you're not usually driving when you're sleeping.
Fortunately this has been rectified so now there is much less emphasis on nocturnal hypos.

Dr. Anderson: At the heart of that is a arbitrary assessment that everyone with diabetes is the same. Treating
people should be an individual assessment, there should not be a single treatment.

Dr. Pettus: Steve follows me on CGM. I like to say that if I ever have a bad hypo, I can sue Steve. [Laughter]

Sara Krugman (Tidepool, San Francisco, CA): Are there any designers here? [No hands go up.]
It seems like the resounding thing is that we need better design to change the experience of
how people take drugs, administer insulin, and use devices. I'm literally the only designer in
the room. Design is not something you slap on at the end. It's a thought process. Everyone's
saying that but no one here represents that. I'm doing my best to bring designers hungry for
meaningful work from consultancies making banking apps. There's a massive opportunity
here. We need more of a call to action to engage the design community and the people who
understand how to solve problems. We can't do it alone, and it sounds like everyone is saying
it.
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Ms. Close: We're excited you're here as a designer and we have a whole roomful of people wanting to engage
patients, providers, payers, and FDA better. You're definitely needed here and I'm sure people will seek you
out for advice. Where are you from?

Ms. Krugman: I'm a designer at Tidepool. Howard Look, we can't thank you enough for showing us that
design is not an elite thing. You can all be designers - you can all do this.

Dr. Bruce Bode (Atlanta Diabetes Association, GA): I'm looking at the best-in-class sponsors - every company
up there has done wonders to improve the lives of people with diabetes. There's no question that the 670G is
the first commercial version of the step toward the artificial pancreas. It isn't necessarily the best solution for
everyone - it doesn't have the best sensor, and we don't yet have the best insulin, but it's amazing that the
670G trial got people to an A1c of 6.9% with zero hypo. But, there's a lot of alarms. It's just the first iteration.
Any one of the companies on the board [of sponsors] may have better solutions. We're progressing faster than
we ever have. In the computerized age, we'll individualize therapy for type 2 using software tools in a way that
no individual provider has the time to do.

Ms. Close: It's amazing to hear so much support for patients in the room and so much support
for both standardization on the systems and guidelines fronts, and individualization on the
patient level.

Ms. Virginia Valentine (Sage Specialty Care, Albuquerque, NM): I love CGM, I love being able to use it in my
patients, but it's a tiny fraction of my patients. I wish I could have 60% of my patients on it. I want to appeal
to you all not say "for type 1." For us with type 2 diabetes, CGM has the same impact. The reason it's good for
you, Jeremy, is it gives you feedback. It has same impact in people with type 2. As we're all fighting payers to
consider CGM as standard of care for diabetes, this is important. When you look at every study out there, the
hypoglycemia rate for patients with type 2 diabetes is 40-50% if they're on a sulfonylurea or insulin. I agree
hypoglycemia is a big deal, but there's nothing better to help you decide not to eat another taco than having a
CGM. I agree CGM is the thing that will have a big impact in the coming days, but it's for all diabetes.

Dr. Edelman: Thank you for this. In closing, to every company on that screen [of sponsors] -
and to the others who avoided donating - I appreciate you working to make world of diabetes
better. It's way important and it does take a village. Diabetes is so individualized, in not just
type 1 but also type 2. I also want to give a quick BIG thanks to the TCOYD staff here.

Finally, Kelly, you didn't ask us what advice we have for payers. I want to finish up with my
advice: go to hell. [Laughter]

The diaTribe Foundation's Musings Under the Moon

Jeffrey Brewer (CEO, Bigfoot, Milpitas, CA), Hooman Hakami (President, Medtronic Diabetes,
Northridge, CA), James Mault, MD (Qualcomm Life, Denver, CO), Kyu Rhee, MD (Chief Health
Officer, IBM, New York City, NY), Jakob Riis, PhD (EVP, Novo Nordisk, Copenhagen,
Denmark), Kevin Sayer (CEO, Dexcom), Adam Brown (Head of Diabetes Technology & Digital
Health, Close Concerns, San Francisco, CA), and Kelly Close, MBA (Director, The diaTribe
Foundation, San Francisco, CA)

Summary

The diaTribe foundation hosted Musings Under the Moon event at ADA 2016, gathering nearly 250
attendees in an intimate setting to hear perspectives on digital health and diabetes technology. The all-star
panel included Bigfoot CEO Jeffrey Brewer, Medtronic Diabetes President Hooman Hakami, Qualcomm
Life's Dr. James Mault, IBM Chief Health Officer Dr. Kyu Rhee, Novo Nordisk Executive Vice President
Jakob Riis, and Dexcom CEO Kevin Sayer. Close Concerns' Head of Diabetes Technology & Digital Health,
Adam Brown, moderated the 75-minute discussion. We thank Novo Nordisk and Qualcomm Life for
providing the funds to gather everyone and to expand education, advocacy, and convening programs at The
diaTribe Foundation.
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"Data" was probably the most frequently used word during this panel, which will be the fuel that drives this
entire field: knowing what patients are doing, and equipping them and their providers with better tools and
algorithms to make more informed and better decisions. There was no doubt on the panel that the
technology already exists to make a serious difference today; what is lacking is a system and
reimbursement environment to tie it all together.

Panelists agreed on the importance of the field in terms of driving success for patients and healthcare
providers and were mixed on how quickly things will move. Mr. Riis and Mr. Sayer felt it will take several
years for the field's business models to be transformed. Most on the panel pointed to payers as a very big
challenge, agreeing that incentives have to change and payment for outcomes will be the future - but how
will payments based on outcomes be divided? Notably, the FDA wasn't presented as a barrier, a testament
to how far the Agency has come on CGM, automated insulin delivery, and mobile apps. Dr. Mault pointed to
the pace of progress in miniaturized electronics, noting that the entire field is on the cusp of serious change -
"Disruption is painful especially for those disrupted," he warned the room. Several argued that the biggest
barrier is training healthcare providers, who are not ready for this revolution. A healthcare provider in the
audience agreed, noting that he spends 75% of his days as a documentation specialist!

In terms of opportunity, the dangers of dosing insulin came up often, and most agreed that insulin dose
data is still a major missing piece of the ecosystem. Patients routinely underdose basal and prandial insulin
and many who should take it don't - it was terrific to hear this discussed as a solvable problem. The panel
talked a great deal about the huge potential of giving providers better clinical decision support, particularly
in type 2 diabetes where there is so little data on what patients are actually doing.

Below, we enclose some of our favorite quotes from the panel discussion, followed by a more complete
review of the discussion. The diaTribe Foundation thanks the sponsors, Novo Nordisk and Qualcomm Life,
for making this event possible.

Quotable Quotes

ON THE BIGGEST OPPORTUNITY

▪ "We don't know how much insulin people are taking. Investors can't believe that we don't
know how much of this dangerous drug is being administered ... If you know how much insulin is
being taken and what the blood glucose is doing, you can actually do something." - Mr. Brewer

▪ "With type 2, I think the biggest opportunity is to empower the primary care
community to better manage patients with type 2 diabetes. …Monitoring plays a big role in that,
and I think it's a big opportunity." - Mr. Hakami

▪ "...we could bring a system to the market that tracks how much insulin you are taking
and when you are taking it. It's what is needed to make personalized dosing algorithms work,
and we can make insulin safer that way." - Mr. Riis

▪ "I think the low hanging fruit is how we change how we make decisions via either an
activity monitor or glucose monitoring or vital signs. We can make intelligent decisions for these
patients rather than just guess …" - Mr. Sayer

ON THE BIGGEST CHALLENGES

▪ "I think we should aim to have payers genuinely value our products. What's crazy
about that? That's not how we currently have our dialogue with payers. When connectivity will
give us proper data on treatment outcomes - payers will realize what's good innovation and what's
not." - Mr. Riis

▪ "There's one disease we don't talk about in the diabetes community, and I have it: 25%
of the time, I use my license and do what I'm supposed to do as a doctor. 75% of the time, I'm a
documentation specialist ..." - Audience member Dr. Anuj Bhargava (My Diabetes Home)

▪ "What keeps us awake is the fact that healthcare professionals are not prepared for
this new world of digital health...in the future, we're going to be taking care of hundreds and
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thousands of patients without physically examining them. You've got to retrain providers to practice
medicine in ways they haven't practiced medicine before. That's … what's holding up our transition
to a more digital healthcare world … The biggest hurdle is retraining HCPs and writing guidelines to
take advantage of the opportunity we currently have and that other industries have already taken
advantage of." - Dr. Mault

▪ "We have a lot of data and we have not necessarily translated it. In the same way that
diabetes is an invisible disease, the data has been invisible. We have to figure out how to get it to the
true payer." - Dr. Rhee

▪ "One question I ask myself is: How good do we need to be to make a difference? …
Sometimes we look at accuracy of systems rather than their impact on the system. You really can
create something better for patients even with a level of inaccuracy that people are normally
uncomfortable with. We can't let perfect be the enemy of the good." - Mr. Brewer

ON BUSINESS MODELS

▪ "Five years from now, I don't want Medtronic Diabetes to be a medical device
company that sells hardware. If we are successful, we will be a diabetes management company
that provides outcomes." - Mr. Hakami

▪ "...the model we have doesn't work and it can't continue that way …We have to change
the transaction so it's relative to outcomes ... you may still have a transaction centered
around the physical product, but price has to be relative to the total value you offer. Going forward,
regular price increases above CPI [inflation] are not going to happen, unless new clinical data
documents that the clinical value is bigger relative to when you started pricing. The future will look
different when it comes to pricing - it will be relative to outcomes." - Mr. Riis

▪ "...the hardest thing is to serve the payers. How do we motivate them?" - Mr. Brewer

▪ "We're not going to move to a service business overnight. We have to find ways to break
down walls. Outcomes data is critical in this regard. We presented DIaMonD and saw a wonderful
outcome. We hope that this is the beginning of … patients access to CGM more quickly. However,
when business models get tough is when you have partners involved." - Mr. Sayer

▪ "In the spirit of transparency, I'll give people a sense of what it took for a behemoth
like United Healthcare to create an entire healthcare design predicated on wearable
digital technology. This is a program that will allow employees to earn $4 a day and up to
~$1,500 a year and another ~$1,5oo for their spouse in return for not just wearing the wearable, but
for following a specific directive curriculum of activities. … United isn't doing this just for fun. They
won't do it unless they know they'll make money. It actually took very extensive outcomes data from
four million patient records and analytics efforts that took four years and pilot programs over the
last two years with 150,000 employees each to get to the right outcomes vs. cost." - Dr. Mault

Introductions

ADAM BROWN: Before I introduce our panelists, I want to tell a story to set the stage for this
panel. I was riding to the airport about a month ago, and as the driver and I made small talk
("What do you do?"), there was a long pause. "I'm a diabetic myself," he eventually said.
Here's his story.

He takes NPH and fast-acting insulin twice per day using a sliding scale to determine the dose - it doesn't
matter what he eats. He only tests his blood glucose twice per day. His A1c "once got down to 8%," but he
recently had several weeks of blood sugars over 300 mg/dl. He has already developed some kidney problems,
and more recently, issues with his feet. He's only in his 40s!

"I love fried chicken and eat it every single day," the driver shared. He also said he frequently drinks regular
soda, snacks on chips, and eats too many sweets. He is overweight and drives 10-14 hours per day, leaving no
time for exercise. Perhaps worst of all, he has Kaiser insurance and does see his primary care doctor regularly.

www.closeconcerns.com 388



A pharmacist mostly helps him with his diabetes and his insulin doses, often by phone. At a recent
appointment, his doctor didn't realize he was on insulin - and he has been taking insulin for two years!

This is a true story, and it reveals the challenges before us, and also some windows where digital health can
help:

▪ Collecting more comprehensive data on what is actually happening, instead of two fingersticks
per day (if that) and zero information about insulin doses. This can happen passively.

▪ Giving him some actionable insight in real-time to make changes, help him navigate the toxic
food environment, motivate him when he makes progress, help him learn from mistakes, etc.

▪ Tightening the feedback loop: notifying his doctor he needs to be intensified, helping his doctor
choose different therapies, helping him titrate his own insulin.

▪ Connecting his doctor, pharmacist, payer, and other stakeholders so they know exactly what is
happening, and we no longer hear comments like, "Wait, you've been on insulin for two years?"

If digital health is successful, it is going to make the biggest difference for people like that driver - not for
people like me.

And now, to introduce our panel and share a few things about each company that we've found really
impressive.

▪ Kevin Sayer is the CEO of Dexcom. I'll never forget my first summer here when I got on the
Dexcom Seven Plus after hearing a panel of patients on CGM. What a transformative technology.
Dexcom has seen impressive growth, with 14 (!) straight quarters of ~50%+ YOY growth and
improving profitability. They have also blazed a trial at FDA. A few years ago, we thought G5 - a class
III medical device on a phone - was impossible. Dexcom Share was a monumental approval last year
too, down-classifying secondary display of CGM data, and opening up faster iteration potential -
now, anything that touches CGM data is NOT a class III device, which knocks down a remarkable
barrier for software development. Dexcom has done an amazing job of launching many products
over the past few years, has a deep pipeline (including the partnership with Verily), and they have
pushed to open their data and integrate with platforms like the Apple HealthKit.

▪ Hooman Hakami is the President of Medtronic Diabetes. He came in about two years to
lead this Group from GE, and boy does he have big goals. He wants to serve 20 million patients and
more than double revenue from $1.8 billion to $4 billion per year in five years. Hooman has created
a type 2 business unit, which recently partnered with Qualcomm Life to build a single-use,
professional CGM. He has also established a Diabetes Service and Solutions business, including a
partnership with IBM Watson, compatibility with Glooko, and acquiring a Nordic diabetes clinic in
Diabeter. "We want to be a holistic diabetes management company," says Hooman, a big move away
from the business built on primarily serving intensively managed type 1s.

▪ Jeffrey Brewer is the CEO of Bigfoot Biomedical, and previously served as the CEO of
JDRF. He has a son with type 1 diabetes. What impresses me about Bigfoot is the team they have
assembled: some of the smartest people in diabetes to automate insulin delivery, including Bryan
Mazlish, Lane Desborough, and Jen Block. They have deep experience in the DIY community and
automation, and plan to pursue subscription diabetes care and a risk-sharing business model with
payers.

▪ Jakob Riis is Novo Nordisk's Executive Vice President. Novo Nordisk has an incredible
history in protein chemistry, and a few years ago, we never would have thought this $12 billion
insulin leader with such deep diabetes experience would be up here helping lead a discussion on
digital health! Jakob personally has a big interest in digital health, and he's talked about how there is
so much potential for this field to really improve drug delivery - drug selection for prescribing, drug
dosing and titration, and collecting real-world adherence data and outcomes. Novo Nordisk is
partnered with IBM Watson to bring better insights to providers and patients, and we cannot wait to
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see where they focus, whether it be clinical decision support, comparative effectiveness research,
predictive analytics, or better data for payers.

▪ Dr. Kyu Rhee is the Chief Health Officer of IBM, where he has global responsibilities for
Watson Health and assuring a Culture of Health at IBM. IBM Watson now has diabetes partnerships
with Medtronic, Novo Nordisk, ADA, and HelpAround, as well as a new project in diabetic
retinopathy. IBM CEO Ginny Rometty has referred to healthcare as IBM's "moonshot." IBM also
transitioned from a hardware to a service company, and we look forward to seeing what diabetes can
learn from that move. I love this quote from IBM Watson Health's Chief Science Officer Dr.
Shahram Ebadollahi, shared at ATTD: "Unstructured data is growing exponentially and projected to
reach 44 zettabytes by the year 2020 …." (…Dr. Ebadollahi taught us that if grain of rice is a byte, a
zettabyte will fill up the Pacific Ocean - that means 44 zettabytes is 44 pacific oceans.)

▪ Dr. James Mault, MD is Qualcomm Life's Chief Medical Officer and came to
Qualcomm Life in 2013 when his remote patient monitoring company Healthy Circles, which he
had led since 2009, was purchased. Qualcomm and Qualcomm Life have been important to watch in
this field - Qualcomm Life invested in Telcare early on and recently partnered with Medtronic to
make a single-use, professional CGM. I love this quote: "Qualcomm is creating the connectivity
fabric and chipsets for the Internet of Things (IoT), which link 26 billion objects over the next five
years." A very notable example of what they're doing came earlier this year in a partnership with
UnitedHealthcare: they have developed special wearables to give to beneficiaries, who can earn up to
$4 per day for meeting certain activity goals. That's ~$1,400 per year, and a real testament to UHC's
belief that wearables and wellness are worth paying for.

Panel Discussion

ADAM BROWN: If you magically found $150 million and you had to spend it on one thing - one
product, one app, one service - what would you invest in building and who would it help? And,
what would you not spend it on?

KEVIN SAYER: Jeffrey [Brewer] and Bryan [Mazlish] told me to say I'd give it to them. [Laughter] We don't
have a problem spending money at Dexcom. We spend a lot. If I found $150 million, I'd speed up what we're
doing. We have lots of things on the horizon. We have our Google relationship. We're trying to miniaturize our
platforms. We're working on advanced analytics. Also, the type 2 problem that you talked about earlier is
something that we've spent a lot of time on. We get feedback from type 2 patients that have worn CGM for a
week, and they say that the educational experience is incredible. They say, "I didn't know how badly I ate."
The information is incredible. So I'd give my money to type 2, short of giving it to Jeffrey and Bryan.

HOOMAN HAKAMI: Well I think that I'd start with $5 million. Your story at the beginning really
highlighted a big need. It's impossible to fill holes of data. We have to do better when physicians don't have
enough data. For us, it's about trying to build those data sets. It's about building partnerships with
organizations like IBM. We need to get a more complete picture of the patient and run that through
algorithms so we can provide meaningful info in real time for both the patient and physician. If you look at the
need, it's massive. In type 2 diabetes, for example, we need to provide insights that can help with the basics -
what medications is the patient taking - to more sophisticated insights - such as recommendations on how a
patient can better control their glucose based on an analysis of their exercise, food, sleep and other biometric
data. And doing that on a broader scale around the world is a huge need and opportunity.

JEFFREY BREWER: We actually need about $150 million total …!. I spend a lot of time raising money for
Bigfoot. It takes a lot of money to build a business and build our version of a solution. I meet with investors
who say, "Can't you do this with an app and cloud solutions?" Yes, we can and then that would be mated with
device. The system would connect to a network and capture data. We need pens that can provide connectivity,
pumps that can stream to the network, and CGMs that can do the same. We don't know how much insulin
people are taking using shots. Investors can't believe that we don't know how much of this dangerous drug is
being administered. The ecosystem needs to be developed, and it costs money to do so. We are on a journey to
try to offer a solution to this.
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JAKOB RIIS: A lot of problems would be solved if we could make a glucose-sensitive insulin. We've started
on that, but honestly, we won't get very far with US $150 million [laughter]. For less than that, we could bring
a system to the market that tracks how much insulin you are taking and when you are taking it. It's what is
needed to make personalized dosing algorithms work, and we can make insulin safer that way. [In a later
conversation, Mr. Riis added, "Connectivity has a much more profound meaning to Novo Nordisk than data
exchange - it's about being truly patient-centered. Giving interaction designers $150 million to develop digital
health solutions would allow us to better connect with our customers, and thereby, better help them in their
daily lives.]

DR. KYU RHEE: I think of patients and entrepreneurs, and I'd love to give it to a patient advocacy group.
The diaTribe Foundation, the ADA …. And I'd decide how to spend it with entrepreneurs and there are lots of
innovation opportunities out there. How I wouldn't spend it - I probably wouldn't go to Harrah's and bet on
black. But maybe tonight, I'd bet on red.

DR. JAMES MAULT: Raise your hand if you have a credit card or know someone with a credit card. Keep
your hand up if you're aware that you can go online and pull up your Starbucks transaction from this
morning. [All hands stay up] Keep your hand up if you or someone you know has had their cholesterol taken
and received immunizations. Keep your hand up if you can find that online. [Most hands go down] All of you
should know that there's not a single state but one - Connecticut - that gives consumers a legal right to a copy
of their medical records. When taking care of diabetes, it is absurd that data is not liquid and available to
people when they need it. That's just plain and simple and we need to do a better job of enforcing that almost
civil right.

MR. BROWN: What is something you believe that other people think is crazy?

MR. BREWER: So I'll give you some real crazy talk. I believe a PCP can prescribe and support an automated
insulin delivery system.

MR. RIIS: I think we should aim to have payers genuinely value our products. What's crazy about that?
That's not how we currently have our dialogue with payers. When connectivity will give us proper data on
treatment outcomes - payers will realize what's good innovation and what's not. There's a lot we need to
rethink within the healthcare sector - there's a lot of wasted energy in the system right now.

MR. BROWN: Data for payers would be a huge win. My payer sends me information on pregnancy tests.
They have no idea who I am. It is laughable.

MR. HAKAMI: Something crazy? I get a lot of funny looks when I talk about 20 million patients by 2020.
We have to shoot for big goals. It can't just be Medtronic. I want to see Dexcom be as successful as they can.
As well as all the people and organizations on this panel. Twenty million patients is just a fraction of all those
out there with the disease. We need to collectively do better.

MR. SAYER: I'm going to go back to a conversation I had when I first came to Dexcom with someone else in
the industry - they said you'll never see the day when you impact [glucose] strip sales. Really? I wasn't crazy.
And we've said for a long time that our goal is to replace fingersticks and we won't back down from that. The
data we provide to this ecosystem is extremely useful across the board in diabetes. We have a lot to figure out
how to get your payer to pay for it. I agree with Hooman - everyone should be served by these devices.
Everyone will be served in a different way. So, when we used to say we were going to replace fingersticks we
were looked at as insane. Not so much anymore.

DR. RHEE: The thing I'd speak to is the concept of transparency. In this healthcare ecosystem, transparency
is essential to trust which is essential to transformation. Often, we get caught up in a lack of transparency.

MR. BROWN: A question on business models. I love the example of Kodak, who made all its
money selling film years ago. The first digital camera was actually invented at Kodak, and
when executives saw it, they buried it - they were scared about what it would do to the film
business they had built. And then Kodak went bankrupt. What can be learned? Kodak forgot
their mission, which was not to sell film; it was to record memories. In diabetes, how should
we think about delivering this stuff? Hooman and Jeffrey have been very vocal about how
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diabetes technology needs to be a service business and not just about selling hardware. How is
this all going to change?

MR. HAKAMI: We have been very vocal about it. We've talked about it several times this week. Five years
from now, I don't want Medtronic Diabetes to be a medical device company that sells hardware. If we are
successful, we will be a diabetes management company that provides outcomes. Technology is a part of that,
but it's not only about the product. It's about the other things around the product - such as the data about the
patient that's relevant to their health and to the management of their disease. You have to turn that data into
actionable insights and feed that back into an integrated patient care system and enable the system to provide
care in real time in a meaningful way. If you look at what we've been up to, it's about building the puzzle
pieces to make the transition to a diabetes company that ultimately provides diabetes management and
outcomes, not products.

MR. BREWER: My particular journey in this business has given me a certain perspective. When I started
the artificial pancreas project, I had a lot to learn about healthcare from reimbursement to regulatory. It took
me a decade to come up with some minimal level of competency, at which point I could have an opinion about
the various constituents that needed to be served. I think one group that needs to be served better is patients.
This is not a small ask, and I wish it were different because my son has type 1 - we need to increase the safety
of devices and make them fit more seamlessly into lives. The second group I would identify is providers. From
a business model perspective, you have to create something that's easy to digest and easy to use. You have to
make devices as easy to understand as a shot of Lantus or three shots of insulin. Then, thinking about
business models, the hardest thing is to serve the payers. How do we motivate them?

DR. MAULT: This goes back to our big announcement with UnitedHealthcare. In the spirit of transparency,
I'll give people a sense of what it took for a behemoth like United Healthcare to create an entire healthcare
design predicated on wearable digital technology. This is a program that will allow employees to earn $4 a day
and up to ~$1,500 a year and another ~$1,5oo for their spouse in return for not just wearing the wearable, but
for following a specific directive curriculum of activities. Coming back to the whole point, United isn't doing
this just for fun. They won't do it unless they know they'll make money. It actually took very extensive
outcomes data from four million patient records and analytics efforts that took four years and pilot programs
over the last two years with 150,000 employees each to get to the right outcomes vs. cost ...

DR. RHEE: And I love how innovative that is in the partnership with Qualcomm and United Healthcare.
Who is the payer? Raise your hand if you're a payer. There are trillions of dollars, and half the money goes to
Medicare, Medicaid, and military. Another half goes to employer-based insurance. What's happening is
clearly a movement toward expecting value in healthcare. We have a lot of data and we have not necessarily
translated it. In the same way that diabetes is an invisible disease, the data has been invisible. We have to
figure out how to get it to the true payer.

MR. SAYER: These business models are still hard. It needs to be easier to get these devices into patient
hands. We're not going to move to a service business overnight. We have to find ways to break down walls.
Outcomes data is critical in this regard. We presented DIaMonD and saw a wonderful outcome. We hope that
this is the beginning of us breaking down some walls and getting patients access to CGM more quickly.
However, when business models get tough is when you have partners involved. For example, when Glooko
partners with us on the data side and someone else adds the insulin component, how do you split the pie? It's
nice to be able to offer the whole service but we don't and it's not easy. It leads to a lot of great days with
thoughtful exercises and over time, it's going to evolve. It's going to take a while.

MR. RIIS: I think the business model is going to continue to rely on the physical products when we discuss
digital solutions within insulin treatment. But that doesn't mean we can't provide value beyond the product.
We recognize it's difficult to integrate the digital products into the current business model - but a few can do
it. There just has to be a link.

MR. BROWN: Where is this field going to make the biggest difference in the next 5 years? What's the lowest
hanging fruit?
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MR. BREWER: Knowing how much insulin is taken is the fundamental data point. We are big fans of data,
but also of solving small, targeted problems that will have amazing returns. If you know how much insulin is
being taken, what the blood glucose is doing, you can actually do something. If you don't know that reliably,
then you don't know anything. Right now, we won't be focusing on diabetes at large, but on type 1 specifically.
There's a problem right in front of us and we think it's very solvable and we're going to go after it.

MR. HAKAMI: I would break this question up between type 1 and type 2 patients. I think if you look at type
1, it is closing the loop. We are on a path to that with hybrid closed loop. We are in a position where we are
close to eliminating adverse events with a systems-based approach. That system is our goal. With type 2, I
think the biggest opportunity is to empower the primary care community to better manage patients with type
2 diabetes. I think monitoring plays a big role in that, and I think it's a big opportunity.

MR. SAYER: I think the low hanging fruit is how we change how we make decisions via either an activity
monitor or glucose monitoring or vital signs. We can make intelligent decisions …rather than just guess. We
ask patients, "Why are you on Victoza?" And they say, "because that's the commercial my wife and I see the
most." And that's it. I think we'll have much more intelligent decisions and patients and payers will all benefit.

DR. MAULT: So what I'm holding here is a chip that's actually smaller than my pinky fingernail that has
Bluetooth, a motion sensor, heart rate, body temperature, etc. It has a battery with a two-year shelf life and
it's disposable for less than 10 dollars. This is already going on every patient admitted preoperatively,
postoperatively, and they get a new one when they get home. We talk about how proud we are of our modern
medicine, but we are still living in the dark ages. We practice medicine by trial and error - it's haphazard and
uninformed. We are about to enter the age of intelligent care, where we are going to have real information for
the first time. And real data, not just snapshots in time. We'll have data and predictive analytics like we've
never had before. In five years, we will be able to see data and know things that clinical practice has not been
able to do manually.

DR. RHEE: As a primary care provider, I often reflect on how the patient is the most important member of
my focus. But to be honest, you've also got nurses and educators and psychologists and nutritionists and
physical trainers - health and healthcare is a team sport. In the next five years, I see an opportunity to bridge
what has been siloed and to push for ways in which diversity can breed creativity. There are important
partnerships that need to be developed at global and multinational levels. This is what we were thinking in
our partnerships with Novo Nordisk, Medtronic, and ADA. What we've learned is that transformation
requires a team effort.

MR. RIIS: I'm not so sure that there is a low hanging fruit. This is going to be difficult. We need to tell the
world that we're up for it, and that we're going to stick together in our various partnerships, until we have
delivered. To ask about a low hanging fruit is a great panel question. But it might create some misperceptions
that there are quick wins in this area. And if expectations get ahead of us, we may get too many
disappointments, which in turn could dampen the pace of innovation. We are very ambitious in Novo Nordisk
within this area, and are prepared to work hard at it - while expecting it to be difficult.

MR. BREWER: We are not waiting. Technologies exist, but they need to move faster into the lives of people
with this disease. It is unacceptable to not have basic connectivity and information on how to give it. When my
son was diagnosed, I was given a hand drawn sliding scale for how to dose insulin. Then later I was at a
diabetes technology conference and met people in the field trying to build solutions. We've been on a journey,
and now it's really time. There is some real focus and energy. It just shouldn't be acceptable any more; people
shouldn't die because the data saying they're in trouble isn't being shared and seen by others.

MR. BROWN: One of my biggest takeaways from ADA 2016 is how dangerous insulin therapy
is. This concept that patients are asked to dose insulin based on a given A1c, which could mean
an 80 mg/dl spread in average blood glucose - for a 7% A1c, that could mean your average
blood glucose is anywhere from 120 mg/dl to 200 mg/dl - that's crazy! So with that mind, what
single question keeps you up at night about this field?

DR. MAULT: Disruption is painful especially for those disrupted. What keeps us awake is the fact that
healthcare professionals are not prepared for this new world of digital health. You've got to retrain providers
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to practice medicine in ways they haven't practiced medicine before. That's … what's holding up our transition
to a more digital healthcare world … The biggest hurdle is retraining HCPs and writing guidelines to take
advantage of the opportunity we currently have and that other industries have already taken advantage of.

MR. BREWER: I agree that there are challenges around training. But we need tools in technology to support
the jobs that people do. We shouldn't have to retrain people. That's the biggest takeaway for me. We have no
tools in the medical device industry that people can self-assemble. I think we can do a lot better in supporting
clinicians and not requiring them to change to leverage tools. And same for patients. Also, the FDA has given
us an open field running to do what we want to do. They're not a reason to stop.

DR. RHEE: IBM is a B2B company. I'm always struggling with how this relationship works for patients -
how does the B2B translate to B2C. That is often what I focus on.

MR. SAYER: What keeps me up at night? We have life-saving technologies. Are we going fast enough?

MR. HAKAMI: The exact same thing. You all heard the passion tonight that Jeffrey showed when he was
answering this question. We need every person in our organization feeling that way. "Because it's hard" is not
a reason we shouldn't move ahead. It's about our people and our mindset.

MR. BROWN: As we open it up to audience questions, I just wanted to recognize Mr. Kevin
Hagan, CEO of ADA, who is in the house - he and his team have created an absolutely
incredible Scientific Sessions. [Applause]

RICK ALTINGER (Glooko, Palo Alto, CA): Digital health is a big topic. What I'd like to ask is one thing, a
rhetorical question: how has Dr. Howard Wolpert helped you in digital health? Howard is about to transition
from Joslin, where he has had an incredibly impactful career, to Lilly. I would just like to take my moment
here to thank Howard for what he's done and the impact he's going to make in the future. [Applause]

DR. AARON KOWALSKI (JDRF, New York, NY): This is an amazing time in the diabetes
technology revolution and we know so much is possible. I've been fortunate to spend a lot of
time with all of you in the panel. We have potential, but we have FDA in the middle. I'm a
scientist at JDRF, but now I work on policy. Kevin, think about it - we had G4 and then G4AP,
but it took many months for you to get just a new algorithm with more accuracy through the
Agency. How do we drive some radical acceleration of the speed and pace of technology in an
FDA regulated world?

MR. HAKAMI: Look, I'll give you a contrarian view. We have been working closely with FDA for the last
three years - incredibly closely. Because of the work we're doing with them, we've put ourselves in a position
to launch our hybrid closed-loop platform first in the US and then in the EU. This is totally the opposite of the
way every other product launch has gone. What I've found about the FDA - in working with Courtney Lias and
Stayce Beck - is that the organization is much more open and willing to partner with industry. If you look at
the historical charter of FDA, the description focuses on promoting public health. That will, of course,
continue to be the charter and the focus. Historically though, this focus on promoting the public health has
resulted in a singular focus on ensuring products are safe and effective. However, if you look at mindset today
within the FDA under Dr. Shuren's leadership, they are realizing that in addition to safe and effective
products, innovation and technology also help promote the public health, and you have to encourage both -
safe and effective products and innovation. As a result, we have been seeing greater collaboration with respect
to innovation. This doesn't mean we always agree with each other or we move as fast as everyone wants, but
there has been big progress and I really commend the FDA for this.

MR. SAYER: With the algorithm example you gave, from the time we filed to the time we launched was six
months. When we commit to the FDA, things go very well. We manage the process and it isn't without conflict
and without issues, but by and large when we honor our commitments and deliver the outcome we promised,
we get through. It's up to companies to exercise due diligence to what they promise and what they commit.
When we say we are going to submit something that's perfect and then it's not, we can't blame the FDA.
There's been a lot of progress and they're pretty open. These trials for insulin dosing will be much bigger and

www.closeconcerns.com 394



much more complicated than anything else we've ever done, but if we get through it we'll bring these devices
to people who need them.

MR. RIIS: Well-characterized and documented solutions with clear patient benefits would not always be
upheld by the FDA. But we need to acknowledge the huge responsibility that FDA has, and that mistakes will
cost lives.

MR. BROWN: I have a question for Jakob. For me, the low hanging fruit is insulin dose
titration software for clinicians. What's the missing piece here? The FDA? Why isn't this
moving faster?

MR. RIIS: If the technology comes together, we can make it happen. In Novo Nordisk we are currently
uncertain about how to construct the solution, or the end product. When we talk about it in broad terms, it all
sounds great. But when we discuss the concrete design of the solution, it gets difficult. We can't make things
complicated. We need to make the difficult decisions on what we're aiming for. How far do we stretch
ourselves towards the 'perfect' solution and how quickly do we want to move? If we get it wrong, we may get
something fast, but it won't solve any problems.

MR. BREWER: One question I ask myself is: How good do we need to be to make a difference? We spoke
earlier about keeping track of insulin injections, potentially with a cap on disposable pens. As an example,
maybe we just have to know that we took between eight and ten units. Maybe being able to identify smaller
increments isn't as important as just getting that technology to patients. Sometimes we look at accuracy of
systems rather than their impact on the system. You really can create something better for patients even with
a level of inaccuracy that people are normally uncomfortable with. We can't let perfect be the enemy of the
good.

MR. BROWN: We heard from Abbott's IMPACT study of FreeStyle Libre in type 1 here at this meeting
that people with an A1c of 6.7% were spending three hours a day below 70 mg/dL [editor's note - below 3.9
mmol]! To what degree could the software and monitoring help us with that?

DR. MAULT: The FDA has been amazingly pragmatic over the last three years, particularly in the area of
digital health. Smartphones came out of nowhere and suddenly there are 30,000 health apps. At the FDA,
these all started at class III then they downgraded some to class II, then class I [for wellness]. It's a huge boon
to entrepreneurs and innovation. Now the FDA is just about to render the guidance we've been all waiting for
related to clinical decision support tools. That's where all of this software is going to help manage the insulin.

MR. BROWN: I'd love to hear from a prescriber. What is it like prescribing these technologies?

DR. ANUJ BHARGAVA (My Diabetes Home): There's one disease we don't talk about in the
diabetes community, and I have it: 25% of the time, I use my license and do what I'm supposed
to do as a doctor. 75% of the time, I'm a documentation specialist. That's what we're doing
now. We simply are unhappy … what is there to get us out of there?

MR. BREWER: The responsibility to live with type 1 is crushing a lot of people. It's an unreasonable
responsibility for adults and children and parents. I didn't see it until my son was diagnosed. It's a hard, hard
job and it wears people out. The fact that you need twelve different systems and have to figure out copays and
do inventory management and record data and upload it - every one of those things erodes quality of life. Any
small piece you can get back - like a pre-filled insulin cartridge saving 15 minutes of time - is huge.

MR. HAKAMI: From a Medtronic perspective, when we think about digital health and decision support it's
not just decision support for the patient - even though they are obviously a huge stakeholder. The decision
support capabilities that we are driving are intended to equally support the physician. An example is in the
type 2 business. When you think about diabetes from the physician's perspective, they are maybe seeing their
patients every three months. That's tons of meals and BG readings and exercise data, and they are presented
with this and have 15 minutes to figure out what to do with it in order to optimize care for their patients - it's
next to impossible. We are looking at decision support tools to make the analysis of this data not only
possible, but in a way that is easy, personalized and provides the best care for patients.
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MR. BROWN: One of the favorite things that I've heard in the past year was from Sonny Vu, a founder at
AgaMatrix. It's called the turnaround test. For patients, a device should be so good that you're halfway to work
and you realize you forget it, and you actually go back home and get it. It's that essential - you cannot live
without it. It would be terrific to see more tools that could pass the turnaround test for providers - what tools
can we build that are so useful, they cannot live without them?

HOWARD LOOK (CEO, Tidepool): We have heard so much about the DIY community - there's a clear
message from all of us that empowered, engaged patients can do big things. We can't count on big companies
to do everything. My question for all of you is what are you doing to not just liberate data so your devices and
your software can take advantage, but also so your ecosystem can grow to both read and control devices?

MR. SAYER: I think controlling devices is a different story. With respect to APIs we've recently started
building a much bigger stream of data science. We are doing a lot to build that platform with multiple
different interfaces depending on goals and objectives. We are laying out data strategy and we've talked to
different developers. We don't yet have resources for every problem.

MR. RIIS: We're working on connected devices and we're looking at making the insulin injection data
available for all solutions. The business model is a new one to Novo Nordisk and is therefore evolving. But it's
what the ecosystem needs so that's what we're doing.

DR. RHEE: Watson has a lot of open APIs. So we've got a lot of interest there and we want to continue to
open data to people who can be innovative

DR. MAULT: At Qualcomm, open data is our modus operandi. We've got an open ecosystem of over 1,000
medical devices. People often think of Qualcomm and biometrics, but we're now enabling the connectivity,
too.

MR. BROWN: As an aside, it's funny to me that you go to CES and see a connected fridge, but few things in
diabetes are connected.

DR. RHEE: We wanted to highlight the developer challenge that the ADA and Watson Health have
announced. We want developers to take advantage of APIs and create new things.

MR. BROWN: What is the role of small companies in all of this? How can they propel
innovation?

FREDERIK DEBONG (mySugr, Vienna, Austria): I thought about this opportunity five years ago. And
after five years, we're finally hearing, "let's play." There's been amazing momentum in this field, where data is
opening up and patients have started organizations like Tidepool and OpenAPS. If we all get along, then we
can solve this trend of fewer endocrinologists and diabetologists …

MR. HAKAMI: I think you alluded to it at the beginning, Adam. Historically, the group would agree that
from a data perspective, we had not been open. However, I think what you're seeing with us - especially with
our partnerships with Glooko and IBM - is that we're beginning to appreciate the power of data exchange.
We're more and more open. It has to happen. We just want to make sure we're doing it with the right partners
in the right way. We're proceeding forward but doing it cautiously.

MR. BREWER: There are different roles for different kinds of enterprises. Small startups and big
established businesses all play on the same playing field. When you are protecting existing business it's a
different kind of approach. They have an advantage that's unfair. That's just the way it works. You literally
have less to risk. It's a dream come true to me to see this happening today and I'm happy to be a part of it.

DR. BRUCE BODE (Atlanta Diabetes Associates): One of the issues people have is cost. As you know,
the cost of medical care continues to rise, and people with diabetes obviously have a lot of cost. The price of
drugs is going up, the price of sensors is going up, etc. How do you plan to get this to the masses to help
everyone with diabetes?

MR. BREWER: My experience is the opposite: prices go down. There's a lot of opportunity to use
technology to do things cheaper and take cost out. My sense of the payer system is that we've got all these tech
opportunities to bring the cost down. That's what payers demand.

www.closeconcerns.com 396

https://www.closeconcerns.com/knowledgebase/r/6de41447#ADA_Partners_with_IBM
https://www.closeconcerns.com/knowledgebase/r/6de41447#ADA_Partners_with_IBM


MR. HAKAMI: What I would say is the following - and this goes slightly against what one of the panel
members said earlier. If you find that you are in a position where you are extracting value from the healthcare
system today, but the system doesn't realize value from what you provide until much later, eventually you're
going to find yourself in a position where you will be marginalized or commoditized. How you change this is to
be on the same side of the healthcare system so that you extract value at the same time and in the same
fashion as the system. This is why we support a world where we get paid for outcomes. As we move there, the
focus will shift to where technologies and solutions can offer better outcomes that lower the cost of care..

DR. RHEE: Transparency, competition, and value - those are three important things.

MR. RIIS: I agree with you, the model we have doesn't work and it can't continue that way. I agree with the
panel. We have to change the transaction so it's relative to outcomes. You may still have a transaction
centered around the physical product, but price has to be relative to the total value you offer. Going forward,
regular price increases above CPI [inflation] are not going to happen, unless new clinical data documents that
the clinical value is bigger relative to when you started pricing. The future will look different when it comes to
pricing - it will be relative to outcomes."

DR. FRAN KAUFMAN (Medtronic Diabetes, Northridge, CA): The one word I didn't hear
anybody say is "global." Everybody knows that I do a lot of work in Haiti and we need a
solution for the 20,000 children with type 1 diabetes that are not making it. We have to think
about global solutions.

MS. KELLY CLOSE (The diaTribe Foundation, San Francisco, CA): There are hundreds of millions
of people that need help globally - thank you Fran for helping us close on such an important note - I think
"global" was in the minds of all the panelists in all the answers that they gave. This discussion has been so
valuable for me - thank you so much! We only had this "Musings" idea a few weeks ago and we're so grateful
to Novo Nordisk for saying "yes" and providing opportunity for us to have it - Qualcomm Life also stepped up
with a valuable contribution and without these contributions that will help drive our advocacy initiative at The
diaTribe Foundation, we can't bring all of you together. So please, a round of applause to all those who really
drove this event - this will help enable patient advocacy, and without that, we can't move ahead at our
Foundation.

My big thanks, too, to Adam Brown, for leading this conversation. I'm sure you can imagine how happy I was
in 2010 when Adam walked into our lives at Close Concerns as a summer associate! What an excellent job he
did tonight in helping drive thinking about this field

Finally, please take a look around at everyone in the room that is here and that is interested in making a
change: patient advocates, researchers, clinicians. We absolutely need to get more policymakers and
government as part of these conversations. So let's toast to making that happen, and to these brilliant
panelists who helped make all this happen tonight.

Our Trip to the Whitney Plantation

For Ali Johnson, our tour guide at the Whitney Plantation, it's hard to imagine how his job could be more
personal. When a friend of his suggested that he work at the country's first slavery museum, he told her no:
"For the first six months I told her, 'I don't want to work at a plantation.' That last word hung in the air for
a moment. When put that way, the very idea of working at a plantation, a place where Johnson could have
been held in bondage if he had been born two centuries earlier, sounded preposterous, even offensive.

Johnson's perspective changed after a tragedy. Last year, a close friend-and the boyfriend of the friend who
had been urging Johnson to come to the plantation-was murdered. Johnson and his friend's attempts to
work through their grief over a senselessness death finally convinced Johnson to visit the Whitney. He
instantly recognized he had found something: "I took the tour and I went straight into the visitor center and
got an application. And I've been here ever since." For the past year, Johnson has been one of several guides
taking groups like ours on tours of the plantation grounds and memorials. As he told us, all the guides give
their own unique tours, shaped by their own perspective on what the Whitney represents.
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"This is my way of paying reparations," Johnson said. He explained that, to him, reparations don't
necessarily mean money to be paid. He said during the tour that reparations can mean any way of healing
the centuries worth of damage the country's black community has endured. He sees knowledge as the best
possible currency to start paying off that debt, and that learning the story of the Whitney can help young
people understand the deep origins of issues they face today.

He explained that his friend didn't have to die, but that his murder was in part the result of social and
structural forces that can be traced all the way back to places like the Whitney Plantation. "It's a lot of
things in our society," he said, "that are perpetuated from policies that were put in place during this time."

Last year marked the sesquicentennial of the end of the Civil War, and it can be tempting to think that
slavery in the United States is a relic of an increasingly distant past. On several counts, this is far from the
case. First, 150 years isn't nearly as long ago as we might like to think. Central to the Whitney Plantation's
story are the slave narratives compiled in the late 1930s as part of the New Deal's Federal Writers Project.
Interviewers spoke with 2,300 elderly men and women who had been emancipated as children and young
adults seven decades prior. Those former slaves could have told their stories to children who are still alive
today. One person who would be old enough to have been able hear such stories firsthand is John
Cummings, the 78-year-old white New Orleans civil rights lawyer who has spent millions of his own fortune
to make the Whitney Plantation a reality. It only takes two lifetimes to bring us back to the time of slavery.

But even then, we're only talking about slavery in one sense of the word. Johnson stressed during the tour
that the Whitney was a working sugarcane plantation until the 1970s, as sharecropping and Jim Crow laws
held black people in what was slavery in all but name. For those interested in further understanding the
effective re-enslavement of those the Civil War supposedly freed, Johnson recommended Douglas
Blackmon's Pulitzer Prize-winning book "Slavery by Another Name." Those looking for a (relatively) shorter
introduction to some of the same territory would do well to read Ta-Nehisi Coates's now famous June 2014
cover story in The Atlantic, "The Case for Reparations."

Still, as important as those stories are to understanding America's racial history, there's nothing quite like
actually walking the grounds of a former plantation. "It's one thing to sit in a classroom and have somebody
give you a textbook and say this happened, that happened, and they did this," Johnson said. "But when you
come here and you see actual things, you see an actual church built by former slaves who were illiterate.
You can see an actual slave jail where they locked people in while they waited to sell them like property. You
can see actual detached kitchens, actual slave cabins and how these people were forced to live, it makes it so
much realer."

Johnson said he doesn't point fingers at any particular groups in his tours, for he feels all groups share
some degree of complicity for the atrocities of slavery-countries around the world bought the sugar, cotton,
and other wares produced by slaves, and it was well known where those goods came from and how they
were made. Now, it would be beyond insulting to use that point to minimize the obvious, overriding
culpability of white people as the architects and perpetrators of slavery in the United States. But Johnson's
point is important in remembering that the story of the Whitney Plantation is a specific, terrible example of
all humanity's capacity for inhumanity. We can recognize that universal point without using it as an excuse
to obfuscate the specific circumstances.To Johnson, the plantation and slavery as a whole represented
centuries of wasted potential, centuries spent building a warped, toxic society on hate and fear. "Just
imagine if they had spent those three to four hundred years loving each other and putting their heads on
how to make our country great. So we have a lot of lost time, a lot of lost expended energy for nothing. It's
going to take a lot more expended energy to overturn those things that all that negative energy put into our
society."

It's difficult to know where even to begin in listing the legacies of slavery - economic, social, political,
environmental -in our society and in the world at large. We reflected during the tour on the racial
disparities in diseases like diabetes, how black people are disproportionately affected by chronic illness. The
dots are there, just waiting to be connected, as slavery and its successor systems helped create the massive
income inequality, divides in living conditions and healthcare access, and all the myriad other factors both
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large and small that underpin that disparity. If we want to create a better future, we must first understand
how our past shapes all aspects of the present.

"That's what the Whitney Plantation is about to me," said Johnson. "That's why I come here because even if
it's just one person who comes here and says, 'You know what, what I've been thinking my whole life is
wrong and I need to make this change to make it better for me and my society,' then I've accomplished what
I set out to do."

Our Trip to the National WWII Museum

An obvious question with the National WWII Museum in New Orleans is, well, precisely that: Why is the
National WWII Museum in New Orleans? If one were feeling glib, the temptation is to say the United States
put its World War II museum in New Orleans because France wasn't going to let the US put it in Normandy,
and there's some truth to that. The museum began life in 2000 as the D-Day Museum, and its original focus
on the amphibious landings reflected the special emphasis the events of June 6, 1944 receive in America's
collective remembrance of World War II.

New Orleans has a special connection to that day. Andrew Higgins was a New Orleans boat manufacturer,
and his Landing Craft, Vehicle and Personnel (LCVP) - often just called Higgins boats - ferried troops and
craft to shore throughout Europe and the Pacific. (His namesake street now connects the National WWII
Museum with the Convention Center.) The boats that landed on Omaha Beach had their first field tests on
the shores of Lake Ponchartrain. Indeed, in 1964, Dwight Eisenhower declared, "Andrew Higgins is the man
who won the war for us. If Higgins had not designed and built those LCVPs, we never could have landed
over an open beach. The whole strategy of the war would have been different." Employing the first racially
integrated workforce in New Orleans history, Higgins built 20,000 boats during the war.

The Louisiana Memorial Pavilion still tells the story of World War II primarily through the prism of
amphibious landings, with a particularly detailed section breaking down all that happened on D-Day. But
in the past several years, the museum has seen massive expansion, with new pavilions roughly quadrupling
the museum's size. It would take at least one very full, exhausting day to see and do everything the museum
has to offer, so some strategy is in order.

The centerpiece of the museum is the Campaigns of Courage Pavilion, with two huge, immersive galleries
detailing the stories of the two American campaigns: Road to Berlin takes visitors through the European
theater, while Road to Tokyo delves into the Pacific. As visitors move through the various rooms detailing
the war's most famous battles, the environment changes. Most striking is the section on the Battle of the
Bulge, as the temperature noticeably drops and an eerie silence takes hold to capture some tiny glimmer of
what this wintertime offensive was like.

Essential to the museum's success is its emphasis on individual narratives. Visitors are given "dog tags,"
keycards they can scan at different points during their trip through the museum and learn the real-life
stories of Americans throughout the war. Mixed in with the panels on the overall history of the war are
pieces dedicated to the wartime experiences of people like legendary battlefield correspondent Ernie Pyle
and Slaughter-House Five author Kurt Vonnegut, plus plenty of men and women whose names are
otherwise lost to history. The museum takes seriously its mission of honoring the 16 million veterans who
served in World War II, only about 850,000 of whom are still alive.

As vast as the museum is, World War II is still far too massive a topic to be contained even in a half-dozen
pavilions. As such, it's worth understanding that the National WWII Museum isn't telling the entire story of
World War II, but the story of more specifically the American military in World War II. International
visitors may well find it curious that the museum generally says World War II began in 1941, rather than
1939. The museum keeps its focus primarily on those Americans who went overseas to fight, with the home
front receiving relatively little attention.

This becomes a little tricky when we consider how the museum characterizes the overarching narrative of
the war. The excellent, partially interactive 48-minute film Beyond All Boundaries presents the story of 1941
to 1945 as Americans (and, implicitly, the British) fighting for liberty and democracy in the face of the most
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terrible threats to peace and civilization the world had ever known. This is a rousing, inspiring story, and
it's essentially accurate-if any foe ever demanded such a straightforward analysis, it's Nazi Germany-but it
elides some of the nuance a place of knowledge and learning should strive for.

Certainly, it's reductive to think of World War II as simply a battle between democracies and dictatorships
when the European theater was dominated by the fierce, incomprehensibly deadly fighting between Adolf
Hitler's Germany and Joseph Stalin's Soviet Union. And yet an inattentive visitor could be forgiven for
thinking the Allies consisted only of the United States and the United Kingdom.

We also could find precious little in the museum devoted to perhaps the darkest chapter of America's own
wartime story: the internment of 110,000 Japanese-Americans. (In fairness, the museum's website has a
solid overview of this topic.) Again, it's not the responsibility of any one museum-even one that calls itself
the National WWII Museum-to cover everything related to a topic that defies any such easy summation.
Indeed, writing this reflection mostly just makes us wish we somehow had time to head five hours due north
to the World War II Japanese American Internment Museum in McGehee, Arkansas.

None of this is necessarily meant as too harsh a critique. We simply believe that we learn the most from
history when we heed all of its lessons, and that we must be vigilant not to let the earnest, heartfelt desire to
honor the heroes of the past obscure the darker aspects of our story. The National WWII Museum is a
remarkable, vast place, and we can imagine few better introductions to the story of the American military
from December 7, 1941, to August 15, 1945. That it only represents a sliver of the entire World War II story is
all the more reason why a visit demands reflection on those world-shattering years long after you have left
the museum's pavilions.

-- by Melissa An, Sadie Bronk, Adam Brown, Shivani Chandrashekaran, Lucy Chu, Samantha Coffer,
Abigail Dove, John Erdman, Emily Fitts, Lauren Forbes, Helen Gao, Samiul Haque, Varun Iyengar,

Stephanie Kahn, Brian Levine, Nancy Liu, Payal Marathe, Hannah Martin, Sarah Odeh, Nina Ran, Emily
Regier, Lisa Rotenstein, Ava Runge, Tony Thaweethai, Manu Venkat, Alasdair Wilkins, Sarah Wilkins,

Yrenly Yuan, and Kelly Close
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