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Executive Highlights

In this final report, we provide our full coverage of the 75th Scientific Sessions of the American Diabetes
Association (ADA), held at Boston Convention and Exhibition Center in Boston, MA from June 5-9, 2015.

The conference drew over 18,000 attendees, beating out 17,300 in San Francisco in 2014 and 17,737 in 2013
in Chicago. ADA 2015 included over 15,000 clinicians, a rise from 14,443 last year. We're still following up
with ADA to see what fraction of attendees were international (60% were last year), though it's encouraging
to see that the number of represented countries rose to 130, up almost 10% from 120 countries in 2014.

The five-day Scientific Sessions spanned 91 symposia sessions, 50 oral presentation sessions, 10 interest
group discussions, 17 meet-the-expert sessions, and more than 2,200 poster presentations. We've sorted
through the learnings and in this final report, include 39 themes and detailed commentary from 244 talks
and discussions (oral presentations, symposia, lectures, panel discussions, meet-the-expert sessions,
corporate symposia, and press conferences), along with coverage of 25 posters and 26 exhibits. We've
narrowed the scope of our coverage this year, which spanned 300 talks, 32 posters, and 31 exhibits last
year.

Below, we have organized our writing into 16 specialized reports: (1) Big picture conference themes; (2)
Insulin Therapy; (3) SGLT-2 Inhibitors; (4) GLP-1 Agonists; (5) DPP-4 Inhibitors; (6) Novel Therapies; (7)
Type 1 Diabetes Cure Therapies and Pathophysiology; (8) Closing the Loop and Insulin Delivery; (9)
Glucose Monitoring; (10) Digital Health; (11) Obesity and Prediabetes Care; (12) Diabetes Complications;
(13) Treatment Algorithms and Strategies; (14) Policy and Education; (15) Generic Drugs; and (16) Exhibit
Hall and Investor Updates.

We've highlighted in yellow any presentations and commentary that we found particularly notable. Our full
report includes over 150 talks that were either not published in our daily highlights reports, or have been
significantly expanded in the past two weeks - these titles are highlighted in blue (unless that talk was a
notable yellow highlight).
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Insulin Therapy
Oral Presentations: Basal Insulin Analogs - New Evidence

Basal Insulin Peglispro (BIL) Is Superior to Insulin Glargine (GL) in Reducing HbA1c at
52 Wks in Insulin-Naïve T2D Patients (Pts) Treated with Oral Antihyperglycemic
Medications (OAMs): IMAGINE 2 (93-OR) Melanie Davies, MD (University of Leicester,

Leicester, UK)

Greater HBA1c Reduction with Basal Insulin Peglispro (BIL) vs. Insulin Glargine (GL) in
an Open-Label, Randomized Study in T1D Patients (pts): IMAGINE 1 (95-OR) Satish

Garg, MD (University of Colorado, Aurora, CO)

Reduced Intra-Subject Variability of Basal Insulin Peglispro (BIL) Compared with Insulin
Glargine (GL) in Patients with Type 1 Diabetes Mellitus (T1DM) (94-OR) Tim Heise, MD

(Profil, Neuss, Germany)

New Insulin Glargine 300 U/mL Provides Sustained Glycemic Control and Reduced
Hypoglycemia over 12 Months Compared with Glargine 100 U/mL in Japanese (98-OR)

Yasuo Terauchi, MD, PhD (Yokohama City University, Yokohama, Japan)

Safety and Efficacy of Insulin Glargine 300 U/ml (Gla-300) Compared with Other Basal
Insulin Therapies in Patients with Type 2 Diabetes Mellitus (T2DM)-A Network Meta-
analysis (NMA) (99-OR) Hongwei Wang, PhD (Sanofi, Bridgewater, NJ)

Improved Glucose Control Without Increased Hypoglycemia Risk at Any Level of HbA1c
Reduction with Insulin Glargine/Lixisenatide Fixed-Ratio Combination (LixiLan) vs.
Insulin Glargine Alone (169-OR) Julio Rosenstock, MD (University of Texas Southwestern Medical

Center, Dallas, TX)

Unique Profile of the Weekly Insulin HM12470: Very Slow Onset of Action, Rapid Off-
Rate Similar to Insulin, and Absence of Insulin Receptor Downregulation (96-OR) Nina

Wronkowitz (German Diabetes Center, Düsseldorf, Germany)

PE0139, the First Recombinant Fully Human Monomeric Super-Long-Acting Basal
Insulin to Display a Sustained Nearly Peakless Insulin Profile Following a Single
Subcutaneous Dose in Subjects with T2DM Supporting Weekly Dosing (100-OR) Poul

Strange, MD, PhD (PhaseBio Pharmaceuticals, Malvern, PA)

The In Vitro and In Vivo Pharmacology of AB101, A Potential Once-Weekly Basal
Subcutaneous Insulin (97-OR) Brian Roberts, MD (Mills-Peninsula Health Services, Emeryville, CA)

Oral Presentations: Assessing and Improving Adherence to Insulin Therapy

Does Insulin Adherence Decline With More Injections? Ian Blumer, MD, (University of

Toronto, Ajax, Ontario)

Oral Presentations: Combining Basal Insulin and GLP-1 Agonists

Insulin Degludec/Liraglutide (IDegLira) is Superior to Insulin Glargine (IG) in A1c
Reduction, Risk of Hypoglycemia, and Weight Change: DUAL V Study (166-OR) John

Buse, MD, PhD (UNC, Chapel Hill, NC)
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Assessment of Glycemic Control by CGM in Patients with T2D Treated with IDegLira
(170-OR) Allen King, MD (Diabetes Care Center, Salinas, CA)

Superior Effects with Combination of Insulin Degludec (IDeg) and Liraglutide (Lira)
(IDeg+Lira) Compared with Basal-Bolus Insulin Therapy (BB) in Hemodialysis (HD)
Patients with Poorly Controlled Type 2 Diabetes (T2D): An Assessment by Continuous
Glucose (171-OR) Satoshi Funakoshi, MD, PhD (Jikei University, Tokyo, Japan)

Least Glucose Variability and Hypoglycemia Is Observed with the Combination of a GLP-1
Receptor Agonist and Basal Insulin (VARIATION Study) (167-OR) Harpreet Bajaj, MD,

MPH (LMC Diabetes and Endocrinology, Toronto, Canada)

Synergistic Action of PE0139, a Super-Long-Acting Basal Insulin, and PB1023 a Weekly
GLP-1 Receptor Agonist (168-OR) Jim Ballance, PhD (PhaseBio Pharmaceuticals, Malvern, PA)

Once-Weekly Combination of GLP-1R Agonist and Insulin (HM14220) Offers Improved
Glycemic Control and Reduced Weight Gain Risk (172-OR) Michael Trautmann, MD (Profil

Institute for Clinical Research, San Diego, CA)

Posters

Liver Enzyme Results from 7 Basal Insulin Peglispro (BIL) Clinical Trials in Type 1
Diabetes and Type 2 Diabetes (989-P) ML Hartman, S Zhang, E Bastyr III, AM Chang, SJ Jacober,

and MJ Prince

Lipid Changes During 26-Wk Treatment with the Novel Basal Insulin Peglispro (BIL) vs.
Insulin glargine (GL) or Insulin NPH in 6 IMAGINE Trials (990-P) H Ginsberg, B Cariou, T

Orchard, L Chen, J Luo, E Bastyr III, J Bue-Valleskey, A Change, T Ivanyi, S Jacober, J Jacobson, B Hoogwerf

Efficacy and Safety of Technosphere Inhaled Insulin: Systematic Review and Meta-
Analysis (96-LB) G Westcott, E Balk, A Pittas

Improved Postprandial Glycemic Control with Faster-Acting Insulin Aspart in Subjects
with Type 1 Diabetes Using CSII (994-P) B Bode, L Hyveled, SC Tamer, P Ybanez, M Demissie

Current Issues: Are They Really Worth It? Debating the Value of New Insulins in the
Management of Type 2 Diabetes

New Insulins are Worth It Richard Bergenstal, MD (International Diabetes Center, Minneapolis, MN)

New Insulins are Not Worth It David Nathan, MD (Massachusetts General Hospital, Boston,

Massachusetts)

Rebuttal Richard Bergenstal, MD (International Diabetes Center, Minneapolis, MN)

Panel Discussion

Symposium: Costs of Medications for Diabetes

Changing Costs of Insulin Therapy in the US Irl Hirsch, MD (University of Washington, Seattle,

WA)

Biosimilar Insulins - How Will They Be Regulated and Marketed? Lutz Heinemann, PhD

(Science & Co., Düsseldorf, Germany)

Global Pattern of Cost of Branded and Generic Drugs Richard Pratley, MD (Florida Hospital -

Sanford-Burnham Translational Research Institute, Orlando, FL)

Regulation and the Economics of Drug Development Joseph DiMasi, PhD (Tufts University,

Boston, MA)

Symposium: Effect of Intensive Insulin Therapy on Patients with Newly Diagnosed Type 2
Diabetes

Effect of Intensive Insulin Therapy on Patients with Newly Diagnosed Type 2 Diabetes
Longyi Zeng, MD, PhD (Sun Yat-Sen University, Guangzhou, China)
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Symposium: The Impacts of Hypoglycemia in Diabetes

Common Mistakes in Using Insulin: Hypoglycemia Risk and A1c Geremia Bolli, MD

(University of Perugia, Perugia, Italy)

Corporate Symposium: Addressing Postprandial Glucose Excursions in T2DM with Inhaled
Insulin (Supported by Sanofi)

Current Thinking: Glucose Control and Postprandial Hyperglycemia Irl Hirsch, MD

(University of Washington, Seattle, WA)

Management of Postprandial Hyperglycemia with Insulin Bruce Bode, MD (Atlanta Diabetes

Associates, Atlanta, GA)

Panel Discussion Richard Pratley, MD (Sanford-Burnham Translational Research Institute, Orlando,

FL), Irl Hirsch, MD (University of Washington, Seattle, WA), and Bruce Bode, MD (Atlanta Diabetes Associates,

Atlanta, GA)

Corporate Symposium: Insulin-Based Options - Current Treatment Strategies and the
Potential Impact of Emerging Options on Patient Outcomes (Supported by Novo Nordisk)

Where Are We Going from Here? Advances in Insulin-Based Treatment Chantal Mathieu,

MD, PhD (KU Leuven, Leuven, Belgium)

Insulin as a First-Line Therapy Richard Pratley, MD (Florida Hospital Diabetes Institute, Orlando,

Florida)

Product Theaters

Afrezza - An Alternate Insulin Delivery (Sponsored by Sanofi) Timothy Gilbert, MD

(Imperial Health, Lake, Charles, LA)

Toujeo - A Long Action Insulin Option (Sponsored by Sanofi) John Anderson, MD (The First

Clinic, Nashville, TN)

SGLT-2 Inhibitors
Oral Presentations: Experience with SGLT2 Inhibitors

A Randomized, Double-Blind, Phase 3 Trial of Dapagliflozin Add-On to Saxagliptin +
Metformin in Type 2 Diabetes (105-OR) Chantal Mathieu, PhD (University Hospital of Leuven,

Leuven, Belgium)

Effect of Longer-Term Canagliflozin Treatment on eGFR in Patients with Type 2 Diabetes
Mellitus and Various Degrees of Baseline Renal Function (107-OR) Matthew Weir, MD

(University of Maryland Medical Center, Baltimore, MD)

Oral Presentations: New Insights Into the Effects of Oral Agents

No Increased Risk of Cardiovascular Events with Dapagliflozin in Elderly Patients With
Type 2 Diabetes Mellitus, Cardiovascular Disease, and Hypertension (15-OR) Ingrid

Gause-Nilsson, MD, PhD (AstraZeneca, Mölndal, Sweden)

Posters

Glycemic Effects of SGLT2 Inhibitor Canagliflozin in Type 1 Diabetes Using Dexcom G4
Platinum CGM (932-P) N Argeno and K Nakamura

Empagliflozin (EMPA) Decreases Glucose Exposure and Variability in Patients with Type
1 Diabetes (T1DM): Continuous Glucose Monitoring (CGM) Data (EASE-1) (1241-P) S

Famulla, T Pieber, J Eilbracht, D Neubacher, N Soleymanlou, H Woerle, U Broedl, and S Kaspers

The Combination of Insulin, Liraglutide, and Dapagliflozin as Triple Therapy for Type 1
Diabetes (130-LB) N Kuhadiya, A Mehta, H Ghanim, J Hejna, A Makdissi, A Chaudhuri, M Batra, and P

Dandona
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Symposium: Non-Insulin Adjunct Therapies in Type 1 Diabetes

The Potential Use of SGLT-2 Inhibitors in Type 1 Diabetes Julio Rosenstock, MD (University

of Texas Southwestern Medical Center, Dallas, TX)

Symposium: SGLT2 Blockers in 2015 (Supported by BI/Lilly)

Similarities and Differences Between SGLT2 Blockers Robert Henry, MD (University of

California, San Diego, CA)

Effects on Sodium Balance and Hypertension George Bakris, MD (University of Chicago,

Chicago, IL)

Which Patients Might Benefit the Most? Vincent Woo, MD (University of Manitoba, Winnipeg,

Manitoba, Canada)

Nonglycemic Effects of SGLT-2 Inhibition: Long-Term Risks vs. Potential Benefits
Richard Gilbert, MD, PhD (University of Toronto, Toronto, Ontario, Canada)

Symposium: ADA Diabetes Care Symposium - Novel Clinical Interventions in Therapy That
Impact the Management of Diabetes

Sotagliflozin, A Dual SGLT1 and SGLT2 Inhibitor, as Adjunct Therapy to Insulin in Type 1
Diabetes John Buse, MD, PhD (UNC, Chapel Hill, NC)

Best of Diabetes Care 2014: Diabetic Nephropathy - Biomarkers, Progression, and SGLT2
Inhibitors George Bakris, MD (University of Chicago, Chicago, IL)

Corporate Symposium: Comprehensive Management of DM - Focus on SGLT-2 Inhibitors
and Combination Therapy - Emerging Concepts of Renal Effects (Supported by AstraZeneca)

Contribution of the Kidney to Whole Body Glucose Homeostasis: A Critical Re-Evaluation
Zachary Bloomgarden, MD (Mount Sinai Hospital, New York, NY)

SGLT-2 Inhibitors and the Kidney: Mechanisms and Clinical Efficacy Lawrence Leiter, MD

(University of Toronto, Toronto, Ontario, Canada)

SGLT-2 Inhibitors and the Kidney: Potential for Renoprotection Matthew Weir, MD

(University of Maryland, Baltimore, MD)

Exploring Mono- and Dual Therapy: Implications for Kidney Function Stefano Del Prato,

MD (University of Pisa, Pisa, Italy)

Panel Discussion

Satellite Corporate Event

Lexicon Pharmaceuticals Meet the Expert Session John Buse, MD, PhD (UNC, Chapel Hill, NC),

Paul Strumph, MD (Lexicon, The Woodlands, TX), David Powell, MD (Lexicon, The Woodlands, TX)

Panel Discussion

Product Theater

Invokana: An Individualized Approach to the Treatment of Adults with Type 2 Diabetes
(Sponsored by Janssen) Serge Jabbour, MD (Jefferson University, Philadelphia, PA)

Panel Discussion Serge Jabbour, MD (Jefferson University, Philadelphia, PA), Carol Wysham, MD

(Rockwood Clinic, Spokane, WA), and Greg Mitchell, MD (Anne Arundel Medical Center, Annapolis, MD)

Product Theater

SGLT-2 and DPP-4 Inhibition: Multiple Options for Improved Glycemic Control in Adults
with Type 2 Diabetes (Sponsored by Lilly/BI) James Gavin, MD, PhD (Emory University,

Atlanta, GA)

GLP-1 Agonists
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Oral Presentations: The Evaluation of Lixisenatide in Acute Coronary Syndrome - The
Results of ELIXA

Introduction Rafael Diaz, MD (Estudios Cardiológicos Latinoamérica, Rosario, Argentina)

ELIXA Design and Baseline Eldrin Lewis, MD (Brigham and Women's Hospital, Boston, MA)

Results Matthew Riddle, MD (OHSU, Portland, OR) and Marc Pfeffer, MD, PhD (Brigham and Women's

Hospital, Boston, MA)

ELIXA in Perspective Hertzel Gerstein, MD (McMaster University, Hamilton, Ontario, Canada)

Discussant Silvio Inzucchi, MD (Yale School of Medicine, New Haven, Connecticut)

Panel Discussion

Press Conference: ELIXA

ELIXA Press Conference - Selected Q&A Matthew Riddle, MD (OHSU, Portland, OR) & Dr. Marc

Pfeffer, MD, PhD (Brigham and Women's Hospital, Boston, MA)

Oral Presentations: Combining Basal Insulin and GLP-1 Agonists

Insulin Degludec/Liraglutide (IDegLira) is Superior to Insulin Glargine (IG) in A1c
Reduction, Risk of Hypoglycemia, and Weight Change: DUAL V Study (166-OR) John

Buse, MD, PhD (UNC, Chapel Hill, NC)

Assessment of Glycemic Control by CGM in Patients with T2D Treated with IDegLira
(170-OR) Allen King, MD (Diabetes Care Center, Salinas, CA)

Superior Effects with Combination of Insulin Degludec (IDeg) and Liraglutide (Lira)
(IDeg+Lira) Compared with Basal-Bolus Insulin Therapy (BB) in Hemodialysis (HD)
Patients with Poorly Controlled Type 2 Diabetes (T2D): An Assessment by Continuous
Glucose (171-OR) Satoshi Funakoshi, MD, PhD (Jikei University, Tokyo, Japan)

Least Glucose Variability and Hypoglycemia Is Observed with the Combination of a GLP-1
Receptor Agonist and Basal Insulin (VARIATION Study) (167-OR) Harpreet Bajaj, MD,

MPH (LMC Diabetes and Endocrinology, Toronto, Canada)

Synergistic Action of PE0139, a Super-Long-Acting Basal Insulin, and PB1023 a Weekly
GLP-1 Receptor Agonist (168-OR) Jim Ballance, PhD (PhaseBio Pharmaceuticals, Malvern, PA)

Once-Weekly Combination of GLP-1R Agonist and Insulin (HM14220) Offers Improved
Glycemic Control and Reduced Weight Gain Risk (172-OR) Michael Trautmann, MD (Profil

Institute for Clinical Research, San Diego, CA)

Oral Presentations: Update on GLP-1 Receptor Agonists

Clinical Impact of ITCA 650 in Type 2 Diabetes: A Randomized, Double-Blind, Placebo-
Controlled, 39-Week Trial (276-OR) Julio Rosenstock, MD (Dallas Diabetes and Endocrine Center,

Dallas, TX)

Efficacy and Safety of Liraglutide Added to Insulin in Type 1 Diabetes: The LIRA-1 Trial
(277-OR) Thomas Dejgaard, MD (Steno Diabetes Center, Gentofte, Denmark)

Twelve Weeks Treatment with Liraglutide as Add-on to Insulin in Normal-Weight Poorly
Controlled Patients with Type 1 Diabetes (279-OR) Christian Frandsen, MD (Hvidovre

Hospital, Hvidovre, Denmark)

Dose-Response Improvements in Glycemic Control and Body Weight Reductions With
Hm11260c, A Once-Weekly GLP-1 Receptor Agonist with Liraglutide as Reference, in
Type 2 Diabetes (T2DM) (278-OR) Julio Rosenstock, MD (Dallas Diabetes and Endocrine Center,

Dallas, TX)

Efficacy and Safety of Once-Weekly Dulaglutide vs. Insulin Glargine in Combination with
Metformin and/or a Sulfonylurea in Predominantly Asian Patients with Type 2 Diabetes
(280-OR) Jun Yang, MD (Lilly Suzhou Pharmaceuticals Co. Ltd, Shanghai, China)
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Mechanisms of Action of the Glucose-Lowering Effect of Lixisenatide in Combination
with Insulin Glargine (281-OR) Juris Meier, MD (St. Josef Hospital, Bochum, Germany)

The Influence of GLP-1 Receptor Agonists on the Heart Rate Using Holter
Electrocardiography and Power Spectrum Analysis of Heart Rate Variability (282-OR)

Atsuhiko Kawabe, MD (Dokkyo Medical University School of Medicine, Tochigi, Japan)

Oral Presentations: ADA Presidents Oral Session

Brain Reward-System Activation in Response to Anticipation and Consumption of
Palatable Food is by GLP-1 Receptor Activation in Humans (384-OR) Liselotte Van

Bloemendaal, MD (VU University Medical Center, Amsterdam, Netherlands)

Posters

IDegLira in Insulin-Naïve Patients with Type 2 Diabetes (T2D) Inadequately Controlled
on Sulfonylureas (SU) Alone or in Combination with Metformin: The DUAL IV Study
(1003-P) HW Rodbard, BW Bode, SB Harris, L Rose, L Lehmann, H Jarlov, J Thurman

Efficacy and Safety of Liraglutide vs. Sulfonylurea Both in Combination with Metformin
during Ramadan in Subjects with Type 2 Diabetes (LIRA-Ramadan): A Randomized Trial
(1121-P) S Azar, A Echtay, WMW Bebakar, S Al Araj, A Berrah, M Omar, A Mutha, K Tornoe, M Kaltoft, N

Shehadeh

Insulin Degludec/Liraglutide (IDegLira) Improves Patient-Reported Impacts in Subjects
with Type 2 Diabetes (T2D) Inadequately Controlled on Insulin Glargine (IG) plus
Metformin (Met): Dual V Study (2550-PO) M Brod, FC Perez Manghi, PA Garcia-Hernandez, P

Norwood, H Jarlov, JH Kongso, I Lingvay

Efficacy and Tolerability of 39 Weeks of ITCA 650 (Continuous Subcutaneous Exenatide)
in Poorly Controlled T2DM with High Baseline A1c (>10%) (1107-P) Robert Henry, MD (VA

San Diego Healthcare System, San Diego, California)

Symposium: New Developments with GLP-1 Receptor Agonists

Differentiating Current and Emerging GLP-1 RAs Kathleen Dungan, MD (Ohio State University,

Columbus, OH)

GLP-1 Receptor Agonists in Combination with Basal Insulin John Buse, MD, PhD (University

of North Carolina, Chapel Hill, NC)

GLP-1: To Use or Not to Use? Safety is the Question Jane Reusch, MD (University of Colorado,

Denver, CO)

GLP-1 Receptor Agonists as Adjunctive Treatment in Type 1 Diabetes Paresh Dandona,

MD, PhD (University at Buffalo, Buffalo, NY)

GLP-1 Receptor Agonists for the Treatment of Obesity Sun Kim, MD (Stanford University,

Stanford, CA)

Panel Discussion

Corporate Symposium: Complementary Treatments to Enhance Insulin Efficacy: Theory and
Strategies (Supported by Joslin and Sanofi)

Basal Insulin and Complementary Treatments: Summary of Pathophysiology and
Pharmacology Anne Peters, MD (University of Southern California, Los Angeles, CA)

Basal Insulin and Complementary Treatments: Basal Insulin Plus GLP-1 Agonists John

Buse, MD, PhD (UNC, Chapel Hill, NC)

Joslin Needs Assessment Data: Exploring Some "Disconnects" Richard Beaser, MD (Joslin

Diabetes Center, Boston, MA)

Basal Insulin and Complementary Treatments: Overcoming Barriers and Developing
Patient-Centric Treatments Mark Peyrot, MD (Loyola University, Baltimore, MD)
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Selected Q&A/Panel Discussion

Corporate Symposium: Clinical Issues in Type 2 Diabetes: Discussions and Debates Around
GLP-1 Receptor Agonists (Supported by AZ)

Potential as First Injectable Therapy
Combination Therapy
Obesity
Expanded Indications
Panel Discussion

Product Theaters

Non-Adherence and Glycemic Control - A Real-World Look at the Issues and Challenges
We Face (Sponsored By Intarcia) Steven Edelman, MD (TCOYD, Del Mar, CA) & Troy Ross (Mid-

America Coalition on Health Care, Overland Park, KS)

A Case Study in Treating Adult Patients with Type 2 Diabetes (Sponsored by Lilly)
Stanley Schwartz, MD (University of Pennsylvania, Philadelphia, PA)

The Effect of a Once-Weekly Therapy on A1C and Weight Over 3 Years (Sponsored by
AstraZeneca) Steven Edelman, MD (University of California San Diego, La Jolla, CA) & Kirsten Ward,

CDE (Health Coach Boston, Boston, MA)

DPP-4 Inhibitors
Oral Presentations: Results from the Trial to Evaluate Cardiovascular Outcomes after
Treatment with Sitagliptin (TECOS)

Study Rationale, Design, and Study Conduct Jennifer Green, MD (Duke University, Durham, NC)

TECOS Results Rury Holman, FMedSci (Oxford Center for Diabetes, Endocrinology, and Metabolism,

Oxford, United Kingdom)

TECOS From a Cardiologist's Perspective Eric Peterson, MD (Duke University School of Medicine,

Durham, NC)

Discussant Allison Goldfine, MD (Joslin Diabetes Center, Boston, MA)

TECOS From an Endocrine Perspective John Buse, MD, PhD (UNC, Chapel Hill, NC)

Question and Answer Session

Press Conference - TECOS

TECOS Press Conference - Selected Q&A Rury Holman, FMedSci (University of Oxford, UK) &

Eric Peterson, MD, MPH (Duke Clinical Research Institute, Durham, NC)

Oral Presentations: New Insights Into the Effects of Oral Agents

Adding a DPP-4 Inhibitor to Ongoing Therapy with a GLP-1 Receptor Agonist and
Metformin Increases Intact GLP-1, But Does Not Change Insulin or Glucagon Secretion
nor Plasma Glucose Excursions Following a Mixed Test Meal in Patients with Type 2
Diabetes (10-OR) Michael Nauck, MD, PhD (Diabetes Centre, Bad Lauterberg, Harz, Germany)

Major Cardiovascular Outcomes in the EXAMINE Trial According to ACE Inhibitor Use
(12-OR) William White, MD (University of Connecticut, Farmington, CT)

Cardiac Ischemic Outcomes and Hospitalizations in Patients with Type 2 Diabetes and
Recent Acute Coronary Syndrome Treated with Alogliptin or Placebo: New Insights from
the EXAMINE Trial (13-OR) Yuichi Shimada, MD (Brigham and Women's Hospital, Boston, MA)

Oral Presentations: Recent Advances in Diabetic Macrovascular Disease

Cardiovascular Risk of Polyvascular Disease in Diabetes-Insights from SAVOR-TIMI 53
(56-OR) Antonio Gutierrez, MD (UCLA, Los Angeles, CA)
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Corporate Symposium: CV Outcomes with T2D Agents (Sponsored by Merck)

Applications of New Data and Key Takeaways for Your Type 2 Diabetes Practice
Jennifer Green, MD (Duke University, Durham, NC), Deepak Bhatt, MD, MPH (Brigham and Women's

Hospital, Boston, MA), Jaime Davidson, MD (UT Southwestern, Dallas, TX), and John Anderson, MD (The Frist

Clinic, Nashville, TN)

Case and Panel Discussion

Novel Therapies
Oral Presentations: ADA President's Oral Session

Induced Pluripotent Stem Cells Converted to Myotubes Mirror In Vivo Insulin Resistance
in Humans (380-OR) Salvatore Iovino, PhD (Merck Research Labs, Boston, MA)

Oral Presentations: Combining Basal Insulin and GLP-1 Agonists

LAPS GLP/GCG Dual Agonist, HM12525A, Confirmed Prolonged Pharmacokinetics in
Healthy Volunteers: A First-in-Human Phase 1 Study (173-OR) Marcus Hompesch, MD

(Profil, Chula Vista, CA)

Oral Presentations: New Concepts and Treatments of Diabetic Dyslipidemia

Evaluation of the Glycemic Effects and Efficacy and Safety of Evolocumab (AMG 145) in
Subjects With or Without Dysglycemia or Metabolic Syndrome (258-OR) Rury Holman,

FMedSci (Oxford Centre for Diabetes, Endocrinology and Metabolism, Oxford, United Kingdom)

Efficacy and Safety of the PCSK9 Inhibitor Evolocumab (AMG 145) in Patients with Type
2 Diabetes (257-OR) Naveed Sattar, MD (University of Glasgow, Glasgow, United Kingdom)

Oral Presentations: Diabetes-A Mixed Bag

Metabolite Profiles Heralding Diabetes Incidence in the Diabetes Prevention Program
(DPP) (151-OR) Geoffrey Walford, MD (Massachusetts General Hospital, Boston, MA)

Prospective Study of N-terminal-proBNP and Risk of Diabetes in Older Adults: The
Cardiovascular Health Study (153-OR) Erika Brutsaert, MD (Yeshiva University, Bronx, NY)

Oral Presentations: Concepts in Nutrition and Diabetes Prevention and Treatment

Different Phyla Composition of Gut Microbiota in Vegetarians and Non-vegetarians
Associated with Inflammatory Status (89-OR) Ana Moraes, MS (University of Sao Paulo, Brazil)

Posters

Efficacy and Safety of Alirocumab in Individuals with Diabetes: Analyses from the
ODYSSEY LONG TERM Study (1296-P) H Colhoun, H Ginsberg, L Leiter, U Chaudhari, R Pordy, J

Robinson

Leucine Synergizes with Phosphodiesterase 5 (PDE5) Inhibitors and Metformin to
Reverse Hepatic Lipid Accumulation and Inflammation and Treat Nonalcoholic Fatty
Liver Disease (NAFLD) (260-LB) L Fu, F Li, Q Cao, X Cui, B Xue, H Shi, A Bruckbauer, M Zemel

Leucine-Metformin Synergy Activates the AMPK/Sirt1 Pathway to Increase Insulin
Sensitivity in Skeletal Muscle and Glucose and Lipid Metabolism and Lifespan in C.
elegans (1237-P) M Zemel, A Bruckbauer

Special Lecture: Banting Medal for Scientific Achievement Lecture

The Multifaceted Roles of Adipose Tissue: Therapeutic Targets for Diabetes and Beyond
Philipp Scherer, PhD (University of Texas Southwestern, Dallas, TX)

Symposium: ADA Diabetes Care Symposium - Novel Clinical Interventions in Therapy That
Impact the Management of Diabetes
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The Use of Anti-Anginal Agent Ranolazine for Glycemic Control in Patients with Type 2
Diabetes: Phase 3 Trial Results Robert Eckel, MD (University of Colorado, Aurora, CO)

Symposium: The Accelerating Medicines Partnership in Type 2 Diabetes - A Pharma/NIH
Collaboration

Overview: Rationale, Goals, and Implementation Philip Smith, PhD (NIDDK/NIH, Bethesda,

MD)

The Type 2 Diabetes Knowledge Portal: A User-Friendly Window into Genomics Data
Mary Carmichael (Broad Institute, Cambridge, MA)

How the Type 2 Diabetes Knowledge Portal Can Advance Your Science: Genetic
Determinants of Insulin Resistance Geoffrey Walford, MD (Massachusetts General Hospital,

Boston, MA)

Type 2 Diabetes Knowledge Portal: A Call to Action, Community Participation, and
Future Directions Michael Boehnke, PhD (University of Michigan, Ann Arbor, MI)

Symposium: Triple G - Genes, Gut, and Glucose

The Bugs Within: The Human Gut Microbiota and Metabolism Oluf Pedersen, MD, DMSci

(University of Copenhagen, Copenhagen, Denmark)

Symposium: Adipose Tissue - Local and Systemic Influences on Metabolism and Insulin
Resistance

Brown Adipose Tissue in Humans: Relevant or Much Ado About Nothing? Eric Ravussin,

PhD (Pennington Biomedical Research Center, Baton Rouge, LA)

Symposium: Diabetic Dyslipidemia - Where's the Action in 2015?

Metabolic Effects of Bile Acid Sequestration Bart Staels, PhD (University of Lille, Lille, France)

Professional Interest Discussion Group: Professional Interest Group Discussion on Exercise

A Debate on Exercise Resistance in Diabetes: Pro Lauren Sparks, PhD (Translational Research

Institute, Orlando, FL)

A Debate on Exercise Resistance in Diabetes: Con Sheri Colberg-Ochs, PhD (Old Dominion

University, Norfolk, VA)

Corporate Symposium: Novel Mechanisms and Advancing Therapeutic Paradigms for
Optimizing LDL-Focused Management and Cardioprotection in the Diabetic Patient
(Sponsored by Sanofi/Regeneron)

ADA and ACC/AHA Guidelines for Improved LDL-Targeted Atheroprotection in Diabetic
Patients: Unique Considerations and Target Goals in the Setting of T2D: What Works?
How Well? What Doesn't Work? How Low Should We Go? Why? Vivian Fonseca, MD

(Tulane University, New Orleans, LA)

Evolving Clinical Paradigms for LDL Lowering: Focus on Efficacy, Implications, Side
Effects, and Safety Results of Landmark Trials Evaluating PCSK9 Inhibition, ApoB
Suppression, and Other Novel Targets - Implications for the Diabetic Patient James

McKenney, PharmD (Virginia Commonwealth University, Richmond, VA)

Panel Discussion Vivian Fonseca, MD (Tulane University, New Orleans, LA), Deepak Bhatt, MD

(Harvard Medical School, Boston, MA), Michael Davidson, MD (University of Chicago, Chicago, IL), James

McKenney, PharmD (Virginia Commonwealth University, Richmond, VA)

Corporate Symposium: Managing the High Risk Patient - LDL and Beyond: Contemporary
and Future Approaches (Amgen)

Understanding Pathophysiology of Lipid Disorders, Focusing on the Role of PCSK9 in
LDL-C Homeostasis Jorge Plutzky, MD (Brigham and Women's Hospital, Boston, MA)
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Cardiovascular Disease and the High-Risk Person: Epidemiology, Pathophysiology, and
Contemporary Guidelines James Underberg, MD (NYU School of Medicine, New York, NY)

Addressing the Residual Risk Howard Weintraub, MD (NYU School of Medicine, New York, NY)

Emergent Options for the Management of Lipid Disorders: Clinical Data from Novel
Classes of Drugs Lawrence Leiter, MD (University of Toronto, Toronto, Canada)

Product Theater

The Prevalence of Elevated LDL-C in Diabetes: Cholesterol Management and the Role of
PCSK9 in Cholesterol Homeostasis (Amgen) Harold Bays, MD (Louisville Metabolic and

Atherosclerosis Research Center, Louisville, KY)

Type 1 Diabetes Cure Therapies and Pathophysiology
Oral Presentations: Interventions in Inflammation and Diabetes

Durable Efficacy of Alefacept in Type 1 Diabetes (231-OR) Mario Ehlers, MD, PhD (Immune

Tolerance Network, San Francisco, CA)

Oral Presentations: Making a Difference with Behavioral Science

Impact of Child Antibody Results on Parent Anxiety in the Environmental Determinants
of Diabetes in the Young (TEDDY) Study (217-OR) Suzanne Johnson, PhD (Florida State

University College of Medicine, Tallahassee, FL)

Posters

Effect of Cell-Free Mesenchymal Stem Cells Microvesicles (MVs) and Exosomes Therapy
on ß-Cell Mass in Type 1 Diabetes Mellitus (T1DM) (1099-P) W Nassar, M El-ansary, T

Shehab, M Hameed, A Saad, W Essa, S Shawki, M Mohamed, M Temraz, H Adel

Symposium: Pediatric Dysglycemia-It's Not All Type 1 or Type 2

Immune Resistance Plus Autoimmunity: Double Diabetes or Type 1.5? Ingrid Libman De

Gordon, MD, PhD (Children's Hospital of Pittsburgh, Pittsburgh, PA)

Symposium: Next Generation of Beta Cell Replacement

Human Pluripotent Stem Cells Douglas Melton, PhD (Harvard Stem Cell Institute, Cambridge, MA)

Stem Cell Transplantation for Type 1 Diabetes Richard Burt, MD (Northwestern University,

Chicago, IL) and Carlos Eduardo Barra Couri, MD, PhD (University of Sao Paulo, Sao Paulo, Brazil)

New Materials for Islet Transplantation Daniel Anderson, PhD (MIT, Cambridge, MA)

T Regulatory Cells Penelope Morel, MD (University of Pittsburgh, Pittsburgh, PA)

Symposium: The Gut Microbiota and the Islets - A Toll Road to Diabetes

The Role of Intestinal Microbiota and Innate Immunity in Development of Type 1
Diabetes Danny Zipris, PhD (University of Colorado Denver, Aurora, Colorado)

Defining the Autoimmune Microbiome in Type 1 Diabetes David Endesfelder, PhD (Helmholtz

Zentrum Munchen, Munich, Germany)

Gut Microbiota, Incretins, and Glucose Metabolism Patrice Cani, PhD (INSERM/UCL, Brussels,

Belgium)

Symposium: Non-Insulin Adjunct Therapies in Type 1 Diabetes

Targeting Hyperglucagonemia in Type 1 Diabetes (Pramlintide, GLP-1 Agonists, DPP-4
Inhibitors) Nitesh Kuhadiya, MD (University at Buffalo, New York, NY)

Symposium: Clinical Updates and Looking to the Future in Beta Cell Replacement

Clinical Islet Transplantation Update Camillo Ricordi, MD (University of Miami, Miami, FL)
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Islet Transplantation: Critical Pathways Forward James Shapiro, MD PhD, (Alberta Diabetes

Institute, Edmonton, Alberta, Canada)

Closing the Loop and Insulin Delivery
Working Group on the Psychosocial Aspects of the Artificial Pancreas

Payer Perspective Aaron Davis (Partner, Jupiter Life Science Consulting, Los Angeles, CA)

Artificial Pancreas - The Regulatory Approvals Perspective Stayce Beck, PhD, MPH (FDA,

Silver Spring, MD)

How Can We Manage Expectations And Support HCPs To Provide Optimal Support For
AP Systems In Routine Care? Anne Peters, MD (USC, Los Angeles, CA)

Challenges and Opportunities from an Industry Perspective Marie Schiller (Schiller Advisors,

Boston MA)

Panel Discussion

JDRF/NIH Closed-Loop Consortium Meeting: "The Last 100 Yards"

The Last 100 Yards Aaron Kowalski, MD (JDRF, New York, NY)

Large Efficacy Studies for Artificial Pancreas Systems Moshe Phillip (Schneider Children's

Medical Center, Petah Tikvah, Israel), Steven Russell (MGH, Boston, MA), Roman Hovorka (University of

Cambridge, UK), and Boris Kovatchev (UVA, Charlottesville, VA)

Panel Discussion - Large Efficacy Studies for Artificial Pancreas Systems Roman Hovorka,

PhD (University of Cambridge, UK), Boris Kovatchev, PhD (UVA, Charlottesville, VA), Steven Russell, MD, PhD

(MGH, Boston, MA), Moshe Philip, MD (Schneider Children's Medical Center, Petah Tikvah, Israel), Stayce Beck,

PhD (FDA, Silver Spring, MD); Chip Zimliki, PhD (Medtronic, Los Angeles, CA), Krishna Venugopalan, PhD

(Animas, West Chester, PA), Tomas Walker (Dexcom, San Diego, CA)

Panel Discussion - Adoption of Artificial Pancreas Systems Jessica Roth (JDRF, Washington,

DC); Adam Brown (Close Concerns, San Francisco, CA); Kenneth Snow, MD (Aetna, Boston, MA); Paul

Radensky, MD (McDermott Will & Emery, Washington, DC); Jill Weissberg-Benchell, PhD (Feinberg School of

Medicine, Chicago, IL); Brian Herrick (JDRF, New York, NY)

Joint ADA/JDRF Symposium: Closed-Loop Technology in Youth - Real Estate, Alarms, and
Challenges

The Artificial Pancreas Road Map Update - Too Slow, Too Fast, When Does My Child Get
an Artificial Pancreas? Aaron Kowalski, PhD (Chief Mission Officer/VP, Research, JDRF, New York,

NY)

Pediatric Patient Safety and Patient Products - The FDA Perspective Stayce Beck (FDA,

Silver Spring, MD)

Pathway to the Pediatric Bionic Pancreas Ed Damiano, MD (Boston University, MA)

Practical Translation of Closed-Loop Technology to the Pediatric Clinic - The Clinical
Diabetes Educator's Perspective Laurel Messer, RN, CDE (University of Colorado, Aurora, CO)

Panel Discussion

Symposium: Diabetes Devices and Technologies - The Patient Experience

How a Device Becomes a Device Adam Brown (Close Concerns/The diaTribe Foundation, San

Francisco, CA)

The Human Side of the Artificial Pancreas Jill Weissberg-Benchell, PhD, CDE (Northwestern

University, Chicago, IL)

Symposium: Novel Clinical Interventions in Therapy That Impact the Management of
Diabetes
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Predictive Low Glucose Insulin Suspension Reduces Duration of Nocturnal Hypoglycemia
in Children without Increasing Ketosis
Day and Night Closed-Loop Control Using the Integrated Medtronic Hybrid Closed-Loop
System in Type 1 Diabetes at Diabetes Camp Trang Ly (Stanford University, Stanford, CA)

Meet the Expert Sessions

Patient Perspectives on Closed-Loop Systems and Studies - Panel Discussion Chris

Aldred (The Grumpy Pumper, Southampton, UK) and Kelly Close (The diaTribe Foundation, San Francisco, CA)

Pumps and Continuous Glucose Monitoring in Youth - From Research to Clinical Use
Bruce Buckingham, MD (Stanford University, Stanford, CA)

Oral Presentations: Moving Towards a Closed-Loop System

First New Year's Night on Closed-Loop Control (CLC) at Home: Case Reports from a
Multicenter International Trial of Long-Term 24/7 CLC (223-OR) Stacey Anderson, MD

(University of Virginia Health System, Charlottesville, Virginia)

Outpatient Glycemic Control with a Bionic Pancreas in Preadolescents with Type 1
Diabetes (222-OR) Steven Russell, MD, PhD (MGH, Boston, MA)

Artificial Pancreas Improves Glycemic Control in a Multinight Outpatient/Home Study of
Patients with T1D (224-OR) Sue Brown, MD (UVA, Charlottesville, VA)

Day and Night Closed-Loop Insulin Delivery in Young People with Type 1 Diabetes: A
Free-Living, Randomized Clinical Trial (221-OR) Martin Tauschmann (University of

Cambridge, UK)

Glycemic Control in a Large Cohort of Patients with Type 1 Diabetes (T1DM) Treated with
Continuous Subcutaneous Insulin Infusion (CSII) (226-OR) Lalantha Leelarathna, MD

(Central Manchester University Hospital, UK)

MD-Logic Closed Loop Control (ClC) for Automatic Type 1 Diabetes Meal Management
(219-OR) Revital Nimri (Schneider Children's Medical Center, Petah Tikvah, Israel)

Oral Presentations: ADA Presidents Oral Session

Outpatient Overnight Glucose Control with Dual- and Single-Hormone Artificial Pancreas
Systems in Type 1 Diabetes: Randomized Controlled Trials (383-OR) Ahmad Haidar, MSc

(Ecole Polytechnique de Montreal, Quebec, Canada)

Oral Presentations: Cardiovascular and Other Clinical Effects of Hypoglycemia

Restoration of Hypoglycemia Awareness and Prevention of Recurrent Severe
Hypoglycemia in Long-Standing Type 1 Diabetes: Sustained Benefit and Improved
Overall Glycemic Control Over 2 Years following Recruitment into the HypoCOMPaSS
Multicenter RCT (352-OR)

Oral Presentations: Pediatric Diabetes - Diagnostic Challenges and Effects on the Brain

Effects of Sensor Augmented Pump use on HbA1c and C-Peptide in the First Year of Type
1 Diabetes (383-OR) Taylor Triolo, MD (Barbara Davis Center for Childhood Diabetes, Aurora, CO)

Posters

"It Is Definitely a Game Changer": Closed Loop Technology in the Home Experienced by
Adults with Type 1 Diabetes (66-LB) C Hendrieckx, J Speight, L Poole, A Sharifi, M Loh, J

Horsburgh, S Trawley, A Jenkins, K Kumareswaran, R Macisaac, G Ward, P Colman, L Bach, A Kyoong, N

Kurtz, B Grosman, A Roy, D O'Neal

DiabetesMine D-Data Exchange
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Diabetes & The Internet of Things...Sensors, Wearables, Shareable Data: Where Is It All
Going? Sonny Vu (Founder, Misfit, San Francisco, CA)

Movers & Shakers: Introducing Bigfoot Jeffrey Brewer (CEO, Bigfoot Biomedical, New York, NY)

Company Updates

BD Partners with Medtronic to Commercialize FlowSmart Infusion Set
Medtronic Begins MiniMed 670G Pivotal Study

Glucose Monitoring
ADA President's Oral Session

Glucose Variability in Type 2 Diabetes: The Initial Results of the FLAT-SUGAR Trial
(385-OR) Irl Hirsch, MD and Jeffrey Probstfield, MD (University of Washington, Seattle, WA) on behalf of

Barry R. Davis, Andrew Ahmann, Richard Bergenstal, Matthew Gilbert, Connie Kingry, Dorrine Khakpour,

Dejian Lai, Sara L. Pressel, Kelley Branch, Mathew Riddle, Kevin D. O'Brien

Oral Presentations: The Clinical Impact of Advances in Continuous Glucose Monitoring

Continuous Glucose Monitoring (CGM) Use in Type 1 Diabetes: Database Analysis Shows
Meaningful Improvements in A1c Claudia Graham, PhD (Dexcom, San Diego, CA)

The Performance of PixoTest: A New Non-meter Blood Glucose Measurement System
Jerry Chieh-Hsiao Chen, MD (China Medical University, Beigang, Taiwan)

Dexcom G4 Platinum and Medtronic Enlite Glucose Sensors Perform Equally Well during
Exercise in Patients with Type 1 Diabetes Nadine Taleb, MD (McGill University, Montréal,

Canada)

The Glycemia Fluctuation Index (GFI) and Coefficient of Fluctuation (CF): New Indices of
Glucose Variability in Diabetic Patients Jean-Pierre Le Floch, MD (Clinique de Villecresnes,

Strasbourg, France)

Using Technology for Better Outcomes

Making Sense of Technology Kelly Close (The diaTribe Foundation, San Francisco, CA)

Posters

CMS Competitive Bidding Program Disrupted Access to Diabetes Supplies with Resultant
Increased Mortality G Puckrein, F Zangeneh, G Nunlee-Bland, L Xu, C Parkin, J Davidson

Incidence of Hypoglycemia Overtreatment in the SHARE Real Life Use Population K

Narakmura, T Walker, J Leach, L Bohnett, J Valdes, Andrew B The Performance of an Orthogonally

Redundant Glucose Sensor Compared with a Simply Redundant Electrochemical Glucose Sensor in Adults with

Type 1 Diabetes S McAuley, TT Dang, JC Horsburgh, A Bansal, GM Ward, AJ Jenkins, RJ MAcisaac, RV Shah,

DN O'Neal

Extended Wear of a Next Generation of CGM Sensor L Bohnett, K Nakamura, L Jepson, J

Leach

Examining the Role of Continuous Glucose Monitoring (CGM) in Noninsulin Treated
Type 2 Diabetes L Young, M Duclos, A Marquis, Y Teng, S Davis, B Bode, J Buse

Company Updates

Glooko Partners with Insulet, Dexcom, and Medtronic
Medtronic Announces MiniMed Connect for Remote Monitoring Pump/CGM Data

Digital Health
DiabetesMine D-Data Exchange

www.closeconcerns.com 14



Diabetes & The Internet of Things...Sensors, Wearables, Shareable Data: Where Is It All
Going? Sonny Vu (Founder, Misfit, San Francisco, CA)

Symposium: Novel Technologies for Behavior Change

Patient Perceptions of Technologies for Behavior Change Sean Oser, MD (Pennsylvania State

University, Hershey, PA)

Gamification and Using Health Information Technology to Engage Patients in Their Care
Peter Adolfsson, MD (University of Gothenburg, Sweden)

Social Media - The Latest and Greatest Technology for Promoting Diabetes Health
Joyce Lee, MD, MPH (University of Michigan, Ann Arbor, MI)

Clinician-derived Mobile Technologies/Systems for Their Patients Monica Peek, MD

(University of Chicago, Chicago, IL)

Symposium: The Future Is Now - Leveraging Information Technology to Improve Diabetes
Outcomes

Design of Effectve Diabetes Clinical Decision Support Systems for Patients and Primary
Care PRoviders Patrick O'Connor, MD (Health Partners Institute for Education and Research,

Bloomington, MN)

Social Media Amy Tenderich, MA (DiabetesMine, San Francisco, CA)

Symposium: Using Technology for Better Outcomes (Supported by the Leona M. and Harry
B. Helmsley Charitable Trust)

Using Technology for Patient Engagement and Education Chandra Osborn, PhD, MPH

(Vanderbilt University School of Medicine, Nashville, TN)

Symposium: Big Data - Using What We Have to Improve the Health Care We Deliver

The Diabetes Collaborative Registry - A Bold Initiative to Harness Real-World Evidence
and Improve the Quality of Diabetes Care Worldwide Mikhail Kosiborod, MD (Saint Luke's Mid

America Heart Institute, Kansas City, MO)

Oral Presentations: Interventions to Reduce Diabetes Burden in Diverse Care Settings

Effects of a Multifaceted Health System Intervention on Cardiometabolic Risk Profiles in
Patients with Diabetes: The CARRS Trial Kavita Singh (All India Institute of Medical Sciences,

New Delhi, India)

Oral Presentations: The Clinical Impact of Advances in Continuous Glucose Monitoring

Feasibility of a Patient-Centered Smartphone based Diabetes Care System: A Pilot SysteM
Eun Ky Kim, MD (Seoul National University, South Korea)

Oral Presentations: Making a Difference with Behavioral Science

Remotely-Delivered Behavioral Health Interventions Significantly Reduces Depression,
Stress, And Anxiety In Diabetes Reena Pande, MD (AbilTo, Boston, MA)

Using Social Media Crowdsourced Data For Diabetes Patient-Centered Outcomes
Research Marcia Testa PhD (Harvard Chan School of Public Health, Cambridge, MA)

Fully-Automated Online Diabetes Prevention Program, Alive-PD, Is Effective In Lowering
Hba1c, Glucose, And Weight Gladys Block, PhD (Berkeley School of Public Health, CA)

Company Updates

Glooko Partners with Insulet, Dexcom, and Medtronic
Medtronic Announces MiniMed Connect for Remote Monitoring Pump/CGM Data
Medtronic Partners with Samsung
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Obesity and Prediabetes Care
Oral Presentations: ADA President's Oral Session

Human Mesenchymal Stem Cells from Offspring of Obese Mothers Have Increased
Adipogenesis and Evidence for Insulin Resistance: The Healthy Start Study (381-OR)

Kristen Boyle, PhD (University of Colorado, Aurora, CO)

Oral Presentations: Latest Mechanistic Studies of Obesity and Weight Loss in Humans

GLP-1 Mimetics Combined with Leucine-Based Amino Acid Infusion: A Novel
Conservative Approach for Presurgical Weight Loss in Extreme Obese Patients (164-OR)

Christine Stier, MD (Sana Klinikum Offenbach, Frankfurt, Germany)

Oral Presentations: Recent Advances in Diabetic Macrovascular Disease

The Long-Term Effects of Intensive Lifestyle Intervention on Cardiovascular Risk Factors
in Patients with Diabetes in a Real-World Clinical Practice: A 5-Year Longitudinal Study
(58-OR) Osama Hamdy, MD, PhD (Joslin Diabetes Center, Boston, MA)

Posters

Early Weight Loss Responders to Liraglutide 3.0 mg in the SCALE Obesity and
Prediabetes Trial Achieve Greater Reversal of Prediabetes than Placebo (2229-P) J

Wilding, M Bluher, K Hermansen, F Greenway, K Fujioka, B Claudius, A Le Lay, D Lau

Liraglutide 3.0 mg Efficacy and Safety by Baseline BMI in the SCALE Diabetes Trial:
Post-Hoc Analysis (307-LB) V Aroda, J Rosenstock, J Hemmingsson, M Davies, T Skjoth, B Claudius,

H Bays

Symposium: The National Diabetes Education Program (NDEP) Symposium - Guiding
Principles for the Care of People With or at Risk for Diabetes

Using "Guiding Principles": Preventing Type 2 Diabetes - Progress on Implementation of
the National Diabetes Prevention Program Ann Albright, PhD (Centers for Disease Control and

Prevention, Atlanta, GA)

Using "Guiding Principles": Optimizing Self-Management Education and Support
Martha Funnell, MS, RN, CDE (University of Michigan, Ann Arbor, MI)

Panel Discussion

Professional Interest Group Discussion: Epidemiology and Statistics

Defining Prediabetes and Its Clinical Consequences - Do We Need Better Alignment?
John Yudkin, MD (University College London, London, UK) William Cefalu, MD (Pennington Biomedical

Research Center, Baton Rouge, LA)

Professional Interest Discussion Group: Nutritional Science and Metabolism

Weight Loss for Type 2 Diabetes - Nice But Necessary? Marion Franz, RD, CDE (Nutrition

Concepts by Franz Inc., Minneapolis, MN)

Special Lecture: Kelly West Award for Outstanding Achievement in Epidemiology Lecture
(Supported by an Unrestricted Educational Grant from Merck)

Type 2 Diabetes - Why We Are Winning the Battle, But Losing the War K.M. Venkat

Narayan, MD (Emory Global Diabetes Research Center, Atlanta, GA)

Diabetes Complications
Oral Presentations: Diabetes - A Mixed Bag

Type 2 Diabetes Genetic Risk and All-Cause Mortality in the United States (152-OR)
Aaron Leong, MD (Massachusetts General Hospital, Boston, MA)
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Oral Presentations: Diabetic Nephropathy - Novel Pathways and Interventions

Pathways Between the Gut and Kidney - Intersection of GLP-1 Effect and Renal Function
Jens Christiansen, MD, DMSc (Aarhus University Hospital, Aarhus, Denmark)

Oral Presentation: Strengthening Our Defense Against Diabetic Retinopathy

Comparative Effectiveness Trial of Aflibercept, Bevacizumab, or Ranibizumab for
Diabetic Macular Edema (290-OR) Jennifer Sun, MD, MPH (Joslin Diabetes Center, Harvard

Department of Ophthalmology, Boston, MA)

Posters

Incidence of Hypoglycemia Overtreatment in the SHARE Real Life Use Population (5-LB)
K Nakamura, T Walker, J Leach, L Bohnett, J Valdes, A Balo

Special Lecture: President, Health Care, & Education Address

Diabetes Care and Research: What is the Next Frontier? David Marrero, PhD (Indiana

University, Indianapolis, IN)

Meet-the-Expert: Strategies to Address the Problematic Patient with Hypoglycemia

Strategies to Address the Problematic Patient with Hypoglycemia Simon Heller, MD

(University of Sheffield, Sheffield, UK)

Symposium: The Impacts of Hypoglycemia in Diabetes (Supported by an Unrestricted
Educational Grant from Merck)

Hypoglycemic Morbidity and Costs in Diabetes Brian Frier, MD (University of Edinburgh,

Edinburgh, UK)

Arrhythmias and Mortality Associated with Insulin-Induced Hypoglycemia Simon Fisher,

MD, PhD (University of Utah, Salt Lake City, UT)

Hypoglycemia Mortality in Diabetes Philip Cryer, MD (Washington University in St. Louis, St.

Louis, MO)

Symposium: Emerging Topics in Diabetic Kidney Disease

Global Burden - Aging Populations and Rising Frequencies of Kidney Disease Tazeen

Jafar, MD, MPH (Duke-NUS Graduate Medical School Singapore, Singapore)

Symposium: The Eyes Are Windows to the Soul - Improving Care and Quality of Life for
Patients with Vision Loss

Out With the Old and In With the New - Emerging Therapies for Diabetic Macular Edema
Lloyd Paul Aiello, MD, PhD (Joslin Diabetes Center, Boston, MA)

Symposium: Cardiovascular Disease Risk Factor Management in Type 2 Diabetes Mellitus
(Supported by BI & Lilly)

Cardiovascular Risk Factor Management in Diabetes - Where Are We in 2015? Sherita

Golden, MD (Johns Hopkins University School of Medicine, Baltimore, MD)

Glycemic Control in Type 2 Diabetes Deborah Wexler, MD (Massachusetts General Hospital,

Boston, MA)

Symposium: Diabetic Dyslipidemia - Where's the Action in 2015?

The Typical Diabetic Dyslipidemia Presents a Plethora of Drug Targets for Reducing
Atherosclerosis Marshall Elam, MD, PhD (University of Tennessee Heath Science Center, Memphis, TN)

Symposium: Are We Putting Ourselves Out of a Job? The Changing Epidemiology of Type 2
Diabetes and Its Complications
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Trends in Macrovascular Disease Edward Gregg, PhD (Centers for Disease Control and Prevention,

Atlanta, GA)

Trends in Microvascular Disease Katherine Tuttle, MD (University of Washington, Spokane, WA)

Symposium: The Skinny on Fat in the Islets

Lipotoxicity and Beta Cell Dysfunction in Type 2 Diabetes - Interventional Strategies
Kieren Mather, MD (Indiana University, Indianapolis, IN)

Symposium: JOINT ADA/EASD Symposium - What Drives the Relationship Between
Diabetes and Cancer?

Evidence Linking Diabetes and Cancer - Metabolic Players and Effects of Diabetes
Treatment Andrew Renehan, PhD (University of Manchester, Manchester, UK)

Corporate Symposium: Avoiding "Loss of Chance" (Sponsored by Genentech)

Improving the Screening, Treatment and Referral of Patients with Diabetic Retinopathy
Vivian Fonseca, MD (Tulane University, New Orleans, LA) Sangeeta Kashyap, MD (Cleveland Clinic,

Cleveland, OH) Jennifer Sun, MD (Joslin Diabetes Center, Boston, MA) Rishi Singh, MD (Cleveland Clinic,

Cleveland, OH)

Treatment Algorithms and Strategies
Oral Presentations: Effective Strategies for Overcoming Barriers in Self-Management

Most Influential Factors Determining Patient Preferences for Type 2 Diabetes Treatment
Kelly Bell, PharmD (AstraZeneca, Fort Washington, PA)

Posters

Physician-Patient Communication at Prescription of an Additional Oral Agent for Type 2
Diabetes: Link Between Conversation Elements, Physician Empathy, and Patient
Outcomes - Insights from the Global IntroDia Study (63-LB) M Capehorn, A Belton, S Down,

A Alzaid, V Gamerman, F Nagel, J Lee, S Edelman, W Polonsky

Network Meta-Analysis of Diabetes Drug Classes as Add-on to Metformin for T2D
(1200-P) M Orme, K Bell, P Dhankhar

Professional Interest Discussion Group: Clinical Endocrinology, Health Care Delivery, and
Public Health

Innovative Diabetes Care Delivery Models Robert Gabbay, MD, PhD (Harvard Medical School,

Boston, MA)

Meet the Experts: Similarities and Differences Between ADA and AHA Lipid Guidelines

Similarities and Differences Between ADA and AHA Lipid Guidelines Robert Eckel, MD

(University of Colorado, Aurora, CO)

Meet the Expert Session: Management of Hyperglycemia in Type 2 Diabetes (Supported by
BI)

Management of Hyperglycemia in Type 2 Diabetes Silvio Inzucchi, MD (Yale University, New

Haven, CT)

Symposium: Treatment of Risk Factors in Women to Prevent Cardiovascular Disease

Management of Glycemia Anne Peters, MD (USC Keck School of Medicine, Los Angeles, CA)

Satellite Event

Beyond Carb Counting Symposium
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Corporate Symposia: Patient-Centered Management of Type 2 Diabetes - A Focus on the
Newer Antihyperglycemic Agents (Sponsored by AstraZeneca)

Case Presentation and Discussion: Patient Centered Management of Type 2 Diabetes
With Cardiovascular Disease Jay Shubrook, DO (Touro University California, Vallejo, CA)

Case Presentation and Discussion: Patient Centered Management of Type 2 Diabetes with
Obesity Debbie Hinnen, APRN, CDE (Touro University California, Vallejo, CA)

Current Recommendations for Patient-Centered Management of T2DM Luigi Meneghini,

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

Corporate Symposium: A Patient-Centered Approach - Treatment Intensification and HbA1c
Management (Sponsored by Lilly/BI)

Treatment Intensification and HbA1c Management Carol Wysham, MD (University of

Washington School of Medicine, Seattle, WA), Mark Stolar, MD (Northwestern University Feinberg School of

Medicine, Chicago, IL), Davida Kruger, MSN (Henry Ford Health System, Detroit, MI)

Panel Discussion

Corporate Symposium: Turning Words into Action in Type 2 Diabetes (Sponsored by
AstraZeneca)

Welcome and Introduction Stefano Del Prato, MD (University of Pisa, Italy)

The Patient-Centric Approach to Type 2 Diabetes Stefano Del Prato, MD (University of Pisa,

Pisa, Italy)

Which Treatments are Available to Use? Clifford Bailey, MD (Aston University, Birmingham, UK)

Insulin Therapy for Those with Type 2 Diabetes Lawrence Blonde, MD (Oschner Medical Center,

New Orleans, LA)

Lifestyle Interventions for Improved Glycemic Control Edward Horton, MD (Joslin Diabetes

Center, Boston, MA) and Lawrence Blonde, MD (Ochsner Medical Center, New Orleans, LA)

Tailoring Treament to the Individual Clifford Bailey, PhD (Aston University, Birmingham, UK) and

Edward Horton, MD (Joslin Diabetes Center, Boston, MA)

Panel Discussion

Product Theaters

Shifting the Clinical Inertia Paradigm: A Proactive and Individual Approach (Sponsored
by AstraZeneca) Ralph DeFronzo, MD (University of Texas Health Sciences Center, San Antonio, TX)

Policy and Education
Press Conference: ADA, AADE, and AND

Position Statement on Diabetes Self-Management Education and Support Margaret

Powers, PhD, RD, CDE (International Diabetes Center at Park Nicollet, St. Louis Park, MN), Melinda Maryniuk,

RD, CDE (Joslin Diabetes Center, Boston, MA), Martha Funnell, RN, CDE (University of Michigan, Ann Arbor,

MI), and Joan Bardsley, MBA, RN, CDE (Medstar Health Research Institute, Hyattsville, MD)

Oral Presentations: Cost-Effectiveness of Managing Diabetes and Related Complications

The Toll of Diabetes in the United States, 2009-2012 Man Yee (Mallory) Leung, PhD

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

Health Economic Impact of Hypoglycemia in a Global Population of Patients with
Insulin-Treated Diabetes Ronnie Aronson, MD (LMC Diabetes and Endocrinology, Toronto, Canada)

Penny-Wise, Pound-Foolish: Association Between Medication Adherence, Out-of-Pocket
Expenses, and Health Care Costs in Medicare Patients with Type 2 Diabetes (262-OR)

Joanna MacEwan, PhD (Precision Health Economics, Oakland, CA)

Oral Presentations: Effective Strategies for Overcoming Barriers in Self-Management
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Impact of Collaborative Care on Treatment Satisfaction and Diabetes Distress: A
Prospective, Randomized, Controlled Study Melanie Siaw (National University of Singapore,

Singapore)

Improving Glycemia in Primary Care: A Model Integrating Diabetes Education Into
Practice Linda Siminerio, PhD (University of Pittsburgh, Pittsburgh, PA)

What Does the Affordable Care Act's Focus on Quality Mean for My Diabetes Practice?
The Effect of Online CME and Need for Further Education Amy Larkin, PharmD (MedScape

Education, New York, NY)

Oral Presentations: Interventions to Reduce Diabetes Burden in Diverse Care Settings

Changes in Health Care Expenditures After Participation in a Diabetes Prevention
Program Offered Nationally by YMCA of the USA: The Next-D Study Ronald Ackermann,

MD (Feinberg School of Medicine, Chicago, IL)

Results from NEXT-D: Does a Disease Specific Health Plan Reduce Incident Diabetes
Development Among a National Sample of Working-Age Adults with Prediabetes?

Tannaz Moin, MD (UCLA, Los Angeles, CA)

Oral Presentations: Effective Strategies for Overcoming Barriers in Self-Management

Redesigning Primary Care to Overcome Clinical Inertia and Improve Outcomes (208-OR)
Janice Zgibor, RPh, PhD (University of Pittsburgh, Pittsburgh, PA)

Posters

Patient Responses to Interim Data from Cardiovascular Outcomes Trials: Results From
an Online Patient Survey (929-P) MV Venkat, RS Wood, V Iyengar, N Naushad, EE Regier, AS

Brown, P Younge, LS Rotenstein, KL Close

Characterizing the Pre-Hospital Response to Diabetic Emergencies R Kaufman

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

Diabetes Care and Research - What is the Next Frontier? David Marrero, PhD (Diabetes

Translational Research Center, Indianapolis, IN)

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

President, Medicine & Science Address: 75 Years of Battling Diabetes - Our Global
Challenge Samuel Dagogo-Jack, MD (University of Tennessee Health Science Center, Memphis, TN)

Professional Interest Discussion Group: Behavioral Medicine and Psychology

Is Behavior Change Possible in Our Healthcare System? Suzanne Johnson, PhD (Florida State

University College, Tallahassee, FL), David Lee Strasburg (The Lee Strasberg Institute, New York City, NY), Kelly

Close, MBA (The diaTribe Foundation, San Francisco, CA)

Professional Interest Discussion Group: Professional Interest Group Discussion on
Behavioral Medicine and Psychology

Investing in Behavior Change - What's the Return? Kelly Close, MBA (The diaTribe Foundation,

San Francisco, CA)

Panel Discussion

9 Annual TCOYD/The diaTribe Foundation Forumth

Discussion John Buse, MD, PhD (University of North Carolina, Durham, NC), James Gavin, MD, PhD

(Emory University, Atlanta, GA), Aaron Kowalski, MD (JDRF, New York, NY), and Andrew Boulton, MD
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(President, EASD, Manchester, UK), Steve Edelman, MD (Founder and Director, TCOYD, Del Mar, CA), Kelly

Close, MBA (Director, The diaTribe Foundation, San Francisco, CA)

Symposium: The National Diabetes Education Program (NDEP) Symposium - Guiding
Principles for the Care of People With or at Risk for Diabetes

Using "Guiding Principles": Moving Toward Patient-Centered Diabetes Care Linda

Siminerio, PhD, RN (University of Pittsburgh, Pittsburgh, PA)

Moving Forward - Future Directions for the NDEP Joanne Gallivan, RD (NIH, Bethesda, MD)

Symposium: Novel Clinical Interventions in Therapy That Impact the Management of
Diabetes

Psychosocial and Behavioral Research: Depression, Distress, and Glycemia Mary de

Groot, PhD (Indiana University, Indianapolis, Indiana)

Epidemiology: Obesity, Clinical Phenotyping, and Costs Frank Hu, MD, PhD (Harvard TH

Chan School of Public Health, Boston, MA)

Symposium: Are We Putting Ourselves out of a Job? The Changing Epidemiology of Type 2
Diabetes and Its Complications

What Does the Future Hold? Forecasting Trends in Diabetes Elbert Huang, MD (University

of Chicago, Chicago, IL)

The Changing Type 2 Diabetes Population Naveed Sattar MD, PhD (University of Glasgow,

Glasgow, UK)

Trends in Health Care Utilization Kasia Lipska, MD (Yale University School of Medicine, New

Haven, CT)

Symposium: Innovations in Diabetes Education - What Works and for Whom?

Involving Families in Diabetes Self-Management Education and Support Ann-Marie

Rosland, MD (University of Michigan Internal Medicine, Ann Arbor, MI)

Caring for the Patient Who Doesn't Seem to Care Bill Polonsky, PhD (University of California

San Diego, San Diego, CA)

Symposium: A New World for Diabetes Education

DAWN2 - Implications for Diabetes Education Linda Siminerio, PhD (University of Pittsburg,

Pittsburg, PA)

Symposium: The Global Diabetes Pandemic - Insights from High Diabetes Prevalence
Regions

India Viswanathan Mohan, MD, PhD (Madras Diabetes Research Foundation, Madras, India)

Middle East Noor Al Busaidi, MD (Oman Diabetes Association, Muscat, Oman)

Diabetes in Paradise: The Pacific and Indian Ocean Paul Zimmet, MD, PhD (Baker IDI Heart

and Diabetes Institute, Melbourne, Australia)

Brazil Maria Ines Schmidt, MD, PhD (Universidade Federal do Rio Grande, Porto Alegre, Brazil)

Symposium: Fifty Years of Diabetes Research and Treatment

Fifty Years of Diabetes Treatment Fred Whitehouse, MD (Henry Ford Hospital, Detroit, MI)

Seventy-Eight Years of Treatment as a Patient M. Kathryn Ham (Brookline, MA)

Symposium: ADA Diabetes Care Symposium - Novel Clinical Interventions in Therapy That
Impact the Management of Diabetes

Diabetes Care "Profiles In Progress" - Recognizing Pioneers in Clinical Diabetes Research
William Cefalu, MD (Louisiana State University Health School of Medicine, Baton Rouge, LA)

Satellite Event
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ADA Pathways Symposium

Generic Drugs
Oral Presentations: Diabetes - A Mixed Bag

Durability of Second-Line Oral Glucose-Lowering Therapy in Type 2 Diabetes: Results of
a Large UK Cohort Study (150-OR) Jil Mamza (University of Nottingham, Nottingham, UK)

Oral Presentations: New Insights Into the Effects of Oral Agents

Effect of Metformin on Cardiovascular Risk Factors in Overweight and Obese Adolescents
with Type 1 Diabetes (9-OR) Kristen Nadeau, MD (University of Colorado, Denver, CO)

Sulphonylureas are Not Associated with Increased Mortality: Meta-Analysis and Trial
Sequential Analysis of Randomized Clinical Trials (16-OR) Dimitris Rados, MD (Hospital de

Clinic de Porto Alegro, Porto Alegro, Brazil)

Symposium: Molecular Mechanisms of Metformin Action

Metformin Suppresses Hepatic Gluconeogenesis by Inhibiting Mitochondrial
Glycerophosphate Dehydrogenase Gerald Shulman, MD, PhD (Yale University, New Haven, CT)

Exhibit Hall and Investor Updates
Exhibit Hall - Devices

BD
Dexcom
Freedom Meditech
Insulet
J&J/Animas
J&J/LifeScan
Medtronic
NeuroMetrix
San Meditech
Tandem

Exhibit Hall - Diabetes Drugs

AstraZeneca
BI / Lilly
Intarcia
J&J / Janssen
Lilly
Merck
Novo Nordisk
Sanofi
Takeda
Type 1 Diabetes TrialNet

Exhibit Hall - Obesity

Eisai
Novo Nordisk (Saxenda)

Exhibit Hall - PCSK9 Inhibitors

Amgen
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Sanofi/Regeneron

Investor Events and Corporate Updates

Lilly Diabetes Business Update
Novo Nordisk Investor & Analyst Event
Sanofi IR Thematic Update on Diabetes
Zealand Pharma Analyst Breakfast

Themes

Diabetes Technology

CLOSING THE LOOP

▪ More than ever, ADA made it abundantly clear - closing the loop is now inevitable!
And, it's a question of "WHEN" and "HOW," not "IF." With Medtronic beginning its pivotal
study of the 670G, other groups moving ahead or exploring their options (e.g., Animas, Bigfoot,
Bionic Pancreas, Insulet, Tandem, Type Zero), academic investigators gearing up for very large scale
efficacy trials, and a clear regulatory path, there seems to be less doubt that hybrid closed loop is
coming near-term (Dr. Aaron Kowalski cited a ~2017-2018 timeframe). Indeed, UVA's insightful
and super-smart Dr. Stacey Anderson summed up the main session of artificial pancreas oral
presentations with a succinct characterization of the status of systems: "SAFE during the day.
HIGHLY EFFECTIVE overnight." Dr. Kowalski also emphasized the field's progress, noting that
technical feasibility is now proven in all six stages of the original JDRF roadmap - it's now time for
commercial development and regulatory studies to support approval. Moving forward, Dr.
Kowalski's revised AP roadmap (Diabetes Care 2015) has just three steps: (i) low glucose suspend;
(ii) predictive low glucose suspend; and (iiia) insulin-only closed loop or (iiib) multi-hormone
closed-loop. The real challenges ahead are adoption and reimbursement - or as Dr. Kowalski
suggested, appealing to people with diabetes (& loved ones), clinicians, and payers via three key
metrics: glycemic control, "burden", and value.

◦ Competition is pushing the thinking and dialogue forward aggressively, and
we can hardly wait for the host of longer-term, real-world data coming in the
next one to two years. Rapid-fire presentations from Drs. Moshe Phillip (DREAM),
Steven Russell (MGH), Roman Hovorka (Cambridge), and Boris Kovatchev (UVA) showed
each group's future planned large-scale efficacy studies, which may heavily depend on the
NIH's $20 million initiative, "Advanced Clinical Trials to Test Artificial Pancreas Device
Systems in Type 1 Diabetes" - as we understand it, the one to three award recipients are
expected to be notified quite soon. We were impressed to see how actively and ambitiously
the academic groups are thinking about these bigger trials - an equally big set of questions
surrounds how manufacturing and commercial devices will work (see below).

▪ The most illuminating artificial pancreas discussion centered on practical and hard-
hitting questions: (i) What's the appropriate control group in a pivotal study? (ii) Insulin-only vs.
multi-hormone?; (iii) What's the right device form factor and burden vs. risk tradeoff? (iv) Will
organizations have manufacturing in place to submit a PMA application? (v) What's the right
business model? (vi) What do payers think? There is still a major difference of opinions on the right
control group (MDI vs. SAP) and remaining uncertainty regarding device form factor,
manufacturing, business models, and payers. The insulin-only vs. bi-hormonal debate is in the stay-
tuned phase right now, as more comparative data is coming. That said, we would certainly like
patients to have access to both - we don't think one closed loop product will be right for every patient
that could benefit from one.

◦ A key point of debate emerged during the main closed-loop oral presentations
session: "What is the appropriate comparator group in a pivotal closed-loop
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study?" Cambridge's Dr. Roman Hovorka asserted that the appropriate comparator is
sensor-augmented pump (SAP) therapy - closed loop should have to prove itself against
the best therapy we have now. Conversely, MGH's Dr. Steven Russell felt strongly that
closed-loop studies should compare to individuals' therapy at baseline, whether that's
MDI/SMBG, MDI+CGM, pump only, or pump+CGM. We think they are both right, and
the much harder question is choosing which is more important to focus on initially. Close
Concerns' Adam Brown raised this question again at the invite-only JDRF/NIH Closed-
Loop Consortium Meeting (contact here to get on next year's list), and it sparked an even
heartier debate and clear camps on both sides of the issue. DREAM's Dr. Moshe Philip
answered from an academic perspective, suggesting that SAP as the control group makes
the most sense, since the studies are scientifically testing whether the addition of a closed-
loop algorithm to SAP makes a difference. Dr. Russell again heartily disagreed, advocating
for studies that are real-world enough to test effectiveness in a broad population of type 1s
(especially the majority of type 1s that are on MDI) - "This is not an academic exercise, he
said, "We give people systems to improve their diabetes control. We don't want to limit
ourselves to the people using pumps." Dr. Aaron Kowalski pointed out that the question
has very important academic implications, since journal reviewers will criticize the choice
of control group (probably no matter what). Others emphasized that the payer implications
could be significant, since reimbursement and coverage will depend on the pivotal study
design and included populations. Jaeb's Dr. Roy Beck eventually stood up and admitted
that both sides have a valid case ("I could easily write a point/counterpoint"), but he
leaned towards Dr. Russell's view - the current reality is that only ~15% of people in the
T1D Exchange (at most) use sensor-augmented pumps. To get the penetration everyone is
hoping for, AP studies need to expand beyond sensor-augmented pump users alone. We
agree - pivotal trials should ideally enroll a broad spectrum of type 1s, including those on
MDI/SMBG, pumpers, and those on SAP.

◦ Medtronic's MiniMed 670G pivotal study is a single-arm trial, yet
another potential answer to this question! Medtronic is clearly trying to get
something to market fast, rather than proving how much better it is vs. a
comparator in a randomized study. This is smart from a timing perspective (first
to market), though presumably means reimbursement at the same rate as the
MiniMed 530G. That the FDA is allowing a single-arm study to serve as the
pivotal trial also reflects how far the regulatory environment has come.

◦ ADA continued the fascinating insulin-only vs. bi-hormonal debate. We've
certainly heard a range of opinions in recent months (e.g., Keystone 2014, DTM 2014,
ATTD 2015, ENDO 2015), though true head-to-head data is really needed to show what
incremental value glucagon adds to the equation. ADA was notable in that regard,
providing fresh perspective from the newer-to-the-field McGill University team. In pooled
results from two small randomized, crossover, overnight trials comparing
insulin+glucagon to insulin-only closed-loop, the addition of glucagon reduced time spent
in hypoglycemia by two-thirds (from 3% to 1% - a low base, but many patients would call
that meaningful, and real-world rates of hypoglycemia are probably higher). Meanwhile,
Drs. Ed Damiano and Steve Russell mentioned their own plans to do an exciting Bionic
Pancreas glycemic set point study comparing an insulin-only configuration to an
insulin+glucagon configuration head-to-head - we first heard this at GTC Bio in April,
though we've since learned these will be quite robust studies, testing a variety of glycemic
targets (100, 115, 130, 145 mg/dl are being considered) and offering some exciting
comparative data. A separate Stanford set-point study will test an insulin-only version of
the Bionic Pancreas at several algorithm set points, and will do so over a longer period of
time. We think this data is critical to meaningfully advance the conversation on this topic.
Perhaps our favorite commentary on this debate came from Yale's Dr. Stuart Weinzimer in
the Closed-Loop in Youth Symposium's Q&A: "I think it's a false argument to compare one
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against the other. What I would like to see are options for patients with diabetes and
clinicians. I want to see an insulin-only system and a bihormonal system on the market.
Then clinicians can choose and help patients choose what is best for them. So let the
market decide." Hear, hear!

◦ What is the ideal form factor? Should a closed-loop algorithm reside on a
smartphone? At the Psychosocial AP Workshop, the FDA's Dr. Stayce Beck said that the
Agency is "open to the idea of" an AP algorithm residing on a smartphone, but "there are
lots of challenges" to hammer out - the risk mitigation sounds quite challenging, and it
might even require working with phone companies to ensure that the algorithm takes
precedence over other smartphone functions (that sounds like a nightmare). We're not
sure how open Apple and Samsung and LG and other device makers would be to that. BU's
Dr. Firas El-Khatib further pointed out that phones are very fluid - an algorithm might get
approved with mitigated risk, but the phone will change if it is a personal device (e.g.,
downloading apps and new updates). Alternatively, AP developers could lock the
smartphone and strip out all its functionality, but then the integration is arguably not as
useful - patients will have to carry another phone. Of course, some may prefer the user
interface on a stripped-down phone to a pump, so there are multiple solutions here. We do
think the ideal convenience solution - a personal phone running an artificial pancreas
algorithm - is possible to create and something that we expect to see happen down the
road. Certainly, Dexcom has moved ahead with its Gen 5 CGM system - five years ago, no
one would have thought a smartphone could function as the primary display device for
CGM, but if all goes as the company expects, that could be on the market by the end of the
year. From a product perspective UVA (Type Zero) and Bigfoot have alluded to AP systems
potentially driven by smartphone algorithms; we assume Animas, Insulet, and Tandem are
thinking more about algorithms embedded into their pumps.

◦ The question of form factor could have critical implications for
product development and market uptake of AP systems. As Dr. Aaron
Kowalski noted in Q&A, "We're going to butt up [i.e., max out] on the ability to
improve glycemic control with artificial pancreas systems. The driver will be form
factor and minimizing the burden of wear. The phone is an obvious component ...
Where will people with diabetes be willing to take the risk for the benefit of a
reduction in burden? ... How much do people with diabetes want it? What are the
mitigations you can build in? The person with diabetes should have some voice in
there."

◦ The field seems quite comfortable with (and even excited about!) the
regulatory path for artificial pancreas systems. Equally important is the
accompanying review of manufacturing and quality systems. FDA's Dr. Stayce
Beck pointed out that PMA submissions can't just bring pivotal trial data - sponsors must
have manufacturing capabilities in place. Notably, the FDA is working with JDRF on
different manufacturing models (and presumably regulatory review) to enable "component
artificial pancreas systems" - Dr. Beck said this is "not a small part" of the process, but it is
also "not nearly as exciting" as the science. However, she urged the community to start
shifting the conversation, since so many things go into an FDA review besides a positive
pivotal study. The JDRF/NIH Closed-Loop Consortium Meeting left it a little unclear how
(and if) academic groups will go from large-scale studies to regulatory PMA submissions.
This is a big question for many groups - some, like the Bionic Pancreas team at MGH/BU
have been less clear about who will manufacture the dual-chamber prototype pump they
have been building (Tandem has de-prioritized this project, per its 1Q15 call), while others
are more clear (Medtronic clearly has this question answered, along with customer service
and infrastructure). It's also a bit unclear if some of the upcoming large-scale trials will
actually serve as true "pivotal" studies, since regulatory submission requires a final
commercial-ready device. This is certainly the intent of the Medtronic/DREAM, Bionic
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Pancreas, and UVA (Type Zero) teams; we're not sure about Cambridge. We agree with Dr.
Beck that manufacturing is not a small issue, nor is the ability to go to market and offer
customer support for a class III medical device - previous PMA and commercialization
experience obvious helps. UVA has established a company, Type Zero, to do this, but the
aforementioned steps are a tall order for any company, let alone a startup.

◦ Medtronic has moved ahead of the competition and initiated a pivotal study of
the MiniMed 670G, with other companies following along. Still, there are
some tough business questions to answer. At the Psychosocial AP Workshop, type 1
advocate and industry consultant Ms. Marie Schiller said that closed-loop systems will
"probably not" command a premium - "You either have to be at par or charge less." This
will presumably depend on the pivotal data that is generated, but it's certainly a tall order
for smaller pump companies to live up to: the R&D investment for an artificial pancreas
system is significant, and pricing at parity may be tough economically speaking. In one
sense, Ms. Schiller's comment is not a surprising sentiment, considering payer frustration
over diabetes (see payer expert Mr. Aaron's David's talk below) and increasingly
constrained healthcare dollars; still, artificial pancreas systems have great potential to
simultaneously improve A1c and significantly drive down or completely avoid severe and
costly short-term events. That has never been seen before in type 1, and consequently, we
assume some data might eventually support a premium. Would payers pay more for a
system that results in a significantly better A1c AND a far lower rate of severe
hypoglycemia? Presumably yes, but that will likely need to be shown over time in longer-
term studies, since such events are unlikely to arise with enough regularity in a pivotal
trial. Ms. Schiller further suggested that building a revenue model is something industry
"is struggling" with. For standalone pump companies (i.e., not Medtronic), she called the
necessary collaborative effort "one of the biggest hurdles," since none have an in-house
CGM. These are tough questions to address, and have probably contributed to why
companies like Animas, Insulet, Roche, and Tandem have not moved faster on the closed-
loop front.

◦ ADA 2015 brought a mix payer views on the artificial pancreas, ultimately
suggesting more education and engagement is needed. Most encouraging was
highly regarded endocrinologist Dr. Kenneth Snow of Aetna (formerly of the Joslin), who
had crystal clear advice for the entire room at the JDRF/NIH Closed-Loop Consortium
Meeting: artificial pancreas systems may show benefits on A1c, hypoglycemia, and burden,
and the data must clearly show that. This seemed pretty reasonable to us. Dr. Snow used
the helpful analogy of buying a mouse trap - there are $3, $5, and $30 mouse traps, but
when you go to buy a mousetrap at the store, there is no data to point out which is better.
In that case, the consumer probably just buys the cheapest one. The same is true with the
artificial pancreas: Aetna will pay for the "better mouse trap" if there are data to clearly
suggest that. On the other hand was payer expert Mr. Aaron Davis, who highlighted near-
non-existent payer understanding of severe hypoglycemia (mostly anecdotes, since there is
no real data); major lack of consensus on unmet needs in type 1 diabetes; and low payer
understanding of the different insulin pumps. Perhaps most surprising were some of the
direct payer quotes from primary payer research:

◦ "Plans may underestimate hypoglycemia. I led a team looking at the issue a few
years ago. We were asking what hypoglycemia events cost, and we really don't
know."

◦ "There is more hypoglycemia risk in type 1, but I don't have any data for type 1s. I
appreciate that it can be disastrous, but I don't know what we can do about it."

◦ "We recently did a survey of our insulin pump patients. 50% didn't understand
key pump features. We want to know more about what is going on with this
technology."
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▪ Payers are clearly most concerned about cost-saving devices, not simply products that
reduce mild/moderate hypoglycemia. The challenge for manufacturers is that proving
reductions in severe hypoglycemia causing hospitalizations is a very long trial indeed. We hope these
trials are eventually undertaken, though it's hard to imagine a pivotal study could bring such data,
unless trials are enriched with those at high risk of severe hypoglycemia. We also believe measures
of hypoglycemia need to be more specific and standardized in artificial pancreas trials (i.e., severe
hypoglycemia needing assistance, moderate hypoglycemia, etc.) - this could go a long way towards
giving payers much better information.

GLUCOSE MONITORING

▪ Drs. Irl Hirsch and Jeffrey Probstfield presented the long-awaited results of the FLAT-
SUGAR pilot study - the 26-week, 102-patient feasibility trial met its primary
endpoint, showing it is possible to randomize ACCORD-like patients to two groups
(exenatide+glargine+metformin vs. rapid-acting insulin+glargine+metformin) and achieve
significantly different glycemic variability (coefficient of variation) with a similar A1c (7.1% vs. 7.2%
in this case). Dr. Hirsch believes it paves the way for a larger, longer outcomes study testing whether
glycemic variability (GV) matters for long-term outcomes. What is somewhat unclear from the
results is whether the magnitude of glycemic variability reductions are large enough to show long
term differences in future outcomes - these patients did not seem to have as much hypoglycemia or
variability as we would have expected, which makes us wonder about study effect. It would also be
interesting to see this study in type 1 diabetes or using different therapies (e.g., SGLT-2s) to help
demonstrate much larger variability differences. There is still plenty of analysis to do on this data,
and it's entirely possible different perspectives on variability will emerge over time. This was also an
extremely challenging study to conduct, given the need to keep A1c's the same, and we salute Dr.
Hirsch for moving the needle significantly on the field's understanding of glycemia - we believe a
study linking variability and time in range to long-term outcomes may be essential for proving the
value of multiple next-gen therapies/technologies.

▪ Consistent with ADA 2014, this was a lighter meeting for new CGM sensors, perhaps a
testament to more focus on connectivity and significantly improved CGM accuracy/
reliability. Indeed, the biggest highlights in glucose monitoring were arguably in the exhibit hall,
where Medtronic showed off the upcoming MiniMed Connect device (remote monitoring of pump/
CGM data), and Dexcom highlighted the new Share Receiver and accompanying iPhone/Apple
Watch/Android Follow apps. These are very meaningful form factor improvements for patients and
harried caregivers (who in our view never receive enough acknowledgement). We expect to continue
to see progression on this front with Dexcom's Gen 5 (FDA approval and launch by end of 2015) and
Medtronic's Guardian Mobile is in an ongoing pivotal study (n=100), with expected completion in
July 2015. Looking back at ADA 2014, there was no filing or launch timeline for Dexcom's Gen 5,
and Medtronic's Guardian Mobile had not been publicly announced - things are certainly moving
much faster on the digital and connectivity sides.

◦ An intriguing Dexcom abstract (5-LB) highlighted the power of cloud-based
CGM data to illuminate the real-world patient experience. The retrospective
study analyzed 50,000 hypoglycemic events in 1,177 Dexcom Share users, suggesting an
event rate of 0.96/day/patient. Notably (though unsurprising to us as patients) the
proportion of hypoglycemic events followed by rebound hyperglycemia was 18% within 60
minutes and 26% within 90 minutes. Even more interesting would be to know what
rebound rebound hypoglycemia looked like (i.e., overtreating a rebound hyperglycemic
episode, resulting in a subsequent second low). We also wonder what time-in-tight-target
range (70-140 mg/dl) looked liked immediately following hypoglycemia and the 24-hour
period following hypoglycemia. Those sub-analyses aside, this poster was a great reminder
of the illuminating data cloud-based glucose monitoring can bring. Though RCTs have
tremendous value in driving scientific discussion, they often fall short of offering real-
world insight on the day-to-day rollercoaster of living with diabetes.
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▪ In terms of next-gen CGM sensors, two posters caught our eye:

◦ A Dexcom poster (955-P) provided a first look at human durability data from
the company's in-development Gen 6 sensor, suggesting that extended wear is
indeed feasible over 10 days. The early findings were positive - 94% of sensors lasted to 10
days, though when Dexcom included all sensors in the analysis (i.e., including non-sensor-
related CGM system failures), 79% lasted for the full period. The latter was lower than we
would have expected based on our experience wearing the G4 Platinum. We continue to
wonder if Dexcom will go for a 10-day wear indication for the Gen 6 sensor - management
most recently indicated in April that it will move into a pre-pivotal trial this summer, with
plans for a 1H17 commercial launch.

◦ The latest human data from Medtronic's orthogonally redundant CGM
(combining an electrochemical + optical sensor) demonstrated very little
marginal benefit relative to electrochemical alone - for the full seven-day period,
accuracy improved very slightly with the redundant sensor (from 11.6% to 10.3%). The
biggest advantage of redundancy came in the first 48 hours after insertion - MARD fell
from 16.8% with the single electrochemical sensor to 10.8% with the orthogonally
redundant sensor configuration on Day 1, and from 13.7% to 10.2% on Day 2.

▪ After lots of excitement at ATTD 2015 in Paris, Abbott's FreeStyle Libre was
unsurprisingly (given that it is not yet FDA approved) absent at ADA … though it still
seemed to be on the minds of some international (and US) attendees. On the conference
floor and in hallway conversations, we heard enthusiasm for the product's potential, which has been
on the European market for nine months now. Indeed, it was notable to see the extent to which
attendees (from KOLs to clinicians to educators) were familiar with the device. The "No fingersticks"
message continues to inspire awe, particularly in terms of how much insight it can bring type 2
patients who aren't in good control, and type 1 patients not on CGM because of a real or perceived
hassle factor. Adding to the "Libre Fever" (our wording), Dr. Steve Russell (MGH, Boston, MA)
announced that the Bionic Pancreas team hopes to use the blinded version (Libre Pro - available in
India now) in its pivotal Bionic Pancreas study. FreeStyle Libre has completed its pivotal study in
the US, and we assume a regulatory submission is in the works or has possibly already happened - a
big question is whether Abbott will obtain an insulin-dosing claim in the US. Of course, it may be
moot, since patients will dose insulin off it anyways in the real world, assuming it is still factory
calibrated.

▪ We were encouraged to see two notable abstracts relating glucose monitoring to
healthcare costs and longer-term complications:

◦ A retrospective database analysis compared CGM users to non-users,
suggesting greater improvements in A1c (0.5%), an impressive 42% reduction
in inpatient hospital admissions (all-cause), and a 17% reduction in
emergency room visits. Dexcom's Dr. Claudia Graham presented the results, which
were gleaned from 14 million enrollees in Optum's national US database. Though selection
bias is certainly possible in this type of study, the data are encouraging and lend some
credibility to the technology's cost-saving potential. We continue to look forward to results
from Dexcom's DiaMond study, which should offer more scientifically robust data on the
value of CGM. The 338-patient, 20-center study aims to understand CGM outcomes
(including healthcare costs) in MDI users. The estimated study completion date is March
2016.

◦ A late-breaking poster suggested an increased risk of mortality due to CMS'
competitive bidding program. Findings demonstrated that patients in competitive
bidding test sites had more than twice as many inpatient admissions (982 admissions vs.
460) and more than double the associated costs ($10.7 million vs. $4.7 million) compared
to a non-test site population, which translated into almost twice as many deaths (102
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deaths vs. 60). Of course, the study does not imply causation, though the results are
directionally interesting and potentially alarming. As a reminder, these data differ greatly
from CMS' April 2012 report on adverse outcomes associated with competitive bidding,
which suggested that there was no disruption of access to supplies and no negative
healthcare consequences associated with the program. Ultimately, the results raise red
flags for what is already a heavily scrutinized program. Carryover from competitive bidding
(which began in July 2013) continues to exert significant pressure on the market, which
was nowhere more evident than in the exhibit hall: J&J was the only member of the Big
Four BGM companies present (similar to last year, but very different from years past).

▪ ADA was an important meeting for diabetes data, headlined by Glooko's partnerships
with Medtronic, Dexcom, and Insulet. Tidepool was also present in the exhibit hall for the first
time, demo-ing its upcoming blip software in Insulet's booth. Meanwhile, data veteran Diasend
updated attendees in its own dedicated booth, highlighting compatibility with 120 devices. The
proprietary data siloes seem to be increasingly opening up, though there are plenty of remaining
questions: What aggregation software will patients and providers prefer (i.e., Diasend, Glooko,
Tidepool)? Will glucose monitoring reports be widely standardized to an output like AGP? What will
it take to bring meaningful clinical decision support/analytics to patients and providers? Who will
apply for the Helmsley Charitable Trust's Diabetes Data Innovation Initiative? Will industry adopt
the interoperability standards spearheaded by Dr. Joe Cafazzo, JDRF, and HCT? Will patients be
able to easily port their data from one software platform to another?

DIGITAL HEALTH

▪ We did not see any truly notable data on mobile care delivery or telemedicine. We
believe such digital health solutions can play a role in improved, more cost-effective diabetes care
delivery in the coming years, though it's still likely early days at this point (particularly in diabetes).
This takeaway largely echoed what we learned at CES 2015 (January) and SXSW 2015 (March) -
digital health has lots of potential, but the groundwork is probably just getting laid.

◦ That said, the financial markets are showing tremendous recent optimism for
digital health. Doctor On Demand just raised $50 million, Teladoc filed for a $100
million IPO a few weeks ago, Walgreens announced it is bringing MDLIVE to 25 states by
December, and Fitbit raised an astonishing $732 million in its June 18 IPO (the market
cap is now over $7 billion!). We believe these approaches are welcome, since there is so
much room to improve care delivery on the provider side and engagement on the patient
side. Those who are able to answer the biggest questions - provider adoption, patient
adoption, scalable business models, reimbursement - have the biggest potential in our
view. For now, the field is moving fast, but from a small base. . . time will tell what this
means for diabetes care delivery and management. We are cautiously optimistic, though it
may be some time before the consumer digital health trends meaningfully affect diabetes.

▪ At DiabetesMine's D-Data Exchange, AgaMatrix founder Sonny Vu's keynote was a
standout. He discussed the current 1.0 nature of wearables and where digital needs to
go: passive data acquisition; insights and timely feedback; clinical effectiveness; and
reimbursement. Of these challenges, Mr. Vu called feedback the hardest, but also the area with the
most potential for behavior change. He astutely noted that most wearable devices fall short of
passing the "turnaround test": is something so useful and compelling that you would run home to
get it if you forgot it? We love this as a lofty goal for diabetes device design; it's a tall order, though
we're encouraged to see glucose monitoring increasingly moving in this direction, particularly with
remote monitoring (for parents/caregivers), much greater accuracy (Dexcom's G4AP algorithm),
and factory calibration (Abbott's FreeStyle Libre). Mr. Vu also sounded optimistic that the coming
Gen 2.0 of wearables could help make wearables more compelling - devices will have better
materials (metal, leather, ceramic), require less/no charging, enable wear for months, and better
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integrate into daily life. Mr. Vu called the ideal product design a combination of Harvard Medical
School and Playskool: clinically effective and an amazing, delightful user interface.

▪ It was terrific to see two podium presentations on social media in the ADA main
schedule. Social media guru and activist extraordinaire Dr. Joyce Lee (University of Michigan, Ann
Arbor, MI) gave an outstanding presentation on the value of the diabetes online community,
emphasizing the opportunities for patients and providers to learn from each other, to advocate for
better policy, and to harness creativity and hacking abilities (e.g., Nightscout). DiabetesMine's Ms.
Amy Tenderich echoed these sentiments, stressing that social media can help patients share the
burden of the disease and provide an avenue for discussing topics that are uncomfortable with
providers. We see these presentations as a positive sign that social media is becoming more
important in the eyes of the meeting's organizers - and by association, we hope it's becoming more
validated for attendees too. The jury may still be out on the clinical value of social media, but in
some sense it doesn't matter - social media is free for patients, always on, and offers significant
support where the healthcare system falls short. More important questions concern how nervous
social media makes providers; how likely patients are to find misinformation online and act on it;
and whether the very best online resources are getting into the hands of those who most need them.

Diabetes Drugs

CARDIOVASCULAR OUTCOMES TRIALS

▪ The long-awaited results from the TECOS and ELIXA CVOTs (for Merck's Januvia
[sitagliptin] and Sanofi's Lyxumia [lixisenatide], respectively) were resoundingly
neutral. While both trials had already reported topline neutral results, we were watching closely
during the full results presentations for any hint of a divergence between groups or any notable
imbalances in any secondary endpoints. We saw that the Kaplan-Meier curves for the primary
cardiovascular composite endpoint were essentially superimposable in both trials, and there were no
significant differences in any secondary cardiovascular outcomes. It was particularly reassuring to
see the impressively neutral results (hazard ratio of 1.00) for heart failure in TECOS given prior
concerns of a class effect on heart failure. As study investigator and renowned researcher Dr. Rury
Holman (University of Oxford, UK) noted, the upper bound of the 95% confidence interval (1.20)
was below the hazard ratio point estimate of 1.27 for heart failure hospitalization in the SAVOR trial.
Interpretation of a slight imbalance in acute pancreatitis was mixed, but if a real effect exists, the
consensus was that it is acceptably modest.

◦ While reassuring in terms of safety, the continued flow of neutral results from
CVOTs prompts broader questions about the value of these trials as they are
currently designed. Both TECOS and ELIXA were powered to detect some level of
cardiovascular superiority, but several speakers noted that their relatively short duration
and "glycemic equipoise" design (aiming for minimal A1c differences between groups)
would have made a superiority finding quite surprising. Presumably we are watching the
field learn - this probably wasn't obvious when the trials were being designed. The trial
discussants, who are both renowned and highly respected researchers - Dr. Silvio Inzucchi
(Yale University, New Haven, CT) for ELIXA and Dr. Allison Goldfine (Joslin Diabetes
Center, Boston, MA) for TECOS - both raised larger questions about whether these studies
are enrolling the right patients, running for long enough, and asking and answering the
most relevant clinical questions. After seven years, four neutral trials, and hundreds of
millions of dollars spent, we hope the FDA will feel compelled to consider these questions
and bring together cardiology and diabetes researchers and other experts to assess where
the current paradigm stands for evaluating the safety of diabetes drugs represents the most
effective use of limited healthcare resources. While escalating drug costs have received
great attention of late, the complaints about high prices are virtually never in the context of
higher costs of drug development or the lower number of years that drugs are available at
non-generic prices. As we understand it, one recent drug that has come to market has cost
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in the multiple billions ($2-$3 billion) rather than the standard $1 billion typically
mentioned. Part of this increased cost is due to cardiovascular outcomes trials. While the
safety information is highly valuable and we would always want to make sure that safety
has been established, it may be helpful at this stage to examine the 2008 guidance to better
understand the value coming from multiple similar outcomes trials that are not designed
to offer information on potential long-term benefits. There were multiple smart people in
the field at both meetings FDA gathered to discuss elements of CVOTs - confidentiality of
interim data and SAVOR and EXAMINE results. We think a similar gathering looking at a
broader set of questions about the 2008 guidance would be helpful when thinking about
implications for public health stemming from the guidance - particularly given Dr. John's
Jenkins commentary at the FDA Public Hearing on the Confidentiality of Interim Results
in Cardiovascular Outcome Safety Trials last August, where Dr. Jenkins said that "it may
be time to revisit the basis of cardiovascular studies for diabetes drugs" (see link for more
context)

◦ With regard to the DPP-4 inhibitor/heart failure controversy, we expect that
the TECOS results will be positive for the class as a whole and particularly
positive for Merck's Januvia franchise. We imagine that the reassuring results from
such a large, well-powered trial should largely rule out the hypothesis of a DPP-4 inhibitor
class effect on heart failure. Since there is still no clear explanation for the divergent results
in the three DPP-4 inhibitor trials, we expect that the FDA will likely assess each drug
separately when evaluating potential label changes, which could potentially help bolster
Januvia's perception among providers - TECOS investigator Dr. Rury Holman (University
of Oxford, UK) suggested that it is impossible to know exactly what was going on in
SAVOR and EXAMINE but that risk-averse clinicians may "vote with their feet." We do
still think that the finding in SAVOR was more likely due to chance than a distinct drug-
specific effects on heart failure, though we did hear slightly differing opinions on this
question during the TECOS results presentation.

◦ We are curious how researchers' assessments of how to show superiority for
newer classes have changed. This did not receive attention at the ADA and we hope
that the field learns from the findings of these first few trials.

BASAL INSULIN

▪ Now introducing: the next wave of basal insulins. The basal insulin discussion at the past
two years' ADAs have focused on products like Novo Nordisk's Tresiba (insulin degludec) and
Sanofi's Toujeo (insulin glargine U300) that appear to offer meaningful but not necessarily game
changing advantages as monotherapy over existing options in terms of hypoglycemia and extended
PK/PD. We do believe that now that Toujeo has been launched, the approach to teaching about the
insulin to patients (using COACH) actually is fairly innovative - the "real world" experiences also
appear to be positive, though it's early and we'll look forward to dQ&A satisfaction data on this front
(for more information, contact dQ&A CEO Richard Wood at richard.wood@d-qa.com). We would
also note that access help to patients on Toujeo seems to be been more extensive than we have seen
previously - we'll look forward to watching how this plays out. As we have said in previous years, we
look forward to seeing combinations using GLP-1 and basal insulin - Sanofi will be using Lantus in
combination with its GLP-1 lixisenatide and Novo Nordisk will be using Tresiba, once it is approved
- that should likely give Novo Nordisk the edge on the basal insulin/GLP-1 combos and we'll be
interested to see how these are priced and where they land in the patient line up. This year at ADA,
there was not as much on Tresiba and Toujeo and there was more on the next (potential) big things
in basal insulin: the more physiologically compelling (though high-risk/high-reward) liver-selective
peglispro (BIL) from Lilly and new once-weekly basal insulins.

◦ The phase 3 data on peglispro was some of the most eagerly awaited data at
ADA, and those watching were eager to hear both about safety issues that we
knew would be discussed alongside the benefits. On the plus side, peglispro is the
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first basal insulin to demonstrate superior A1c reductions vs. existing long-acting insulin
analogs across a phase 3 program - it also managed to do this with significantly less
nocturnal hypoglycemia than Lantus (insulin glargine). Physiologically, liver-selective
insulin more closely mimics endogenous insulin action and also has better weight effects
vs. non-liver-selective insulin. However, peglispro also caused aberrations in liver fat, liver
enzymes, lipids, injection site reactions, and (in some trials) increases in daytime
hypoglycemia. While some researchers said none of these effects individually appeared to
be an absolute dealbreaker (though the increased hypoglycemia in particular may be
worrisome to patients in particular), taken as a whole (in the context of a conservative
FDA) they pose a real threat to the drug's hopes of approval following further study over
the coming years. At this point most researchers appear willing to wait for the results of
further study on the candidate, though the providers who believe that current insulin
options are adequate will probably never be sold on peglispro. Even if peglispro itself does
not make it to approval, however, it proves the benefits of liver selective insulin and could
lay the groundwork for future candidates that achieve comparable efficacy and non-
glycemic benefits with fewer side effects.

◦ A different set of basal insulins is pushing the envelope into once-weekly
dosing. The pioneers - still at a fairly early stage - include PhaseBio's PE0139 (phase 1),
Hanmi's Hm12470 (phase 1), and AntriaBio's AB101 (soon to begin clinical testing).
Notably, PhaseBio is already examining a combination of PE0139 with its once-weekly
GLP-1 agonist PB1023; that candidate was halted as a monotherapy after failing to achieve
non-inferiority vs. Victoza in phase 2b, but a once-weekly GLP-1 agonist/basal insulin
combination could well be a very appealing option for many patients. The key question for
these agents is the degree of appeal of once-weekly insulins vs. once-daily options. In a
presentation on that very topic, Dr. Ian Blumer (University off Toronto, Canada) suggested
that the connection between insulin injection frequency and adherence exists but may not
be as clear-cut as one would assume. He encouraged providers to consider other factors
like injection discomfort that may drive lesser adherence - we repeatedly hear that pens
and needles are becoming more patient friendly and less of a perceived barrier. Though we
do think the convenience advantage would be meaningful for a once weekly insulin, to
make it past regulators and payers these new agents will still need to match once-daily
insulins on efficacy and safety - we would hope it is "real world" efficacy that the
comparison is made.

THE COST OF DRUGS

▪ The climbing cost of insulin and other drugs was a major topic of discussion this year.
Dr. Irl Hirsch (University of Washington, Seattle, WA) led off with a dedicated presentation on day
#1 critiquing the sharp rise in insulin prices over the past decade. He considers it unethical and
unacceptable for cost to be a barrier for access to a lifesaving drug, and he certainly had a chorus of
support among the audience. On the other hand, some (including Dr. Hirsch) point out that the drug
is life-saving and that it isn't surprising that the drugs are expensive. One audience member even
invoked the Declaration of Independence in arguing that affordable insulin should be a right rather
than a privilege. This issue is far from black-and-white: Lilly Diabetes President Mr. Enrique
Conterno noted during the company's Diabetes Business Update that net Humalog prices have been
stable over the past several years, with rising list prices and simultaneously rising rebates to PBMs.
It appears to be cash-paying patients who lose out, and we hope to see providers, patients, advocacy
groups, foundations, professional associations like the ADA, and industry collaboratively work
toward a more clear-cut approach that makes pricing and profitability less of a black box.

GLP-1 AGONISTS

▪ The future for GLP-1 agonists looks bright, especially considering the potential for
combination with basal insulin along with innovative new delivery devices. The GLP-1
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agonist class appears to be rebounding following a sluggish past two years, driven by new once-
weekly options like Lilly's Trulicity, GSK's Tanzeum, and AZ's Bydureon Pen. Looking ahead, we can
see the class' future bifurcating between two paths: (i) improved non-injectable delivery devices, and
(ii) combination with basal insulin. We are excited to see how products like Intarcia's implantable
exenatide mini-pump ITCA-650 fare vs. Novo Nordisk's Xultophy (insulin degludec/liraglutide) and
Sanofi's LixiLan (insulin glargine/lixisenatide) - we believe we'll continue to see meaningful growth
in this market. The 2015 GLP-1 market totaled a bit over $3 billion in 2014, and we expect that to
grow at a faster rate from a higher base in 2015.

◦ We were very impressed with the results from the DUAL V study, which
compared Novo Nordisk's Xultophy and Sanofi's Lantus. The results after 26
weeks showed a mean A1c reduction of 1.8% from a baseline of 8.4% with Xultophy vs. a
reduction of 1.1% from a baseline of 8.2% with continued Lantus therapy in type 2 diabetes
patients also on metformin. But wait - there's more! Xultophy boasted a more than 3 kg
(~7 lb) weight benefit vs. Lantus (-1.5 kg [~3 lb] weight loss from baseline). Xultophy
caused 57% fewer episodes of confirmed hypoglycemia (p<0.001) from around 5 episodes/
subject/year to around 2 episodes/subject/year and an 83% reduction in nocturnal
hypoglycemia (p<0.001) from roughly 1.2 episodes/subject/year to around 0.2 episodes/
subject/year. We're also looking forward to seeing topline phase 3 data for Sanofi's
LixiLan, expected in 3Q15. In terms of strong efficacy and well balanced side effects, the
results from GLP-1 agonist/basal insulin combinations have been perhaps the best out
there - though we will have to see the data, our sense is that patients may be able to start
early on this therapy and stay on it longer than other alternatives.

◦ We finally got to see the pivotal phase 3 data on ITCA-650. Mean A1c reductions
were around 1.4% for the whole group from baseline, with placebo-adjusted efficacy that
looked to be around 1.1%. This is roughly in line with what we've seen from other GLP-1
agonists, though efficacy was found to be even better in patients not taking a sulfonylurea
(SFUs brought down the average since SFUs usually bring down A1c quite a lot at the start
but the efficacy doesn't last). In line with expectations for a GLP-1 agonist, ITCA-650 led to
weight loss and nausea around the time of dose escalation. We thought the results were
quite solid, though the company will have to work to manage expectations after an
explosively positive past year in the news cycle that has built up a fair amount of hype.
That said, the "forced adherence" of the compound is certainly attractive from an HCP
perspective; as well if the coverage holds for the current insertion/removal codes, this
therapy will bring welcome reimbursement for a PCP or endo office.

◦ We do not expect either ITCA-650 or basal insulin combinations to completely
win over the GLP-1 agonist market. Rather, we expect a fragmentation of the market
as patients and providers individualize therapy based on the unique strengths and
drawbacks of each option. Intarcia's mini-pump should work particularly well for patients
who face challenges with maintaining adherence or who are averse to regular injections. It
has already demonstrated exceptional efficacy for patients starting with very high (>10%)
baseline A1cs. The basal insulin/GLP-1 agonist combinations have the appeal of
titratability, less nausea, and no need for an implantation procedure (that could be a
positive or negative depending on reimbursement, time required, hassle factor, etc.). We
also note that more conventional once-weekly GLP-1 agonists stand to be quite popular,
especially when available in easy-to-use auto-injectors like Lilly's Trulicity.

SGLT-2 INHIBITORS

▪ A number of speakers framed euglycemic DKA as more of a manageable risk than a
deal-breaker for the SGLT-2 inhibitor class - this has come up primarily related to type
1 patients. Dr. Julio Rosenstock (University of Texas Southwestern Medical Center, Dallas, TX),
Dr. John Buse (University of North Carolina, Durham, NC), and Dr. Anne Peters (USC, Los Angeles,
CA) all emphasized the importance of continuing to increase awareness of the risk, which was
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largely unknown until Dr. Peters first began drawing attention to it toward the beginning of this
year. As noted, much of the concern at this point is focused on off-label use of SGLT-2 inhibitors in
type 1 diabetes, as the risk/benefit profile is not as clear in that population as in type 2 diabetes
(where the phenomenon appears to be more rare and influenced by clearer risk factors like surgery
or insulin deficiency). Dr. Rosenstock predicted that the ongoing trials of SGLT-2 inhibitors in type 1
diabetes will likely conclude that the benefits (insulin-independent efficacy, reduced glucose
variability and insulin doses, and improvements in weight and blood pressure) outweigh the risks
for most patients. Dr. Buse similarly suggested that the phenomenon is unlikely to be a
"showstopper" for SGLT-2 inhibitors as long as people are aware of it and know how to treat it. Dr.
Peters took a somewhat more cautious tone, but she suggested that the class can still be used safely
in some cases as long as appropriate precautions (i.e. low doses, frequent ketone monitoring, and
good patient-provider communication) are taken; Dr. James Gavin send more should be known and
urged the field to take a close look at what is happening, especially on the type 1 front.

◦ While the mechanism of euglycemic DKA is not fully understood, the
combination of reduced insulin doses and increased urinary glucose
excretion appears to be what pushes patients over the edge in many cases. Dr.
Rosenstock, Dr. Clifford Bailey (Aston University, Birmingham, UK), and Dr. Zachary
Bloomgarden (Mount Sinai Hospital, New York, NY) all noted that insulin deficiency likely
contributes to excess ketone production by pushing the body further into the fasting-like
state originally induced by increased glucose excretion. While the potential for insulin dose
reduction has been cited in the past as one of the main selling points for SGLT-2 inhibitors
in type 1 diabetes (and for some patients with type 2 diabetes), this recent experience
suggests that much more caution is warranted - for type 1 patients in particular, who are all
taking the drug off label. We would note that not all of the reported cases have been linked
to a reduction in insulin dose, suggesting that there are likely other risk factors at play.

◦ The discussion of euglycemic DKA has continued to evolve since ADA. Dr.
Peters, Dr. Buse, and Dr. Irl Hirsch (University of Washington, Seattle, WA) are co-authors
on a case series that was recently published in Diabetes Care, marking the first major
publication we've seen on the issue. It should certainly continue to increase awareness in
the medical community and we applaud the trio for staying on top of the developing issue.
The FDA and EMA are both currently investigating the phenomenon, and we imagine that
some sort of label addition is likely in the future. The impact on the class' prospects in type
1 diabetes will depend on the results from ongoing trials, which should provide much more
clarity on the broader risk/benefit profile.

NOVEL DRUGS

▪ Noticeably absent once again was the clear "next big thing" in terms of new drug
classes for type 2 diabetes; the focus continues to shift towards making better use of
existing drugs. Over the past two years, two of the potential frontrunners - GPR40 agonists and
FGF21 analogs - took a step backwards with the discontinuation of Takeda's phase 3 TAK875
(fasiglifam) and poor results on Pfizer and Lilly's FGF21 analogs. The lack of major new drug classes
is almost certainly due in part to the rising regulatory and reimbursement pressures in diabetes. The
bar for new therapies is definitely much higher than it was even a few years ago. The true costs of the
2008 CV Guidance (namely the tens or hundreds of millions of dollars needed for outcomes trials)
are now better understood by manufacturers, who are responding by slowing the flow of new
therapies through phase 3 (as with Takeda's once-weekly DPP-4 inhibitor) or even leaving diabetes,
as BMS and Genentech both did and as Novartis is effectively doing but not putting any further
focus on research efforts in type 2 diabetes.

◦ Efforts to make better use of existing drugs have yielded some compelling
products. Among new combination products, we continue to consider GLP-1 agonist/
basal insulin combinations like Novo Nordisk's Xultophy (insulin degludec/liraglutide)
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and Sanofi's LixiLan (insulin glargine/lixisenatide) as well as SGLT-2/DPP-4 inhibitor
fixed-dose combinations like Lilly/BI's newly launched Glyxambi (empagliflozin/
linagliptin) very impressive in terms of both efficacy, convenience, and tolerability.
Intarcia's ITCA-650 represents an innovative new application of a drug molecule
(exenatide) that has been available in other forms for years (AZ's Byetta). With the room
for incremental improvement growing smaller, we expect to see more differentiation via
patient support initiatives like Sanofi's COACH programs for Toujeo and Afrezza. It is
clearly true that patients can benefit from adherence programs as well as patient access
programs. While oral formulations of existing injectable drugs continue to be seen as one
of many holy grails for diabetes therapy, we didn't see a lot of new data on this front at this
ADA. Finally, we've noticed some intriguing but less conventional approaches, such as
NuSirt's combination of diabetes drugs with the amino acid leucine to boost effectiveness -
this one sounds very exciting. We did not receive updates on the small number of new
drugs like Elcelyx's NewMet that garnered extensive attention in the future - we're not sure
what the case is for this particular drug but will work to get an update.

◦ Despite the lower number of new drug classes moving through clinical testing,
we're excited by the groundswell of interest in the gut microbiome and brown
fat. There was quite a lot of science on the scientific agenda on both topics. Both of these
emerging areas of science hold potential far beyond type 2 diabetes: the microbiome is
theorized to play a role in type 1 diabetes, as well, while brown fat could have broad
therapeutic applications for metabolic diseases more broadly.

◦ This year's Banting Lecture - delivered by Dr. Philipp Scherer (UT
Southwestern, Dallas, TX) - was dedicated to adipose tissue as a drug target
for diabetes and other metabolic disease. Synthesizing years of rodent data, Dr.
Scherer detailed the role of adipocytes in (i) the release of protein factors that impact
systemic metabolism, with special emphasis on adiponectin (a protein that plays a key role
in both glucose and lipid regulation); (ii) the buffering of critical lipid mediators; and (iii)
the release of metabolites that impact one's basal metabolic rate. Connecting these topics
to drug development, he expressed confidence that adiponectin-receptor agonists can be a
clinically useful new drug class.

TYPE 2 DIABETES DRUGS FOR TYPE 1 DIABETES

▪ The use of type 2 diabetes drug classes in type 1 diabetes remains an area of great
interest, though a bit more nuance has emerged in terms of the potential benefits. The
most positive results on this front were the full phase 2 results for Lexicon's SGLT-1/SGLT-2
inhibitor sotagliflozin (LX4211) in type 1 diabetes, which delivered (i) a roughly 0.5% placebo-
adjusted reduction in A1c from a baseline of around 8% and reductions in postprandial glucose; (ii)
a 32% decrease in bolus insulin dose (6% reduction with placebo) in the context of better glycemic
control; (iii) a significant improvement in time-in-range and multiple metrics of glycemic variability,
including a 68% time in zone with LX4211 compared to a 54% time in zone for placebo; and (iv) a
relative weight benefit of slightly over 2 kg (~4 lbs) in a short time period. Of course, the euglycemic
ketoacidosis issue will be key to address with SGLT inhibitors in type 1, although we've heard it
suggested that SGLT-1/2 inhibitors should have less of a DKA risk than selective SGLT-2 inhibitors
due to their stimulation of GLP-1 secretion, which should boost insulin secretion. This has not been
tested and we will await news on this front, though it may need to be a bigger number of patients
tested over a longer period of time to get a meaningful result.

◦ We saw results from two randomized controlled trials investigating Novo
Nordisk's Victoza (liraglutide) as an adjunct to insulin in poorly controlled
type 1 diabetes; both showed substantial improvements in body weight and less need for
additional insulin, but no significant added benefit on A1c or time in range. We would not
rule out the potential for a greater benefit in the real world, as these two clinical studies
were fairly small and the insulin-only control group performed unusually well, which is
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rarely the case in the "real world." We are very eager to see results from two phase 3 Novo
Nordisk-sponsored trials (ADJUNCT ONE and ADJUNCT TWO) investigating Victoza in
type 1 diabetes within the next few months; this should hopefully provide a additional data
points on the level of benefit patients can expect.

◦ A T1D Exchange clinical trial on metformin in overweight/obese adolescent
type 1 diabetes patients found improvements in certain cardiovascular risk
factors, though the effects were modest. A bit surprisingly, there was no statistically
significant improvement in A1c at the end of the trial, although metformin did slightly
reduce patients' daily insulin dose. While metformin is said to have potential to be anti-
cancer, this is hard to test except in a very large and very long outcomes trial.

Additional Topics

OBESITY DRUGS

▪ We saw very little on obesity this year, both in terms of new science and commercial
presence. On the scientific program, while GLP-1 agonists garnered some attention within obesity,
other presentations on weight management had lower attendance; there was even a session that (in
name, at least) debated the necessity of weight loss in diabetes ("Weight Loss for Type 2 Diabetes -
Nice, But Necessary?"). Obesity drugs had less presence within the exhibit hall, with Novo Nordisk's
relatively small booth on Saxenda (liraglutide 3.0 mg) having the largest footprint. The only other
obesity company on the floor was Eisai, which had an modest pop up booth featuring Belviq
(lorcaserin) near the back of the exhibit hall; neither Vivus with its Qsymia (phentermine/
topiramate) or Orexigen/Takeda with Contrave (naltrexone/bupropion) were present. This level of
engagement from the obesity drug companies stands in stark contrast to last year's ADA where
Belviq and Qsymia both had large, bustling booths (Saxenda and Contrave were not yet on the
market then). The sharp drop-off in marketing from the obesity companies does not bode well,
though we imagine the companies are saving their resources for meetings like Obesity Week. We do
remain optimistic that Novo Nordisk's expertise and resources within the immense diabetes market
should help build a stronger bridge from diabetes care to obesity though since Saxenda is priced at
such a high level, we do not think a major market will develop.

PREDIABETES

▪ We were glad to see some big names focus on the need for greater access to treatment
options for people with prediabetes. Most notably, during a symposium on the National
Diabetes Education Program (NDEP), Dr. Ann Albright (CDC, Atlanta, GA) and the renowned Dr.
Judith Fradkin (NIH/NIDDK, Bethesda, MD) passionately pushed for the importance of managing
prediabetes. Dr. Albright enthusiastically invited attendees to partner with the National Diabetes
Prevention Program (NDPP), as she stressed the value of ensuring efficiency, availability, and
distribution in diabetes care. During Q&A, attendees expressed frustration with the lack of
metformin use in prediabetes, to which Dr. Fradkin discussed the challenges and opportunities
involved in moving forward on a prediabetes indication for the drug. Several oral presentations
looked at various interventions targeting people with prediabetes, evaluating how to most cost-
effectively scale such efforts - we see digital health intersecting with this area in a big way in the
future and would note that there was enough on digital health this year at ADA to merit its own
report in our coverage.

PCSK9 INHIBITORS

▪ Companies behind the exciting new PCSK9 inhibitors for LDL lowering were eager to
spread the word about the new class. This could be seen in the exhibit hall as both Amgen and
Sanofi/Regeneron made appearances with decently sized booths devoted to Repatha (evolocumab)
and Praulent (alirocumab), respectively. In addition, Amgen hosted a breakfast corporate
symposium on managing elevated LDL-C levels as well as a product theater that discussed the
genetic models of PCSK9. Even Lilly, who currently has a PCSK9 inhibitor candidate in phase 2,
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provided an educational grant for a separate breakfast corporate symposium focused on "shifting the
cholesterol conversation beyond statin therapy." However overall, the attendance and enthusiasm
from these events' attendees may not have matched up to the companies' ambitious efforts, as
attendance at the dedicated PCSK9 sessions was on the low side. We don't think that most doctors
anticipate having access to this class for some years, which would have affected the participation.
But as we recently learned from the recent EMDAC meetings on Repatha and Praulent, the drugs
may have to wait a few more years prior to being indicated for the larger populations including those
with high cholesterol like many people with diabetes, as many panelists strongly felt that a broader
indication should not be approved until results from the drugs' respective cardiovascular outcomes
trials are released. Saving the drug for those who need it most until the outcomes trials are complete
appears to be the wise choice, though a difficult one to make. Even so, the companies' excitement for
the drug class clearly shone through and marks industry's - and our own - confidence in PCSK9
inhibitors' eventual applicability in diabetes. Trying to demonstrate cardioprotection with glucose
lowering drugs has proven to be a challenging task, but doing so should be easier with this new class
of drugs that has demonstrated striking (50% or greater) reductions in LDL from baseline in a wide
variety of patient populations. We're cautiously optimistic about the results from the outcomes
trials, expected in 2017/2018 though even with this class, we wonder if the trials are going to be long
enough.

PROGRAMS TO SUPPORT YOUNG SCIENTISTS AND CLINICIANS

▪ This year's conference showcased several impressive efforts by the ADA to support
young diabetologists. As ADA President of Medicine & Science Dr. Samuel Dagogo-Jack
(University of Tennessee Health Science Center, Memphis, TN) noted in his opening address, a
central problem in diabetes research is that major traditional sources of research support are in
decline, leaving researchers competing for an ever-shrinking funding pie. This is an incredibly
challenging climate for young researchers to enter, and those who do enter it may be more inclined
to play it safe rather than pursue "high-risk/high-reward" projects with a greater chance of
producing a breakthrough. Particularly given this context, we were very excited to hear the six
brilliant recipients of the ADA's Pathway to Stop Diabetes grants discuss their innovative projects
during a closed session on the first day of the conference. The Pathway program aims to empower
young researchers or those new to the field to tackle such potentially transformative projects, and we
were struck by the energy in the room as the high-powered audience discussed the presentations
and the larger questions facing diabetes research. We hope this is an open program next year. We
were similarly inspired by the Focus on Fellows program, which aims to provide ambitious, talented
fellows with valuable mentorship and research opportunities as well as much-deserved recognition
of their decision to pursue endocrinology. This session was particularly valuable and XYZ all
participated, on an impressive note. Such programs will be incredibly important to encourage young
professionals to enter such a challenging field, and we applaud the ADA for making these efforts a
priority for those looking to go into research - we hope that similar efforts are made for those
looking to treat patients.

Insulin Therapy

Oral Presentations: Basal Insulin Analogs - New Evidence

BASAL INSULIN PEGLISPRO (BIL) IS SUPERIOR TO INSULIN GLARGINE (GL) IN
REDUCING HBA1C AT 52 WKS IN INSULIN-NAÏVE T2D PATIENTS (PTS) TREATED WITH
ORAL ANTIHYPERGLYCEMIC MEDICATIONS (OAMS): IMAGINE 2 (93-OR)

Melanie Davies, MD (University of Leicester, Leicester, UK)

Dr. Melanie Davies presented full results of the IMAGINE 2 trial, a phase 3 randomized controlled trial
comparing Lilly's basal insulin peglispro (BIL) to Sanofi's Lantus (insulin glargine) in insulin-naïve people
with type 2 diabetes. The topline results of this trial had been announced all the way back in May 2014.
Impressively, BIL actually demonstrated statistical superiority in A1c reduction (by 0.3% after 52 weeks)
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over market-leading glargine. Consistent with BIL's liver-selective effects (and, thus, reduced peripheral
effects), BIL treatment resulted in less nocturnal hypoglycemia, less weight gain, but higher serum
triglyceride levels (11 mg/dl difference) and higher liver ALT levels (6 IU/L difference), which are a marker
for potential liver damage. As a reminder, Lilly announced earlier this year that it plans to delay BIL
submission for at least two years - presumably because of these consistent liver safety signals.

▪ IMAGINE 2 was a phase 3 trial comparing Lilly's basal insulin peglispro (BIL) to
Sanofi's Lantus (insulin glargine) in people with type 2 diabetes who had never
previously been treated with insulin. The primary endpoint of the trial was non-inferiority for
A1c change after 52 weeks, and some key secondary endpoints were statistical superiority in A1c
change after 52 weeks (if non-inferiority was met), total hypoglycemia, nocturnal hypoglycemia,
patients achieving A1c <7%, and patients achieving A1c <7% without nocturnal hypoglycemia.

▪ IMAGINE 2 was a double-blind study (neither the patients nor physicians knew which
drug the patient was taking), which is a challenging feat to pull off in the world of
insulin trials. It was a treat-to-target study with 1,538 patients randomized 2:1 to BIL or glargine
for 52 weeks. A prespecified cohort of 920 of the original 1,538 patients were also followed out to 78
weeks (keeping the same 2:1 randomization). In addition, liver fat content was examined via MRI in
a small subgroup of 168 patients.

▪ At baseline, patients had an A1c of 8.5% and BMI of 32 kg/m .2 Over 96% were on
background metformin therapy, 83% on background sulfonylurea therapy, and just over 20% were
on three oral antidiabetic agents.

▪ BIL achieved a statistically superior A1c reduction compared to insulin glargine. After
52 weeks, BIL reduced mean A1c from 8.5% to 6.9% (for a mean reduction of 1.6%) compared to a
reduction from 8.5% to 7.2% with glargine (mean reduction of 1.3%) (difference of 0.3% between
BIL and glargine; p<0.001). This difference was still statistically significantly different at 78 weeks,
although the difference between BIL and glargine had diminished to 0.1%. Significantly more
patients on BIL achieved an A1c <7%, and significantly more patients on BIL did so without
nocturnal hypoglycemia. This relationship held true at 26, 52, and 78 weeks. After 52 weeks of
treatment, 58% of BIL patients had achieved A1c <7% compared to 43% of glargine patients. Twenty
six percent of BIL patients achieved A1c <7% without nocturnal hypoglycemia compared to 15% of
glargine patients after 52 weeks.

▪ BIL resulted in less nocturnal hypoglycemia compared to glargine; meanwhile, total
and severe hypoglycemia were similar between the two insulins. Specifically, the RR for
cumulative nocturnal hypoglycemia was 0.73 (95% CI: 0.59, 0.91) for BIL compared to glargine.

▪ BIL also demonstrated a weight benefit compared to glargine. While patients on glargine
gained 2.6 kg (5.7 lb) over 52 weeks, patients on BIL gained 2.1 kg (4.6 lb), representing a 0.5 kg (1.1
lb) weight benefit for BIL - we don't see this as a meaningful advantage, but it is going the right way.

▪ However, BIL had unfavorable effects on liver enzyme levels and patients' lipid
profile. After 52 weeks, patients on BIL had a statistically significant 11 mg/dl triglyceride elevation
compared to patients on glargine. This effect persisted to 78 weeks when the difference grew to an 18
mg/dl difference. LDL and HDL cholesterol remained unchanged. After 52 weeks, ALT levels, a
marker of liver damage, rose from a baseline of ~29 IU/L to 34 IU/L in patients on BIL compared to
a reduction from ~28 IU/L to 27 IU/L in patients on glargine (p<0.001). Significantly more patients
in the BIL arm experienced ALT levels three times the upper limit of normal (3X ULN): 2.3% of BIL
patients compared to 0.6% of glargine patients (p<0.05). No patient met the criteria for Hy's Law,
which is the set of criteria used to suggest that a drug has a high risk of causing liver injury.

▪ A subset of patients (n=168) had their liver fat content analyzed by MRI, showing that
patients on BIL had more fat in their livers than patients on glargine (this is consistent
with BIL's liver-targeted actions) than patients. At 52 weeks, BIL patients had 12.6% liver fat
compared to 10% in glargine patients (p<0.01). Dr. Davies noted that the liver fat discrepancy
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resulted from a decrease in baseline in the glargine group with no change from baseline in the BIL
group.

Questions and Answers

Q: What treat-to-target algorithm was used?

A: We used a fairly conventional algorithm. The target was an A1c <7% and fasting glucose of 3.9-7.2 mmol/L
[70-130 mg/dl]. We used the 2-4-6-8 approach to increasing glargine and BIL, which was consistent with the
Riddle algorithm we previously published.

Q: What is a possible explanation for the impact on weight?

A: We had always hoped that reducing nocturnal hypoglycemia would have an impact on weight, but that
hasn't always been case. Here we know BIL does have a reduced effect on the periphery and that may result in
increased lipolysis and reduced fat storage. So that may be well part of the difference we see in weight.

Q: Congratulations for proving it is possible to do a double-blind insulin study, which no one
does anymore. Do you think, with the liver issues, there is just a slight increase of
transaminases or do we have a real problem?

A: That's a good question. We did look at liver fats in this study, and we didn't see an increase in liver fats in
the BIL arm, but a reduction with glargine. This effect has been seen in glargine trials before and to the same
extent that we see here. There is a poster that extensively talks about the ALT and liver changes across the
IMAGINE program that you can refer to. This may well be a result of hepatic adaptation. That might be one of
the explanations. But obviously we should continue to look at longer-term follow up data.

GREATER HBA1C REDUCTION WITH BASAL INSULIN PEGLISPRO (BIL) VS. INSULIN
GLARGINE (GL) IN AN OPEN-LABEL, RANDOMIZED STUDY IN T1D PATIENTS (PTS):
IMAGINE 1 (95-OR)

Satish Garg, MD (University of Colorado, Aurora, CO)

Dr. Satish Garg presented the IMAGINE 1 study in type 1 diabetes patients. The results show plenty of
upside but also a sizable list of the safety signals that were seen elsewhere in the IMAGINE phase 3
program. We walked away from this talk slightly less than positive, not because any of the individual
potential red flags are insurmountable, but because there are fairly many of them for a phase 3 candidate
that we believe will dampen overall enthusiasm. However the positives - a significant 0.37% A1c benefit, a 2
kg (~4lb) weight benefit, and 36% nocturnal hypoglycemia reduction - still make this a unique and
compelling candidate. Lilly has delayed peglispro's timeline to better understand changes in liver fat, and at
this point it is far from certain that peglispro will reach the market, although we believe Lilly and the
peglispro investigators have made a compelling case in favor of liver-selective insulin.

▪ Following a two-week lead in, patients were randomized to peglispro or insulin
glargine for a 26-week primary endpoint analysis followed by a final treatment
endpoint at 78 weeks. Patients had an average age of 39 years, average BMI of 25 kg/m , average2

A1c of 7.9%, and average diabetes duration of 15-18 years. The majority were on insulin glargine at
baseline (~70%).

▪ Efficacy: Peglispro led to a 0.69% A1c reduction from baseline after 26 weeks compared to -0.33%
with insulin glargine, for a statistically significant difference of 0.37%. The difference was largely
preserved out to 78 weeks, with glycemic control deteriorating slightly in both groups between
weeks 26 and 78. There was a significant 22 mg/dl difference in fasting glucose at week 26, and a
significant (p=0.019) though not enormous reduction in between-day FPG variability.

▪ Hypoglycemia: At 26 weeks, there was a significant 36% reduction in nocturnal hypoglycemia.
However, there was a 29% significant increase in total hypoglycemia and a significant imbalance in
severe hypoglycemia (15% vs. 8% out to 78 weeks). This drew some worry during Q&A, and it is hard
to believe as strongly in the efficacy benefit with increases in both total and severe hypoglycemia -
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we think this would be considered a major negative since there are other alternatives that do not
increase severe hypoglycemia.

▪ Safety: There were definite increases in triglycerides (~20 mg/dl), liver enzymes (around six times
more cases of ALT rising to more than three times the normal upper limit), and liver fat, though Dr.
Garg provided some cautious reassurance that the differences are not highly dangerous at the
magnitudes seen. Importantly, there were no cases of Hy's Law. There were no changes in HDL or
LDL cholesterol. There was an imbalance in injection site reactions not favoring peglispro.

Questions and Answers:

Q: It looks like the increase in daytime hypoglycemia may have been due to more aggressive
increases in BIL than glargine, as there were differences in glucose and A1c?

A: Yes this was an open label study, but IMAGINE 3 was a double blind randomized trial and the data there is
nearly identical. The A1c lowering in that trial was in fact a shade better. By the way, during the day when we
saw more hypoglycemia, it was not related to the basal insulin - it was related to the prandial insulin. Most
hypoglycemia episodes occurred within three or four hours of taking prandial insulin.

Q [Dr. Stephanie Amiel (King's College London, London, UK)]: We've all been waiting for
hepato-selective insulin, but these results were a bit disappointing. You can't describe it as
better glucose control if there is an increase in control with increased severe hypoglycemia. To
have "better control" you need to improve both. I also take issue with the idea that the
difference in daytime hypoglycemia was only due to bolus insulin, because the only difference
in the regimen was the basal insulin. The previous speaker [Dr. Tim Heise] showed that
insulin glargine doesn't provide 24-hour coverage. With very long acting insulin, patients can't
be flexible with dosing around changes in their activity. I'm wondering if you could compare
against Levemir twice daily, which has full 24-hour coverage.

A: Those are good points, and I wish we could have used twice-daily glargine in our protocol. You are right
that there was an increase in severe hypoglycemia if you look at 78 weeks. It's a marginal increase, and if you
combine the results from IMAGINE 3 and IMAGINE 1 there was no increase in severe hypoglycemia. If you
hypothesis is correct that the increase was related to basal insulin, we would have seen no difference, or an
increase, in nocturnal hypoglycemia.

Dr. Amiel: It depends on when the patients were taking their once daily glargine. If you take it
at night, you obviously get higher action at night than you do later in the day. I'm commenting
on increased severe hypoglycemia during the day, which I think is a worry for our patients.

A: I think some of this can also be answered by another poster where we gave insulin flexibly, from a range
between eight and 48 hours.

Q: Given the increase in liver fat, might there be an increased long-term risk of steatosis?

A: Clearly there was an increase in liver fat. I would remind you that this insulin is more specifically targeted
to the liver. Up to 78 weeks, you see that liver fat barely goes above the normal range, which is 5.5, and at
most here we went up to 5.8 or 6. Liver fat that causes hepatic steatosis or insulin resistance is in the
hundreds or thousands. My wife is a radiologist and has done lots of work in this area. I am not highly
concerned about the liver fat changes with this insulin.

Q: Did you look at patient satisfaction?

A: I don't know how many patients fill in those questionnaires. No, this was not part of this study.

Q: The company has delayed the submission of this insulin by two years, according to a press
release. What will the company do during that time?

A: I do not work for the company, as you know. I work for the University of Colorado. I'm sorry but I don't
think I'd be able to answer that exactly. All I know is that they're looking into future studies to explain
whether the changes in liver fat will have any significance down the road.
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REDUCED INTRA-SUBJECT VARIABILITY OF BASAL INSULIN PEGLISPRO (BIL)
COMPARED WITH INSULIN GLARGINE (GL) IN PATIENTS WITH TYPE 1 DIABETES
MELLITUS (T1DM) (94-OR)

Tim Heise, MD (Profil, Neuss, Germany)

Dr. Tim Heise presented the results of a randomized, open-label study comparing the variability of the
pharmacokinetic (PK) and pharmacodynamic (PD) profiles of Lilly's basal insulin peglispro (BIL) and
Sanofi's Lantus (insulin glargine). 75 patients with type 1 diabetes were randomized to receive a daily 0.5
U/kg dose of either peglispro or Lantus; blood samples were collected on days 8, 11, and 14 to assess the PK
profiles of the two insulins, while 24-hour automated euglycemic clamps were performed to assess the PD
profiles. Overall, the results suggested that peglispro had a flatter time-action profile than Lantus with a
more even distribution of the glucose-lowering effect; the daily variability of both PK and PD profiles was
statistically significantly lower for peglispro than for glargine. Dr. Heise concluded that this may have
contributed to the superior A1c-lowering efficacy and reduced nocturnal hypoglycemia seen with peglispro
vs. Lantus in other studies. These findings are potentially notable, as we see "time in zone" (and particularly
avoiding severe hypoglycemia) as an important issue for patients that is too often overlooked by the
medical and regulatory communities (to some extent this is understandable since less variability hasn't been
linked definitively with fewer complications). However, several attendees expressed skepticism about the
results during Q&A due to limitations in the study design, and it remains to be seen to what extent they will
be clinically meaningful.

Questions and Answers

Dr. Geremia Bolli (University of Perugia, Perugia, Italy): I want to point out some limitations
of your investigation. You're talking about PK, but you can't really measure PK because the
concentration of BIL that you're measuring is not affected by the biologically active
component but you measure the active component with glargine. The analysis is really not
meaningful in the study. You also gave an unusually high dose of basal insulin. You didn't
show their doses in real life, but this was a lean population, and 0.5 U/kg would be about twice
what we usually see. How can you prevent hypoglycemia by doubling the dose? I understand
you reduced the prandial dose and gave food, but this is far from clinically relevant.

A: Your talk was nearly longer than mine! PK is not completely meaningful, but the comparison in variability
may be meaningful even though the absolute levels are different. I agree that PD is more important, and PD
was very much in line with PK. The 0.5 U/kg dose was higher than the dose patients used, which was around
0.3-0.4 U/kg because you need a higher dose to get a glucose infusion rate during the clamp, but we didn't
have lots of hypoglycemia.

Dr. Bolli: Thanks for agreeing that we can forget about the variability in PK, which wasn't
meaningful. You gave 0.5 U/kg of glargine, which resulted in high glucose utilization, higher
than what people in real life need to regulate glucose metabolism in a post-absorptive state.
My real point is that what you showed here is the difference in variability or potency of one
unit of glargine vs. one unit of BIL. BIL is concentrated to 9 nM/ml and glargine is 6 nM/ml.
Yet one unit of BIL was less effective than one unit of glargine.

A: I disagree. This is what patients will experience using equal units. It's a fair comparison. This is the
variability they will experience. There are limitations in all studies, but there's not doubt that glargine's
variability is substantially higher with regard to both PK and PD. I think it's very meaningful.

Q: Do you think we should use insulin glargine twice daily rather than once?

A: That's a good point. Many type 1 diabetes patients do. It's a very sensible thing to do, it's just against the
label.

Q: If I used BIL every other day, the variability would probably exceed the variability of
glargine. It's the ratio of frequency and half-life that matters. Was this study necessary,
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because it should be obvious? With a three-day half life, this should be expected. If it's used
less frequently, variability would go up.

A: I agree that the longer half-life should have advantages in variability. Glargine has a good time-action
profile, but there are issues because it precipitates whereas others stay in solution.

NEW INSULIN GLARGINE 300 U/ML PROVIDES SUSTAINED GLYCEMIC CONTROL AND
REDUCED HYPOGLYCEMIA OVER 12 MONTHS COMPARED WITH GLARGINE 100 U/ML IN
JAPANESE (98-OR)

Yasuo Terauchi, MD, PhD (Yokohama City University, Yokohama, Japan)

Dr. Yasuo Terauchi presented full-year results from the EDITION JP 2 study, which randomized 241 type 2
diabetes patients on basal insulin plus oral drugs to either Toujeo (insulin glargine U300) or Lantus (insulin
glargine U100). At one year, both groups experienced comparable A1c reductions from baseline of around
0.3% from a baseline of 8%. The average daily dose of Toujeo was around 20% higher (0.36 U/kg/day vs.
0.30 U/kg/day), and the annualized rate of confirmed or severe hypoglycemia was significantly lower with
Toujeo: 36% less (95% CI: 6%-56% less) at any time of the day, and 59% less (95% CI: 8%-82% less)
nocturnally. Though the confidence intervals were wide, from the Kaplan-Meier curves there definitely did
seem to be a benefit, particularly at night. Toujeo performed particularly well in this population from a
body weight perspective, with 0.7 kg (~1.5 lbs) mean weight loss vs. 0.5 kg (~1 lb) weight gain with Lantus -
seeing weight loss (as opposed to less weight gain) is unusual for a clinical trial with insulin, but it's possible
that patients may have benefitted from a reduction in sulfonylurea use. All in all, we see EDITION JP 2 as
contributing to the real differentiation for Toujeo vs. Lantus, although it is hard to get a great handle on the
true degree of the hypoglycemia benefit due to the post-hoc slicing and dicing of those data. We see different
factors resulting in success commercially for Toujeo including an intensive focus on access by Sanofi,
increased attention on increasing adherence through COACH, and an easier-to-use pen (partly stemming
from lower injection volume per unit).

SAFETY AND EFFICACY OF INSULIN GLARGINE 300 U/ML (GLA-300) COMPARED WITH
OTHER BASAL INSULIN THERAPIES IN PATIENTS WITH TYPE 2 DIABETES MELLITUS
(T2DM)-A NETWORK META-ANALYSIS (NMA) (99-OR)

Hongwei Wang, PhD (Sanofi, Bridgewater, NJ)

Dr. Hongwei Wang presented a network meta-analysis of trials to indirectly compare Sanofi's Toujeo
(U-300 glargine formulation) with other basal insulins. Currently there are no head-to-head comparisons
for U-300 against NPH, Tresiba, Levemir, or pre-mixed insulins. The network meta-analysis is a statistical
tool used to integrate both direct and indirect evidence to make comparisons of U-300 glargine to these
other insulins. We've seen more network meta-analyses at meetings as of late; for example, Lilly's presented
a network meta-analysis for Trulicity (dulaglutide) at EASD last year. The Toujeo analysis showed no
difference in A1c change from baseline with U-300 glargine vs. comparators. However, rates of nocturnal
hypoglycemia were significantly lower compared to U-100 glargine (Lantus), NPH, and pre-mixed insulin,
as expected. Documented symptomatic hypoglycemia was also numerically lower on Toujeo compared to
other insulins. Limitations of the study include that it utilized only study-level results, and the study
populations and design characteristics might not be accounted for in the analyses. We do not believe these
data add much new to the understanding of the safety and efficacy of Toujeo, but we imagine that Sanofi is
interested in bolstering claims for Toujeo's nocturnal hypoglycemia benefit since it was not able to include
this claim in the label.

IMPROVED GLUCOSE CONTROL WITHOUT INCREASED HYPOGLYCEMIA RISK AT ANY
LEVEL OF HBA1C REDUCTION WITH INSULIN GLARGINE/LIXISENATIDE FIXED-RATIO
COMBINATION (LIXILAN) VS. INSULIN GLARGINE ALONE (169-OR)

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

Dr. Julio Rosenstock presented a post-hoc phase 2 analysis on Sanofi's LixiLan (lixisenatide/insulin
glargine) that found no correlation between A1c levels achieved with LixiLan and hypoglycemia risk. The
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24-week study (n=323), presented at last year's ADA, demonstrated striking A1c reductions in both the
LixiLan and Lantus (insulin glargine) groups, with a slight but statistically significant advantage (1.8% vs.
1.6%) for LixiLan. While there was no difference between the groups in incidence of documented
symptomatic hypoglycemia (≤70 mg/dl), the primary results did not indicate whether participants who
achieved tighter control or larger A1c reductions were at increased risk of hypoglycemia. This analysis
divided patients into subgroups based on their A1c at the end of the study (<6%, 6-6.5%, 6.5-7%, or >7%)
and magnitude of A1c reduction from baseline (<1%, 1-1.5%, 1.5-2%, or >2%). Results showed no significant
relationship between these parameters and rates of documented symptomatic hypoglycemia, challenging
the traditional conventional wisdom that tighter control raises the risk of hypoglycemia - this of course has
been seen in older outcomes trials like DCCT and UKPDS when far less stable insulins were used. The
finding is not as surprising for LixiLan, as GLP-1 agonist/basal insulin combinations appear to come with a
relatively low risk of hypoglycemia compared with insulin alone. It is definitely more surprising for the
Lantus comparator arm, as more intensive control with insulin usually does mean more hypoglycemia. The
lack of an increase in hypoglycemia with larger A1c reductions may speak to the skill of the study
investigators - for now we would not necessarily assume that these findings are generalizable to less
optimal settings although we do think that a more stable product like LixiLan would be associated with less
hypoglcyemia.

Questions and Answers

Q: A number of observational studies have shown no association with hypoglycemia and
baseline A1c, and large studies have been done recently. We think the lower we go, the more
hypoglycemia we get. Why are we at that stage now?

A: I don't know. We showed the same thing in ORIGIN. Regardless of baseline A1c, even if it's 7.5% or 7%,
that doesn't mean people will have more hypoglycemia. If you drop 2%, it doesn't mean you get more
hypoglycemia. It's very interesting. It may be a marker of other things.

Q: Were both groups pretty similar?

A: These are small numbers; when you split into so many groups you have 25-30 people per group, but that's
why they did all these trend analyses. They were very specific. Baseline A1c was a good predictor of
subsequent A1c. You always say if you start at a higher A1c you get a bigger drop. Regardless of the drop, you
eventually have a delta of 0.317.

Q: Are you sure the PK profiles of both are preserved or does glargine precipitate?

A: We have the PK/PD data and it's pretty consistent. The formulation doesn't affect PK.

Q: It looked like the insulin dose was the same. You didn't save any insulin?

A: There was a little less insulin with LixiLan but not much. This was a very specific homogeneous population
with early type 2 diabetes, which is why you saw that kind of response. We have other studies where we'll see
whether the difference is greater.

UNIQUE PROFILE OF THE WEEKLY INSULIN HM12470: VERY SLOW ONSET OF ACTION,
RAPID OFF-RATE SIMILAR TO INSULIN, AND ABSENCE OF INSULIN RECEPTOR
DOWNREGULATION (96-OR)

Nina Wronkowitz (German Diabetes Center, Düsseldorf, Germany)

Dr. Nina Wronkowitz presented on the mechanistic profile of Hanmi's novel basal insulin analog, HM12470,
which has potential for once-weekly dosing given its long half-life (expected to be 132 hrs in humans). The
candidate was recently advanced into phase 1 under the new name LAPSInsulin-115. Investigators in this
study sought to characterize HM12470's action at the insulin receptor, especially to allay any fears of
mitogenic (cancer-inducing) activity due to HM12740's very long half-life and the insulin receptor's dual
role in stimulating glucose uptake and in cellular proliferation. HM12470 showed a similar receptor
dissociation rate compared to regular human insulin in human cardiomyoctyes (in vitro heart cells).
HM12470 also had similar mitogenic activity and metabolic activity compared to human insulin. Uniquely,
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Dr. Wronkowitz reported that while regular insulin is known to cause downregulation of the insulin
receptor in the chronic setting (>24 hrs), HM12470 does not induce insulin receptor downregulation, which
suggests that each unit of HM12470 may have a more prolonged effect than each unit of regular insulin.

Questions and Answers

Q: What could be a possible mechanism for the lack of downregulation of the insulin receptor
after exposure to this agent?

A: We have preliminary data showing that HM12470 is not internalized together with the insulin receptor
after binding, so that's the reason why the insulin receptor stays at the membrane and is not internalized and
degraded. This could also be a reason for the very long half-life of HM12470.

PE0139, THE FIRST RECOMBINANT FULLY HUMAN MONOMERIC SUPER-LONG-ACTING
BASAL INSULIN TO DISPLAY A SUSTAINED NEARLY PEAKLESS INSULIN PROFILE
FOLLOWING A SINGLE SUBCUTANEOUS DOSE IN SUBJECTS WITH T2DM SUPPORTING
WEEKLY DOSING (100-OR)

Poul Strange, MD, PhD (PhaseBio Pharmaceuticals, Malvern, PA)

Dr. Poul Strange outlined the results of a phase 1 single ascending dose trial (n=37; ClinicalTrials.gov
Identifier: NCT01835730) of PhaseBio's ultra-long-acting basal insulin PE0139 in patients with type 2
diabetes. PE1039 consists of native human insulin fused at the DNA level to an elastin-like peptide (ELP)
polymer that allows for more gradual release and a longer duration of action. Participants were
randomized to receive a single subcutaneous injection of either placebo or one of four doses (0.05-1.35 mg/
kg) of PE0139 and were followed for 28 days to evaluate safety and tolerability. The trial also included
secondary endpoints related to pharmacokinetics (PK) and glycemic control. Results showed that PE0139
was well tolerated at the doses tested, with mild injection site reactions the only notable adverse event
identified. There were no concerning signals related to cardiovascular safety (such as increases in heart
rate or blood pressure) and no indication of changes in liver enzymes. PK results showed that PE0139 was
released at a relatively constant rate over the course of a week and produced significant reductions in fatty
acids and fasting glucose. While Dr. Strange acknowledged that the study was too small to identify a clear
dose-response curve, he stated that there were "real differences" between treatment groups and that the
investigators were optimistic for future trials.

▪ PhaseBio plans to initiate a multiple-dose study of PE1039 in 3Q15 and is conducting
preclinical experiments of the compound in combination with a once weekly GLP-1
agonist. The company announced in March that it had raised $40 million in Series C financing,
which is expected to cover costs until the end of 2016. We assume that the potential GLP-1 agonist
combination would involve PhaseBio's once-weekly candidate PB1023, which was placed on hold as
a monotherapy after failing to achieve non-inferiority vs. Novo Nordisk's Victoza (liraglutide) in a
phase 2b trial - we imagine that such a once-weekly GLP-1 agonist/basal insulin combination would
be a very appealing option for many patients.

Questions and Answers

Q: How do you metabolize and excrete the biophenol formulation of the microspheres? Do
they break down subcutaneously or are they absorbed in the circulation?

A: They are self-aggregates that are slowly released but intact and then broken down. It might be a substrate
for elastase. We haven't done careful studies yet.

Q: Are they broken down in the circulation?

A: There or in the tissues. It stays around everywhere and gets excreted by the kidneys.
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THE IN VITRO AND IN VIVO PHARMACOLOGY OF AB101, A POTENTIAL ONCE-WEEKLY
BASAL SUBCUTANEOUS INSULIN (97-OR)

Brian Roberts, MD (Mills-Peninsula Health Services, Emeryville, CA)

Dr. Brian Roberts presented preclinical results for AntriaBio's once-weekly insulin AB101, a microsphere
formulation of PEGylated human recombinant insulin. The formulation does not involve any modifications
to the native human insulin structure, which Dr. Roberts highlighted as a potential safety advantage. In
vitro studies of AB101 confirmed the expected binding kinetics at the insulin and IGF-1 receptors and
demonstrated a pharmacokinetic (PK) and pharmacodynamic (PD) profile comparable to that of native
human insulin. Dr. Roberts presented the results of a 14-day trial in rats (n=6 per group; 37.5 mg/kg AB101
or vehicle control) and dogs (n=3 per group; 10 mg/kg or 37.5 mg/kg of AB101) evaluating the effects of a
single subcutaneous dose on insulin and glucose levels. Results showed a very flat effect on insulin and
glucose levels over the first 24 hours after administration (the typical duration of action for current basal
insulins) and then a gradual, sustained increase in insulin levels over approximately one week associated
with a reduction in glucose; hypoglycemia was only present at the highest dose level for dogs. Dr. Roberts
concluded that this data supports once-weekly administration of AB101 in humans at clinically relevant
doses and that the slow onset should lead to improved insulin and glucose levels without the risk of
hypoglycemia associated with an acute release of insulin. AntriaBio believes the smaller size of the AB101
PEG group should help AB101 avoid the degree of liver effects seen with Lilly's peglispro (phase 3 data
presented in this same session) - still, we imagine the company will be looking at liver safety and lipids very
closely in clinical development given that it has created meaningful issues for Lilly.

▪ AntriaBio is currently conducting IND-enabling studies for AB101 and plans to submit
an IND application in the near future. The company announced in January that it had raised
$7 million in a private placement transaction that would enable initiation of a phase 1 trial in type 1
diabetes in 2H15, assuming the IND filing is successful. If all goes well, the company anticipates an
approval by 2022.

Questions and Answers

Q: What are the key differences between AB101 and other approved basal insulins?

A: The key point is that AB101 is a formulated product and the extended duration is achieved through slow
release. The PEGylation group is small, about 5 kD, and it has increased solubility in the polymer, allowing it
to be injected and slowly released. It's an elegant formulation that doesn't require modification to the native
hormone.

Q: In the non-diabetic animals, did you measure insulin levels at baseline?

A: The baseline was shown. The scale on the x-axis was hard to see, but the baseline levels were measured and
were on the figures.

Oral Presentations: Assessing and Improving Adherence to Insulin Therapy

DOES INSULIN ADHERENCE DECLINE WITH MORE INJECTIONS?

Ian Blumer, MD, (University of Toronto, Ajax, Ontario)

A provocative presentation from the charismatic Dr. Ian Blumer sought to demystify a thought-provoking
question: Does insulin adherence decline with more frequent injections? Turning to geography for a
lighthearted analogy, he suggested that the question may not be as straightforward as it appears, just as
Mount Everest is not the world's tallest mountain (that would be Mauna Kea in Hawaii, as Mount Everest is
the world's "highest" mountain). Similarly, Dr. Blumer suggested that there is more nuance to this debate
than a yes or no answer. Taking on a behavioral view, Dr. Blumer suggested that there are other salient
factors beyond injection frequency - such as patient-level motivation - that are at play when looking at
adherence rates with injections. Indeed, in his view, it has not been definitely established that insulin
adherence declines with more frequent injections ("though it probably does"). As a result, he advocated for
providers to keep an open mind in thinking about the lurking variables (e.g., discomfort, inconvenience)
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that may drive lesser adherence. Ultimately, we appreciated this patient-oriented spirit from Dr. Blumer
and applaud his effort to generate greater conversation about the psychosocial aspects of diabetes
management. We are interested in HCP feedback to other questions about pens, like, if a pen is easier to use
(less force), does his make a meaningful impact for patients? This seems to be the case for Toujeo and we'd
love to understand any commercial benefit. We'd also love to better understand the degree to which oral
drugs are delaying MDI - we certainly think they are but it's hard to accurately forecast the degree to which
this is happening.

Questions and Answers

Q: Does this question even make sense to begin with?

A: I think it does. I believe that we, as diabetes health care providers, often take it as a given that more
frequent insulin injections in and of themselves increase the likelihood of missed doses without us first doing
our due diligence and looking for -and addressing - other, modifiable factors that might be leading to missed
doses; factors such as inconvenience or embarrassment giving insulin at work or school, injection discomfort,
fear of hypoglycemia, and so on.

Q: Multiple injections are often synonymous with better control. However, can you argue that
maybe MDI is not the best regimen?

A: I think that for our patients with type 1 diabetes, CSII or multiple daily insulin injections (MDI) are indeed
far more likely to achieve better - and safer - control than using split-dose, mixed insulin therapy. For our
patients with type 2 diabetes who require more than one insulin injection per day, MDI is also typically
preferred over split-dose, mixed insulin. There is, however, a large subset of patients with type 2 diabetes who
are on huge doses of insulin because of extreme insulin resistance - taking hundreds of units of insulin per
day. For these patients I think it is far less important to tease out and fine tune the theoretical, minute
benefits of one insulin regimen versus another and far more important to make sure the patients are getting
enough insulin, however it is given. As I jokingly say, just pull up the dump truck and pour in the insulin!

Q: I do think that perhaps the number of injections is trumped by convenience and flexibility?
Do you think we're doing enough to help patients with diabetes?

A: Absolutely yes; many patients on MDI find it onerous to take the number of injections we ask them to and
that they, ideally, ought to. I think that there are many patients on MDI who would be far better served by
CSII and, in particular, would find it much more convenient to give boluses - including correction boluses - if
they were on a pump. And even at that, using a pump is very labor-intensive and demands a great degree of
hands-on patient effort in order to maximally benefit from it. As health care providers we ask so very much of
our patients living with diabetes - all our patients with diabetes - and I think we have to be more sensitive to
the demands we place on our patients and, moreover, we need to be more aware of the incredible work
involved by the very fact of living with diabetes. So many patients are referred to me and within minutes of
walking into the office for the first time they are in tears because they feel so incredibly burdened by an
unremitting and pervasive feeling that their entire life revolves around their diabetes and its management. I
can see the cloud lift as I tell them "we are going to change all that" and that "we will manage their diabetes
around their life, not their life around their diabetes." Better - and more convenient - therapies will go a long
way to help us do this. I can't wait for the artificial (bionic) pancreas to become routinely available. I believe
this will be the single most life-changing and life-enhancing therapy for our type 1 patients (and many insulin-
treated type 2 patients eventually) since the discovery of insulin.
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Oral Presentations: Combining Basal Insulin and GLP-1 Agonists

INSULIN DEGLUDEC/LIRAGLUTIDE (IDEGLIRA) IS SUPERIOR TO INSULIN GLARGINE
(IG) IN A1C REDUCTION, RISK OF HYPOGLYCEMIA, AND WEIGHT CHANGE: DUAL V
STUDY (166-OR)

John Buse, MD, PhD (UNC, Chapel Hill, NC)

Two years after taking the podium at ADA to present the strong results from the DUAL I study on Novo
Nordisk's GLP-1 agonist/basal insulin combination Xultophy (IDegLira; insulin degludec/liraglutide), Dr.
John Buse returned to the podium to present the first phase 3 trial comparing Xultophy and class-leading
basal insulin Lantus (insulin glargine). The study randomized 557 patients with type 2 diabetes already on
Lantus + metformin to either intensify their Lantus therapy or switch to Xultophy. The results this time
around were just as impressive as for DUAL I: after 26 weeks, Xultophy led to a 1.8% A1c decrease from a
baseline of 8.4% to a striking final A1c of 6.6%; Lantus intensification led to a 1.1% reduction in A1c from
8.2% to 7.1%; the treatment difference was 0.6% and was statistically significant (p<0.001). Those who
know the DUAL I data will know that the benefits do not stop there. Xultophy boasted a more than 3kg
(~7lb) weight benefit vs. Lantus (-1.5kg [~3lb] absolute weight loss from baseline). Xultophy caused 57%
fewer episodes of confirmed hypoglycemia (p<0.001) and a stunning 83% reduction in nocturnal
hypoglycemia (p<0.001). There were also increases in certain quality of life metrics and 5.5 times more
patients with Xultophy who achieved an A1c below 7% without hypoglycemia and weight gain. Incidence of
nausea was below 4% throughout the trial; there were more subjects (58% vs. 51%) with adverse events but
fewer severe adverse events with Xultophy. When compared beside new basal insulins that are struggling to
show benefits vs. Lantus, these and other DUAL program results look quite compelling. We learned during
Novo Nordisk's analyst event at ADA (see our ADA Exhibit Hall & Corporate Updates Report) that the
company will hold off on submitting Xultophy in the US until later this year, even though it has already
resubmitted Tresiba (insulin degludec). This means that Xultophy is unlikely to become available in the US
until late 2016 at the earliest.

▪ Q&A Highlights: Dr. Philip Home (University of Newcastle, Newcastle Upon Tyne, UK) and Dr.
Naveed Sattar (University of Glasgow, Glasgow, UK) questioned whether DUAL V tested a fair
comparison. Dr. Sattar noted that it was essentially a test of two drugs vs. one, although Dr. Buse
made the good counterargument that it was a test of one injection vs. one injection. Dr. Home
pointed out the potential for biased responses because DUAL V was open label - Dr. Buse pointed to
DUAL II, a blinded trial in which Xultophy had similar efficacy. In response to a question of what to
do in the sizable percent of patients that reached the maximum Xultophy dose, Dr. Buse speculated
(after multiple disclaimers that what he was about to say involved very off-label use) that "creative"
clinicians might double-dip from the same pen to achieve a higher maximum dose, especially
because a >1.8 mg dose of liraglutide (Saxenda) has been approved.

▪ Study Design: DUAL V was an open label, randomized, phase 2b trial enrolling 557 type 2 diabetes
patients for 26 weeks of treatment. Previous trials like DUAL I and DUAL II have compared
Xultophy against one or both of its component drugs, whereas this trial was intended to shape
clinical decision-making for providers of the many patients on Lantus that need improved glycemic
control. Patients were randomized to either stay on Lantus, intensifying treatment as per a treat-to-
target titration protocol, or to switch to Xultophy. The starting dose of Xultophy was pre-specified at
16 dose steps (16 U insulin degludec, 0.6 mg liraglutide) - as a result, a secondary goal of the trial
was to confirm that switching patients from Lantus to Xultophy could occur smoothly and without
greatly diminished glycemic control.

▪ Baseline Characteristics: Average age was around 60 years, average BMI was 32 kg/m , mean2

diabetes duration of 11-12 years, and mean A1c of 8.3%. All patients were on insulin glargine +
metformin at baseline, with a mean pre-trial insulin dose of 31-32 U.

▪ Efficacy Results:
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◦ A1c: From a baseline of 8.4%, the Xultophy group experienced a mean A1c reduction of
1.8%, reaching a strikingly low mean final A1c of 6.6%. By comparison, the group
continuing and intensifying their Lantus therapy saw a change of -1.1% from a baseline of
8.2% to a final A1c of 7.1%. The difference in the A1c reduction was 0.6% in favor of
Xultophy.

◦ Fasting Glucose: There were no significant differences in fasting glucose over the course
of the trial. If anything, at early points it seemed that the Xultophy group had a slightly
lower mean FPG. The significance here is that patients were able to maintain glycemic
control even when switching over to a 16 unit dose of Xultophy from their previous Lantus
dose.

▪ Body Weight: Not only did Xultophy hold a 3 kg (~7 lb) weight advantage in terms of weight gain
reduction over Lantus, patients on Xultophy actually lost weight (-1.4 kg [~3 lbs]) from baseline.

▪ Hypoglycemia: Patients on Xultophy had a statistically significant 57% lower risk of confirmed
hypoglycemia than patients on Lantus (p<0.001). Even more positively for Xultophy, the
combination led to a massive 83% reduction in nocturnal confirmed hypoglycemia (p<0.001) based
on a smaller but still considerable number of events (195).

▪ Composite endpoints: In presentations of DUAL data, investigators have done a good job of
showcasing Xultophy's comprehensive benefits by presenting comparisons of the percentage of
patients who achieve target A1c without hypoglycemia or weight gain. In this trial, 39% of patients
achieved A1c targets with Xultophy vs. 12% with Lantus (p<0.001), for an odds ratio of 5.5.

▪ Insulin dose: Patients in the Xultophy group leveled off at a mean dose of 41 dose units, whereas
patients in the Lantus group experienced a continued climb, ending at 66 units at the end of the
trial.

▪ Quality of life: Across the board in an SF-36 health-related quality of life questionnaire taken at
the end of the study, Xultophy scored higher (or at least trended higher) than Lantus. The summary
of physical quality of life showed a statistically significant difference in Xultophy's favor, while the
mental quality of life composite was a non-significant trend in Xultophy's favor. More detailed
quality of life data from DUAL V was published independently as a publish-only abstract (2550-PO).

▪ Adverse events: The rate of patients experiencing adverse events over the trial was higher with
Xultophy than with Lantus (58% vs. 51%). Beyond noting that nausea was higher in the Xultophy
group (though notably always below 4% - quite good given the GLP-1 agonist component), we did
not get to see what else contributed to the imbalance. In contrast, the imbalance in serious adverse
events tipped in Xultophy's favor (3.9 vs. 6.7 SAEs per 100 patient-years).

◦ In a qualitative description of adverse events, we learned that: (i) CV events
were balanced between groups, with one stroke with IDegLira and one CV death with
Lantus; (ii) There were no confirmed events of acute pancreatitis; (iii) There were two
confirmed malignant neoplasm events with Xultophy and one treatment emergent
confirmed event of metastatic pancreatic carcinoma in a subject previously treated with
Xultophy; and (iv) there were no confirmed medullary thyroid carcinoma cases.

Questions and Answers:

Q: This seems to be a comparison of two drugs vs. one. Wouldn't it be fairer to study IDegLira
vs. insulin glargine plus liraglutide given separately, the way you have to give them currently?

A: There are other studies that have compared basal insulin + GLP-1 vs. basal plus bolus insulin. The
difference in A1c in those trials was less, but the relative benefit for hypoglycemia was greater. I think this is a
fair fight because we're comparing one injection vs. one injection. The commonly used approach for type 2
diabetes is to just keep pushing the one injection. But yes, there is lots of room for many more studies.

Comment (Dr. Philip Home [University of Newcastle, Newcastle Upon Tyne, UK]): Few of us
would treat patients failing glargine alone with glargine alone. It seems to be an irrelevant
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comparator. Isn't there also a scientific problem with an open label study where you take some
people on insulin glargine and move them to a new therapy? This could have impacted
hypoglycemia and especially the quality of life questionnaire results.

A: There is a blinded study, DUAL II, where the insulin dose was capped and the primary goal was to examine
the contribution of liraglutide. The results were similar in some ways, giving us reassurance that there can be
meaningful results even in blinded situations. Secondly, the titration was conducted with equipoise and at the
end of the trials the fasting glucose levels were essentially identical. Finally, in endocrine practices in the US
and around the world, for patients with A1cs around the mid 8% range, the standard practice is to continue
titrating insulin. I think this is a relevant comparison. That said, there is definitely room for further studies to
examine other relative effects. Comparative effectiveness is going to be an important area for many years to
come.

Q: In terms of patients at the maximum dose reached in treat-to-target, what options are there
to keep pushing further with IDegLira?

A: The on-label use in this product, which is available in Europe, is that you would need to add something
else. That could be an oral agent, but we don't have many studies with SGLT-2 inhibitors combined with
GLP-1 agonists, and certainly no studies of GLP-1 agonists, SGLT-2 inhibitors, and insulin combined on
background metformin. Another possibility would be to add bolus insulin or more basal insulin. That decision
would be based on patient characteristics. The off-label thing that one could … hallucinate, since GLP-1 doses
higher than 1.8 mg are approved for obesity … one could have a very high-order hallucination about taking
another dip on the same pen, continuing to increase the dose of the GLP-1 analog and basal insulin. But we
have zero evidence on that. I know creative clinicians will find all kinds of things to do when a product is
available.

ASSESSMENT OF GLYCEMIC CONTROL BY CGM IN PATIENTS WITH T2D TREATED WITH
IDEGLIRA (170-OR)

Allen King, MD (Diabetes Care Center, Salinas, CA)

Dr. King presented the results of a post-hoc analysis of a DUAL I extension substudy examining changes in
glycemic fluctuations over 52 weeks in insulin-naïve patients with type 2 diabetes treated with Xultophy
(IDegLira; insulin degludec/liraglutide) (n=131) versus insulin degludec (n=64) or liraglutide (n=65) alone.
72-hour continuous glucose monitoring was performed at baseline and at 52 weeks, which showed that
IDegLira treatment was associated with a greater reduction in mean interstitial glucose (IG) than
liraglutide (p<0.0001), a greater reduction in postprandial IG versus insulin degludec (p=0.0288), and a
greater reduction in time out of range versus liraglutide (p=0.0072). Dr. King commented that these
observations may have contributed to the greater A1c reductions seen with IDegLira than with either
component medication in the DUAL I study. For detailed information about DUAL I baseline characteristics
and methodology, please see our coverage of the initial 26-week results presented at ADA 2013.

▪ IDegLira treatment was associated with a greater reduction in mean interstitial
glucose (IG) than liraglutide (p<0.0001), a greater reduction in postprandial IG
versus insulin degludec (p=0.0288), and a greater reduction in time out of range
versus liraglutide (p=0.0072). Mean IG decreased 63.1 mg/dl, 64.9 mg/dl, and 45.0 mg/dl
from baselines of 180-184 mg/dl with IDegLira, insulin degludec, and liraglutide treatment,
respectively. Postprandial IG changed an average of -9.0 mg/dl, 3.6 mg/dl, and -3.6 mg/dl from
baselines of 25-27 mg/dl with IDegLira, insulin degludec, and liraglutide treatment, respectively.
Time outside of the IG target range (70-162 mg/dl) at the end of the study were 3.2 hours, 3.8 hours,
and 5.6 hours from a baseline of 14-15 hours with IDegLira, insulin degludec, and liraglutide
treatment, respectively.

Questions and Answers:

Dr. Philip Home (Newcastle University, Newcastle, United Kingdom): Nice study, and nice
data. I just want to make a plea. These are supposed to be scientific sessions. There are things
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called standard deviations, confidence intervals, [etc.,] that would allow me to understand
your data. Can we ask that that these have conventional measures of dispersion to go with the
mean?

A: Some of the data was statistically analyzed, but the duration of the talk did not allow me to discuss them.

SUPERIOR EFFECTS WITH COMBINATION OF INSULIN DEGLUDEC (IDEG) AND
LIRAGLUTIDE (LIRA) (IDEG+LIRA) COMPARED WITH BASAL-BOLUS INSULIN THERAPY
(BB) IN HEMODIALYSIS (HD) PATIENTS WITH POORLY CONTROLLED TYPE 2 DIABETES
(T2D): AN ASSESSMENT BY CONTINUOUS GLUCOSE (171-OR)

Satoshi Funakoshi, MD, PhD (Jikei University, Tokyo, Japan)

Dr. Satoshi Funakoshi presented a unique study investigating the effects of GLP-1/basal insulin combination
therapy on glycemic variability and control in 12 dialysis patients. For background, dialysis presents a
challenge for glucose management because it can cause hypoglycemia. A potential mechanism to explain
this effect is that glucose is cleared more quickly through the hemodialysis membrane than is insulin, so
patients undergoing dialysis experience a temporary hyperinsulinemic state. Dr. Funakoshi's study sought
to compare the efficacy of basal insulin + GLP-1 agonist therapy (Tresiba + Victoza) compared to basal-
bolus insulin therapy (Tresiba + Humalog) for controlling fasting plasma glucose and glucose variability in
type 2 diabetes patients on dialysis. In this study, patients started on basal-bolus therapy and then
transitioned to GLP-1/basal therapy. Glycemic variability was measured by CGM. As shown in the table
below, during the basal-bolus portion of the study, patients experienced worse glycemic variability on days
where they got dialysis (p<0.05 for mean amplitude of glucose excursions [MAGE] off vs. on). However,
transitioning to GLP-1/basal therapy cut MAGE in half for both on and off dialysis days (p<0.05 for basal-
bolus compared to GLP-1/basal), and the difference between on and off dialysis days was no longer
significant. The GLP-1/basal combination also improved FPG. In conclusion, this small study suggests that
the combination of insulin degludec and liraglutide can both improve glycemic control and glycemic
variability in dialysis patients. This further bolsters GLP-1 agonists' utility in patients with renal
impairment, who may not be able to use therapies like SGLT-2 inhibitors or even metformin.

Table: Glucose variability (MAGE) and fasting plasma glucose (FPG)

Off-dialysis days On-dialysis days

Basal-bolus MAGE = 108 mg/dL

FPG = 166 mg/dL

MAGE = 133 mg/dL

FPG = 145 mg/dL

GLP-1/basal MAGE = 55 mg/dL

FPG = 131 mg/dL

MAGE = 75 mg/dL

FPG = 118 mg/dL

Questions and Answers

Q: The GLP-1 agonist label says not to use these drugs in people with renal failure. What is the
PK of liraglutide in people on dialysis?

A: Insulin degludec and liraglutide are not removed by dialysis, and that is the point. The PK profile is not
affected, as published last year.

Q: Did you look at the proportion of patients experiencing hypoglycemia both on and off
dialysis?

A: We did not see any symptomatic hypoglycemia. During hemodialysis, the glucose drops not only because of
the insulin issue, but also removing toxins improves insulin resistance peripherally. Removal of fluid
improves over-hydration, which improves insulin resistance. pH goes up, which encourages glucose to go into
cells. So all the factors push down glucose at the end of hemodialysis, but for some reason we did not
experience symptomatic hypo.
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LEAST GLUCOSE VARIABILITY AND HYPOGLYCEMIA IS OBSERVED WITH THE
COMBINATION OF A GLP-1 RECEPTOR AGONIST AND BASAL INSULIN (VARIATION
STUDY) (167-OR)

Harpreet Bajaj, MD, MPH (LMC Diabetes and Endocrinology, Toronto, Canada)

Dr. Harpreet Bajaj provided interest-piquing if not completely surprising evidence that the combination of a
basal insulin and a GLP-1 receptor agonist (RA) provides the least glycemic variability among several
commonly used insulin regimens. The study enrolled 150 subjects (ages 18-80) with A1cs ≤7.5% who were on
one of four stable diabetes regimens containing insulin for six months prior to the study (basal insulin + oral
agent, basal insulin + GLP-1 RA, premixed insulin, MDI basal bolus regimen). In the six-day protocol,
subjects continued their existing lifestyle and treatment regimens and were monitored with masked CGM as
well as SMBG (≥4 times daily). A combination of a basal insulin + a GLP-1 RA resulted in significantly lower
daily standard deviation of glucose than alternate regimens (SD = ~31 mg/dl vs. ~34 mg/dl with basal +
oral agent, ~36 mg/dl with premixed, and ~38 mg/dl with basal-bolus MDI). Both the basal insulin + oral
agent and basal insulin + GLP-1 RA regimens resulted in significantly lower self-reported hypoglycemia
than the premixed or MDI regimens (basal + oral agent = 20% hypo rate, basal + GLP-1Ra = 17%, premixed
= 35%, basal-bolus = 57%). Overall, the authors concluded that a combination of basal insulin + GLP-1 RA
provides the least variability versus three commonly prescribed insulin regimens. While the difference in
standard deviation was perhaps slightly more modest than we might have expected vs. MDI, but a ~20%
improvement is still highly meaningful and could mean substantially less time at extreme ranges.

SYNERGISTIC ACTION OF PE0139, A SUPER-LONG-ACTING BASAL INSULIN, AND PB1023 A
WEEKLY GLP-1 RECEPTOR AGONIST (168-OR)

Jim Ballance, PhD (PhaseBio Pharmaceuticals, Malvern, PA)

Dr. Jim Ballance presented pre-clinical data suggesting that PhaseBio's long-acting basal insulin, PE0139,
and weekly GLP-1 agonist, PB1023, could have synergistic effects when combined. For background, both
agents use PhaseBio's ELP biopolymer technology to prolong half-life. The GLP-1 agonist (PB) is in phase 2
and the insulin (PE) in phase 1. This db/db mouse study found that both PE and PB were inadequate as
monotherapy for bringing glucose levels within control in response to an intraperitoneal glucose tolerance
test. However, the combination of the two products normalized glucose control in a greater-than-additive
fashion, even when lower doses of each individual component were used compared to the doses used in the
monotherapy arms. Synergistic (more than additive) efficacy has not been seen in the largest clinical trials
of GLP-1 agonist/basal insulin combinations, although it is far from certain whether these preclinical results
can be duplicated in humans. Dr. Ballance remarked that PhaseBio plans to commence a six-week phase 2
multiple ascending dose study with basal insulin PE in 2H15 with a PE/PB combination study to follow.

▪ For background, PE0139 and PB1023 use PhaseBio's elastin-like polypeptide
technology (ELP) to extend half-life. The ELP is a set of repeating five amino acid sequences
(VPGXG where X is any amino acid except proline). The ELP polymer, when fused to a peptide of
interest, confers a longer half-life to the peptide of interest by allowing the fusion product to
undergo the process of "coacervation" under specific temperature and solvent conditions.
Coacervation is a liquid-liquid phase separation, rendering the drug either available or not available
to be absorbed. By varying the number of repeats in the ELP, the concentration of the protein, the
concentration of salts in the solvent, and the hydrophilicity of the protein, one can control at what
temperature the phase separation occurs and, thus, control the temperature at which the drug
essentially becomes available to be absorbed. Thus, one mechanism by which ELP prolongs a drug's
half-life is via this slow, controlled release. The other mechanism is that ELP prolongs the protein's
circulatory half-life by reducing clearance from circulation.

Questions and Answers:

Q: Yesterday we learned [with Lilly's basal insulin peglispro] that if you have a large
hydrodynamic range, you get liver specificity with unwanted side effects. Did you test any of
that with these insulins?
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A: We haven't studied it or seen anything yet but it's something we will look out for.

Q: What happens to absorption if body temperature goes up or down [given that the effect of
ELP is dependent on temperature]?

A: From a safety perspective, if the patient has an elevated temperature what will happen is the depot will be
more stable. If you have someone plunging into an ice bath then that's something one would have to look at.
What we have studied so far is a prelude to longer study - we looked at what would happen if someone took
the product directly from the fridge and injected it. There was no difference in PK there. It doesn't matter if
it's cold when you inject it as long as it gets to the right temperature in your body.

Q: In the phase 2 study of your GLP-1 agonist, what did you see in terms of weight loss? I ask
because the proportion of active moiety seems pretty small.

A: We didn't see a big change in weight, but we also had liraglutide as a control arm, and we didn't see weight
loss in that group either. In any case, based on the protein's structure, one would expect similar weight effects
as dulaglutide or albiglutide.

Q: Have you looked into temperature variability systematically?

A: We have done one single ascending dose study so far. In the presentation yesterday, the error bars were
very small so at least in that small group, it didn't seem to be very variable, but we'll obviously have to look at
that going forward. The multiple ascending dose study is our next study.

ONCE-WEEKLY COMBINATION OF GLP-1R AGONIST AND INSULIN (HM14220) OFFERS
IMPROVED GLYCEMIC CONTROL AND REDUCED WEIGHT GAIN RISK (172-OR)

Michael Trautmann, MD (Profil Institute for Clinical Research, San Diego, CA)

Dr. Michael Trautmann presented promising results from a series of early explorations of a novel once-
weekly GLP-1/insulin combination from Hanmi Pharmaceuticals. Developed via the LAPSCOVERY
platform, the compound is a combination of insulin 115 (phase 1 in the US), and efpeglenitideLAPS

(HM11260C; an exendin-4 analog, phase 2b), which both have ultra long acting profiles suitable for weekly
dosing. A combination of these compounds has shown similar PK/PD profiles to those of each product alone.
When administered as a co-formulated once weekly product to diabetic rodents, the combination of LAPS

insulin 115 resulted in greater A1c reductions than either product alone. Additionally, in a mild type 2
diabetes animal model, the weight gain seen with insulin 115 was neutralized by the combinationLAPS

product. Notably, in switching studies, switching diabetic mice to treatment with the combo after anLAPS

initial 14 days of treatment with glargine resulted in significantly greater A1c decreases at six weeks versus
either staying on glargine or switching to insulin 115. Similar results were seen in studies where miceLAPS

were initially treated with liraglutide rather than glargine. These initial results are promising, as we feel a
once weekly combination product could indeed improve adherence. We look forward to data from human
studies on the topic, particularly to better understand how a once weekly product fares in face of every day
glucose variations.

Posters

LIVER ENZYME RESULTS FROM 7 BASAL INSULIN PEGLISPRO (BIL) CLINICAL TRIALS IN
TYPE 1 DIABETES AND TYPE 2 DIABETES (989-P)

ML Hartman, S Zhang, E Bastyr III, AM Chang, SJ Jacober, and MJ Prince

This poster integrated liver enzyme data from phase 2 and 3 trials of Lilly's basal insulin peglispro (BIL)
where glargine was used as a comparator. As a reminder, liver enzyme elevation had been observed in
BIL's phase 2 program and was a cause for concern given the drug's relative hepato-selectivity compared to
other insulins. This study found consistent elevation of the enzyme ALT in both people with type 1 and type 2
diabetes at 26, 52, and 78 weeks. For background, ALT is a marker of liver inflammation and damage; it is
a normal liver enzyme that can leak into the blood when liver cells are damaged. ALT elevation was evident
within the first few weeks of treatment and persisted stably for the duration of treatment; it then trended
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back towards baseline after treatment discontinuation. In the type 1 diabetes trials, ALT hovered around 23
IU/L in the glargine arm compared to ~30 IU/L in the BIL arm. In the type 2 diabetes trials, ALT ranged
from ~25-27 IU/L in the glargine arm compared to ~33-34 IU/L in the BIL arm. The investigators
concluded that the ALT reversion towards baseline and the lack of cases of Hy's Law (a criterion for more
severe liver injury) suggests that there was no acute drug-induced liver injury. Generally the magnitude of
ALT elevation was not egregiously large in the grand scheme of things. However we can see why
investigators wanted to look into this further, as drug-induced liver injury is a serious and potentially fatal
adverse drug effect and it isn't clear the benefit is worth the uncertainty on a slew of questions. As such, we
can understand why Lilly decided to further study peglispro's liver effects and delay submission until at
least 2017.

▪ For background, Lilly's peglispro (BIL) is a basal insulin analog with relatively greater
liver-selectivity than other insulins (which have relatively greater peripheral action), a flatter
PK/PD, and a prolonged half-life (2-3 days). In phase 3 trials also presented in full at ADA, it
showed superior A1c reductions compared to insulin glargine along with less weight gain. However,
in both phase 2 and 3 trials, mean elevations in liver enzymes ALT and AST were also observed,
suggesting the drug could be adversely affecting the liver.

▪ The analysis presented in this poster pools together liver enzyme data from seven
trials of BIL vs. glargine. Three of the trials were conducted in patients with type 1 diabetes (one
phase 2 and two phase 3 trials; n=1028 BIL and n=678 glargine) and four trials in patients with type
2 diabetes (one phase 2 and three phase 3 trials; n=2194 BIL and n=1464 glargine). Patients' ALT,
AST, alkaline phosphatase, and total bilirubin were measured at weeks 0, 4, 8, 12, 16, 26, 52, 65, and
78 as well as 4 weeks after drug discontinuation. Liver fat content was also measured by MRI in a
subset of patients at weeks 0, 26, and 52.

◦ For background on what each of these markers means: ALT and AST are normal
liver enzymes that can leak into the blood stream when liver cells are damaged. Alkaline
phosphatase is an enzyme normally found in bile canaliculi between liver cells that can
back up into the blood stream if something is impeding bile flow from liver cells or out of
the bile duct. Bilirubin is a normal byproduct of red blood cell turnover; it can back up if
the liver is damaged and cause jaundice. Liver fat content is another marker for liver
damage - when liver cells are damaged and lose the ability to oxidize fat for energy, fat can
build up in liver cells.

▪ In patients with type 2 diabetes, BIL caused a slight increase in both ALT and AST.
Mean baseline ALT was 28 IU/L and mean baseline AST was 24 IU/L. By week 78 on drug, ALT had
risen to 34 IU/L in the BIL group compared to essentially no change in the glargine group
(p<0.001), and AST had risen to 28 IU/L in the BIL group compared to no change in the glargine
group (p<0.001). These elevations began soon after patients started taking the drug and persisted
throughout treatment. The poster shows only ALT data for four weeks post-drug discontinuation,
where mean ALT had come down to 30 IU/L.

▪ In patients with type 1 diabetes, BIL increased ALT but not AST. From a baseline ALT of
22 IU/L, patients on BIL rose to 29 IU/L after 78 weeks, whereas there was no change for patients
on glargine (p<0.001). Again, the rise occurred soon after starting the drug and persisted
throughout treatment. Four weeks after BIL discontinuation, ALT returned to ~24 IU/L.

▪ The authors suggest that the ALT reversion towards baseline suggests that the drug
did not cause acute liver injury. Indeed, 100% of BIL-treated type 1 diabetes patients who
experienced an ALT ≥ 3X the upper limit of normal (ULN) either returned to baseline or had a
≥20% decrease in ALT after discontinuing the drug. The corresponding figure for the type 2 diabetes
population was 91%.

▪ The subset of patients who had liver fat content analyzed by MRI showed a roughly
1.5-2 fold increase of liver fat content between glargine and BIL (3% vs. 6% in type 1
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diabetes, ~9% vs. 12% in insulin-naïve type 2 diabetes, and ~9% vs. 15% in type 2 diabetes patients
previously treated with insulin).

▪ No patients met the criteria for Hy's Law (ALT ≥3X the upper limit of normal plus total
bilirubin ≥2X the upper limit of normal). Hy's Law is a rule of thumb that predicts that a drug is at
high risk of causing fatal drug-induced liver injury.

LIPID CHANGES DURING 26-WK TREATMENT WITH THE NOVEL BASAL INSULIN
PEGLISPRO (BIL) VS. INSULIN GLARGINE (GL) OR INSULIN NPH IN 6 IMAGINE TRIALS
(990-P)

H Ginsberg, B Cariou, T Orchard, L Chen, J Luo, E Bastyr III, J Bue-Valleskey, A Change, T
Ivanyi, S Jacober, J Jacobson, B Hoogwerf

This analysis pooled data from 5,583 patients in six of the phase 3 IMAGINE trials (four in type 2 diabetes
and two in type 1 diabetes) to examine the effect of Lilly's basal insulin peglispro compared to insulin
glargine (Sanofi's Lantus) and NPH on lipid profiles. Individual phase 2/3 trials of peglispro have found
potentially worrisome elevations in triglycerides (in addition to potential liver safety signals), prompting
this analysis to more fully characterize patients' lipid profiles. The authors compared the changes in
apolipoprotein A-I, apolipoprotein B, free fatty acids, HDL and LDL cholesterol, and triglycerides after 26
weeks of treatment with the three types of insulin. They found significantly elevated triglyceride levels with
peglispro compared to insulin glargine and NPH, which varied depending on whether patients were
insulin-naïve or not. In insulin-naïve type 2 diabetes patients (n=2,179), triglyceride levels decreased with
insulin glargine and NPH but did not change with peglispro. In type 1 and type 2 diabetes patients
(n=3,404) previously exposed to insulin, triglyceride levels were unchanged with glargine but increased
15-25% with peglispro. There were no significant differences in other lipid parameters examined (HDL and
LDL cholesterol, apolipoproteins A-I and B). The results were not surprising, as elevated triglycerides have
emerged as one of several potential safety concerns with peglispro as the IMAGINE trials have reported
results. We see this as just one aspect of peglispro's overall high-risk/high-reward profile and wonder
whether the additional safety studies Lilly plans to conduct in lieu of a submission this year will investigate
this signal in addition to the concerns about liver toxicity.

▪ The authors propose that the differences in lipid profiles could be tied to peglispro's
hepato-preferential properties. The authors suggest that the release of free fatty acids from
adipose tissue, decreased lipoprotein lipase activity in adipose tissue, or increased hepatic de novo
lipogenesis could contribute (separately or jointly) to the differences in triglyceride levels.

EFFICACY AND SAFETY OF TECHNOSPHERE INHALED INSULIN: SYSTEMATIC REVIEW
AND META-ANALYSIS (96-LB)

G Westcott, E Balk, A Pittas

This systematic review and meta-analysis analyzed the efficacy, safety, and patient acceptability of Sanofi/
MannKind's recently launched inhaled insulin Afrezza. The analysis included 12 randomized controlled
trials that met eligibility criteria (n=5,273). However, many trials were designed to demonstrate non-
inferiority, which could lead to bias, and most were 24 weeks or less in duration, limiting the ability to draw
conclusions about long-term effects. In adult patients with type 1 diabetes or insulin-requiring type 2
diabetes, the analysis found that Afrezza was slightly less effective than subcutaneous insulin at improving
glycemia (net difference 0.16%; 95% CI 0.06-0.25%). However, Afrezza was associated with less weight
gain (net difference 1.6 kg; 95% CI 2.1-1.6 kg) and severe hypoglycemia (odds ratio 0.61; 95% CI 0.35-0.92)
compared to subcutaneous insulin. In patients treated with Afrezza, there was an increased risk of a mild,
transient, dry cough (odds ratio 7.82; 95% CI 6.14-10.15) and a greater decline in FEV1 (a measure of lung
function) (net difference 0.038 liters; 95% CI 0.049-0.026). Finally, those treated with Afrezza were more
likely to discontinue participation than those treated with an active comparator. The study authors
concluded that long-term safety data is needed and that subcutaneous insulin continues to be a better option
for patients who can tolerate needles. While long-term data is clearly important, we do feel that the clinical
appeal of Afrezza's faster action profile, hypoglycemia and weight advantages, and ease of administration
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should not be underestimated. As of MannKind's 1Q15 update in May, sales of Afrezza had gotten off to a
relatively slow start, which the company attributed mainly to administrative issues like doctor appointment
lags, spirometry scheduling, and prior authorizations. The product has generally had a very positive
reception on social media since its launch, and we continue to believe it holds significant potential for a wide
range of patients.

IMPROVED POSTPRANDIAL GLYCEMIC CONTROL WITH FASTER-ACTING INSULIN
ASPART IN SUBJECTS WITH TYPE 1 DIABETES USING CSII (994-P)

B Bode, L Hyveled, SC Tamer, P Ybanez, M Demissie

Dr. Bruce Bode et al. conducted a randomized controlled trial that evaluated the effects of Novo Nordisk's
faster-acting insulin aspart and standard NovoLog (insulin aspart) delivered via continuous subcutaneous
insulin infusion (CSII). Over 14 days, this study measured two-hour postprandial glucose responses in 43
adult patients with type 1 diabetes. Following two hours, the Faster Aspart group had a significantly
greater reduction in plasma glucose levels than the insulin aspart group in a direct comparison (a mean of
-18 mg/dl, n=43, p<0.05). There was a trend towards a benefit in one hour post-administration as well
(roughly -9 mg/dl), though it was not statistically significant. The preliminary indications of superiority in
plasma glucose reduction and hypoglycemic duration complement positive data we've seen already and
have led to phase 3 trials that are currently underway for evaluations of efficacy and safety in a larger
sample population.

▪ The phase 1, double-blind randomized controlled trial compared changes in 2-hour
postprandial glucose response in the faster aspart (n=43) and insulin aspart (n=42)
groups via CSII. Their secondary objective evaluated the two formulations of aspart with regard to
efficacy, safety, and pump-related endpoints after the 14-day trial period. The test study group had
baseline and demographic characteristics with a mean age of 48, BMI of 27.0 kg/m , a 24-year2

duration of type 1 diabetes, and a starting A1c of 7.5%. Both groups were given a standardized meal
and their mean plasma glucose levels were assessed continuously from 60 minutes prior to the meal
to 240 minutes after the meal.

▪ The faster aspart group had a significantly greater glucose lowering effect than insulin
aspart two hours after the standardized meal in a direct comparison (roughly -18 mg/
dl, p<0.05). The secondary endpoint supported this finding at the 1-hour interval although this
difference was not statistically significant (-9 mg/dl, p>0.05). Regarding safety profiles, the duration
in hours of hypoglycemia was slightly greater in the insulin aspart group, although the difference
was not significant at the <3.0 mmol/L level. In addition, no new safety issues occurred in both
treatment groups.

Current Issues: Are They Really Worth It? Debating the Value of New Insulins in the
Management of Type 2 Diabetes

NEW INSULINS ARE WORTH IT

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

Dr. Richard Bergenstal argued in favor of the value of new insulins. After showing data indicating that on a
national level patients on insulin are not achieving desired glycemic goals he argued that we can't keep
using the same insulins in the same ways if we want better glycemic outcomes. Following this, he provided
an overview of some novel basal insulins (Novo Nordisk's Tresiba [insulin degludec], Sanofi's Toujeo
[insulin glargine U300], and Lilly's peglispro [BIL]) and bolus insulins (Sanofi's Afrezza, Novo Nordisk's
Faster-acting Aspart) and what potential they have shown in PK/PD and phase 3 studies. Specifically, he
highlighted how Tresiba and Toujeo provide similar A1c reductions vs. insulin glargine but have benefits in
terms of hypoglycemia and flexible dosing. As noted multiple times in this report, we also believe there are
additional benefits to Toujeo like better focus on access, the COACH behavioral program, and an easier-to-
use pen, and we expect to see greater other benefits with Tresiba. Peglispro is associated with superior A1c
reductions compared to Lantus, as well as less nocturnal hypoglycemia (see above for data we learned
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today on peglispro). Dr. Bergenstal ultimately argued that novel insulins should meet a triple aim of quality
(based on A1c without hypoglycemia), patient experience, and cost. Dr. Bergenstal highlighted that CGM
data may help us judge quality (via identifying lows, time in range, etc.) and also noted that we will need to
make efforts to curtail the costs of insulin (via guidelines for selective prescribing, biosimilars, etc.) if
current efforts don't make needed insulins available.

▪ Dr. Bergenstal argued that we can't keep doing the same thing with insulins if we want
better results. Based on NHANES data, the percent of people with A1cs <7% hasn't markedly
improved over the last one to two decades among those with insulin. We thus need better insulin
management - but questions remain about when to start, and how to adjust it, and deliver it.

▪ New basal and bolus insulins have potential for clinical value based on PK/PD profiles
and phase 3 data, although ultimately they will need to be proven in the real world. For
example, Tresiba has a long half-life, a flat profile, and four fold less variability than glargine.
Notably, although A1cs are similar with Lantus vs. Tresiba, the latter is associated with less
nocturnal hypoglycemia and is compatible with flexible dosing. Toujeo is more concentrated than
Lantus and has a significantly flatter profile. Like Tresiba, it causes similar A1c reductions vs.
Lantus, but is associated with both less nocturnal and overall hypoglycemia. Peglispro is long acting
with a flat profile, is associated with superior A1c reductions compared to glargine, and results in
less nocturnal hypoglycemia (although total hypoglycemia was not reduced). Meanwhile, Afrezza
and Faster Aspart have shown promise in PK/PD studies for their fast onset of action.

▪ Dr. Bergenstal suggested that new insulins (and in fact all novel drugs) fit a triple aim
for healthcare delivery. This triple aim consists of: (i) Quality (based on A1c without
hypoglycemia), (ii) patient experience (including safety, minimal side effects, and flexibility with
regards to daily life activities), and (iii) acceptable costs. He noted that while we wait for more
precise markers to guide diabetes therapy, CGM can help judge a patient's response to a particular
drug (i.e. how much time a patient is low each day, what percent of values is in range). The FDA
should not shy away from CGM - it should in fact insist on it. In terms of cost, he noted that if new
insulins cost more, they may end up being limited to high risk hypoglycemia. Other efforts to
moderate the costs of insulins (i.e. guidelines for selective prescribing, expansion of biosimilars,
healthcare reform to improve coverage) may be needed if current efforts don't make insulins
available.

NEW INSULINS ARE NOT WORTH IT

David Nathan, MD (Massachusetts General Hospital, Boston, Massachusetts)

Dr. Nathan argued that the current enthusiasm for new(er) insulin analogs for use in type 2 diabetes
represents a triumph of advertising over substance, as the promise of effective and safer insulins for type 2
diabetes has not been demonstrated and costs continue to escalate with no end in sight. This is not the first
time we've heard Dr. Nathan voice a conservative opinion on the value of today's new drug options, making
him a great fit to take on this side of the debate. Though Dr. Nathan recognized that insulin analogs have PK
profiles that more closely mimic human physiology than older insulins, he emphasized that the clinical
evidence of the benefits of insulin analogs for type 2 diabetes has been limited. In various meta-analyses,
insulin analogs have not shown a glucose-lowering benefit or reduced risk of severe hypoglycemia versus
regular or NPH insulin according to Dr. Nathan - we do not believe that most trials resemble "real life"
exactly and certainly believe there is a benefit away from NPH for certain subgroups in particular. Dr.
Nathan commented that the main benefit of newer basal insulin analogs appears to be a reduction in
nocturnal or nonsevere hypoglycemia; as such, he questioned the appropriateness of their use for broad
swaths of the type 2 diabetes population, given the high costs of such analogs - Dr. Irl Hirsch (University of
Washington, Seattle, WA) had a lot to say about the high costs of insulins on the first day of the meeting. We
certainly do not believe that "one size fits all" and that less expensive insulins may well be adequate for some
patients though some will not be able to deal with the relative lack of stability.
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▪ Dr. Nathan posited that though the PK profiles of rapid-acting and long-acting insulin
analogs mimic physiology more closely, they have not demonstrated significant
clinical benefits in efficacy or reductions in hypoglycemia beyond older insulins in
patients with type 2 diabetes. In a meta-analysis of 13 randomized controlled trials, rapid-acting
insulin analogs only had an average A1c reduction of 0.09% beyond regular human insulin; severe
hypoglycemia was rare and the difference in incidence was not statistically significant between the
two insulin types (Monami et al., Diabetes Obesity Metabolism 2009). In a meta-analysis of 12
randomized controlled trials, there was no significant difference in A1c lowering or severe
hypoglycemia between NPH insulin and long-acting insulin analogs (Monami et al., Diab Res Clin
Pract 2008). Another meta-analysis found no clinically relevant differences between long-acting
insulin analogs and NPH insulin (Horvath et al., Cochrane 2007). Dr. Nathan pointed out that there
is no difference in overall hypoglycemia or severe hypoglycemia between insulin degludec and
insulin glargine (Diabetes Care 2012). However in both meta-analyses of long-acting insulin analogs
versus NPH insulins, long-acting insulin analogs were associated with a lower risk of nocturnal
hypoglycemia - we see this as a benefit that is highly meaningful to patients.

▪ Though Dr. Nathan acknowledged that Sanofi's inhaled insulin Afrezza has a better
PK profile than insulin lispro, he concluded that it does not confer any significant
clinical benefits beyond injected rapid-acting insulin analogs. Dr. Nathan highlighted that
in clinical trials for Afrezza, the inhaled insulin was at best non-inferior to injected rapid-acting
insulin, and it only managed to bring a small minority of study participants to goal (an A1c of ≤7%).
He mentioned that analysts are skeptical that Sanofi can turn around the Afrezza launch - arguably
it's too early to assess the success of Afrezza's launch - but noted there may still be a chance yet as
direct-to-consumer advertisements are coming. From our view, the ability to get more patients and
more HCPs to try more insulin is a positive.

▪ Dr. Nathan emphasized that the introduction of new insulin analogs has not driven
costs down; on the contrary, insulin analogs experienced some of the biggest prices
hikes of any drugs in recent history. This was the second major presentation we covered at
ADA to address explicitly with the high cost of insulin - the first was Dr. Irl Hirsch's presentation on
the topic on Day #1. According to a FiercePharma analysis, the price of Lantus and the price of
Levemir each increased 29.9% in 2015. Over the past five years, Levemir increased 169% in price,
and Lantus increased 168%. A now well-known and much-cited Bloomberg piece noted that these
price increases were in all-but-identical increments - when the price of Lantus went up, the price of
Levemir followed shortly thereafter. Unfortunately, Dr. Nathan's talk did not address the changes
made in rebates by companies to pharmacy benefit organizations. As such, Dr. Nathan asserted that
the idea that competition is going to lower prices does not seem to be working - we had heard that
idea related to biosimilars, and we think it's early to know - presumably insulin prices will certainly
be reduced by it's hard to know by how much. Dr. Nathan commented that pharmaceutical
companies do not appear to be struggling financially - their profit margins are comparable to those
of banks (~20%), which is more than the profit margins of carmakers, oil/gas companies, and
companies in media. There is no question from our view that there is great variability across the
board in this measure.

REBUTTAL

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

Dr. Richard Bergenstal said that both he and Dr. Nathan are in agreement about the need for good glucose
control and affordability. He said that the field has made good advances in bringing down hypoglycemia
considerably. However, it needs to take a broader patient centered view to help patients live the way they
want. The field also needs to do better in terms of costs. He argued that companies could afford to keep
innovating if they had a higher cost at the beginning that later comes down.
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PANEL DISCUSSION

Q: If cost were not an issue, would there be a role for analogs in type 2 diabetes?

Dr. Nathan: It would be much easier to swallow; I'm offended by the price that goes along with them. I do
want more tools to manage patients with diabetes, and there may be specific patients with schedules and
lifestyles that require different insulin. I use and appreciate the variety, but it's just that the hard data doesn't
support the costs. If they were to cost the same, I would be much happier.

Dr. Bergenstal: At the moment, they are looking at the right patients but there do seem to be benefits. If costs
were equal, their market share would go up.

Q: It seems like with the human insulins, at least in DCCT and UKPDS, the patients treated
more intensively had cardiovascular benefits. Do you know whether trials with analog insulins
have shown cardiovascular benefits on scale with older insulins? Do you think analog insulins
can be trusted for safety?

Dr. Nathan: Glycemia is very important, but glycemia achieved by drug X will have the same results as drug Y.
The studies you mentioned were done with non-analog insulins. You would probably get the same results with
analog insulins, but in terms of direct data, those were with older insulins.

Q: Have they been tested adequately for safety? We saw the first Lantus cancer issue many
years ago. I think that testing of insulins has been adequate.

Dr. Bergenstal: Lantus had a large trial with ORIGIN. Degludec is in midst of large CV trial.

Q: I'm a nurse practitioner in a hospital setting and I've recognized that prices of insulin go up
every year. I do have contracts with certain companies for both basal and prandial. In last
couple of years, I've recognized the increased cost in insulin, and this year I got tired of it, and
pushed hard, such that if I didn't get pricing wanted, I would switch to a different company.
What are we doing as a larger healthcare community in US to get prices down? Some patients
to pay $500 per vial of glargine, some pay $300 per vial.

Dr. Bergenstal: I don't think we're speaking as one voice yet as a community. David mentioned the cancer
community. There was a Sloan-Kettering group of oncologists saying that they were not paying for more
expensive oncology drug, and the price was reduced. I think speaking as one voice will make a difference.

Dr. Nathan: Bill Harman is better suited to answer question than we are. The argument is that patients are
insulated from the real price of the drug. Someone is paying for this stuff; with all deference for international
visitors, the US pays for it because EMA and Canada negotiate. We have been very ineffective in pushing this
agenda, and I think do need to be more effective.

Q: The reason why drug companies charge is because they can. There is absence of a
regulatory environment that prevents them from doing so. Why hasn't ADA as an organization
pushed harder? What can the organization do? It isn't doing much because there is a lot of
drug company money that supports this meeting, but it seems like it should take a stand as an
organization.

Dr. Nathan: Right on target. That's why we're not on leadership currently.

Dr. Bergenstal: ADA has been pushing hard for healthcare reform issues for people with diabetes and not as
specifically on drug cost side.

Q: I am a visitor from Saudi Arabia. Are there differences between traditional insulin and
newer insulins in terms of effects other than hypoglycemia?

Dr. Nathan: There is a weight difference. When these results were first reported, detemir was shown to have
less weight gain pretty consistently. In terms of site injection reactions, more concentrated insulins give more
local site inflammation. I'm not aware of major other differences other than that.
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Dr. Bergenstal: There are a few differences in the weight moderation, hypoglycemia, and schedule and life
flexibility.

Q: Branded human NPH insulins have increased in price. Excluding Wal-Mart's ReliOn, did
the slide looking at price increases include NPH?

Dr. Bergenstal: Yes, human insulins have gone up as well.

Q: Have pharmaceutical companies provided reason as to why human insulin is more
expensive?

Dr. Nathan: It's the same human NPH insulin - manufacturing hasn't changed one iota. In terms of rationale,
I don't remember children asking for rationale when asking for more money.

Dr. Bergenstal: There is no generic or biosimilar. There was a period of time when you got into development,
just like metformin, which was expensive in its day but not for long.

Q: I have a hypothesis for the reason that pricing is out of control: there are enough patients to
go around for everybody. It's a plot of net profit growing vs. people.

Moderator: He doesn't have an answer.

Q: This is a comment for Dr. Bergenstal. Despite the anecdotal nature of some of the posters, if
you go look at some of the posters addressing prediction of hypoglycemia, some of those
directly address issues raised by Dr. Bergenstal. One issue is regarding new basal insulin,
which is the only reason why there was a small but significant difference in nocturnal glucose.
This has been published and advertised by companies. Fasting glucose is designated to be <
100 mg/dl in studies. Many patients who have insulin don't need fasting insulin < 100 most
patients see in clinic don't need glucose of 90 fasting. By doing that in the studies you put the
patients deliberately at risk to have hypoglycemia that they would not have otherwise. This is
the question of how studies are designed.

Dr. Nathan: I agree; if it were designed to lower fasting glucose, we would be pushing harder on NPH night
before. You're going to either achieve that goal or you won't and it raises the issue of whether you're going to
have more hypo overnight.

Dr. Bergenstal: Some of the recent targets in some of the Type 2 studies have been more 80-130 versus 90,
which we have a hard time achieving in anyone.

Q: We're lucky to have human insulin since the new analogs more expensive. Still today in type
2 diabetes, I think SMBG is the most important. In Germany it's not so expensive; every
German has to be insured. If you make less than 5000 euros per month, you have to have
social public assistance. In Germany, the manufacturer has to pay back to social insurance so
that new insulin is not more expensive than human insulin (aside from Tresiba). That is a
strong position for the patients.

Dr. Nathan: We both agree that cost control is critical.

Q: Dr. Bergenstal suggested that one way to moderate the cost of some of these new insulins
would be to have guidelines on who we should prescribe them to. Dr. Nathan showed us that
the market share of NPH is vastly diminished, suggesting those guidelines aren't effective.
Rather than expecting the government not to list a drug, we need to put some responsibility on
ourselves as a profession to restrict use to a smaller group of patients.

Dr. Bergenstal: I wouldn't say that those guidelines aren't effective, because they haven't been written yet. We
really need to be able to say who the high-risk patients are and how we identify them.

Q: Do either of you see a role of direct-to-consumer marketing? Is there consumer demand for
these insulins?
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Dr. Nathan: Without disempowering the consumer from choosing medications he or she may benefit from,
one has to wonder whether TV advertisements and print advertisements are the way to do that. It seems to be
best to have patients and clinicians discuss the variety of therapies available, and come to a solution. I find TV
advertisements to be problematic. [Editor's note - we'd be interested in discussing further how to move
education forward - we agree TV seems sub-optimal.]

Q: I'm from Peru. We're using both types of insulin - analogs and native insulin. There are
some patients who get hypoglycemia, so we use insulin glargine to ensure safety. Some
patients are resistant to hypoglycemia, so in terms of cost, they could really benefit from using
classic NPH insulin.

Dr. Nathan: What I think you're really bringing up is Richard's idea of profiling - to individualize therapy
depending on risk of hypoglycemia. There isn't any pre-accepted way of doing that, so for now we have to
leave healthcare professionals to their own devices. Manufacturers have not done these studies, and they
should be doing it.

Q: I'm from India. I think we have been extremely unfair to insulin-making companies in the
world. When we go back to any scientific lectures, hypoglycemia is biggest limiting factor in
starting insulin. We are painting 76% reductions in nocturnal as completely irrelevant to this
debate. We are painting the pharmaceutical industry as a villain. They cannot increase the
price. If you took a bottle of milk so many years ago, it was a few cents, and now it's a few
dollars. They can increase the price. Every other industry can increase cost, but somehow we
don't take the cost of production into consideration when we say should insulin should cost
less for poor people. We are criticizing insulin manufacturers as if they are the villain, even
though they're bringing new products which make life better. I think it's a very unfair criticism
of industry. Scientific issues we discuss like reduction in hypoglycemia, flexible
administration, and good quality of life are important, so if the price comes at a premium, we
have to accept it. We ask pharmaceutical companies to donate to conferences and research.
Where will the money come from?

Dr. Nathan: I don't work for pharma. I'm a physician and a researcher, and my goal is to provide the best
possible care to my patients. Both of us agree it has to be accessible and affordable. My job is not to argue for
the profit-making pharma industry. I don't accept honoraria, and want to be able to speak unfettered for
patients. Uncontrolled insulin pricing is unacceptable, and someone needs to speak out against it. I count
many people who work in or with pharma as my friends, but I cannot abide by their pricing. Some people who
need insulin to survive may not afford it.

Dr. Bergenstal: I hope you heard me emphasize three-fourths of my presentation on the benefits of newer
agents in hypoglycemia risk and quality of life. But they have to be accessible. It can be done at a cost that's
reasonable.

Q: I work at the FDA and want to understand more what you mean by the phrase "added
benefit." For new insulins, what added benefits do you anticipate?

Dr. Bergenstal: I think less hypoglycemia is probably the biggest benefit. You want A1c to come down - it's a
tried and true marker, even though it's derided now. You want good A1c lowering with less hypoglycemia. Can
these new analogs provide those, and improve quality of life? The FDA could evaluate this more precisely by
doing some continuous glucose monitoring in these studies, and sort out the amount of hypoglycemia that is
severe or moderate. The problem with these trials is that the people who need these therapies the most aren't
in the initial trials. People at high risk often haven't made it into the trial, and only get access later after drugs
are approved.
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Symposium: Costs of Medications for Diabetes

CHANGING COSTS OF INSULIN THERAPY IN THE US

Irl Hirsch, MD (University of Washington, Seattle, WA)

Dr. Irl Hirsch took the stage to tackle the tough but very timely topic of the increase in insulin prices over the
past decade. We heard him speak passionately on this subject at Keystone last year. He views the current
scenario of skyrocketing copays or completely unaffordable out-of-pocket costs for insulin as unacceptable,
especially given that prices have risen so sharply in the past decade and that three of the six drugs that have
had the sharpest price increases in the past five years are insulins. Patient-level solutions include Walmart
and Costco insulin for those paying cash and manufacturers' support programs; he mentioned but did not
endorse online international pharmacies. As bigger-picture solutions, he listed: (i) clinical guidelines that
incorporate cost-benefit analyses, (ii) value-based pricing based on panel decisions (though he wouldn't
want providers who work with insulin companies to be excluded), (iii) allowing importation (which he
recognized as unrealistic, and probably not in patients' best interest anyways), (iv) educating more
providers about human insulin, and (v) advocacy. On the latter point, he characterized the ADA and JDRF
for arguably not doing enough direct advocacy work on insulin prices and access - former ADA President
Dr. Mayer Davidson noted during Q&A that he tried to get the ADA to take on the issue 15 years ago but was
turned down. Continuing to speak frankly, he shared results of an Access to Medicine ranking of the
companies that best provide drugs to developing countries, noting that Novo Nordisk is high (#2) on the list,
with Sanofi at #8 and Lilly near the bottom at #17. We applaud Dr. Hirsch for repeatedly taking on a topic
that is so controversial and tricky to discuss comprehensively. We were not surprised that he received a few
rounds of applause during his talk and Q&A.

▪ During Q&A, Dr. Hirsch expressed a sense of disillusionment with coupon programs
for new drugs. He noted that these programs help drugs "infiltrate" the market and lead to pent
up demand for products that may or may not have the best clinical benefit, to the point that payers
have a hard time saying no to price increases. He characterized it as a strategy that he refuses to buy
into anymore. Also during Q&A, the conversation took on a more philosophical tone when an
audience member quoted the Declaration of Independence that every American deserves life (in
addition to liberty and the pursuit of happiness). He suggested that unbearably high insulin costs are
potentially unconstitutional, in addition to being immoral.

▪ Dr. Hirsch began with an overview of the history of insulin pricing. Setting the stage with
Drs. Banting and Best's altruistic sale of their insulin patent for $1, he noted how insulin prices
stayed fairly low for decades before starting to climb in the 1990s and early 2000s. In his view,
however, nobody could have predicted the tremendous rise in insulin prices that followed from 2005
to the present.

▪ In an attempt to better understand the cost trends over the past decade, Dr. Hirsch
drew a distinction between the different metrics for insulin pricing. He downplayed the
significance of AWP list prices (the "ain't what's paid" price) due to its vulnerability to "fraudulent"
manipulation. Even wholesaler prices have increased far more rapidly than the medical consumer
price index. The "usual and customary" price paid at the consumer level is often unreasonable and
may be rising even faster than list prices, with a disproportionate impact on uninsured patients who
pay out of pocket.

▪ Digging deeper into the theme of insulin sticker shock, Dr. Hirsch noted that out of
the 30 name brand drugs that have doubled in price over the past five years, three of
the top six were insulins. Humulin U500 - which Dr. Hirsch has selected as a target before - was
second on the list. Novo Nordisk's Levemir (insulin detemir) and Sanofi's Lantus (insulin glargine)
were #5 and #6 on the list, respectively. Using goodrx.com price data, he cited a 508% increase in
Humulin U500 between 2005 and 2015, along with sizable price increases in the same time period
for Lilly's Humalog (insulin lispro), NovoLog (insulin aspart), Lantus, and Levemir).
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◦ Just as worrying as the increase in price, in Dr. Hirsch's view, is the way those
increases have happened. He cited a Bloomberg article from earlier this year that
received a great deal of attention on the parallel identical increases in price for Lantus and
Levemir. He noted that these parallel increases occurred 13 times. However, when asked
during Q&A whether this pattern should trigger anti-trust litigation, he did not comment
one way or another.

▪ Dr. Hirsch noted that insulin prices vary greatly across different geographies. He
characterized this as a problem not just for the US, but also for manufacturers in terms of their
reliance on one market for a large share of income.

▪ As an imperfect but necessary solution, Dr. Hirsch argued in favor of better training
for new physicians on human insulin for type 2 diabetes - he did, however, stand more
strongly by analog insulin for type 1. From his observations, many young residents have no
experience with NPH or regular human insulin for type 2 diabetes. However, Dr. Hirsch suggested
that for many type 2 diabetes patients, regular human insulin works just as well.

▪ Dr. Hirsch did not voice confidence that the introduction of biosimilar insulins will be
a true game changer for insulin prices. Although he acknowledged that they will attenuate
some of the growth in prices, he noted that discounts vs. existing options are not expected to be very
significant and that Sanofi and Lilly will both be entering the biosimilar field to recapture some of
the share they might lose to the biosimilars.

▪ In addition to prices, Dr. Hirsch called out some of the more ridiculous practices he
has seen from insurers regarding insulin. These include Medicaid's resistance to paying for
an insulin pen (vs. vial and syringe) for a patient who lost an arm to a sarcoma as well as strictly
monitored one-at-a-time insulin vial dispensation, even if a patient is traveling. These practices, as
well as skyrocketing out of pocket costs, are forcing patients to use regular human insulin in pumps
and in some cases are even causing patients to ration their carbohydrate intake.

Questions and Answers (Expanded):

Dr. Mayer Davidson (UCLA, Los Angeles, CA): About fifteen years ago, a bunch of us became
concerned about insulin costs. We approached the ADA to put that on their agenda - to go to
congress on this. They turned me down and said that they had more important issues to deal
with. As one potential source of optimism, in Germany insulin glargine is not so expensive
because the government simply refused to pay. Now there are some pharmacies like Express
Scripts that are negotiating and not paying what's demanded, which may cause a small
improvement.

A: The reason why Kaiser and Group Health have been so successful is by just saying no. For the most part we
haven't said no to the manufacturers. With coupon programs, new drugs infiltrate the patient population,
leading to pent up demand that makes it harder for the payers to say no. It's not a strategy I'm going to buy
into anymore.

Q: We have a tremendous number of people on Medicare that we are taking back to NPH. We
also recommend the Walmart ReliOn insulin. Most of our Medicare patients don't realize that
when they're in the donut hole, they can fill out the low income subsidy form and, if they
qualify, they can get scripts for $3 to $6. If they don't qualify, they can get the letter of denial
and apply for pharma assistance. But they have to fill out the form. Especially with U500, what
is going on is absolutely shameful.

A: You're absolutely right about the Walmart ReliOn insulin.

Q: When we worked together on the first articles we wrote in Clinical Diabetes, we predicted
that new analog insulin would vastly increase the cost of insulin. The situation is getting much
worse. In Georgia, we were telling patients to go to Walgreens and through the buyer's club
they could get regular human insulin cheaper than at Walmart. The Feds discovered it and
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then said that Medicare patients can't use the out-of-pocket service. Now they have to put their
purchases through Medicare Part D. The problem is that with high deductible insurances, this
is going to become more widespread. Do you think that the rise of PBMs such as Express
Scripts may buffer that?

A: I don't really have any direct contact with Express Scripts or any of the PBMs, so I can't even speculate
about that.

Q: Do pharma companies lose money when they market and sell to countries in the EU where
they sell at lower prices? You showed the graph with the price increases - it looks suspiciously
like price fixing. Do you have any idea if there is potential for antitrust legislation kicking in?

A: I never wanted to be a lawyer or work with one, so I can't comment on the second question. It will be
interesting to see how prices change when biosimilars come to bear. We also don't have patients screaming
about the costs of strips like they were five years ago. When the government got involved, everyone started
generally paying less for strips. Something like that may happen here. And I'm not sure if insulin companies
make money when they charge less. There is no transparency there. [Editor's note - we would like to better
understand rebates in this argument.]

Q: We are all responsible for the lives of the patients we see. In the 18 Century when ourth

country was coming together, the Declaration of Independence called for life, liberty, and the
pursuit of happiness. The lives of Americans, and people around the world, are now
dependent on money for a product they need to save their lives. This is immoral, illegal, and
should never be practiced. [applause]

A: Thank you for your comments.

BIOSIMILAR INSULINS - HOW WILL THEY BE REGULATED AND MARKETED?

Lutz Heinemann, PhD (Science & Co., Düsseldorf, Germany)

Dr. Lutz Heinemann spoke comprehensively about biosimilar insulins, which stand to shake things up
following years of a stable insulin market. Starting with regulatory topics, he argued in favor of
harmonizing biosimilar regulations around the world, as currently there is a great deal of variation
(including many countries with no laws on the books about biosimilars). He cited his group's recent article
surveying the biosimilar regulatory landscape. On the key issue of how biosimilars will be priced, he
collected and averaged different forecasts for biosimilar insulin price reductions, coming up with ~35%.
However, 35% off the estimated $32 billion insulin market in 2019 would be $11 billion, and Dr. Heinemann
expressed uncertainty whether manufacturers would tolerate such a step down in revenue. From our view,
presumably next-gen insulins and basal insulin/GLP-1 combinations would not go down in price. In a
review of different stakeholders' views on biosimilar insulins, he cited a common lack of comprehensive
understanding on the part of patients and prescribers. Both groups may feel hesitant to embrace switches to
biosimilars without being at least consulted because the move would be for cost savings rather than clinical
benefit. New pens or dosing practices with biosimilars may lead to confusion, and if patients have a bad
experience with a biosimilar it may undermine their trust in both biosimilars in general and in their
caregivers. Clearly, a high-stakes game!

▪ One of the most illuminating portions of the presentation, in our view, was a review of
perspectives on biosimilar insulins across a range of stakeholders:

Patients
▪ Love-hate relationship with "their" insulins

▪ Limited understanding of the topic - why switch?

▪ Wary of moves to save money that don't involve them or at least

consult them

www.closeconcerns.com 63



▪ Risk of confusion: new product names, new pens (dosing errors)

▪ Bad experience could mean lost trust in physician and/or healthcare

system

Physicians
▪ Limited understanding of the topic - why switch?

▪ Longstanding cooperation with insulin manufacturers - most have

had good experiences

▪ Wary of moves to save money without involving them

▪ Risk of confusion with new names and pens

▪ Potential safety concerns?

Insurers
▪ With recent increase in costs, even small reductions in price could

mean large savings

▪ They have experience with saving money on strips, so why not

insulin? Could this lead to a race to the bottom?

▪ Will they force switches?

▪ Low prices may look attractive at first glance, but how will

manufacturers invest in new research?

Manufacturers
▪ Not willing to reduce biosimilar price much due to high investments

in regulatory approval, more costly manufacturing process vs.

generics

▪ Established manufacturers will reduce prices to maintain share

▪ If the decreases in prices are too great, some manufacturers may

withdraw

▪ Will the increase in the global market counterbalance the price

reduction?

▪ Cost savings from the price of biosimilar insulins may be counterbalanced by other
factors. Dr. Heinemann noted that biosimilars my drive greater usage of pens for insulin
administration, which are likely to be more costly per unit than vial and syringe insulin. Efforts to
educate patients and physicians about biosimilar insulins and potentially new pens/devices will
come at some cost. Patient confusion (potentially leading to inaccurate dosing) has its own cost. If
biosimilars are not properly quality checked, decline in metabolic control or side effects from subpar
products would further chip away at costs savings.

▪ In line with Dr. Irl Hirsch, who spoke before him, Dr. Heinemann does not believe
that biosimilars will overtake the market, at least not unless governments take big
steps to help them. He wondered aloud whether insulins could be subjected to a bidding process
like CMS competitive bidding for test strips - he did not come out strongly one way or another, but
noted to "be careful what you wish for."

▪ Dr. Heinemann issued a call for action regarding the regulatory approach for
biosimilar insulins. Currently, different regulatory approaches mean different levels of safety
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between countries. He thinks harmonization is needed to ensure that people across geographies
have access to safe insulins. Furthermore, he is not sure that today's guidelines for biosimilars
answer the full range of clinically relevant topics - he would advocate for clinical trials with head-to-
head comparisons. Finally, Dr. Heinemann would like to see registries to help evaluate biosimilar
insulins once they are on the market.

▪ Dr. Heinemann discussed the status of biosimilar insulins in a few geographies where
they are more available:

◦ India: Insulin copies have been on the market for years from a number of companies,
though there have been scandals due to bad quality products. Because of these scandals,
patients have relatively little trust in manufacturers and insulin copies have been slow to
enter the market. Price differences between branded and copied insulins are minimal due
to low pressure from payers, although the baseline for branded insulin prices is lower in
India.

◦ Latin America: Here, governments buy insulin in tenders, meaning that insulin access
changes every few months. In Mexico, an insulin glargine copy marketed by Gan Lee is
available.

GLOBAL PATTERN OF COST OF BRANDED AND GENERIC DRUGS

Richard Pratley, MD (Florida Hospital - Sanford-Burnham Translational Research Institute,
Orlando, FL)

During his presentation, Dr. Pratley compared the costs of branded and generic diabetes medications
across countries and examined how local regulations can impact drug pricing. He explained that European
countries are more able than the United States to control drug pricing, because they have centralized
regulatory authorities in place to tend to this matter. As a result, diabetes medication costs only accounted
for 5.4% of direct medical expenditures related to diabetes in the United Kingdom, whereas they accounted
for 12.9% of direct medical expenditures related to diabetes in the United States (The Economist 2007). In
closing, Dr. Pratley stated that pharmaceutical pricing is highly complex, with many key stakeholders and
little transparency; as such, prices are lower where there is clear regulatory oversight.

▪ Dr. Pratley explained that the average wholesale price (AWP) can be thought of as a
list price or sticker price that can be used as a starting point for bargaining. A
benchmark that has been used for more than 40 years, the AWP is a price set by the manufacturer in
collaboration with publishers. It is not defined by the government, and does not include discounts or
rebates, which can reduce the price significantly.

Questions and Answers

Q: What's the answer to this problem? Is it generic formularies? Is it better negotiations with
pharma?

A: It's pretty clear a market-based approach like we follow in the US is not the optimal approach to deliver
high quality medications to our patients. We pay more money for our medications than any other country in
the world, perhaps unfairly. Increasingly there are going to be pricing pressures coming through different
channels, including employers. They're going to demand generic medications, step care as they already do,
and an explanation of the value of more costly and brand medications - what the value proposition is for a
drug that costs 10 times that of a generic.

REGULATION AND THE ECONOMICS OF DRUG DEVELOPMENT

Joseph DiMasi, PhD (Tufts University, Boston, MA)

During his presentation, Dr. Joseph DiMasi discussed drug development and regulatory approval time
trends, FDA review division productivity, and biopharmaceutical R&D costs. He noted that diabetes
compounds approved from 2000 to 2014 got to market quicker, on average, than new drugs in general, but
that the development times and number of subjects in clinical trials for diabetes medications has been
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increasing (largely due to the 2008 cardiovascular risk guidance, though he did not stress this point too
heavily). In his analysis of FDA review division productivity, Dr. DiMasi found that productivity was only
slightly below average for the metabolism and endocrinology division. Dr. DiMasi presented data showing
that R&D costs have increased each decade since the 1970s, which he found to be due largely to increased
clinical development costs, and to a lesser extent, due to a recent drop in the success rate of drug
development (from 1995 to 2007, only ~12% of drugs that entered clinical development gained FDA
approval).

▪ The average time required for clinical development of diabetes medications increased
1.6 years following the 2008 cardiovascular risk guidance. For the eight diabetes
medications approved by the FDA from 2000 to 2008, clinical development took an average of 4.7
years, whereas for the nine diabetes medications approved from 2009 to 2014, clinical development
took an average of 6.3 years. Dr. DiMasi noted that for drugs approved between 2000 and 2014,
clinical development of diabetes medications took less time on average than drugs for other
therapeutic areas - 5.7 years versus 6.8 years overall.

▪ For FDA drug approvals between 2000 and 2014, regulatory review took slightly
longer for diabetes medications than for other therapeutics (16.9 months versus 15.2
months overall). Notably, he highlighted that none of the 17 diabetes medications approved
between 2000 and 2014 received FDA priority review status, whereas more than half of all
antineoplastic, AIDS, endocrine (excluding diabetes), and anti-infective therapies received priority
review during this time period.

Questions and Answers

Q: I have a question about the clinical development costs. It seems like that's the major
contributor to increased cost of drug development. It seems to be driven by the number of
subjects primarily. Is that related to the new regulation for cardiovascular outcomes
assessment, or what seems to be driving that?

A: In part. The results of other data you can look at show that clinical trial complexity has increased over this
period of time, more is being done, more procedures in particular, and more protocol amendments. Another
major driver of increase in cost actually is the high failure rates for drugs entering the clinical pipeline. You
now have more failures per approval.

Q: If I asked you to look in your crystal ball, what do you see in the future? Are there any
trends developing that may bend some of these cost curves?

A: I think in the short term costs will probably increase. There is potential for significant change in the future
called personalized medicine, which may play a bigger role in drug development where science reaches the
point that we can have good predictors of who will respond. If you're able to get a good idea of who is going to
respond on a per compound basis, it can certainly reduce the cost.

Comment: I was astonished by the lack of priority reviews for type 2 diabetes therapeutics. I
think people need to understand diabetes kills people. The number of years lost in total for
diabetes is pretty similar or even higher than years lost for cancer. That should be mentioned
to people to understand that issue.

A: I absolutely agree that the burden of disease is quite high.

Q: When you look at the growth of cost in R&D in the pharma industry, have you compared it
to R&D costs in other industries? What's unique about the pharma industry?

A: What is maybe unique is that it is the most heavily regulated industry. I'm not saying it shouldn't be, but
that's just the fact of life. There are enormous health and safety regulations, as well as economic regulation
(mostly abroad). Also, it's just a very, very long and risky process. I'm not sure there is any other industry with
all those elements together.
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Symposium: Effect of Intensive Insulin Therapy on Patients with Newly Diagnosed Type 2
Diabetes

EFFECT OF INTENSIVE INSULIN THERAPY ON PATIENTS WITH NEWLY DIAGNOSED TYPE
2 DIABETES

Longyi Zeng, MD, PhD (Sun Yat-Sen University, Guangzhou, China)

This presentation reviewed several studies demonstrating the beneficial effects of short-term intensive
insulin (STII) therapy on patients with newly diagnosed type 2 diabetes. Previous studies led by
investigators in China and elsewhere in East Asia have shown that, when implemented early in the course of
type 2 diabetes mellitus, treatment with intensive insulin therapy for two to three weeks can induce a
glycemic remission, wherein patients are able to maintain normoglycemia without any anti-diabetic
medication. In a 2014 meta-analysis published by the journal Lancet, the proportion of participants in drug-
free remission was about 66% after 3 months of follow-up, about 59% after 6 months, about 46% after 12
months, and about 42% after 24 months.

▪ China Expert Consensus STII Therapy Guidelines recommend that newly diagnosed
patients with type 2 diabetes, who have an A1c of >9% or a FPG>11.1 mmol/L
participate in short term insulin therapy. STII therapy could take the form of basal plus
prandial insulin, continuous subcutaneous insulin infusion (CSII), or premixed insulin taken two or
three times a day. There is still no clear consensus about the most appropriate endpoints for
initiating treatment and how long to maintain STII therapy after normalization of glycemia.

▪ There are still several unanswered questions and challenges: Notably, there are barriers to
implementing this program to primary care settings. Although endocrinologists are often the most
comfortable initiating STII treatment, they are not likely to make the initial type 2 diabetes
diagnosis. As a result, systems need to be put into place training primary care physicians and key
support staff to initiate this treatment. Additionally, it will be exciting to see whether STII will
reduce overall health cost by improving long-term glycemic control and thereby reduce the overall
microvascular complications.

▪ Since STII is a relatively new option for patients with type 2 diabetes, more efforts are
needed to educate practitioners and patients about the potential risks and benefits of
the treatment.

Questions and Answers

Q: The shortage of diabetes educators limits the universality of this program in China. Would
it be the nurses or doctors who implement this program?

A: I think that diabetes education is not only the responsibility of doctors or nurses. We have to share the
responsibility of diabetes education. The other thing is that it is very busy in the offices of doctors and nurses,
so we have to use some newer technologies such as web apps.

Q: How early should you start STII?

A: Open to investigation.

Symposium: The Impacts of Hypoglycemia in Diabetes

COMMON MISTAKES IN USING INSULIN: HYPOGLYCEMIA RISK AND A1C

Geremia Bolli, MD (University of Perugia, Perugia, Italy)

Dr. Geremia Bolli began his lecture by discussing the challenges of insulin therapy, which he believes is
"more of an art than a science." He reviewed several current limitations, including the narrow time window
in which insulin should be delivered and the non-physiologic nature of subcutaneous delivery. Dr. Bolli
highlighted the relationship between A1c, severe hypoglycemia and complications seen in the DCCT,
arguing that sometimes providers might need to set a more ambitious A1c goal to prevent complications but
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other times they may need to allow a higher A1c value in order to prevent hypoglycemia. He focused the
remainder of his talk on insulin mistakes, referencing research that attributes 9.2 percent of emergency
department visits to insulin-related hypoglycemia and errors (Geller et al., JAMA Intern Med, 2014). Dr.
Bolli listed clinician errors, self-administration errors (including injection in lipo-hypertrophic areas), using
the wrong insulin, self-monitoring errors, and miscalculations as just a few of many errors with life-
threatening consequences. Dr. Bolli concluded with strong recommendations to reconcile the current
limitations of insulin therapy with A1c goals while preventing mistakes. He urged providers to individualize
glycemic targets and argued that we should devote more resources to education than to new technologies
and insulin preparations; he believes education and time spent with patients are among the most important
factors in remedying this problem.

Corporate Symposium: Addressing Postprandial Glucose Excursions in T2DM with Inhaled
Insulin (Supported by Sanofi)

CURRENT THINKING: GLUCOSE CONTROL AND POSTPRANDIAL HYPERGLYCEMIA

Irl Hirsch, MD (University of Washington, Seattle, WA)

Dr. Irl Hirsch discussed the important contributions of postprandial hyperglycemia to diabetes pathology,
which he argued are somewhat overlooked in current guidelines. He explained that it would theoretically
make sense to target postprandial glucose earlier in the type 2 diabetes treatment algorithm given the
strong association with cardiovascular morbidity and mortality in past studies. Additionally, there are
already significant postprandial excursions that occur by the time fasting glucose is elevated. However, he
then reviewed the evidence that led to the establishment of basal-only regimens as the standard way to
initiate insulin therapy in type 2 diabetes - namely, the significant hypoglycemia that occurs with current
rapid-acting insulins. He also referred to results from the HEART 2D study that challenged the connection
between postprandial hyperglycemia and adverse outcomes by showing no difference in CV risk with
prandial vs. basal insulin, though he noted that the difference in postprandial control between the two
groups was quite small. Based on this somewhat conflicting evidence, Dr. Hirsch suggested that the field can
either abandon the theory that addressing postprandial hyperglycemia improves outcomes or find better
tools that do not cause hypoglycemia - not surprisingly, he would prefer the latter approach. Dr. Hirsch has
taken a leading role in collecting better data on the independent effects of glycemic variability in diabetes,
including the FLAT-SUGAR trial presented at this very meeting.

▪ During his talk, Dr. Hirsch also highlighted an unpublished ACCORD analysis of
mortality risk with various medications. The analysis was originally performed in response to
the rosiglitazone (GSK's Avandia) scare, and it did not find any association between either
rosiglitazone or pioglitazone (Takeda's Actos) and increased mortality. However, it did find a
significant ~25% increase in mortality with prandial and premixed insulin, supporting Dr. Hirsch's
hypothesis that the excess hypoglycemia produced by existing rapid-acting insulins may lead to
negative long-term outcomes. On a more positive note, the analysis also found a significant
reduction in mortality risk with exenatide - an intriguing signal that begs further investigation in a
long-term prospective trial (as we understand it, most ongoing CVOTs of GLP-1 agonists are likely
not powered to detect such a benefit). Of course, a major caveat is that these results came from a
post-hoc analysis that (according to Dr. Hirsch) the investigators concluded was not robust enough
to publish. Patients treated with insulin, for example, are likely to have been at poorer control or
have more longstanding diabetes, on average, which could explain the increase in mortality seen.
However, analyses like these do raise some important questions about the potential impact of
various type 2 diabetes drug classes on long-term outcomes.

MANAGEMENT OF POSTPRANDIAL HYPERGLYCEMIA WITH INSULIN

Bruce Bode, MD (Atlanta Diabetes Associates, Atlanta, GA)

Dr. Bruce Bode discussed the potential of Sanofi/MannKind's inhaled insulin Afrezza to address the need for
more therapies to treat postprandial hyperglycemia. Echoing the sentiments from Dr. Irl Hirsch's talk in the
same symposium, Dr. Bode explained that the risks of hypoglycemia and weight gain, the inconvenience of
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multiple daily injections, and the stigma associated with insulin are all major challenges with current rapid-
acting insulins, and there is a clear need for more effective options. He downplayed the past concerns about
Pfizer's less-than-successful previous inhaled insulin Exubera to some extent, suggesting that the primary
issue was flawed marketing. Dr. Bode then reviewed clinical trial data showing a fast-on, fast-off profile,
strong glucose-lowering efficacy, and improvements in weight and hypoglycemia with Afrezza. He
characterized the product as safe and well tolerated, suggesting that the transient cough at the beginning of
treatment is the main issue for patients and stressing that pulmonologists are "not concerned" about any
effects on pulmonary function. Overall, Dr. Bode believes Afrezza should hold great appeal for many
patients, particularly those who dread insulin injections. He also suggested that Afrezza could be
particularly appealing in combination with an ultra-long-acting basal insulin like Sanofi's Toujeo (insulin
glargine U300) or Novo Nordisk's Tresiba (insulin degludec). Uptake of Afrezza has been modest since its
launch in February, and this appears to be largely due to administrative and logistical issues like
spirometry scheduling and prior authorizations, and we believe the future potential is still quite high.

PANEL DISCUSSION

Richard Pratley, MD (Sanford-Burnham Translational Research Institute, Orlando, FL), Irl
Hirsch, MD (University of Washington, Seattle, WA), and Bruce Bode, MD (Atlanta Diabetes
Associates, Atlanta, GA)

Q: I have a patient who is 77 years old who was diagnosed at the age of 60. His C-peptide is
undetectable, and he has a BMI of 23 kg/m . So he's non-obese and has beta cell dysfunction.2

He was using an insulin pump, but he needed to switch since he has severe dementia. There is
a clear pattern - his sugar goes up to almost 300 mg/dl 2-2.5 hours after a meal, then goes
really low before the next meal, despite dropping the Levemir down to 2 and 6 units. I'm
suspicious there may be an issue with gastric emptying - he has rapid gastric emptying. I'm
labeling him as having type 1 diabetes, and treating as if he has type 1 diabetes. What do I do?
Do I add GLP-1? Acarbose? Inhaled insulin?

Dr. Hirsch: First of all, you have to be very careful about gastric emptying studies. The nature of the study is
that it has to do with glucose levels at the time. It can be extremely misleading. The other thing is that your
patient most likely has type 1 diabetes. JDRF now estimates that half of people with type 1 diabetes are
diagnosed as adults. If you wait too long, you're not going to find antibodies. You can have type 1 diabetes for
decades and still have a bit of C-peptide. It's not as discriminatory as you think in terms of sensitivity or
specificity. The real challenge is with timing of the prandial insulin. If there were no cognition issues, I would
get the patient on the sensor and tighten his control. The reason it is so tough is that the dose of insulin is
important, but the timing of prandial insulin is as important if not more important. That's really the issue.

Dr. Bode: The benefit of inhaled insulin is that it doesn't cause that much hypoglycemia - it's fast in and fast
out. Could this person do this? You'd have to try it and see what happens. If it works in your clinic, he can go
home and try it. Right now, he's going low and high and he's a mess. You're looking at assisted living for him.
This guy has type 1 diabetes. Acarbose or GLP-1 would certainly suppress glucagon, but for someone like that,
you still have to take rapid-acting insulin.

Q: If you were in my shoes, would you try giving him a GLP-1?

Dr. Bode: Because his BMI is 23 kg/m , no. If he had a BMI of 35 kg/m , I'd try it.22

Q: If a patient inhaled insulin and then coughed, within how many seconds can you see that
the dose is OK and does not need to be repeated?

Dr. Bode: With inhaled insulin, once it's inhaled it goes into the deep tissue in two to four minutes. You might
cough some out, but typically it's an irritation you feel and later dry cough. It's not persistent. There's
irritation of some particles in the back. Most people tolerate it and get over it in three to five days. It does
cause people, especially those with type 1 diabetes who have been injecting all the time, to not want to do this
any more after trying it.
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Q: Because the inhaled insulin has a quick out, what have you seen in postprandial glucose
with a fatty meal?

Dr. Bode: In general in our type 1 trial, we saw a 35 mg/dl difference in plasma glucose, favoring inhaled
insulin. However, when we looked at glucose during the day, the next pre-meal was higher, and the post-meal
didn't change. Our problem was that we didn't have good enough basal during the day, because a fatty meal is
going to absorb in three to four hours. This insulin is gone in 2.5 to three hours. You might have to inhale 90
minutes after you're high. You can read blogs like afrezzauser.com and they'll tell you how to do it. For
example, it might be something like, "For cereal, inhale once. For pizza, take two fours and one four
afterwards."

Q: Does it stack?

Dr. Bode: It doesn't stack because it is so quick.

Q: Do you use it as a correction insulin?

Dr. Bode: I was with Anne Peters today. She was telling me that for some people with type 1 diabetes, inhaled
insulin is the best correction dose she has ever seen. It quickly gets it down, with no hypoglycemia. The reason
why patients like it is because they can take it without getting hypoglycemia. In trials, we told people to take a
correction dose after 90 minutes if they were above 180 mg/dl. Only 20% ever did. One of my patients, who
always participates in my trials, usually comes in with an A1c of 9-10% and usually gets down to about
8.1-8.4%. With Afrezza, he exited the trial at 6.4%. I asked him what the heck he was doing. He said, "You
don't get it doc. I can take it and get my glucose down without crashing."

Q: Is there any effect on taste?

Dr. Bode: It's mixed. Some say it has a little metallic taste. One said it tasted like lemon drops. People have
different perceptions. In general, most people didn't comment.

Dr. Pratley: All this inhaling doesn't give you the munchies?

Dr. Bode: It's fast in fast out, with a reduction in weight relative to traditional prandial insulins.

Dr. Pratley: Here's a question I think it's worth talking about. What can you say about Afrezza
and lung cancer?

Dr. Bode: In their's [MannKind's], Pfizer's, Lilly's, and Novo's [inhaled insulin] programs, there was no signal
of increased lung cancer risk. However, there were some that got lung cancer. There were four lung cancers in
the MannKind development program. Some occurred very early. How do you get lung cancer in 70 days?
Others occurred 380 days post being on it. Two were smokers and two were non-smokers. Lung experts/
oncologists think that this is pretty normal for the population, but the FDA mandated a long-term five-year
8,000 patient trial, including those at high risk (e.g., smokers, older people) to see what happens.

Corporate Symposium: Insulin-Based Options - Current Treatment Strategies and the
Potential Impact of Emerging Options on Patient Outcomes (Supported by Novo Nordisk)

WHERE ARE WE GOING FROM HERE? ADVANCES IN INSULIN-BASED TREATMENT

Chantal Mathieu, MD, PhD (KU Leuven, Leuven, Belgium)

After explaining the need for new basal insulins, Dr. Mathieu provided an overview of Novo Nordisk's
Tresiba (insulin degludec), Sanofi's Toujeo (U-300 insulin glargine), and Lilly's peglispro. Throughout her
presentation, she emphasized longer duration of action (>24-hour half-life) and reduced risk of nocturnal
hypoglycemia as the main advantages of these new basal insulins. For insulin degludec specifically, she
highlighted flexible dosing as another advantage.

▪ Dr. Mathieu explained the need for new basal insulins. She commented that current basal
insulins (by which she meant Lantus [insulin glargine U100] and Levemir [insulin detemir]) have
too much variability in their glucose-lowering effect, must be administered the same time every day,
do not always last 24 hours, and cannot be mixed with other products.
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▪ Subsequently, she provided an overview of Tresiba, Toujeo, and peglispro:

◦ Tresiba: Dr. Mathieu emphasized that Tresiba reduces nocturnal hypoglycemia for both
patients with type 1 diabetes and patients with type 2 diabetes. She mentioned that there is
flexibility in time of dosing with insulin degludec - the medication does not lose its efficacy
or safety when dosed flexibly (8-40 hours between doses) instead of at a fixed time each
day (Meneghini et al., Diabetes Care 2013, Mathieu et al., JCEM 2013). In addition, Dr.
Mathieu explained that Tresiba and insulin aspart (Ryzodeg) can be successfully co-
formulated while retaining their individual action profiles.

◦ Peglispro: After highlighting insulin peglispro's liver-selective activity, Dr. Mathieu she
discussed some of the medication's benefits and risks. In clinical trials, insulin peglispro
has been shown to reduce nocturnal hypoglycemia risk, and cause less weight gain than
other insulins (though the mechanism remains unknown). However, increases in
triglycerides, AST, and ALT were observed in clinical trials for insulin peglispro; as a
result, Eli Lilly delayed its regulatory submission.

◦ Toujeo: Dr. Mathieu stated that though Toujeo is associated with less nocturnal
hypoglycemia than Lantus, higher doses of insulin are required to achieve the same
glucose-lowering efficacy. In addition, Dr. Mathieu mentioned that in trials, Toujeo caused
less weight gain than Lantus; however, there are no explanations for this observation at
this moment in time.

▪ Dr. Mathieu discussed the synergies achieved by combining insulin and GLP-1
therapies, focusing her discussion on Novo Nordisk's Xultophy (IDegLira; insulin
degludec/liraglutide). In DUAL I, Xultophy treatment led to substantially better A1c control than
either component treatment alone, caused less hypoglycemia and less weight gain than insulin
degludec alone, and caused less nausea than liraglutide alone.

INSULIN AS A FIRST-LINE THERAPY

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

Dr. Richard Pratley addressed a less-than-filled ballroom in this corporate symposium to discuss the
advantages of insulin as a first-line therapy for patients with type 2 diabetes. He first explained the
rationale behind initializing insulin therapy, then discussed the process of starting and intensifying the
therapy, and concluded with a review on the barriers to insulin therapy. His presentation challenged the
existing paradigm of waiting until the rest of the type 2 diabetes therapeutic toolbox has been exhausted
before moving to insulin. In his view, first-line insulin therapy could be a useful option in the context of
individualized therapy.

▪ Dr. Pratley rationalized the introduction of initial insulin therapy by citing data from
the UKPDS study. This study indicated that despite the common conception that metformin alone
should be the primary line of treatment, the addition of insulin may provide relatively higher levels
of glycemic control. At six years after initial diagnosis, more than 50% of patients needed insulin to
reach their fasting glucose targets. These results then translated to a consideration of insulin as a
primary line of treatment for severe hyperglycemia.

▪ Dr. Pratley reviewed the various types of insulin and their activity profiles, then
discussed the benefits and downsides of the progression from basal insulin, to basal
plus prandial insulin, to premixed insulin. The most important takeaway in terms of benefits
was that the emergence of analogs has provided marked increases in glycemic control as well as
reduction in hypoglycemic events. He noted that MDI more closely mimics the physiological
mechanism of action for insulin. Despite the benefits of progressive insulin therapy, more intensive
therapy increases the risk of hypoglycemic events, which themselves have their own set of
complications. We see the theoretical value of this argument though believe that PCPs do not like to
prescribe mealtime insulin, broadly speaker.
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▪ For each barrier to insulin therapy, Dr. Pratley recommended strategies to address
their concerns. On the patient side, there may be frustration due to how long therapy takes as well
as the fear of injections. However, he highlighted that the underlying concern comes from the fear of
failing to meet the goals and endpoints towards managing glycemic levels. This fear has a prohibitive
effect that delays the initiation of insulin therapy. Despite these barriers, Dr. Pratley asserted that
insulin works and provides the most individualizable approach of all the existing therapies - we
agree with this but think the barriers are many, particularly now that there are much easier to use
and easier to prescribe orals. We do still think insulin will be very relevant however as type 2
patients are living longer and the need to individualize medicine for them is eventually very
important.

Product Theaters

AFREZZA - AN ALTERNATE INSULIN DELIVERY (SPONSORED BY SANOFI)

Timothy Gilbert, MD (Imperial Health, Lake, Charles, LA)

We got to attend one of the first product theaters for Sanofi's Afrezza. It didn't include all the benefits we
hear from patients, though it of course was boxed in by whatever was (and wasn't) included by the FDA in
the product's prescribing information - the "wasn't" includes hypoglycemia, ultra-rapid-acting, and weight
benefits. Fortunately, the Q&A did answer some of the more critical questions on pulmonary function testing
hassles and patient experiences. As for the presentation, ideally we would have loved a more targeted
review at those (i) who don't know the drug at all; and (ii) who are skeptical that the benefits are worth it
vs. current insulins. The presentation started broadly with a discussion of the fraction of patients not at
target, but did not discuss barriers to injection therapy (e.g., fear of needles) or postprandial hypoglycemia.
Speaker Dr. Tim Gilbert focused on use of Afrezza in type 2 diabetes (type 1 was first mentioned 36 minutes
in), though he did acknowledge in Q&A that most of his 12 Afrezza patient starts have been type 1s (this is
also where the drug has seen a lot of early adopters to date). The two case studies provided a valuable
window into how Sanofi is positioning the drug: (i) a type 2 not at goal maxed out on metformin and a
DPP-4 (i.e., failing orals); and (ii) a type 2 not at goal on basal insulin. Indeed, Afrezza was positioned as a
valuable tool for doctors to help basal insulin users with high A1cs but in-target fasting glucose levels (i.e.,
for whom increasing the basal insulin dose won't correct the underlying problem). Overall, we do believe
that Afrezza is a meaningful advance, though uptake will take some time to accelerate due to restrictions
(lung function testing) and CME.

TOUJEO - A LONG ACTION INSULIN OPTION (SPONSORED BY SANOFI)

John Anderson, MD (The First Clinic, Nashville, TN)

Dr. John Anderson took to the product theatre to explain why clinicians should prescribe Toujeo (U300
insulin glargine) to some of their patients instead of Lantus (U100 insulin glargine). Due to the FDA's
decision to exclude Toujeo's nocturnal hypoglycemia data from the agent's label, Dr. Anderson was
restricted to describing the drug's non-inferior efficacy (though at a higher dosage) as compared to Lantus,
and not its improvement in nocturnal hypoglycemia. Fortunately, during Q&A an attendee specifically
asked for a comparison of the two drugs' hypoglycemia rates, enabling Dr. Anderson to highlight - with an
emphasized and repeated acknowledgement that this data is off label - that in type 2 diabetes Toujeo
demonstrated a statistically significant reduction in nocturnal hypoglycemia, and that in type 1 diabetes
Toujeo had a statistically significant advantage in nocturnal hypoglycemia during the titration period
(though not during the full trial). Though we had heard some early skepticism about the degree of Toujeo's
hypoglycemia benefit, more recent data (including the EDITION JP 2 study presented at this meeting) does
seem to back it up and we think Sanofi's ambitious set of upcoming real-world studies could make an even
more convincing case. Dr. Anderson was then asked why he would prescribe Toujeo instead of Lantus; he
highlighted that Toujeo is cheaper than Lantus thanks to Sanofi's copay card for the agent and its lower
nocturnal hypoglycemia rate, though he noted he will be able to provide a more nuanced answer after using
it with his patients for a year. We have heard other doctors say that the pen is easier to use and we believe
the COACH program is also quite valuable as it gives patients another connection point.
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Questions and Answers

Q: Can you compare the hypoglycemia rate of Lantus vs. Toujeo?

A: First, the FDA considers it off-label to discuss the hypoglycemia data even though it was a secondary
endpoint. That said, in type 2 diabetes nocturnal hypoglycemia rate was significantly lower with Toujeo than
with Lantus. In type 1 diabetes, it was not significantly different overall, though it was improved during the
titration phase.

Q: What has your clinical experience with the drug been?

A: I am using it a lot more now. My patients are not coming back with hypoglycemia, in general. It is an easy
pen to use. I haven't gotten much three month or six month data with it since it is still new. I can't say if I am
seeing a difference between Lantus and other insulins.

Q: Why prescribe Toujeo over Lantus?

A: First, there is the lower rate of nocturnal hypoglycemia. Additionally, for many of my patients insulin has
become very expensive. The copay card for Toujeo helps. I can't fault anyone for considering staying with the
same therapy. When we have new products on the market we have to get familiar with. I will be able to answer
this question better in a year.

Q: Why do people need higher doses of Toujeo?

A: The most popular theory is that because Toujeo's micro-precipitate is in the subcutaneous space for a long
time you get more degradation as it sits there so you probably need a little more of it. To put this higher dose
perspective, you have a patient on 35 U with Lantus they are looking at being on 38 or 39 U. So it's not a big
difference.

Q: Is Toujeo's metabolite the same as Lantus?

A: It is. Its degradation is the same. However, it has a different PK/PD profile due to its concentration and
how it acts in the subcutaneous space.

SGLT-2 Inhibitors

Oral Presentations: Experience with SGLT2 Inhibitors

A RANDOMIZED, DOUBLE-BLIND, PHASE 3 TRIAL OF DAPAGLIFLOZIN ADD-ON TO
SAXAGLIPTIN + METFORMIN IN TYPE 2 DIABETES (105-OR)

Chantal Mathieu, PhD (University Hospital of Leuven, Leuven, Belgium)

Dr. Chantal Mathieu reported on results from a trial (n=320; ClinicalTrials.gov Identifier: NCT01646320)
comparing the safety and efficacy of dapagliflozin (AZ's Farxiga) vs. placebo as an add-on to saxagliptin
(AZ's Onglyza) and metformin in patients with type 2 diabetes. Participants received open-label saxagliptin
plus metformin for a period of either eight or 16 weeks, depending on trial stratum. Those who had
inadequate glycemic control (A1c of 7%-10.5%) after this open-label period were then randomized to placebo
or dapagliflozin plus open-label saxagliptin and metformin. The primary endpoint was change from
baseline A1c at week 24, with secondary endpoints including fasting plasma glucose, 2-hour postprandial
glucose, body weight, and proportion of participants achieving A1c <7%. Overall, the combination of
dapagliflozin, saxagliptin, and metformin led to greater A1c reductions (-0.82% vs. -0.10%), greater
improvements in the secondary endpoints, and more participants achieving an A1c <7% than saxagliptin
and metformin with placebo. Adverse effects were generally similar in the two groups with a low overall
risk of hypoglycemia, though more participants developed genital infections in the dapagliflozin group
compared to placebo (5% vs. 0.6%). Dr. Mathieu concluded that the addition of dapagliflozin to saxagliptin
and metformin improved glycemic control and was well tolerated in patients with type 2 diabetes
inadequately controlled on saxagliptin and metformin.

▪ AZ highlighted this trial during an Investor Day last November as part of an overall
push toward early, aggressive combination therapy for type 2 diabetes. Management
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suggested during that presentation that results from this trial and another evaluating saxagliptin vs.
placebo as an add-on to dapagliflozin and metformin could potentially support a triple fixed-dose
combination, though such a product would not be submitted until 2017 at the earliest.

Questions and Answers

Q: Regarding data on adverse events, what about heart failure? The dapagliflozin arm has two
heart failure events. What do you read from that?

A: We looked carefully at these patients. The first patient had heart failure very early on and had many other
problems in addition to that. I don't really remember more details about the other one. But if you're asking if
dapagliflozin can protect against heart failure, the numbers are too small to say anything.

Q: Should we be thinking about the sequence of medications?

A: I don't know. But I think studies like this one can approach that question. It's interesting to see what would
happen if we switched the order in the same study. We'll try to compare but there are different populations so
that always makes it more difficult.

Q: Did you analyze the two strata differently? Were there any outcomes that were different?

A: They were not different.

EFFECT OF LONGER-TERM CANAGLIFLOZIN TREATMENT ON EGFR IN PATIENTS WITH
TYPE 2 DIABETES MELLITUS AND VARIOUS DEGREES OF BASELINE RENAL FUNCTION
(107-OR)

Matthew Weir, MD (University of Maryland Medical Center, Baltimore, MD)

Dr. Matthew Weir presented results of three interrelated, long-term studies examining the effect of
canagliflozin alone or compared with glimepiride and placebo on estimated glomerular filtration rate
(eGFR) in people with type 2 diabetes. In the first two-year study, patients between 18 and 80 years old
with a mean eGFR of 90 ml/min/1.73 m received canagliflozin at 100 mg or 300 mg, or glimepiride. The2

second two-year study studied patients aged 55 to 80 years old with mean eGFR of 77.5 ml/min/1.73 m2

who received canagliflozin at 100 mg or 300 mg, or placebo. The third study was one year in duration and
featured patients older than 25 with stage 3 chronic kidney disease (eGFR of 39 ml/min/1.73 m ), who2

received canagliflozin at 100 mg or 300 mg, or placebo. Findings showed that participants' eGFR initially
decreased with canagliflozin but then stabilized or moved back toward the baseline within the first three to
six weeks, remaining more or less unchanged over the next two years. eGFR progressively declined with
glimepiride and did not change at all with placebo. Thus, participants on canagliflozin saw transient eGFR
changes that attenuated over time and all study groups saw relatively consistent absolute effects, regardless
of baseline renal function. The urine albumin to creatinine ratio (UACR) decreased with both the 100 mg
and 300 mg canagliflozin doses, but it increased with glimepiride and placebo. Therefore, Dr. Weir
concluded that eGFR changes with canagliflozin were overall not permanent and generally fairly weak. Of
course, the most definitive answers regarding the effect of canagliflozin on renal function will come from the
ongoing CREDENCE renal protection study, scheduled to complete in 2020.

Questions and Answers

Q: We sometimes see patients initiated on SGLT-2 inhibitors and then we see a drop in eGFR.
Is there anything we should do?

A: I would do the same thing as I do with an ACE inhibitor or ARB. Check that the patient isn't taking other
anti-inflammatory or diuretic drugs.

Q: Did you have uric acid levels measured in your study?

A: We don't have that. We know there aren't significant changes.

Q: Are there any concerns with these drugs being used in patients on diuretics?

A: No, a lot of our patients were on diuretics.
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Q: Thoughts on DKA?

A: The majority of reports of DKA occurred in type 1 diabetes. Very few are reported in people with type 2
diabetes. We don't have any data to indicate the cause of ketoacidosis.

Oral Presentations: New Insights Into the Effects of Oral Agents

NO INCREASED RISK OF CARDIOVASCULAR EVENTS WITH DAPAGLIFLOZIN IN ELDERLY
PATIENTS WITH TYPE 2 DIABETES MELLITUS, CARDIOVASCULAR DISEASE, AND
HYPERTENSION (15-OR)

Ingrid Gause-Nilsson, MD, PhD (AstraZeneca, Mölndal, Sweden)

AstraZeneca scientist Dr. Ingrid Gause-Nilsson presented the results of a post-hoc analysis of
cardiovascular events in 1,263 elderly, high-cardiovascular-risk patients enrolled in 19 phase 2b/3 clinical
trials (duration up to four years) for AZ's Farxiga (dapagliflozin). This was a follow-up analysis to one
presented at AHA last year (abstract 16682) for the full trial population, not just elderly high-CV-risk
patients - that analysis found a hazard ratio of 0.79 (95% CI: 0.58-1.07) for MACE + unstable angina with
dapagliflozin. The analysis presented at ADA was of interest because the elderly high-CV-risk subpopulation
is arguably closer to the population that would be enrolled in a CV outcomes trial. Fortunately, there was no
cause for worry in this analysis: the hazard ratio for MACE was 0.92 (95% CI: 0.51-1.64) for MACE and
0.82 (95% CI: 0.50-1.37) for MACE + unstable angina, with no imbalance in CV death, MI, or stroke.
Analyses like these are somewhat reassuring from a safety standpoint but are nothing compared to the
outcomes data we will have from the DECLARE-TIMI outcomes trial, though that is only expected to end in
2019.

▪ Dr. Gause-Nilsson cited a very slight imbalance in renal impairment/failure (13.7%
with dapagliflozin vs. 11.3% with comparator therapy), although eGFRs appeared
fairly stable - we didn't see this as very worrying given that most diagnoses were based on
laboratory values. There was a 5.8% incidence of genital infections with dapagliflozin vs. 0.8% with
comparator therapy, as well as a very modest imbalance in urinary tract infections that emerged in
longer studies. It was hard to interpret the glucose lowering efficacy results (mean difference of
0.4%) because some studies had active comparators.

Questions and Answers

Q: From the data here, I'm not surprised that there was no increase in cardiovascular risk. I'm
surprised that this drug does not decrease cardiovascular events due to the effects on blood
pressure, weight, and A1c. Is it just a matter of power?

A: The possible positive effects of these risk factors may need a longer follow up beyond four years.

Q: Were all of these events adjudicated?

A: The cardiovascular endpoints were adjudicated, but adverse events of special interest were not.

Posters

GLYCEMIC EFFECTS OF SGLT2 INHIBITOR CANAGLIFLOZIN IN TYPE 1 DIABETES USING
DEXCOM G4 PLATINUM CGM (932-P)

N Argeno and K Nakamura

Results of a retrospective review of 27 patients with longstanding type 1 diabetes using Dexcom's G4
Platinum CGM (PCGM) showed that addition of J&J's Invokana (canagliflozin) 100 mg to insulin provided
statistically significant glycemic benefits. The study examined patient records, including 30-day CGM
downloads, at baseline and after at least one month on canagliflozin (mean exposure of 3.7 months). 27
patients with similar baseline characteristics who did not undergo any change in therapy other than insulin
adjustment served as a control group. Results showed that the addition of canagliflozin reduced mean CGM
glucose, reduced blood glucose variability, improved time spent in target blood glucose range, and reduced
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A1c, systolic blood pressure, weight, and total insulin dose from baseline, with no significant change in renal
function (serum creatinine or eGFR). The control group did not experience significant changes in any
parameters from baseline. Canagliflozin therapy was generally well tolerated; there were three episodes of
DKA in the canagliflozin group, two of which were attributed to pump site failure and one to a patient
running out of basal insulin. These encouraging results illustrate the many potential benefits of SGLT-2
inhibitors in type 1 diabetes, though it remains to be seen what effect the concerns about euglycemic DKA
will have on the class' overall risk/benefit profile for type 1 - ongoing randomized controlled trials will
hopefully offer more clarity.

▪ Baseline demographics for the canagliflozin vs. control group were well matched. The
canagliflozin group (n=27) had a mean age of 52 years, duration of type 1 diabetes of at least 10 years
(mean 34 years), and duration of CGM use >1 year (mean 4.8 years). The control group consisted of
27 patients (mean age 51) with "similar indications" who were judged to be eligible for canagliflozin
therapy and did not undergo any treatment changes other than insulin adjustment.

▪ The study compared two sets of patient records, including 30-day CGM downloads, for
each group. In the canagliflozin group, investigators examined records at baseline and after at
least one month on canagliflozin (mean exposure of 3.7 months). For the control group,
investigators examined the earliest most complete sequential pair of downloads between May 2013
and January 2015.

▪ Addition of canagliflozin led to significant improvements from baseline in a number
of glycemic and non-glycemic parameters. Patients in the canagliflozin group experienced
significant improvements in mean glucose (168 mg/dl to 147 mg/dl; p<0.0001), glucose variability
(measured by standard deviation of CGM glucose; 68 mg/dl to 56 mg/dl; p<0.0001) and percentage
of time in range (70-180 mg/dl) (57% to 70%; p<0.0001) from baseline. Canagliflozin also led to
significant reductions in A1c (7.6% to 7.2%; p<0.0001), systolic blood pressure (122 mmHg to 114
mmHg; p=0.0089), total daily insulin dose (51 units to 45 units; p=0.0002), and body weight (89 kg
to 87 kg; p=0.0007) from baseline. The poster did not directly compare final results in the
canagliflozin vs. control groups, but the two groups were well matched at baseline and the control
group did not experience significant changes in any parameters.

▪ Canagliflozin appeared to be well tolerated, with no significant changes in renal
function and no cases of DKA attributed to the drug. Serum creatinine and eGFR were
comparable at baseline and after canagliflozin treatment. Three cases of DKA occurred in the
canagliflozin group: one at baseline attributed to pump site failure and two mild episodes in the
follow-up period, one attributed to pump site failure and one to the patient running out of basal
insulin and attempting to treat with rapid-acting insulin alone. There were no episodes of DKA in
the control group.

EMPAGLIFLOZIN (EMPA) DECREASES GLUCOSE EXPOSURE AND VARIABILITY IN
PATIENTS WITH TYPE 1 DIABETES (T1DM): CONTINUOUS GLUCOSE MONITORING (CGM)
DATA (EASE-1) (1241-P)

S Famulla, T Pieber, J Eilbracht, D Neubacher, N Soleymanlou, H Woerle, U Broedl, and S
Kaspers

This randomized, double-blind, placebo-controlled phase 2 trial examined the effect of Lilly/BI's SGLT-2
inhibitor Jardiance (empagliflozin), as an adjunct to insulin on glucose exposure (measured by area under
the median glucose curve), interquartile range of glucose (IQR), and mean amplitude of glucose excursions
(MAGE) in type 1 diabetes patients. For four weeks, 75 patients were randomized to placebo or one of three
doses of empagliflozin (2.5 mg, 10 mg, or 25 mg), in addition to insulin (stable insulin dose during the first
week and freely adjustable dose thereafter). There were significant improvements in glucose exposure and
variability with all doses of empagliflozin vs. placebo following the one-week stable insulin period (p<0.05).
However, all improvements were diminished at four weeks; significance was retained for glucose
variability at all doses (p<0.001) and for glucose exposure only at the highest dose (p<0.05). Based on these
results, it is somewhat challenging to tease apart the effect of the empagliflozin on glucose exposure and
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variability from the effect of stable insulin dosing in the first week of the trial. Time in range (>70 mg/dl to
≤180 mg/dl) was significantly improved with all doses of empagliflozin vs. placebo after one week (p<0.05)
but only with the highest dose after four weeks (p<0.001).

▪ All groups had similar baseline characteristics. Average age was ~39-42 years and all
patients were white. Mean A1c was ~8.2%-8.3%, average body weight was ~75-87 kg (165-192 lbs),
and average systolic blood pressure was ~122-124 mm Hg in all groups. 7-day ambulatory glucose
profiles (AGP) were generated based on CGM data collected over 24-hour periods.

▪ Glucose exposure and time in range (>70 mg/dl to ≤180 mg/dl) improved significantly
from baseline with all doses of empagliflozin vs. placebo after one week, but the
improvements remained significant (albeit diminished) after four weeks only at the
highest (25 mg) dose. At one week, area under the median glucose curve decreased by 12.2, 30.2,
and 32.9 mg/dl*hr more than the reduction observed in the placebo group (-0.9 mg/dl*hr) for the
2.5, 10, and 25 mg doses (p=0.04, p<0.001, p<0.001), respectively. However, at four weeks, a
significant placebo-adjusted reduction was observed only with the 25 mg dose (-15.9 mg/dl*hr,
p=0.03). Similarly, at one week, time in range increased by 2.6, 3.7, and 4.3 more hours per day with
the 2.5, 10 and 25 mg doses of empagliflozin, respectively, vs. placebo (p<0.01, p<0.001, p<0.001),
but the only significant result observed at four weeks was with the 25 mg dose (2.7 more hours per
day than placebo, p<0.001).

▪ Glucose variability (IQR and MAGE) decreased significantly with all doses of
empagliflozin compared to placebo at weeks one and four, though the reduction from
baseline was less dramatic at four weeks. After one week of stable insulin dosing, the IQR for
the placebo group decreased from baseline by a staggering 21.6 mg/dl. The 2.5, 10, and 25 mg doses
of empagliflozin produced additional reductions of 14.0, 20.0, and 21.1 mg/dl, respectively (p<0.001
for all). After four weeks, placebo IQR had increased from baseline by 6.5 mg/dl. For the 2.5, 10, and
25 mg empagliflozin groups, IQR decreased from baseline by 15.4, 15.0, and 20.7 mg/dl, respectively
(p<0.001 vs. placebo for all groups). Because placebo IQR increased from baseline at four weeks, the
placebo-adjusted reductions with empagliflozin were larger than at one week, but the absolute
differences from baseline were smaller.

THE COMBINATION OF INSULIN, LIRAGLUTIDE, AND DAPAGLIFLOZIN AS TRIPLE
THERAPY FOR TYPE 1 DIABETES (130-LB)

N Kuhadiya, A Mehta, H Ghanim, J Hejna, A Makdissi, A Chaudhuri, M Batra, and P Dandona

Continuing their group's pioneering work on liraglutide in type 1 diabetes, Dr. Kuhadiya and colleagues
conducted a small (n=10), 12-week retrospective study of dapagliflozin in people with type 1 diabetes who
had already been using liraglutide in addition to insulin for a mean of 11 months. At baseline, study
participants had mean A1c 8.01%, mean glucose 172 mg/dl, age 56 years, age at diabetes diagnosis 29
years, BMI 29 kg/m , body weight 86 kg (189 lbs), daily carbohydrate intake 196 g, and blood pressure 125/2

75 mm Hg. Patients began dapagliflozin at 5 mg daily and, after 7±1 days, increased the dose to 10 mg
daily. After 12±1 weeks of dapagliflozin therapy, patients had mean A1c reduction of 0.66%, body weight
reduction of roughly 1.5 kg (3 lbs), mean glucose reduction of 28 mg/dl as monitored by continuous glucose
monitoring, and daily carbohydrate increase 0f 30 g while insulin dose stayed constant (on average) at 0.7
U/kg. No additional hypoglycemia was observed, but one patient underwent diabetic ketoacidosis (DKA)
despite normal glucose levels, within two days after up titrating their dapagliflozin to 10 mg daily. This
patient had notably decreased their total daily dose of insulin from 32.9 to 28.5 U (0.45 to 0.39 U/kg) while
also increasing their daily carbohydrate intake from 50 to 95 g. We look forward with great interest to
randomized controlled trials of SGLT-2 inhibitors plus GLP-1 agonists in type 1 diabetes. As to the
documented instances of euglycemic DKA associated with SGLT-2 inhibitors in type 1 diabetes, we hope that
the risk can be minimized with education of patients and clinicians and with selective prescribing patterns -
see our coverage of a recent Diabetes Care case series for more.
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▪ This was a 12-week, n=10 retrospective study of dapagliflozin added to baseline
therapy of liraglutide and insulin in type 1 diabetes.

▪ The study concluded that addition of dapagliflozin to insulin and liraglutide in
patients with type 1 diabetes significantly improved glycemia. After 12 weeks of treatment,
mean A1c fell by 0.66% (p=0.0004) and mean glucose decreased from 172 mg/dl to 144 mg/dl
(p=0.016), though total insulin dose (0.7 u/kg) did not change. Time in range (70-160 mg/dl)
increased from 45% to 56% (p<0.05) and time with glucose >160 mg/dl decreased from 48% to 37%
(p<0.05). Daily carbohydrate intake increased from 166 g before the addition of dapagliflozin to 196
g after (p=0.04). Both body weight and BMI fell after dapagliflozin was added, from 87 kg to 85 kg
(p=0.02) and 29 kg/m to 28 kg/m , respectively.22

Baseline 12 wks

A1c (%) 8.0 7.4*

Mean glucose (mg/dl) 172 144*

Body weight (kg) 86 85*

Body weight (lbs) 190 187*

Body mass index (kg/m )2 29 28*

Daily carbohydrate intake (g) 166 196*

Daily insulin dose (U/kg) 0.7 0.7

* p<0.05

▪ Dr. Kuhadiya and his team advised caution when reducing insulin doses to avoid
euglycemic DKA. One patient in the retrospective analysis developed DKA despite normal blood
glucose concentrations within 48 hours of increasing the dapagliflozin dose to 10 mg/day. This
patient's dose of insulin had declined from 0.45 to 0.39 u/kg and carbohydrate intake had increased
from 50 to 95g/day. With regard to other adverse events, one female patient developed a vaginal
yeast infection that was successfully treated.

Symposium: Non-Insulin Adjunct Therapies in Type 1 Diabetes

THE POTENTIAL USE OF SGLT-2 INHIBITORS IN TYPE 1 DIABETES

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

Dr. Julio Rosenstock provided a nuanced but generally positive perspective on the potential of SGLT-2
inhibitors in type 1 diabetes. The key benefits include insulin-independent efficacy, reduced glucose
variability and insulin doses, and improvements in weight and blood pressure. He strongly encouraged the
audience to attend the presentation of full results from a four-week study of Lexicon's SGLT-1/SGLT-2 dual
inhibitor sotagliflozin in type 1 diabetes - the results were promising across the board, showing reductions
in A1c (0.5% placebo-adjusted), postprandial glucose, and bolus insulin doses, improvements in glycemic
variability, and a ~2 kg weight benefit. With regard to the recent concerns about euglycemic DKA, Dr.
Rosenstock suggested that it is important for patients and physicians to be aware of the phenomenon but he
framed it more as a risk to be managed rather than a deal-breaker. He also noted that a substantial portion
of the reported cases occurred after reductions in insulin doses, which can contribute to the vicious cycle
initiated when the body switches to a fasting mode (increased glucagon production, lipid oxidation, etc.) in
response to increased glucose excretion; other speakers throughout the meeting expressed similar
sentiments regarding the role of low insulin levels. We heard a great deal of commentary on euglycemic
DKA at AACE last month as well, most of it similarly balanced. On the whole, we agree with Dr.
Rosenstock's belief that the ongoing trials of SGLT-2 inhibitors in type 1 diabetes will likely conclude that the
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benefits outweigh the risks for most patients, though it will be very important for patients to have a ketone
meter and know when to use it.

Symposium: SGLT2 Blockers in 2015 (Supported by BI/Lilly)

SIMILARITIES AND DIFFERENCES BETWEEN SGLT2 BLOCKERS

Robert Henry, MD (University of California, San Diego, CA)

Dr. Robert Henry reviewed the mechanism of action and clinical effects of SGLT-2 inhibitors, though he
refrained from making claims about the relative benefits of specific agents given the lack of comparative
data. He did discuss the potential added benefits of SGLT-1/SGLT-2 dual inhibitors like Lexicon's
sotagliflozin over pure SGLT-2 selective inhibitors due to increases in gut hormones like GLP-1 and PYY - he
suggested that this may account for a small portion of the efficacy of J&J's Invokana (canagliflozin), which
has some slight SGLT-1 activity. He presented data demonstrating that all three currently approved SGLT-2
inhibitors offer A1c reductions of approximately 0.5%-1%, durable ~3% weight loss, blood pressure
reductions, and positive changes in HDL cholesterol and triglycerides. On the negative side, Dr. Henry also
discussed the increases in LDL cholesterol and hepatic glucose production seen with the class and the initial
drop in estimated glomerular filtration rate (eGFR) that has prompted "lots of speculation" about harmful
renal consequences, but he stressed that any impairment in kidney function appears to be transient. He
briefly acknowledged the concerns about euglycemic DKA but did not offer further commentary - we were
somewhat surprised that this did not come up during Q&A, as it has appeared to be top of mind for many
providers at recent conferences. Dr. Henry closed with a discussion of SGLT-2 inhibitors' broad potential in
combination with other agents, particularly incretins, and of the need for long-term studies to elucidate
their effects on bone health and renal and cardiovascular outcomes.

Questions and Answers

Q: With the rise in glucagon, we know after one month in the Ferrannini study that it was no
longer significant. In your month-long study, were fasting glucagon levels increased?

A: Yes, they were. We did another study with dapagliflozin that also saw an increase in glucagon.

Q: The compensatory hepatic glucose production is found continuously after two to four
weeks but A1c stays down. Do you really feel it attenuates the effect?

A: A1c comes down and stabilizes. In all preclinical studies, endogenous glucose production decreases, and in
clamps the ability of insulin to suppress glucose production is improved, probably due to a reduction in
glucotoxicity.

Q: You were clever not to conclude anything about whether one is superior to another.
Looking into the trials with canagliflozin 300 mg, would you propose that this higher dose of
canagliflozin is marginally superior to the others?

A: It is superior to the 100 mg dose, probably due to greater effects on glucosuria. What you're probably
asking is whether there is a significant effect of SGLT-1 inhibition that translates in people with type 2
diabetes. We haven't done the studies completely, not with tracer uptake. My personal view is that it would be
a small effect. I doubt we would be able to detect it as clinically significant. If it does, it would be in the
postprandial period.

Q: What is your hypothesis for the elevation in LDL?

A: It wasn't even noted initially in the individual studies. It wasn't until all the data was together from all the
phase 3 trials that people started to look more carefully. The bottom line is there are lots of postulates, and it
appears from observation that glucose ingestion goes up with SGLT-2 inhibitors, so it makes it hard to
explain. It remains unknown. It definitely is a phenomenon. At least the three approved agents all show it.
Whether it's different among the three, only head to head studies can answer.

Q: Do you think we have to worry about it?
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A: I think the increase in LDL is small enough, zero to 8-9%, that it generally can be handled with statins and
diet, and it probably won't have an effect, though we have to wait for the cardiovascular outcomes trial.

EFFECTS ON SODIUM BALANCE AND HYPERTENSION

George Bakris, MD (University of Chicago, Chicago, IL)

Dr. George Bakris focused on the modest blood pressure reductions observed with the SGLT-2 inhibitor
class, questioning the underlying physiology. Clinical trials with the class have demonstrated a roughly
4-mmHg decline in systolic blood pressure. As most patients included in the trials were not hypertensive or
were in good control, Dr. Bakris suggested that studies indicate this decline could be as high as 11 mmHg in
hypertensive patients (he noted that based on FDA guidelines the drugs could technically qualify as
antihypertensives). In a review of animal studies with the class, he confirmed that the drugs produce an
acute natriuresis (urinary sodium excretion), though this effect becomes minimal with chronic use -
suggesting it would not account for the entirety of the blood pressure reductions. Likewise, given that blood
pressure reductions are the same in patients with advanced kidney disease in whom the osmotic diuresis
induced by the class is reduced, he indicated this effect would also be insufficient to explain the blood
pressure results. This is complicated as well by the rise in glucagon and increased sympathetic tone caused
by SGLT-2 inhibitors, which should theoretically increase blood pressure. In the end, Dr. Bakris was unable
to provide an answer for how the drugs produce blood pressure reductions - during Q&A, he hazarded a
guess that another gut hormone may be involved, though this would require further study.

Questions and Answers

Q: I understand when these agents have been studied in those with reduced renal function
they still see a very good decrease in blood pressure. How can you explain that?

A: I honestly don't know; that's the big question in my mind. The natriuresis and osmotic diuresis are
proportional to kidney function, so it's unclear to me what is going on. We have these countervailing
mechanisms of sympathetic tone going against you. It's pure speculation, but is it possible there is another gut
hormone involved that is vasodilatory, through SGLT1 or leptin or some other mechanism? This would
require further study.

Q: Is there reduced bicarbonate reabsorption with the class?

A: I've heard this. I will say in the studies we've done I have not seen a change in bicarbonate at all. Nor have I
seen a change in potassium. It may be interesting but not clinically relevant.

Comment: In my practice I see greater declines in blood pressure than mentioned.

A: One of the things I do routinely is I stop the diuretic when I start an SGLT2. That's exactly what you'll find -
these studies usually people are on one antihypertensive and it's not a diuretic.

WHICH PATIENTS MIGHT BENEFIT THE MOST?

Vincent Woo, MD (University of Manitoba, Winnipeg, Manitoba, Canada)

After briefly mentioning the SGLT-2 inhibitors currently on the market or in development and discussing
where SGLT-2 inhibitors are currently positioned in diabetes guidelines, Dr. Vincent Woo provided his
opinions on which individuals with type 2 diabetes may benefit most from SGLT-2 inhibitor therapy. He
believes that SGLT-2 inhibitors would be particularly fitting for those who are trying to achieve early
intensive glucose lowering, those with a high baseline A1c who need combination therapy, and insulin users.
Dr. Woo noted that the best predictors of response to SGLT-2 inhibitor therapy are high baseline A1c and
high eGFR; meanwhile, baseline BMI has no predictive value for A1c or weight. In closing, Dr. Woo
mentioned several other potential areas of application for SGLT-2 inhibitors in the future: prediabetes, type
1 diabetes, obesity (in combination with other agents), and diabetic nephropathy.

Questions and Answers

Q: Which patients are most likely not to benefit from the class and have the most side effects?
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A: Obviously, we have a number of patients who have incredibly poor adherence. If you don't take the drug,
you won't benefit. People who might have side effects to the medication, as has been alluded to earlier, are
those who experience reductions in blood pressure and do not monitor it correctly. They can get hypotension
and dizziness. I have heard that those on low-carb diets may potentially not do as well either. I haven't seen
data on this, but it makes sense. Obviously, renal function is key, and as A1c is lower, A1c lowering with
SGLT-2 inhibitors is lower too.

Q: Some of my colleagues mentioned anecdotally that balanitis is more common in
uncircumcised males.

A: The clinical trials support that those who are circumcised experienced less balanitis.

NONGLYCEMIC EFFECTS OF SGLT-2 INHIBITION: LONG-TERM RISKS VS. POTENTIAL
BENEFITS

Richard Gilbert, MD, PhD (University of Toronto, Toronto, Ontario, Canada)

Dr. Richard Gilbert provided a great overview of a complex area of diabetes science: why SGLT-2 inhibitors
might (or might not) have renal protective effects. The theory caught our attention in a big way when we
learned about J&J's CREDENCE outcomes trial for Invokana (canagliflozin); before then, the prevailing
opinion was that - if anything - SGLT-2 inhibitors may have slight renal safety risk due to a slight reduction
in eGFR in patients initiating therapy. However, that decrease may not be what it initially appears: Dr.
Gilbert drew strong parallels to ACE inhibitors, which are renoprotective but show an initial drop in eGFR.
Dr. Gilbert proposed a few potential mechanisms that could underlie a benefit. Increased sodium excretion
causes a group of cells within the kidney called the macula densa to constrict afferent arterioles, reducing
eGFR - this is the body's mechanism to prevent sodium loss, but in this case it could help by reducing
pressure in the glomerulus, where blood is filtered. SGLT-2 inhibitors may also increase uric acid excretion,
and effect which is being examined more broadly as a way to improve chronic kidney disease (allopurinol is
an example). Dr. Gilbert did note with caution that SGLT-2 inhibitors do not have as wide a range of
beneficial effects in the kidneys as ACE inhibitors, meaning that a benefit is far from certain. For now, he is
eagerly awaiting results from the CREDENCE outcomes study, which are expected in 2019.

Symposium: ADA Diabetes Care Symposium - Novel Clinical Interventions in Therapy That
Impact the Management of Diabetes

SOTAGLIFLOZIN, A DUAL SGLT1 AND SGLT2 INHIBITOR, AS ADJUNCT THERAPY TO
INSULIN IN TYPE 1 DIABETES

John Buse, MD, PhD (UNC, Chapel Hill, NC)

Phase 2 data on Lexicon's SGLT-1/SGLT-2 dual inhibitor sotagliflozin (LX4211), presented by investigator
Dr. John Buse, snagged a spot at the massively well-attended Diabetes Care symposium. Although topline
data was released over a year ago, making it into this session was a big deal - this was a standing-room-
only event in the largest presentation hall of the conference and the abstract was concomitantly published
online in Diabetes Care. The phase 2 study (n=33) ran for 30 days, finding improvements across the board,
including: (i) a roughly 0.5% placebo-adjusted reduction in A1c from a baseline of around 8% and
reductions in postprandial glucose; (ii) a significant improvement in time-in-range and multiple metrics of
glycemic variability; (iii) a 32% decrease in bolus insulin dose (6% reduction with placebo) in the context of
better glycemic control; and (iv) a relative weight benefit of slightly over 2 kg (~4 lbs) in a short time
period. (We wouldn't leave out the convenience of a pill for type 1 diabetes.) Improvements in GLP-1, PYY,
and urinary glucose excretion suggest that both the SGLT-1 inhibition in the gut and SGLT-2 inhibition in
the kidney contributed to efficacy. The presentation likely stokes interest in sotagliflozin for type 1 diabetes,
which excitingly has moved into phase 3.

▪ We were glad to see CGM used for the duration of the 30-day study and applaud the
way Lexicon has focused on "time in zone" to support sotagliflozin's value in type 1
diabetes. With the room for A1c improvements narrowing with each new class of drugs, we see
non-A1c parameters such as glycemic variability as increasingly important for novel products to
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prove their value for patients (and potentially also to payers if there are parallel improvements in
insulin dose and hypoglycemia).

▪ The most commonly reported adverse effect with sotagliflozin was nausea, consistent
with an increase in GLP-1. Around 25% of patients on sotagliflozin experienced nausea vs. 6%
on placebo. However, Dr. Buse noted that nausea was generally of mild intensity, within five days of
onset of treatment, and of short duration (1-2 days).

▪ Of interest given the euglycemic ketoacidosis issue with SGLT-2 inhibitors, Dr. Buse
disclosed that there were two cases of DKA with sotagliflozin. However, he noted that both
cases were assessed as pump related and explicitly stated that neither was "euglycemic DKA." We
have heard theories that SGLT-1/2 dual inhibitors may have a lower risk of euglycemic DKA, as they
cause less volume depletion and also increase GLP-1 levels, both of which should help reduce the
risk of excess ketones. With outcomes data soon to arrive (at least one) for SGLT-2 selective
inhibitors, we wonder if Lexicon may look into ways to more conclusively back up their argument on
SGLT dual inhibitors and DKA.

▪ In addition to the recently initiated phase 3 program in type 1 diabetes, Lexicon is also
conducting a second phase 2 study (with JDRF support) studying sotagliflozin in
younger, more poorly controlled type 1 diabetes patients.

Questions and Answers

Q: What is the impact of SGLT-1 inhibition on fasting vs. postprandial glucose?

A: I think that's a little hard to estimate. I think the relative effect of the SGLT-2 transporter is about 20-fold
greater than the SGLT-1 transporter using classic kinetics. What the relative contribution on the overall
glucose profile is would be harder to estimate, but we believe the SGLT-1 contribution is real and perhaps as
much as 50% of the effect.

Q: You said that the reason for the nausea in the study was the increase in GLP-1, but GLP-1
didn't look like it was increased all that much in the study.

A: It is speculation, but as there was an increase in the two enteroendocrine hormones we looked at, it's likely
that there were increases in others. I'll admit that that is speculation. More importantly, as opposed to
previous hypotheses that SGLT-1 inhibition would be associated with intolerable GI events, the GI adverse
event profile was really very mild.

Q: Why would sotagliflozin cause nausea when endogenous GLP-1 does not cause nausea?

A: I really can't speculate further on that.

Q: Can you comment on the mechanism of the increase in GLP-1?

A: The notion is that by inhibiting proximal glucose absorption and shifting glucose further down the
intestinal tract, it changes fatty acid metabolism by bacteria. Exactly the contribution of each of the changes in
the enteroendocrine hormone changes is unknown.

Q: Could there be a long-term problem with the change in PYY acting as a vasoconstrictor?

A: That would be speculation. My personal belief is that it's unlikely to be an issue, but there will be a full
development program for the compound in type 1 diabetes, and we'll be careful to examine cardiovascular
endpoints. There is a modest decrease in blood pressure associated with sotagliflozin.

Q: With Ramadan coming up, how safe is it to continue SGLT-2 inhibitors during the fasting
month?

A: I saw a paper or abstract that addresses that directly, and my recollection was that things looked pretty
good. I had the same thought that a period of prolonged fasting, including no water, could limit the efficacy of
these agents due to a loss of urine. But there is something published on that.
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BEST OF DIABETES CARE 2014: DIABETIC NEPHROPATHY - BIOMARKERS,
PROGRESSION, AND SGLT2 INHIBITORS

George Bakris, MD (University of Chicago, Chicago, IL)

Dr. George Bakris selected three standout papers published in Diabetes Care in 2014 related to diabetes and
kidney disease. Notably, Dr. Bakris praised the investigators of BI/Lilly's SGLT-2 inhibitor Jardiance
(empagliflozin) for running the only "proper" study of the effects of SGLT-2 inhibitors on blood pressure
(according to Dr. Bakris, EMPA-REG BP was the only SGLT-2 trial that measured 24-hour ambulatory
blood pressure rather than simply office blood pressure). Impressively, despite participants' relatively
normal baseline 24-hour ambulatory systolic blood pressure (SBP; ~131 mm Hg), empagliflozin treatment
provided a placebo-adjusted reduction of ~3 mm Hg (10 mg dose) or ~4 mm Hg (25 mg dose) (Tikkanen et
al., Diabetes Care 2014). For context, the FDA requires only a 5 mm Hg SBP reduction to approve an agent
for anti-hypertensive indications, and patients enrolled in trials for anti-hypertensive agents would have
much higher SBP at baseline. Therefore, this trial demonstrated that diabetes patients who also have
hypertension control can expect significant blood pressure benefits from SGLT-2 inhibitors. The other two
papers that Dr. Bakris selected identified promising biomarkers for monitoring diabetic nephropathy. First,
urinary adiponectin (uADP) was found to be better than albuminuria, and equally as good as eGFR, in
predicting progression from kidney damage to end-stage renal disease in type 1 diabetes (Panduru et al.,
Diabetes Care 2014). Second, serum TNFR1 concentration was identified as a strong predictor of all-cause
mortality in patients with type 2 diabetes and chronic kidney disease (Saulnier et al., Diabetes Care 2014).

Corporate Symposium: Comprehensive Management of DM - Focus on SGLT-2 Inhibitors and
Combination Therapy - Emerging Concepts of Renal Effects (Supported by AstraZeneca)

CONTRIBUTION OF THE KIDNEY TO WHOLE BODY GLUCOSE HOMEOSTASIS: A CRITICAL
RE-EVALUATION

Zachary Bloomgarden, MD (Mount Sinai Hospital, New York, NY)

Dr. Zachary Bloomgarden provided a mechanistic overview of the kidney's contributions to glucose
homeostasis in people with and without diabetes, a topic that had been somewhat overlooked by the medical
community prior to the arrival of SGLT-2 inhibitors. He explained that the kidneys play an important role
in gluconeogenesis and appear to account for approximately half of the increase in glucose production seen
in diabetes. He also presented evidence showing that the kidneys respond potently to insulin and
catecholamines and potentially to glucagon, which likely contributes to much of the altered physiology in
diabetes as well. Setting the stage for the subsequent presentations on SGLT-2 inhibitors, Dr. Bloomgarden
closed with a review of the data showing a paradoxical increase in renal glucose reabsorption in people
with diabetes and a direct relationship between hyperglycemia and the threshold for urinary glucose
excretion.

SGLT-2 INHIBITORS AND THE KIDNEY: MECHANISMS AND CLINICAL EFFICACY

Lawrence Leiter, MD (University of Toronto, Toronto, Ontario, Canada)

Dr. Lawrence Leiter discussed the mechanism of action of SGLT-2 inhibitors in people with diabetes with
both normal and impaired renal function. He began by highlighting the recently updated ADA/ EASD
guidelines for type 2 diabetes treatment that include a key role for SGLT-2 inhibitors. He then walked
attendees through the intestinal and renal roles of SGLT-1 and SGLT-2 in glucose absorption and discussed
the rationale for development of SGLT-1 and/or SGLT-2 inhibitors. He commented that these classes might
be able to be used in type 1 diabetes as well as type 2, focusing on the clinical data for Lexicon's sotagliflozin
(LX4211); he did not comment on the recent concerns about euglycemic DKA in this population. Dr. Leiter
also emphasized that SGLT-2 inhibitors can still be efficacious in patients with impaired renal function,
showing data demonstrating that canagliflozin and empagliflozin still have beneficial effects on A1c, body
weight, and blood pressure in that setting. He acknowledged that there is a small risk of volume-related
adverse events in certain patients but cautioned against writing off these drugs entirely in patients without
normal renal function, even suggesting that the class may prove to be reno-protective.
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SGLT-2 INHIBITORS AND THE KIDNEY: POTENTIAL FOR RENOPROTECTION

Matthew Weir, MD (University of Maryland, Baltimore, MD)

Dr. Matthew Weir provided a nephrologist's perspective on the factors that contribute to diabetic kidney
disease and the potential for SGLT-2 inhibitors to improve renal outcomes. He cautioned that there have not
been prospective randomized controlled trials with RAAS blockers examining the effect of reductions in
blood pressure or proteinuria on renal outcomes, though many secondary analyses have shown a benefit.
There is strong evidence to support the use of renin-angiotensin system (RAAS) blockers like ACE inhibitors
and ARBs, but Dr. Weir noted that they only lead to a ~20% reduction in adverse renal outcomes - "a nice
start, but nothing to cheer about." Turning to SGLT-2 inhibitors, he explained that at least in animal models,
the drugs appear to reverse the impairment in tubular glomerular feedback (a mechanism by which the
kidney corrects hyperfiltration) seen in early stages of diabetic kidney disease. Other effects of SGLT-2
inhibitors, particularly blood pressure reduction, could also potentially have a positive impact on kidney
function. Dr. Weir also argued that the initial drop in estimated glomerular filtration rate (eGFR) seen with
SGLT-2 inhibitors may actually be a positive sign, as a greater initial drop in eGFR was associated with
better long-term outcomes in clinical trials of losartan. As Dr. Weir noted, the CREDENCE renal outcomes
trial of J&J's Invokana (canagliflozin), expected to complete in 2020, should provide much more insight in
this area - this is one of the most exciting ongoing studies in diabetes in our view, and a positive outcome
would be an enormous win for patients.

EXPLORING MONO- AND DUAL THERAPY: IMPLICATIONS FOR KIDNEY FUNCTION

Stefano Del Prato, MD (University of Pisa, Pisa, Italy)

Dr. Stefano Del Prato discussed the safety of DPP-4 inhibitors in type 2 diabetes patients with renal
impairment and emphasized the utility of combination therapies. He reviewed data showing that the
efficacy of DPP-4 inhibitors in type 2 diabetes patients with moderate to severe renal impairment is the
same as in those with normal renal function. In fact, DPP-4 inhibitors in type 2 diabetes have been
associated with reductions in hsCRP (a marker of CV risk), albuminuria, and microalbuminuria, perhaps
suggesting some nephron-protective effects. Dr. Del Prato continued by stressing that early achievement
and durable maintenance of good glycemic control remains the most effective approach to reduce the risk of
microvascular complications, suggesting that combination therapy that can simultaneously correct
different pathogenic mechanisms is optimal. He emphatically stated that the lesson from UKPDS was that
"monotherapy is going to fail no matter what treatment you're going to use" and that "you will ultimately
require a second intervention." Dr. Del Prato thus pushed for starting with combinations as soon as
possible, pointing to DPP-4 inhibitor/metformin and SGLT-2 inhibitor/DPP-4 inhibitor combinations as
examples. However, he ended by noting that more studies are needed to provide greater clarity on which
combinations to use and whether or not the effects are cumulative.

PANEL DISCUSSION

Q: What is the mechanism of the up-regulation of SGLT-2 in diabetes? Is it reversible in any
other interventions?

Dr. Lawrence Leiter (University of Toronto, Toronto, Canada): We talked about upregulation of SGLT-2 for
those who are hyperglycemic and why it occurs. How? We don't know. It's an adaptive change so that you
don't pee out all your glucose and can preserve energy; at the same time, it may be maladaptive as well as it
will preserve hyperglycemia. Will anything reduce the up-regulation? I am not aware of any studies on that. I
would assume with chronic euglycemia, the up-regulation should come down to normal. The original data was
based on only five patients.

Dr. Stefano Del Prato (University of Pisa, Pisa, Italy): We have experimental data showing that hyperglycemia
associated with a lack of regulation of SGLT-2 was normalization of expression. It's a secondary phenomenon.
One hypothesis is that hyperglycemia is the inability to use glucose.

Dr. Yehuda Handelsman (Metabolic Institute of America, Tarzana, CA): Why do we have fat on us even
though there's so much food available? The body doesn't know; it knows it should keep fat as energy for long-
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term need when there might be famine. I'm more simplistic. I think SGLT-2 is there to make sure it brings
every glucose molecule it sees back to the system, and it tries to do so until it cannot. It looks simple: you
bring down glucose and it stops doing it because it's not exposed to as much glucose. That's a simplistic view.
The question is can we prove it.

Dr. Zachary Bloomgarden (Mount Sinai Hospital, New York, NY): It's fascinating to realize there's no
physiologic way we can imagine the situation of diabetes having evolutionary pressure to cause increased
expression of SGLT-2. It's probably a more epi-phenomenon of something that evolved in response to dietary
sodium and secondarily to glucose loads, but it's a detriment.

Dr. Handelsman: It points out the fact that what we think is simple never is. Some of us were involved when
we used to think the effects of bariatric surgery were mechanical, but it's actually a very complex biological
phenomenon involved with gut action. When SGLT-2 inhibitors came out, we looked at them as putting a
block on a gate, when in reality it's a quite complex metabolic phenomenon. We're changing how SGLT-2
works. Is maladaptation going on? I asked Dr. Weir before whether glucagon works in the kidney? He's been
doing this forever, but no one's studied this. How many of you remembered that the kidney does
gluconeogenesis? I bet the majority of you forgot until five years ago. The body does have energy management
that's involved in insulin resistance. It's a protective mechanism, though that's a different story. The body
tries to protect itself.

Q: Could you please comment on the side effects of hypokalemia and the warning risk of
bladder cancer in SGLT-2 inhibitors? How clinically relevant are these?

Dr. Weir: On potassium, the potassium signal is miniscule at best especially if you compare it to clinical
practice and put the patient on anti-inflammatory drugs or ARBs. The latter two tend to boost potassium. If
you see any change, you might see 0.1 or 0.2 with SGLT-2 and that's under conditions that are pretty unusual.
I've looked at databases and written papers. This signal is minimal compared to other commonly used drugs.
In any other patients with diabetes, monitor potassium as you feel comfortable. If they're taking other herbal
supplements, just pay attention to it. But I don't think twice about it.

Dr. Leiter: With regard to bladder cancer, in the dapagliflozin clinical trials, there was an imbalance in the
number of bladder cancers in those subjects on dapagliflozin, although the numbers were small. There is no
plausible mechanism for it. The vast majority of these subjects had hematuria at baseline or shortly thereafter
so it was likely just pre-existing bladder cancer that was unmasked during the clinical trial. Furthermore,
there are no SGLT-2 receptors found in the bladder and no animal models have shown increased risk for it or
any other cancer. The large, ongoing trial with dapagliflozin is the DECLARE study which is designed to look
not only at cardiovascular safety but also to have a sufficient number of bladder cancers to assess risk; there
are over 17,000 patients in the study. Importantly, this is monitored by a DSMB and no concerns have been
expressed to date about the risk of bladder cancer.

Dr. Handelsman: AACE put together a panel looking at diabetes and cancer and medications and how they
may affect it, and we did use a basic scientist to look at the time to effect. In none of the drugs, including
dapagliflozin, did we find anything relevant. It's possible that the numbers will change but right now it's good
news. Has anyone felt that potassium elevation is an issue managing patients on SGLT-2 inhibitors? When
you give a diuretic, sometimes you think there will be less potassium, not more. There's some data in some
patients, specifically those with renal impairment, to be careful.

Q: Is volume status related to the mechanism of weight loss?

Dr. Del Prato: It's most likely the diuretic effect that's responsible for the very early reduction, but
maintenance over four years is unlikely due to the diuretic effect. If you calculate it, the amount of sugar you
lose through the urine accounts for a good deal of the reduction in body weight. There have also been
investigations looking at body composition showing a reduction in all components of adipose tissue, both
visceral and subcutaneous. There's a real reduction in adipose tissue, which accounts for the 3-4 kg body
weight reduction. The diuretic effect is early, the same as you see with a diet. On a diet, the initial drop is
liquid loss and then it's fat mass.
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Dr. Handelsman: Any study with any drug compared to sulfonylureas showed similar results. It's pretty much
line in with everything.

Q: What are the effects on heart failure?

Dr. Leiter: In the five ongoing cardiovascular outcomes studies with SGLT-2 inhibitors, heart failure will be
assessed and adjudicated as one of the clinical endpoints. To my knowledge, no study has been initiated
specifically in patients with heart failure.

Dr. Handelsman: It'll be interesting to see what the long-term effect will be. There's a very small reduction in
blood pressure. I don't think it's direct one to one but it's possible.

Q: Initially based on its mechanism, we expected that SGLT-2 inhibitors should be more
capable at lowering postprandial glucose. The recently announced guideline didn't endorse
them as a good choice for reducing postprandial glucose. In general, the overall data showed
they were more reliable in reducing fasting glucose. What explains the lack of a postprandial
effect?

Dr. Del Prato: I think the system works as a function, which has been explained: the more glucose the tubule
sees, the more is lost through the urine. If you consider that the postprandial period is limited in duration
compared to the non-postprandial period, the cumulative effect may be greater on fasting glucose, but the
effect on postprandial glucose is there as well. I'm not sure I understand what you mean by a lack of effect.

Q: I mean it's supposed to be more reliably dose-dependent on lowering postprandial glucose,
but the published trials suggest that's not the case.

Dr. Del Prato: Dr. Leiter alluded to that. We think that may be a compensatory mechanism from SGLT-1. Any
time you increase the tubular load, more glucose is not reabsorbed by SGLT-2 but is available for SGLT-1. It
accounts for more than 10% of the reabsorption, and now with a larger volume, it may reduce the effect.

Dr. Handelsman: The system works the moment it gets glucose. It's the fastest thing it'll respond to. I caution
you not to rely primarily on phase 3 studies to assess postprandial effects. That's true for all drugs. The FDA
designed trials not to capture prandial glucose. That's why in publications, you see differently. The clinical
effects are quite impressive on both fasting and prandial. DPP-4 inhibitors have more effects on prandial than
on fasting. GLP-1 works on the whole story. SGLT-2s also see prandial over fasting.

Q: Do we currently know how this drug's mechanism increases LDL-cholesterol? Any
mechanism?

Dr. Leiter: We don't have a good explanation. These drugs do tend to raise LDL by a small amount of about
2%-3%. The higher dose of canagliflozin may raise it a little more by about 4%-5%. We don't know why. Other
diuretics also lead to a small increase in LDL. Another hypothesis is that we know there is compensatory
overeating in patients on SGLT-2 inhibitors that limit the extent of weight loss; perhaps there is also a change
in macronutrient consumption. But that's totally speculative. There are no studies on food selection.

Dr. Handelsman: HDL also goes up. LDL barely changes. Clinically, hopefully long-term studies will show
relative efficacy. ADA wants everyone on statins.

Q: Is there any relevant information about reduction in uric acid for renal protection and as a
cardiovascular risk protector?

Dr. Weir: I'm not aware of consistent effects of SGLT-2 inhibitors on uric acid. If there are, they're modest at
best. I'm not aware of data tying uric acid to cardiovascular events. There is a directionality in the relationship
to kidney function, but we don't know which association drives what. That area needs to be explored. There
may be interest in hypouricemic therapies, but they're not prime time.
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Satellite Corporate Event

LEXICON PHARMACEUTICALS MEET THE EXPERT SESSION

John Buse, MD, PhD (UNC, Chapel Hill, NC), Paul Strumph, MD (Lexicon, The Woodlands,
TX), David Powell, MD (Lexicon, The Woodlands, TX)

Lexicon hosted an evening meet-the-experts session following the presentation of positive phase 2 data on
its SGLT-1/SGLT-2 dual inhibitor sotagliflozin earlier in the day. The panel discussion at the evening event
touched upon the recent concerns about euglycemic ketoacidosis with selective SGLT-2 inhibitors, partly in
response to questions about the two cases of DKA observed in the sotagliflozin trial. Dr. John Buse noted
that both cases were assessed as pump related and were "clearly" not euglycemic. More broadly, in remarks
reminiscent of his presentation on this subject at AACE, Dr. Buse suggested that the phenomenon is unlikely
to be a "showstopper" for SGLT-2 inhibitors as long as people are aware of it and know how to treat it. Dr.
Paul Strumph expressed hope that future trials will demonstrate a lower risk of DKA with SGLT-1/SGLT-2
dual inhibitors than selective SGLT-2 inhibitors, as the dual inhibitors cause less volume depletion and
increase GLP-1 levels, both of which should help reduce the risk of excess ketones. With outcomes data soon
to arrive for SGLT-2 selective inhibitors, we wonder if Lexicon may look into ways to more conclusively
prove this suspected advantage. See below for a full transcription of the panel discussion, which also
addressed topics including sotagliflozin's effects on blood pressure, LDL cholesterol, and the GI tract as well
as Lexicon's development plans - Dr. Strumph confirmed that phase 3 is ongoing but declined to speculate
on a launch timeline.

PANEL DISCUSSION

Q: Do you think DKA will be a showstopper in type 1 diabetes?

Dr. Strumph: I assume you mean with compounds in the SGLT-2 inhibitor class. It will be a risk-benefit
decision. We now know that DKA with SGLT-2 selective inhibitors can be masked or present differently than
practitioners are used to. It's a burden on everyone in the field. We are a dual inhibitor, but we still have a
burden to generate data to indicate that with appropriate protocols. We're informing investigators and
patients that DKA may be present and we will come to the regulatory authorities with a complete dataset
showing risk and benefit. We believe the risk of DKA is still to be determined but with appropriate protocols,
data will be available and it's worth moving forward. So far, DKA is treatable if recognized early. DKA occurs
in type 1 diabetes. It occurs in 5% of people every year on average. If the A1c is above 10%, it's 20% per year.
We've trained people to check ketones if they feel sick and their sugar is above a certain level. Now we have to
train them to just check ketones if they feel sick. If it's positive, implement "sick day rules" for treatment of
ketones, which include frequent injections of short-acting insulin, and contact your doctor for further
instructions. Ketosis can be treated and is usually reversible.

Dr. Buse: I'm pretty certain that in the Wild Wild West of people taking SGLT-2 inhibitors off label, for those
therapeutic zealots, the rate of DKA is probably 10%. It's maybe twice what you'd expect. The problem is only
the euglycemic part. If we had a way of figuring that out, there would be no major issue. And we do, we tell
people to check ketones if they don't feel well, period. I suspect it will work out well. I've counseled patients
not to take SGLT-2 inhibitors if they've had DKA, but if they want to, lower doses are less likely to be
associated with DKA than the full dose that many take for weight loss. I don't think it's a showstopper or deal-
breaker.

Q: What are the odds of the drug not getting to market?

Dr. Strumph: We're coming to the market.

Q: Has the safety committee reviewed the decision that the DKA cases were due to the pump
rather than the drug in view of recent reports?

Dr. Buse: The short answer is no because there was no DSMB. The longer answer is that it's arguable who
started the hoopla about this, but I think it was me, and the first case of DKA I saw was in this trial. One of the
two cases was in our site and was clearly a pump issue. There was other stuff going on. There was nothing
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euglycemic about this. The person's sugar was like 560 mg/dl. It was regular old DKA. I'm confident about
that case. I've seen the details of the other and it also seems like a pump malfunction and was not euglycemic.
It's not like the cases that have been reported.

Q: The euglycemic cases might stand out because they're unusual but if it's happening to
others, people might just be shrugging their shoulders.

Dr. Buse: We've done a database search. The index case for me was a person who, having seen the results in
this trial, decided to do it on her own with canagliflozin and her personal physician and she got DKA. I would
say there are a number of things SGLT-2 inhibitors do that might tip the balance. Less insulin exposure, more
glucagon, volume constriction - a number of things make it easier. Some are less likely with an SGLT-1/
SGLT-2 dual inhibitor. I've done a database search of 1,560 patients prescribed an SGLT-2 inhibitor and ten
cases seem to be ketoacidosis in the setting of SGLT-2 inhibitor therapy. Nine out of ten have a glucose under
300 mg/dl. It's mostly euglycemic. There are other cases of real DKA as well.

Dr. Strumph: It may be different with a dual inhibitor and I would like to provide data that it is different.
First, I believe we will at least meet what's out there on the market in terms of efficacy and based on lower
urinary glucose excretion. With less glucuresis, you have less likelihood of volume depletion. If that's true, and
we will have to demonstrate it, but that would be less of a known risk factor for ketoacidosis. Additionally,
we've seen a published preclinical study and since then some clinical studies showing that GLP-1 agonism
decreases ketosis and decreases glucagon. We have provided data in this study, in type 2 diabetes, in healthy
volunteers, and preclinically that GLP-1 increases with our drug and not with the selective SGLT-2 inhibitors.
So two risk factors for ketosis may be less with our drug. Again, that's forward-looking and we need data, but I
look forward to being in the race.

Q: When are you planning to launch in the EU and the US?

Dr. Strumph: We're in phase 3 and the completion date is public. I wouldn't have a job if I talked about the
launch date.

Q: What was the 24-hour increase in urinary glucose excretion?

Dr. Paul Strumph (Lexicon, The Woodlands, TX): We don't have the 24-hour urinary glucose excretion data
in type 1 diabetes, but we have data indicating a three-fold increase over three hours vs. placebo. We need to
provide that data at a later time. In our type 2 diabetes dose-ranging study, the 24-hour range was between 50
and 60 mg with sotagliflozin vs. 15-20 g with placebo. Urinary excretion plateaued at 200 mg/day and didn't
increase with the maximum dose of 400 mg/day yet glycemic efficacy was better, consistent with the
difference being the local effect on the GI tract of SGLT-1.

Q: How much ingested carbohydrate was not absorbed with sotagliflozin vs. control?

Dr. Strumph: We don't have data in humans.

Q: Is GLP-1 increased?

Dr. Strumph: It is increased. In the type 1 diabetes study we only measured it at the mixed meal at breakfast,
so we don't have full data in type 1 diabetes.

Dr. David Powell (Lexicon, The Woodlands, TX): When we treated diabetic mice with sotagliflozin, we saw a
marked increase in glucose in the small intestine and colon along with a decrease in the pH of colon contents,
which we assume is due to fermentation of glucose to short-chain fatty acids in the colon. This dramatically
increased circulating GLP-1 and PYY levels. The delayed glucose absorption, accompanied by blunted blood
glucose excursions and increased GLP-1 levels, are all due to SGLT-1 inhibition and contribute to the
improved glycemic control. We did not perform a study in these mice that quantitated the extent of glucose
absorption.

Dr. John Buse (UNC, Chapel Hill, NC): I bet you won't find much glucose in the stool. Malabsorption doesn't
really happen.
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Dr. Powell: I agree, what we see is delayed glucose absorption. Some of the glucose is ultimately absorbed as
short-chain fatty acids. This is an advantage because short-chain fatty acids are potent inducers of GLP-1 and
PYY release by the colon.

Q: Should I be concerned about GI side effects?

Dr. Buse: It seems simple. The answer is yes, you should be concerned given the discussion about SGLT-1
inhibitors, but now you should be relieved because we did the experiment and there were no GI adverse
events. There was mild nausea in three patients for one day early in therapy. It's not an unreasonable concern,
but it's largely been mitigated.

Dr. Powell: If you look at humans treated with SGLT-1 inhibitors or people who lack SGLT-1 and eat a diet
that contains some glucose, they may not have diarrhea from the dietary glucose but they may have
abdominal pain and nausea. The mechanism depends on delayed glucose absorption in the small intestine. If
enough glucose is eaten, they have symptoms. Humans lacking SGLT-1 tolerate glucose-containing diets over
time. Mice fed a glucose-containing diet have diarrhea after receiving a high enough dose of a selective
SGLT-1 inhibitor, but they adapt quickly. After a few days the diarrhea often completely resolves on the same
diet and same dose of the inhibitor.

Dr. Buse: If you swallow the tablet, SGLT-1 is on the luminal side, and you have liquid sotagliflozin flowing
past SGLT-1 and inhibiting those. Then the liquid keeps heading south and some is absorbed. How much of
the SGLT-1 inhibition is first-pass on the luminal side and how much is in a steady state between the plasma
and free exchange?

Dr. Powell: I don't know if there's much SGLT-1 inhibition from the systemic side. The SGLT-1 inhibition
appears to occur on the luminal side. In the laboratory, we incubated sotagliflozin with cells expressing
SGLT-1 and then tried to wash the sotagliflozin off. We found that the cells were unable to transport glucose
for many hours after washing. Either sotagliflozin has a slow off-rate from SGLT-1 or it gets into the cells,
can't be washed off, and somehow inhibits SGLT-1 this way. I don't totally understand the mechanism, but
this inhibition may be more prolonged for sotagliflozin than for most SGLT-1 inhibitors that have been
studied.

Dr. Buse: You have numerical insulin dose reductions that are similar across all meals and statistically
positive for breakfast. How much of that is the tablet tumbling in front of the meal?

Dr. Powell: I was surprised how long glucose transport mediated by SGLT-1 was inhibited in cultured cells
after sotagliflozin was washed off. I believe this effect explains why sotagliflozin has a prolonged ability to
inhibit intestinal SGLT-1 in individuals with diabetes.

Q: What happens to LDL?

Dr. Strumph: There's a small increase of 2-3 mg/dl, similar to SGLT-2 inhibitors. We don't have much data in
type 1 diabetes, but in type 2 diabetes it's consistent with the SGLT-2 selective inhibitors.

Q: What has given you the confidence to run phase 3 trials in parallel?

Dr. Strumph: It's the same confidence that has allowed all of the type 1 and 2 diabetes programs I'm aware of
to not do trials serially by the time you get to phase 3. I can't speak to what other SGLT-2 inhibitor companies
are doing in type 1 diabetes, but it's fairly common in diabetes, in type 1 diabetes insulin studies and type 2
diabetes insulin and molecule studies to do phase 3 in parallel. It's too prolonged a process with a limited
patent life to do long studies in series.

Q: What are the effects, if any, of sotagliflozin on blood pressure?

Dr. Strumph: It has been published in Diabetes Care that sotagliflozin demonstrated a reduction in blood
pressure in type 2 diabetes. It was a dose-ranging study with 60 patients per arm, and with systolic blood
pressure greater than 130 mm Hg, there was a reduction of 14 mm Hg. For normotensive people, a reduction
was not seen. That's very encouraging. The SGLT class tends to lower blood pressure, and we may be able to
define better utility in type 1 diabetes lowering blood pressure. In the current study, placebo lowered blood
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pressure 3.9 mm Hg and sotagliflozin lowered it 4.9 mm Hg, so there was no difference.Q: What would
happen if you added an alpha-glucosidase inhibitor?

Dr. Powell: Alpha-glucosidase inhibitors block absorption of glucose that is present in complex sugars. Unlike
sotagliflozin, they do not inhibit the absorption of simple glucose molecules. The effect of both together would
be additive at best in terms of efficacy.

Product Theater

INVOKANA: AN INDIVIDUALIZED APPROACH TO THE TREATMENT OF ADULTS WITH
TYPE 2 DIABETES (SPONSORED BY JANSSEN)

Serge Jabbour, MD (Jefferson University, Philadelphia, PA)

In this packed product theater, Dr. Serge Jabbour discussed J&J's Invokana's (canagliflozin) mechanism of
action, its utility across a broad range of adult patients with type 2 diabetes, its dosing and administration,
and its use in those with moderate renal impairment. He noted that in clinical trials, Invokana was effective
and well tolerated across various circumstances - as monotherapy, in dual therapy, in triple therapy, in
older patients, and with insulin. In particular, Dr. Jabbour highlighted that Invokana produced greater A1c
reductions, less hypoglycemia, and more weight loss compared to glimepiride. He pointed out that in
clinical trials, the top four most common adverse events were female genital mycotic infections (10-11%),
urinary tract infections (4.3-5.9%), increased urination (4-5%), and male mycotic infections (~4%). He
commented that if his patients experienced mycotic infections as a result of Invokana treatment, he would
not discontinue Invokana, but rather, treat the infection. In closing, Dr. Jabbour mentioned that Invokana
has been prescribed over 3 million times since launch, and has 75% preferred commercial and Medicare
access - in a product theater at AACE, Dr. James Gavin (Emory University, Atlanta, GA) noted that these
statistics are already out of date, as Invokana has now reached over 4 million prescriptions and achieved
80% coverage. During the subsequent panel discussion, Dr. Carol Wysham (Rockwood Clinic, Spokane, WA)
and Dr. Jabbour both commented that ketoacidosis has been a rare occurrence among individuals taking
SGLT-2 inhibitors; though this may be the case, Dr. Wysham intimated that these agents should be used
with caution for patients with type 1 diabetes.

PANEL DISCUSSION

Serge Jabbour, MD (Jefferson University, Philadelphia, PA), Carol Wysham, MD (Rockwood
Clinic, Spokane, WA), and Greg Mitchell, MD (Anne Arundel Medical Center, Annapolis, MD)

Q: Can you discuss the potential risk of ketoacidosis with Invokana?

Dr. Wysham: There were 20 reports of ketoacidosis [captured by the FDA adverse event reporting system]
among those who had been started on SGLT-2 inhibitor therapy. There is very little description of the cases
themselves. Some were individuals with type 1 diabetes. Some had a precipitating cause - surgery, trauma,
infection, dehydration. It appears to be a rare complication - over 400,000 patients or so received treatment
in the reporting timeframe. It does appear that things that affect dehydration/food intake may be the
precipitating cause. The problem is that we don't understand the patient characteristics in detail. We suspect
a significant proportion of them were on insulin, and that their doses were reduced upon starting the
medication. Furthermore, when they get normal glucose values, they feel like they don't need to take (as
much) insulin, so I suspect some patients made additional adjustments.

Dr. Jabbour: Janssen looked at 17,000 patients - 10,000 in their phase 3 trials, and 7,000 in other trials. The
incidence of ketoacidosis was less than 0.1%. It was very rare. There were only a small number of patients who
experienced ketoacidosis. I wouldn't change the way I practice on a daily basis because of this risk.

Dr. Wysham: We have patients with longstanding diabetes on MDI, and some are on insulin pumps. For those
individuals, I would contemplate measuring C-peptide before they use an SGLT-2 inhibitor, just to make sure
we are not dealing with someone who is so insulin deficient that they are at risk of ketoacidosis.

Q: Is there any difference between the three SGLT-2 inhibitors?
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Dr. Wysham: We don't have any head-to-head studies so it's really difficult to project any differences. There
was a small study that looked specifically at the differences in urinary glucose excretion with dapagliflozin and
canagliflozin. There was more urinary glucose excretion with canagliflozin. That's the only head-to-head study
I'm aware of, and it was in individuals without diabetes.

Dr. Mitchell: Canagliflozin is indicated for GFRs as low as 45, whereas dapagliflozin is only indicated for use
in patients with eGFRs of 60 or above. In comparing selectivity, dapagliflozin may be a bit more selective.
Canagliflozin has a bit of SGLT-1 inhibition, which may be the mechanism by which the 300 mg dose reduces
postprandial glucose absorption.

Q: Is there a benefit of SGLT-2 inhibitors versus GLP-1 agonists?

Dr. Wysham: There are no head-to-head studies comparing the agents in terms of A1c. Both are effective, and
both are associated with reductions in weight. Often times patients prefer orals over injectables.

Q: Are there any studies in type 1 diabetes?

Dr. Wysham: Phase 2 studies are in progress, but in light of the new reports of ketoacidosis, we should tread
very lightly on that therapy [for use in type 1 diabetes].

Product Theater

SGLT-2 AND DPP-4 INHIBITION: MULTIPLE OPTIONS FOR IMPROVED GLYCEMIC
CONTROL IN ADULTS WITH TYPE 2 DIABETES (SPONSORED BY LILLY/BI)

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

Dr. James Gavin provided an overview of clinical considerations for prescribing BI/Lilly's SGLT-2 inhibitor
Jardiance (empagliflozin) and SGLT-2/DPP-4 dual inhibitor Glyxambi (empagliflozin/linagliptin). He
placed a strong emphasis on the need for early combination therapy and extra-glycemic effects. At one point
in his remarks he made an implicit contrast to J&J's Invokana, stating that with Jardiance and Glyxambi,
there is no need to adjust dosing based on GFR, just a hard cutoff of 45 ml/min/1.73 m below which the2

drug is contraindicated. Conspicuously missing from the presentation was discussion of the cases of SGLT-2
inhibitor-associated ketoacidosis recently addressed by FDA. This was by far the audience's most significant
concern during Q&A. Dr. Gavin framed the unexpected ketoacidosis as a problem seen more in people
already under some other sort of physiological stress, people using the drug off label (e.g., people with type 1
diabetes), and as an issue that providers can teach patients to monitor and avoid.

Questions and Answers

Q: I see that the risk of ketoacidosis is on many people's minds.

A: The FDA announced a case series of some 20 cases or so. It is important to contextualize this. I don't want
to trivialize the fact that this was an important clinical observation in patients treated with SGLT-2 inhibitors.
These patients were mostly type 1 patients, so they were using the drug off label. There were a few type 2
patients as well. In most instances, again to contextualize this, these are patients who were already under
some form of stress. For example, surgical patients, hospitalized patients, patients who had reasons to be less
hydrated than they should have been, and patients who were probably under-insulinized in the face of high
glucagon levels, which would set up them up for increased ketone formation. Historically, the way we have
taught patients is to use their blood glucose as a signal for being aware of ketone levels. If the blood glucose
was high and they felt sick, that's when we've told them to check ketones. We know now with these SGLT-2
inhibitors, we've removed the hyperglycemic signal as an alert for checking ketones. So we have to revise our
old advice. Now we have to tell patients that if they are unable to remain hydrated or if they feel sick they may
need to start checking ketones independently of what their glucose level is. That's the only way we'll know.

Q: Was there any evidence of synergism in therapeutic efficacy for Glyxambi?

A: One thing we've been puzzled about is the absence of a dose response relationship as we go from a certain
dose to double or triple that dose. And then when we add different agents, if one agent has a 0.7% lowering of
A1c and the other has a 0.8% ability, we don't predictably always see 1.5% (additive) reductions or greater.
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That is simply not the physiology of these agents. And this is not new. We see this over and over. The only
explanation I can offer is the closer you get to normal, the more difficult it is to see huge leaps beyond that.
Which is why I'm encouraged by what I see with this fixed dose combination in the form of empagliflozin/
linagliptin. We're seeing people actually get to goal. This is 6.7-6.9% A1c. We see a level of efficacy that is still
highly impressive even if not synergistic. One other principle - we've talked about this for years. There is much
more benefit of submaximal doses of different agents working in concert than maximizing the dose of a single
agent. We're also seeing this come to light here.

Q: Has there been any trial of these drugs in teenagers?

A: I don't think there's a trial underway. There are some pediatric trials under way with some therapies
including a DPP-4 inhibitor. I am not aware of any SGLT-2 inhibitors and certainly nothing with a
combination product.

GLP-1 Agonists

Oral Presentations: The Evaluation of Lixisenatide in Acute Coronary Syndrome - The Results
of ELIXA

INTRODUCTION

Rafael Diaz, MD (Estudios Cardiológicos Latinoamérica, Rosario, Argentina)

Dr. Rafael Diaz provided some context for the ELIXA results by discussing the enormous burden of diabetes
and the associated excess risk of cardiovascular disease and mortality. He emphasized the complexity of the
factors that contribute to CV risk and the need for a treatment approach that addresses multiple risk
factors, including blood glucose. Notably, he focused specifically on the potential for cardioprotection with
GLP-1 agonists, saying that ELIXA was designed to assess the potential beneficial effects of lixisenatide as
well as its safety profile. This is somewhat surprising to us, as we might have expected speakers to
emphasize the study's primary objective of non-inferiority in order to discourage an overly negative
interpretation of the results.

ELIXA DESIGN AND BASELINE

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

This double blind study randomized 6,068 patients with type 2 diabetes 1:1 to the short-acting prandial
GLP-1 agonist Lyxumia (lixisenatide) or matching placebo. Patients were started on an initial dose of 10 ug/
day lixisenatide that was down- or up-titrated to a maximum of 20 ug/day during a seven-day run-in
period. All patients were within 180 days of an acute coronary syndrome event. The study's primary
composite endpoints were cardiovascular death, non-fatal myocardial infarction, non-fatal stroke, and
hospitalization for unstable angina. Secondary endpoints included all-cause death, the percent change in
urinary albumin/creatinine ratio from baseline to 108 weeks, the incidence of a primary endpoint +
hospitalization for heart failure, and the incidence of a primary endpoints + hospitalization for heart failure
+ coronary revascularization. In terms of baseline characteristics, there were no significant differences
between the groups' lipid profiles, other cardiovascular risk factors, or baseline medications. For
perspective, the international trial included 49 countries and 782 sites: 32% of patients were enrolled in
Lain America, 26% in Central and Eastern Europe, 12-13% in North America, Northern and Southern
Europe, and Asia Pacific, and 5% in Asia and Africa.

RESULTS

Matthew Riddle, MD (OHSU, Portland, OR) and Marc Pfeffer, MD, PhD (Brigham and
Women's Hospital, Boston, MA)

Results from the ELIXA CVOT for Sanofi's Lyxumia (lixisenatide) were resoundingly neutral. The hazard
ratio for MACE was 1.02 (95% CI: 0.89-1.17), and the hazard ratios were also neutral for the expanded
composite (MACE + unstable angina; HR 1.02 [0.89-1.17]), heart failure hospitalization (HR: 0.96
[0.75-1.23]), and all-cause death (HR: 0.94 [0.78-1.13]). No cardiovascular subgroup analyses deviated
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from neutrality and the Kaplan-Meier curves were fairly superimposable. Unfortunately, there was not
even a hint of cardioprotection emerging towards the end of the trial. There were very modest average
reductions in weight (0.7 kg [~2 lbs]) and systolic blood pressure (0.8 mmHg) with Lyxumia, with no effect
on heart rate for most of the trial following a transitory 1 BPM increase over the first few weeks.
Interestingly there was a slight attenuation in the usual rise in albuminuria over time (24% increase over
two years with lixisenatide vs 34% with placebo; p<0.01), although it was far from a conclusive signal and
there was no significant change in eGFR. Nausea and vomiting were increased roughly 3x but comparable
with other lixisenatide trials, with discontinuation in just under 5% of lixisenatide patients due to GI side
effects - this drove a very modest imbalance in overall adverse events (odds ratio: 1.3; 95% CI [1.1-1.5]),
though severe adverse events were balanced (odds ratio: 0.9; 95% CI [0.8-1.0]). We were glad to see that
there was no increase in pancreatitis or pancreatic cancer (neoplasms were actually imbalanced in
lixisenatide's favor).

▪ Primary outcome: There was no significant difference in the primary endpoints of MACE +
unstable angina: 13.4% (lixisenatide) vs. 13.2% (control). The hazard ratio was 1.02 (95% CI:
0.89-1.17; p<0.001). No subgroup analyses showed significant differences either: (i) cardiovascular
morality was 5.2% (lixisenatide) vs. 5.1% (control); (ii) fatal/non-fatal myocardial infarction was
8.6% (lixisenatide) vs. 8.9% (control); (iii) fatal/non-fatal stroke was 2.0% (lixisenatide) vs. 2.2%
(control), and unstable angina was 0.3% (lixisenatide) vs. 0.4% (control). Hazard ratios were 0.98
(95% CI: 0.78-1.22) for cardiovascular morality, 1.03 (087-1.22) for fatal/non-fatal myocardial
infarction, 1.12 (0.79-1.58) for fatal/non-fatal stroke, and 1.11 (0.47-2.62) for unstable angina. No
subgroup analyses (gender, race, racial category, or region) caused any heterogeneity for the primary
MACE+ outcome.

▪ Secondary outcomes: Hazard ratios were also neutral for the expanded composite: MACE +
unstable angina + heart failure hospitalization (HR 0.97 [0.85-1.10]); MACE + unstable angina +
heart failure hospitalization + coronary revascularization (HR 1.00 [0.90-1.11]); heart failure
hospitalization (HR: 0.96 [0.75-1.23]), cardiovascular mortality + heart failure hospitalization (HR:
0.97: 0.82-1.16) and all-cause death (HR: 0.94 [0.78-1.13]).

▪ Other outcomes: Stratification by history of heart failure did not deviate from neutrality either.
For heart failure hospitalization, hazard ratios were 0.93 (0.66-1.30) for patients with a history of
heart failure and 0.97 (0.67-1.40) for patients without a history of heart failure - heart failure
received slightly more attention due to recent theories of effects on heart failure with DPP-4
inhibitors, the other major type of incretin-based drug. For cardiovascular mortality + heart failure
+ hospitalization, hazard ratios were 0.97 (0.75-1.24) for patients with a history of heart failure and
0.96 (0.75-1.23) for patients without a history of heart failure.

▪ Glycemic control: There was a marginal improvement in A1c of 0.3% with Lyxumia that followed
a "Nike swoosh" pattern, falling immediately after treatment initiation but then rising with time. The
same relationship over time was seen with fasting plasma glucose, which dropped an average of ~5
mg/dl. Despite these improvements, the rate of hypoglycemia (28 per 100 patient-years) and severe
hypoglycemia (0.3 per 100 patient-years) in lixisenatide patients was not elevated relative to placebo
(26 per 100 patient-years and 0.6 per 100 patient-years, respectively).

▪ Cardiovascular risk factors: There were marginal improvements in weight (0.7 kg [~2 lbs]) and
systolic blood pressure (0.8 mmHg), with no effect on heart rate (+0.4 beats/minute). There was a
slight attenuation in the rise in albuminuria over time (24% increase over two years with lixisenatide
vs. 34% with placebo; p<0.01) highlighted in the presentation - there is no clear cause and this could
be a chance finding, but we hope it spurs at least some degree of further study.

▪ Non-cardiovascular side effects: Rates of diarrhea did not differ between the two arms though
nausea and vomiting were increased roughly 3x (odds ratio: 8.4; 95% CI [4.8-15.9]) - this increase is
comparable with other lixisenatide trials. There was a slight increase in the number of events leading
to discontinuation of treatment (odds ratio: 1.7; 95% CI [1.4-2.9]) driven largely by GI side effects on
lixisenatide patients (odds ratio: 4.2; 95% CI [2.9-6.2]). We were glad to see that there was no
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concern of systemic allergies associated with lixisenatide (5 events in each arm). Overall on-study
malignancy showed no concerning signals as well with 89 diagnoses in lixisenatide patients vs. 78 in
placebo. Sub-group analysis suggested no specific cancer rates were elevated either.

◦ Notably, there was also no significant increase in pancreatitis (8 events vs. 5
events), although the number of events was small. We hear it increasingly
acknowledged that acute pancreatitis may be a real side effect with incretin-based
therapies, although if it is the risk appears to be acceptably small.

▪ Changes in medications: There was an increase in the use of insulin, metformin, and SFUs in
patients on placebo and a slight decrease in patients on Lyxumia.

ELIXA IN PERSPECTIVE

Hertzel Gerstein, MD (McMaster University, Hamilton, Ontario, Canada)

Though not particularly adventurous in terms of speculation or hypothesizing, we thought Dr. Hertzel
Gerstein's presentation did a very valuable job contextualizing the results from ELIXA. At multiple points,
he put a positive spin on findings that could otherwise be perceived as neutral. For example, although the
primary finding of cardiovascular neutrality perhaps fell short of the most optimistic expectations, Dr.
Gerstein reminded the audience that glucose lowering is a proven and important goal in and of itself due to
the impact on microvascular complications. He also characterized the modest 0.3% A1c difference between
groups as a positive for lixisenatide; after all, investigators were using other agents in the placebo group to
try and achieve the same targets and lixisenatide still came out ahead in terms of A1c. Dr. Gerstein noted
that the unique study population (very high risk post-ACS patients) impacts how the findings can be
generalized - other GLP-1 agonist CVOTs, he noted, do not enroll patients at the same level of risk.

DISCUSSANT

Silvio Inzucchi, MD (Yale School of Medicine, New Haven, Connecticut)

Dr. Silvio Inzucchi offered a very astute take on the implications of the ELIXA results for the broader
questions surrounding type 2 diabetes drugs and cardiovascular disease. He began with a strong
endorsement of the trial's rigor and assured clinicians that it had convincingly answered the important
question of whether lixisenatide is associated with excess cardiovascular risk. He then reviewed the existing
data on the relationship between glycemic control and cardiovascular disease, concluding that sustained
glucose reduction appears to provide a benefit but that it accrues over a very long time period (certainly
longer than the duration of ELIXA and other CVOTs) and is likely attenuated in patients with existing
cardiovascular disease. With regard to the effects of specific drugs, Dr. Inzucchi discussed the limited data
available and emphasized the challenges of distinguishing the effects of specific agents from the impact of
glucose-lowering itself. Overall, he predicted that ongoing CVOTs for diabetes drugs are unlikely to
demonstrate cardioprotection unless a drug has dramatic off-target cardiovascular effect, which is unlikely.
He raised several important broad questions about whether these trials are being designed in the best way
possible and whether they are worth the enormous cost. However, he ended on a tantalizing note with a
picture of a theoretical future ADA/EASD treatment algorithm in which the long current list of second-line
therapies was simply replaced with a "drug X" that had achieved the "holy grail" of demonstrating CV
benefit.

PANEL DISCUSSION

Q: This was a very well done study telling us a lot of important messages. However, as a
clinical endocrinologist looking into aspects of hypoglycemia, it might be of interest to see
what the change in insulin dose was. We've been told that the same number of people were on
insulin in both groups, and the same with sulfonylureas, yet the protocol asked for a
reduction.

Dr. Pfeffer: This was the first presentation and the data just went to the academic group for analysis. I can tell
you the numbers but I don't have granularity at this point.
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Dr. Riddle: It's a good question. We have access to the data but it hasn't been analyzed, which we hope to get
to soon enough. It will be interesting to know exactly how the doctors at the sites did manipulate the dose and
what relationship the changes had to any outcomes.

Q: I noticed that there were regional differences in different parts of the world. What was the
result in the Asian subgroup? Was it better than in the rest of world?

A: At this moment, I can't tell you about the subgroups. We're working on that analysis. Quite naturally, some
groups are going to be on one side or the other. No group was out far enough that it caught our eye. Notably,
North America was in the right direction. We still have to figure out the numbers.

Press Conference: ELIXA

ELIXA PRESS CONFERENCE - SELECTED Q&A

Matthew Riddle, MD (OHSU, Portland, OR) & Dr. Marc Pfeffer, MD, PhD (Brigham and
Women's Hospital, Boston, MA)

Q: If there is no benefit, why take this drug and subject patients to adverse events?

Dr. Riddle: This was not a glucose control comparison trial. This was a trial designed to see if there was any
risk with this drug compared to other forms of treatment used. There was the possibility that the drug itself,
independent of glucose control, could have favorable or unfavorable effects. In clinical practice, all diabetes
drugs are used sequentially and in combination, with the goal of attaining the best possible glucose control
without undue side effects, namely hypoglycemia. In another setting than this trial design, it seems rather
likely that GLP-1 agonists could be used to improve glucose control, thereby reducing microvascular
complications. Long term data from trials like DCCT/EDIC and UGDP show that glucose control can protect
against cardiovascular disease. There is no reason from these results not to use GLP-1 agonists as another tool
in the toolbox to maintain good glucose control.

Q: When GLP-1 agonists were first introduced, there was a hope that they would improve
cardiovascular disease. Now these studies are coming out neutral. Are we content with these
safety trials?

Dr. Pfeffer: It depends what you mean by working. They work by lowering A1c, and that can be proven with
200 patients. This safety issue is another elusive story, and we're giving you the first installment. It's my
understanding that there are four other trials with different designs looking at cardiovascular end points.
None will have 15-year follow up, so we're all looking for short-term benefit, which in our case was not there,
nor was there any short-term harm.

Q: Are your results transposable to other GLP-1 agonists, especially the longer-acting ones?

Dr. Riddle: The results are probably generalizable to broad populations since we had such a diverse collection
of patients enrolled, but the generalizability of these findings for an individual GLP-1 agonists to the entire
class is less certain. Especially vs. the longer-acting agents, the effective duration of action is very different.
Whether this has an effect on cardiovascular risk or not is completely unknown. We know it has an effect on
the best concurrent therapies. We advised investigators on the use of insulin and sulfonylureas during the
daytime to protect against daytime hypoglycemia. Fortunately, as you know, there are other long-term safety
trials being done with other long-acting GLP-1 agonists.

Q: You mentioned side effects like nausea. If the hope of benefit is only after 20 years of
treatment, does this mean that we should not use this drug for patients over age 60 who may
not reach another 20 years?

Dr. Pfeffer: From a cardiovascular point of view, we've always felt that concentrating on known conventional
risk factors like lipids and blood pressure is what we should really be doing. But there is a focus on A1c not
just for cardiovascular reasons. To treat the whole patient, we can't ignore the other effects of glycemia.
Nausea and vomiting are true side effects, but when you look at severe adverse events there was no difference
vs. placebo. If a patient has trouble tolerating the agent, they of course should not be taking it, but most
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patients did not have serious trouble. Then it's a question of how you can best control a person's glucose over
their lifetime.

Dr. Riddle: A sixty-year-old patients who is reasonably healthy at that age has upwards of twenty years life
expectancy, which is plenty of time to accrue microvascular complications like retinopathy and neuropathy,
which affect quality of life. There is some reason to predict that intervention at that age will make a difference
for some patients, even if there is no effect on cardiovascular disease. Another point is that other agents we
might use to treat glucose have other significant side effects. Insulin has hypoglycemia risk. This class has
nausea in the range of 3-5% of patients who find it unacceptable. The proportion is about the same for
metformin. Everyone is apparently enthusiastic about metformin, but about 5% of people can't tolerate it.

Q: When you and your team designed ELIXA, was it clear from the beginning that this would
only be a trial to rule out excess risk, or did you think it had the potential to show superiority?

A: In the design phase of this trial, the executive committee wanted the resources to do a superiority trial,
which we did. We had enough events to be able to say that in this patient population, we did not see a benefit.
We could have simply met the FDA guidance with a simpler and smaller study. We met the FDA guidance, we
are safe by that rule, and we are comfortable telling you that we could not find a cardiovascular benefit.

Q: Is there any plan for a passive follow-up of this cohort to see if a benefit could emerge later
on?

A: That is not happening, but what we will be able to do is further probe this data with biomarkers, dissecting
out the population for risk based on novel biomarkers and conventional biomarkers.

Q: In terms of the amount of information that clinicians are getting out of these cardiovascular
safety trials, is it panning out to be worthwhile, or could these resources be better used to do
outcomes studies that would compare different regimens in a way that might show a benefit of
one regimen over another?

Dr. Pfeffer: This question has nothing to do with our trial but with the climate in general. In 2008 when the
question was raised whether these drugs were helping or hurting patients, the response was what you're
seeing. There are 140,000 human beings randomized into trials like others. This is the issue we have when an
approval process is based on a surrogate, be it blood pressure, LDL, or hemoglobin A1c. You can get approved
by doing something nice to the surrogate, but always in the back of your mind you'll have that question. So,
where should resources be spent? I feel very comfortable providing reassurance in this high-risk patient
population, but in the absence of that we were dealing with a vacuum.

Oral Presentations: Combining Basal Insulin and GLP-1 Agonists

INSULIN DEGLUDEC/LIRAGLUTIDE (IDEGLIRA) IS SUPERIOR TO INSULIN GLARGINE
(IG) IN A1C REDUCTION, RISK OF HYPOGLYCEMIA, AND WEIGHT CHANGE: DUAL V
STUDY (166-OR)

John Buse, MD, PhD (UNC, Chapel Hill, NC)

Two years after taking the podium at ADA to present the strong results from the DUAL I study on Novo
Nordisk's GLP-1 agonist/basal insulin combination Xultophy (IDegLira; insulin degludec/liraglutide), Dr.
John Buse returned to the podium to present the first phase 3 trial comparing Xultophy and class-leading
basal insulin Lantus (insulin glargine). The study randomized 557 patients with type 2 diabetes already on
Lantus + metformin to either intensify their Lantus therapy or switch to Xultophy. The results this time
around were just as impressive as for DUAL I: after 26 weeks, Xultophy led to a 1.8% A1c decrease from a
baseline of 8.4% to a striking final A1c of 6.6%; Lantus intensification led to a 1.1% reduction in A1c from
8.2% to 7.1%; the treatment difference was 0.6% and was statistically significant (p<0.001). Those who
know the DUAL I data will know that the benefits do not stop there. Xultophy boasted a more than 3kg
(~7lb) weight benefit vs. Lantus (-1.5kg [~3lb] absolute weight loss from baseline). Xultophy caused 57%
fewer episodes of confirmed hypoglycemia (p<0.001) and a stunning 83% reduction in nocturnal
hypoglycemia (p<0.001). There were also increases in certain quality of life metrics and 5.5 times more
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patients with Xultophy who achieved an A1c below 7% without hypoglycemia and weight gain. Incidence of
nausea was below 4% throughout the trial; there were more subjects (58% vs. 51%) with adverse events but
fewer severe adverse events with Xultophy. When compared beside new basal insulins that are struggling to
show benefits vs. Lantus, these and other DUAL program results look quite compelling. We learned during
Novo Nordisk's analyst event at ADA (see our ADA Exhibit Hall and Corporate Updates Report) that the
company will hold off on submitting Xultophy in the US until later this year, even though it has already
resubmitted Tresiba (insulin degludec). This means that Xultophy is unlikely to become available in the US
until late 2016 at the earliest.

▪ Q&A Highlights: Dr. Philip Home (University of Newcastle, Newcastle Upon Tyne, UK) and Dr.
Naveed Sattar (University of Glasgow, Glasgow, UK) questioned whether DUAL V tested a fair
comparison. Dr. Sattar noted that it was essentially a test of two drugs vs. one, although Dr. Buse
made the good counterargument that it was a test of one injection vs. one injection. Dr. Home
pointed out the potential for biased responses because DUAL V was open label - Dr. Buse pointed to
DUAL II, a blinded trial in which Xultophy had similar efficacy. In response to a question of what to
do in the sizable percent of patients that reached the maximum Xultophy dose, Dr. Buse speculated
(after multiple disclaimers that what he was about to say involved very off-label use) that "creative"
clinicians might double-dip from the same pen to achieve a higher maximum dose, especially
because a >1.8 mg dose of liraglutide (Saxenda) has been approved.

▪ Study Design: DUAL V was an open label, randomized, phase 2b trial enrolling 557 type 2 diabetes
patients for 26 weeks of treatment. Previous trials like DUAL I and DUAL II have compared
Xultophy against one or both of its component drugs, whereas this trial was intended to shape
clinical decision-making for providers of the many patients on Lantus that need improved glycemic
control. Patients were randomized to either stay on Lantus, intensifying treatment as per a treat-to-
target titration protocol, or to switch to Xultophy. The starting dose of Xultophy was pre-specified at
16 dose steps (16 U insulin degludec, 0.6 mg liraglutide) - as a result, a secondary goal of the trial
was to confirm that switching patients from Lantus to Xultophy could occur smoothly and without
greatly diminished glycemic control.

▪ Baseline Characteristics: Average age was around 60 years, average BMI was 32 kg/m , mean2

diabetes duration of 11-12 years, and mean A1c of 8.3%. All patients were on insulin glargine +
metformin at baseline, with a mean pre-trial insulin dose of 31-32 U.

▪ Efficacy Results:

◦ A1c: From a baseline of 8.4%, the Xultophy group experienced a mean A1c reduction of
1.8%, reaching a strikingly low mean final A1c of 6.6%. By comparison, the group
continuing and intensifying their Lantus therapy saw a change of -1.1% from a baseline of
8.2% to a final A1c of 7.1%. The difference in the A1c reduction was 0.6% in favor of
Xultophy.

◦ Fasting Glucose: There were no significant differences in fasting glucose over the course
of the trial. If anything, at early points it seemed that the Xultophy group had a slightly
lower mean FPG. The significance here is that patients were able to maintain glycemic
control even when switching over to a 16 unit dose of Xultophy from their previous Lantus
dose.

▪ Body Weight: Not only did Xultophy hold a 3 kg (~7 lb) weight advantage in terms of weight gain
reduction over Lantus, patients on Xultophy actually lost weight (-1.4 kg [~3 lbs]) from baseline.

▪ Hypoglycemia: Patients on Xultophy had a statistically significant 57% lower risk of confirmed
hypoglycemia than patients on Lantus (p<0.001). Even more positively for Xultophy, the
combination led to a massive 83% reduction in nocturnal confirmed hypoglycemia (p<0.001) based
on a smaller but still considerable number of events (195).

▪ Composite endpoints: In presentations of DUAL data, investigators have done a good job of
showcasing Xultophy's comprehensive benefits by presenting comparisons of the percentage of
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patients who achieve target A1c without hypoglycemia or weight gain. In this trial, 39% of patients
achieved A1c targets with Xultophy vs. 12% with Lantus (p<0.001), for an odds ratio of 5.5.

▪ Insulin dose: Patients in the Xultophy group leveled off at a mean dose of 41 dose units, whereas
patients in the Lantus group experienced a continued climb, ending at 66 units at the end of the
trial.

▪ Quality of life: Across the board in an SF-36 health-related quality of life questionnaire taken at
the end of the study, Xultophy scored higher (or at least trended higher) than Lantus. The summary
of physical quality of life showed a statistically significant difference in Xultophy's favor, while the
mental quality of life composite was a non-significant trend in Xultophy's favor. More detailed
quality of life data from DUAL V was published independently as a publish-only abstract (2550-PO).

▪ Adverse events: The rate of patients experiencing adverse events over the trial was higher with
Xultophy than with Lantus (58% vs. 51%). Beyond noting that nausea was higher in the Xultophy
group (though notably always below 4% - quite good given the GLP-1 agonist component), we did
not get to see what else contributed to the imbalance. In contrast, the imbalance in serious adverse
events tipped in Xultophy's favor (3.9 vs. 6.7 SAEs per 100 patient-years).

◦ In a qualitative description of adverse events, we learned that: (i) CV events
were balanced between groups, with one stroke with IDegLira and one CV death with
Lantus; (ii) There were no confirmed events of acute pancreatitis; (iii) There were two
confirmed malignant neoplasm events with Xultophy and one treatment emergent
confirmed event of metastatic pancreatic carcinoma in a subject previously treated with
Xultophy; and (iv) there were no confirmed medullary thyroid carcinoma cases.

Questions and Answers:

Q: This seems to be a comparison of two drugs vs. one. Wouldn't it be fairer to study IDegLira
vs. insulin glargine plus liraglutide given separately, the way you have to give them currently?

A: There are other studies that have compared basal insulin + GLP-1 vs. basal plus bolus insulin. The
difference in A1c in those trials was less, but the relative benefit for hypoglycemia was greater. I think this is a
fair fight because we're comparing one injection vs. one injection. The commonly used approach for type 2
diabetes is to just keep pushing the one injection. But yes, there is lots of room for many more studies.

Comment (Dr. Philip Home [University of Newcastle, Newcastle Upon Tyne, UK]): Few of us
would treat patients failing glargine alone with glargine alone. It seems to be an irrelevant
comparator. Isn't there also a scientific problem with an open label study where you take some
people on insulin glargine and move them to a new therapy? This could have impacted
hypoglycemia and especially the quality of life questionnaire results.

A: There is a blinded study, DUAL II, where the insulin dose was capped and the primary goal was to examine
the contribution of liraglutide. The results were similar in some ways, giving us reassurance that there can be
meaningful results even in blinded situations. Secondly, the titration was conducted with equipoise and at the
end of the trials the fasting glucose levels were essentially identical. Finally, in endocrine practices in the US
and around the world, for patients with A1cs around the mid 8% range, the standard practice is to continue
titrating insulin. I think this is a relevant comparison. That said, there is definitely room for further studies to
examine other relative effects. Comparative effectiveness is going to be an important area for many years to
come.

Q: In terms of patients at the maximum dose reached in treat-to-target, what options are there
to keep pushing further with IDegLira?

A: The on-label use in this product, which is available in Europe, is that you would need to add something
else. That could be an oral agent, but we don't have many studies with SGLT-2 inhibitors combined with
GLP-1 agonists, and certainly no studies of GLP-1 agonists, SGLT-2 inhibitors, and insulin combined on
background metformin. Another possibility would be to add bolus insulin or more basal insulin. That decision
would be based on patient characteristics. The off-label thing that one could … hallucinate, since GLP-1 doses
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higher than 1.8 mg are approved for obesity … one could have a very high-order hallucination about taking
another dip on the same pen, continuing to increase the dose of the GLP-1 analog and basal insulin. But we
have zero evidence on that. I know creative clinicians will find all kinds of things to do when a product is
available.

ASSESSMENT OF GLYCEMIC CONTROL BY CGM IN PATIENTS WITH T2D TREATED WITH
IDEGLIRA (170-OR)

Allen King, MD (Diabetes Care Center, Salinas, CA)

Dr. King presented the results of a post-hoc analysis of a DUAL I extension substudy examining changes in
glycemic fluctuations over 52 weeks in insulin-naïve patients with type 2 diabetes treated with Xultophy
(IDegLira; insulin degludec/liraglutide) (n=131) versus insulin degludec (n=64) or liraglutide (n=65) alone.
72-hour continuous glucose monitoring was performed at baseline and at 52 weeks, which showed that
IDegLira treatment was associated with a greater reduction in mean interstitial glucose (IG) than
liraglutide (p<0.0001), a greater reduction in postprandial IG versus insulin degludec (p=0.0288), and a
greater reduction in time out of range versus liraglutide (p=0.0072). Dr. King commented that these
observations may have contributed to the greater A1c reductions seen with IDegLira than with either
component medication in the DUAL I study. For detailed information about DUAL I baseline characteristics
and methodology, please see our coverage of the initial 26-week results presented at ADA 2013.

▪ IDegLira treatment was associated with a greater reduction in mean interstitial
glucose (IG) than liraglutide (p<0.0001), a greater reduction in postprandial IG
versus insulin degludec (p=0.0288), and a greater reduction in time out of range
versus liraglutide (p=0.0072). Mean IG decreased 63.1 mg/dl, 64.9 mg/dl, and 45.0 mg/dl
from baselines of 180-184 mg/dl with IDegLira, insulin degludec, and liraglutide treatment,
respectively. Postprandial IG changed an average of -9.0 mg/dl, 3.6 mg/dl, and -3.6 mg/dl from
baselines of 25-27 mg/dl with IDegLira, insulin degludec, and liraglutide treatment, respectively.
Time outside of the IG target range (70-162 mg/dl) at the end of the study were 3.2 hours, 3.8 hours,
and 5.6 hours from a baseline of 14-15 hours with IDegLira, insulin degludec, and liraglutide
treatment, respectively.

Questions and Answers:

Dr. Philip Home (Newcastle University, Newcastle, United Kingdom): Nice study, and nice
data. I just want to make a plea. These are supposed to be scientific sessions. There are things
called standard deviations, confidence intervals, [etc.,] that would allow me to understand
your data. Can we ask that that these have conventional measures of dispersion to go with the
mean?

A: Some of the data was statistically analyzed, but the duration of the talk did not allow me to discuss them.

SUPERIOR EFFECTS WITH COMBINATION OF INSULIN DEGLUDEC (IDEG) AND
LIRAGLUTIDE (LIRA) (IDEG+LIRA) COMPARED WITH BASAL-BOLUS INSULIN THERAPY
(BB) IN HEMODIALYSIS (HD) PATIENTS WITH POORLY CONTROLLED TYPE 2 DIABETES
(T2D): AN ASSESSMENT BY CONTINUOUS GLUCOSE (171-OR)

Satoshi Funakoshi, MD, PhD (Jikei University, Tokyo, Japan)

Dr. Satoshi Funakoshi presented a unique study investigating the effects of GLP-1/basal insulin combination
therapy on glycemic variability and control in 12 dialysis patients. For background, dialysis presents a
challenge for glucose management because it can cause hypoglycemia. A potential mechanism to explain
this effect is that glucose is cleared more quickly through the hemodialysis membrane than is insulin, so
patients undergoing dialysis experience a temporary hyperinsulinemic state. Dr. Funakoshi's study sought
to compare the efficacy of basal insulin + GLP-1 agonist therapy (Tresiba + Victoza) compared to basal-
bolus insulin therapy (Tresiba + Humalog) for controlling fasting plasma glucose and glucose variability in
type 2 diabetes patients on dialysis. In this study, patients started on basal-bolus therapy and then
transitioned to GLP-1/basal therapy. Glycemic variability was measured by CGM. As shown in the table
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below, during the basal-bolus portion of the study, patients experienced worse glycemic variability on days
where they got dialysis (p<0.05 for mean amplitude of glucose excursions [MAGE] off vs. on). However,
transitioning to GLP-1/basal therapy cut MAGE in half for both on and off dialysis days (p<0.05 for basal-
bolus compared to GLP-1/basal), and the difference between on and off dialysis days was no longer
significant. The GLP-1/basal combination also improved FPG. In conclusion, this small study suggests that
the combination of insulin degludec and liraglutide can both improve glycemic control and glycemic
variability in dialysis patients. This further bolsters GLP-1 agonists' utility in patients with renal
impairment, who may not be able to use therapies like SGLT-2 inhibitors or even metformin.

Table: Glucose variability (MAGE) and fasting plasma glucose (FPG)

Off-dialysis days On-dialysis days

Basal-bolus MAGE = 108 mg/dL

FPG = 166 mg/dL

MAGE = 133 mg/dL

FPG = 145 mg/dL

GLP-1/basal MAGE = 55 mg/dL

FPG = 131 mg/dL

MAGE = 75 mg/dL

FPG = 118 mg/dL

Questions and Answers

Q: The GLP-1 agonist label says not to use these drugs in people with renal failure. What is the
PK of liraglutide in people on dialysis?

A: Insulin degludec and liraglutide are not removed by dialysis, and that is the point. The PK profile is not
affected, as published last year.

Q: Did you look at the proportion of patients experiencing hypoglycemia both on and off
dialysis?

A: We did not see any symptomatic hypoglycemia. During hemodialysis, the glucose drops not only because of
the insulin issue, but also removing toxins improves insulin resistance peripherally. Removal of fluid
improves over-hydration, which improves insulin resistance. pH goes up, which encourages glucose to go into
cells. So all the factors push down glucose at the end of hemodialysis, but for some reason we did not
experience symptomatic hypo.

LEAST GLUCOSE VARIABILITY AND HYPOGLYCEMIA IS OBSERVED WITH THE
COMBINATION OF A GLP-1 RECEPTOR AGONIST AND BASAL INSULIN (VARIATION
STUDY) (167-OR)

Harpreet Bajaj, MD, MPH (LMC Diabetes and Endocrinology, Toronto, Canada)

Dr. Harpreet Bajaj provided interest-piquing if not completely surprising evidence that the combination of a
basal insulin and a GLP-1 receptor agonist (RA) provides the least glycemic variability among several
commonly used insulin regimens. The study enrolled 150 subjects (ages 18-80) with A1cs ≤7.5% who were on
one of four stable diabetes regimens containing insulin for six months prior to the study (basal insulin + oral
agent, basal insulin + GLP-1 RA, premixed insulin, MDI basal bolus regimen). In the six-day protocol,
subjects continued their existing lifestyle and treatment regimens and were monitored with masked CGM as
well as SMBG (≥4 times daily). A combination of a basal insulin + a GLP-1 RA resulted in significantly lower
daily standard deviation of glucose than alternate regimens (SD = ~31 mg/dl vs. ~34 mg/dl with basal +
oral agent, ~36 mg/dl with premixed, and ~38 mg/dl with basal-bolus MDI). Both the basal insulin + oral
agent and basal insulin + GLP-1 RA regimens resulted in significantly lower self-reported hypoglycemia
than the premixed or MDI regimens (basal + oral agent = 20% hypo rate, basal + GLP-1Ra = 17%, premixed
= 35%, basal-bolus = 57%). Overall, the authors concluded that a combination of basal insulin + GLP-1 RA
provides the least variability versus three commonly prescribed insulin regimens. While the difference in
standard deviation was perhaps slightly more modest than we might have expected vs. MDI, but a ~20%
improvement is still highly meaningful and could mean substantially less time at extreme ranges.
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SYNERGISTIC ACTION OF PE0139, A SUPER-LONG-ACTING BASAL INSULIN, AND PB1023 A
WEEKLY GLP-1 RECEPTOR AGONIST (168-OR)

Jim Ballance, PhD (PhaseBio Pharmaceuticals, Malvern, PA)

Dr. Jim Ballance presented pre-clinical data suggesting that PhaseBio's long-acting basal insulin, PE0139,
and weekly GLP-1 agonist, PB1023, could have synergistic effects when combined. For background, both
agents use PhaseBio's ELP biopolymer technology to prolong half-life. The GLP-1 agonist (PB) is in phase 2
and the insulin (PE) in phase 1. This db/db mouse study found that both PE and PB were inadequate as
monotherapy for bringing glucose levels within control in response to an intraperitoneal glucose tolerance
test. However, the combination of the two products normalized glucose control in a greater-than-additive
fashion, even when lower doses of each individual component were used compared to the doses used in the
monotherapy arms. Synergistic (more than additive) efficacy has not been seen in the largest clinical trials
of GLP-1 agonist/basal insulin combinations, although it is far from certain whether these preclinical results
can be duplicated in humans. Dr. Ballance remarked that PhaseBio plans to commence a six-week phase 2
multiple ascending dose study with basal insulin PE in 2H15 with a PE/PB combination study to follow.

▪ For background, PE0139 and PB1023 use PhaseBio's elastin-like polypeptide
technology (ELP) to extend half-life. The ELP is a set of repeating five amino acid sequences
(VPGXG where X is any amino acid except proline). The ELP polymer, when fused to a peptide of
interest, confers a longer half-life to the peptide of interest by allowing the fusion product to
undergo the process of "coacervation" under specific temperature and solvent conditions.
Coacervation is a liquid-liquid phase separation, rendering the drug either available or not available
to be absorbed. By varying the number of repeats in the ELP, the concentration of the protein, the
concentration of salts in the solvent, and the hydrophilicity of the protein, one can control at what
temperature the phase separation occurs and, thus, control the temperature at which the drug
essentially becomes available to be absorbed. Thus, one mechanism by which ELP prolongs a drug's
half-life is via this slow, controlled release. The other mechanism is that ELP prolongs the protein's
circulatory half-life by reducing clearance from circulation.

Questions and Answers:

Q: Yesterday we learned [with Lilly's basal insulin peglispro] that if you have a large
hydrodynamic range, you get liver specificity with unwanted side effects. Did you test any of
that with these insulins?

A: We haven't studied it or seen anything yet but it's something we will look out for.

Q: What happens to absorption if body temperature goes up or down [given that the effect of
ELP is dependent on temperature]?

A: From a safety perspective, if the patient has an elevated temperature what will happen is the depot will be
more stable. If you have someone plunging into an ice bath then that's something one would have to look at.
What we have studied so far is a prelude to longer study - we looked at what would happen if someone took
the product directly from the fridge and injected it. There was no difference in PK there. It doesn't matter if
it's cold when you inject it as long as it gets to the right temperature in your body.

Q: In the phase 2 study of your GLP-1 agonist, what did you see in terms of weight loss? I ask
because the proportion of active moiety seems pretty small.

A: We didn't see a big change in weight, but we also had liraglutide as a control arm, and we didn't see weight
loss in that group either. In any case, based on the protein's structure, one would expect similar weight effects
as dulaglutide or albiglutide.

Q: Have you looked into temperature variability systematically?

A: We have done one single ascending dose study so far. In the presentation yesterday, the error bars were
very small so at least in that small group, it didn't seem to be very variable, but we'll obviously have to look at
that going forward. The multiple ascending dose study is our next study.
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ONCE-WEEKLY COMBINATION OF GLP-1R AGONIST AND INSULIN (HM14220) OFFERS
IMPROVED GLYCEMIC CONTROL AND REDUCED WEIGHT GAIN RISK (172-OR)

Michael Trautmann, MD (Profil Institute for Clinical Research, San Diego, CA)

Dr. Michael Trautmann presented promising results from a series of early explorations of a novel once-
weekly GLP-1/insulin combination from Hanmi Pharmaceuticals. Developed via the LAPSCOVERY
platform, the compound is a combination of insulin 115 (phase 1 in the US), and efpeglenitideLAPS

(HM11260C; an exendin-4 analog, phase 2b), which both have ultra long acting profiles suitable for weekly
dosing. A combination of these compounds has shown similar PK/PD profiles to those of each product alone.
When administered as a co-formulated once weekly product to diabetic rodents, the combination of LAPS

insulin 115 resulted in greater A1c reductions than either product alone. Additionally, in a mild type 2
diabetes animal model, the weight gain seen with insulin 115 was neutralized by the combinationLAPS

product. Notably, in switching studies, switching diabetic mice to treatment with the combo after anLAPS

initial 14 days of treatment with glargine resulted in significantly greater A1c decreases at six weeks versus
either staying on glargine or switching to insulin 115. Similar results were seen in studies where miceLAPS

were initially treated with liraglutide rather than glargine. These initial results are promising, as we feel a
once weekly combination product could indeed improve adherence. We look forward to data from human
studies on the topic, particularly to better understand how a once weekly product fares in face of every day
glucose variations.

Oral Presentations: Update on GLP-1 Receptor Agonists

CLINICAL IMPACT OF ITCA 650 IN TYPE 2 DIABETES: A RANDOMIZED, DOUBLE-BLIND,
PLACEBO-CONTROLLED, 39-WEEK TRIAL (276-OR)

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

Results from Intarcia's pivotal phase 3 FREEDOM-1 trial for the implantable exenatide mini-pump
ITCA-650 were fairly strong, and even better in a pre-specified subgroup analysis. In FREEDOM-1 (n=460),
the mean A1c reduction for the overall ITCA-650 group was 1.4% at the end of the trial (mITT analysis), and
from the graph we would expect the placebo-adjusted efficacy to be around 1.1%. Notably, a pre-specified
secondary analysis of efficacy by concomitant therapy found that patients not on a sulfonylurea did far
better in terms of A1c reduction from baseline to week 39 (1.7% from baseline; we estimate ~1.4% placebo-
adjusted) than those on a sulfonylurea (1.2% from baseline; we estimate ~0.9% placebo-adjusted). It looked
to us like the SFU group was beginning to see the deterioration of glycemic control that is characteristic of
the drug class, with an upswing in A1c towards the end of the trial. Especially because it was prespecified,
we see these stronger results in non-SFU-taking patients (likely to be earlier-stage diabetes patients on
average) as pretty persuasive. In terms of efficacy, the higher 60 mcg/day dose appeared to barely beat out
the 40 mcg/day dose without much of a safety/tolerability sacrifice. ITCA-650 drove 2% placebo-adjusted
weight loss from baseline at the higher dose, and from the abstract it looks like weight was still decreasing
at the end of the trial. Composite outcome analyses showed that ITCA-650 helped more patients achieve a
1% or greater A1c reduction plus a >5% decrease in weight (21% and 17% with the two ITCA-650 doses vs.
6% with placebo).

▪ We were surprised that there was absolutely no hypoglycemia data presented - we hope
to see those results soon, and would expect to see the results here to be worse in SFU users as well.

▪ ITCA-650 was associated with GI tolerability issues for some patients, although most
of the risk was right around initiation and dose increases. Around 30% of patients on
ITCA-650 40 mcg/day and 31% of patients on the 60 mcg/day dose experienced nausea vs. 10% on
placebo; 19%-24% of ITCA-650 patients experienced vomiting vs. 2% on placebo. These issues were
the primary drivers behind an imbalance in adverse events leading to discontinuation between the
ITCA-650 group (9%-12%) vs. placebo (4%) - keep in mind that "discontinuation" means device
removal in this case, not just the cessation of taking a pill or injection. Providing some reassurance,
presenter Dr. Julio Rosenstock (Dallas Diabetes and Endocrine Center, Dallas TX) did display data
indicating that the vast majority of nausea cases occurred during initiation or dose escalation,
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returning to much lower background levels (<5%) afterwards. This fact should make the issue
manageable, though we wish there was some way to more gradually step up the dose as can be done
with some injectable GLP-1 agonists.

▪ Importantly for the patient experience, administration site events (bruising,
irritation) were generally mild and transient. Intarcia has gone to great lengths to focus on
the patient experience, including totally reworking the insertion procedure to make it much quicker
and easier, a push that appears to have paid off.

EFFICACY AND SAFETY OF LIRAGLUTIDE ADDED TO INSULIN IN TYPE 1 DIABETES: THE
LIRA-1 TRIAL (277-OR)

Thomas Dejgaard, MD (Steno Diabetes Center, Gentofte, Denmark)

This study, out of the prestigious Steno Diabetes Center, randomized poorly controlled, overweight type 1s
to liraglutide 1.8 mg + insulin (n=50) vs. insulin alone (n=50). At 12 weeks, A1c declined 0.6% in the
insulin+liraglutide group and 0.2% in the insulin-only group (p=0.001; baseline: 8.8%), but the placebo
group had caught up by 26 weeks (-0.6% vs. -0.4%; p=0.15). [This was consistent with some anecdotal
reports that the effect of liraglutide may "wear off" in some type 1s over time, perhaps necessitating cycling
on and off it - we look forward to seeing Novo Nordisk's longer-term type 1 data to address questions like
this.] Liraglutide did cause very significant reductions in body weight at 26 weeks (-6 kg vs. +0.23 kg;
p<0.01), much less need for additional insulin (+4 units vs. +14 units; p<0.01), and a non-significant trend
towards less hypoglycemia. It was surprising to see that more insulin was needed in the liraglutide arm, but
that probably speaks to the poorly controlled population and how aggressively the trial titrated patients'
insulin - certainly, an additional 4 vs. 14 units is 70% less additional insulin, which is what we would expect
with liraglutide in type 1. This trial is now published in BMJ.

▪ This study was notable for a few reasons: (i) a randomized trial of liraglutide in type 1 (these
have been single arm to date); (ii) studied in poorly controlled patients, a challenging and very
important population to study; and (iii) included CGM (we don't know which one and would not
have been surprised if it were older CGM models that were less accurate).

▪ Two phase 3 trials investigating Victoza as an adjunct to insulin in type 1 diabetes
(ADJUNCT ONE and ADJUNCT TWO) are scheduled to report within the next two to
five months, per Novo Nordisk's call in April.

TWELVE WEEKS TREATMENT WITH LIRAGLUTIDE AS ADD-ON TO INSULIN IN NORMAL-
WEIGHT POORLY CONTROLLED PATIENTS WITH TYPE 1 DIABETES (279-OR)

Christian Frandsen, MD (Hvidovre Hospital, Hvidovre, Denmark)

In tandem with 277-OR (see above), the 40 patients in this second trial (still poorly controlled with a
baseline A1c of 8.9%, but normal weight) had consistent results directionally on A1c (-0.5% with liraglutide
vs. -0.6% with insulin alone; p=0.78), weight (-3 kg vs. +1 kg; p<0.01), and bolus insulin dose (-4 units vs.
+0; p=0.02). There was no significant difference in time-in-range, hypoglycemia, or variability. Again, the
results were a bit less positive than we would have expected, though it's very difficult to draw broader
conclusions about liraglutide in type 1 due to these studies' small size and very strong results in the treat-to-
target insulin-only group - we're not sure either study had very real-world control groups.

DOSE-RESPONSE IMPROVEMENTS IN GLYCEMIC CONTROL AND BODY WEIGHT
REDUCTIONS WITH HM11260C, A ONCE-WEEKLY GLP-1 RECEPTOR AGONIST WITH
LIRAGLUTIDE AS REFERENCE, IN TYPE 2 DIABETES (T2DM) (278-OR)

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

Dr. Julio Rosenstock presented promising phase 2 data on Hanmi Pharmaceutical's novel ultra-long-acting
GLP-1 agonist candidate efpeglenatide (HM11260C), developed using Hanmi's Long Acting Peptide/Protein
DISCOVERY Technology (LAPSCOVERY). The 12-week long study randomized 254 adults with type 2
diabetes to HM11260C doses between 0.3 mg to 4 mg, placebo, or liraglutide 1.8 mg (although Dr.
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Rosenstock emphasized that this arm was used only for reference and not for statistical comparison). The
findings showed that at week 13, HM11260C produced a dose-dependent reduction in A1c, fasting plasma
glucose (FPG), and 7-point daily glucose. Specifically, from a baseline A1c of ~8%, the 3 mg and 4 mg doses
saw fairly impressive mean A1c reductions of 1.4% and 1.6% respectively; the placebo and liraglutide arms
respectively achieved A1c reductions of 0.4% and 1.4%. The proportion of participants reaching the A1c
target of <7% was 86% (4 mg), 83% (3 mg), 23% (placebo), and 57% (liraglutide). On the weight loss front,
reductions for the 3 mg and 4 mg doses of HM11260C were 3.0 kg vs. 0.2 kg with placebo and 2.6 kg with
liraglutide. Regarding safety and tolerability, the profile of HM11260C was similar to that of liraglutide,
with the most frequent adverse events being GI side effects. The heart rate increases also seemed to be less
than those of liraglutide (though we wouldn't read too far into this with a study of this size) and no
neutralizing antibodies were found with HM11260C. Overall, Dr. Rosenstock noted that the 3 mg dose of
HM11260C is fairly similar to liraglutide, with the 4 mg dose being slightly better than liraglutide. In
conclusion, he highlighted that this data supports further investigation and clinical development of
HM11260C alone as well as in combination with a weekly insulin.

Questions and Answers:

Q: I noticed that the lower doses had minimal nausea and vomiting. Would you recommend
starting at the lower dose and titrating up?

A: Yes, the 3 mg to 4 mg doses had more nausea and vomiting. But they showed very robust reductions in A1c
and weight. Whenever phase 3 comes, my own recommendation would be to do some gradual escalation.

Q: Looking at A1c, the two higher doses did not yet reach a plateau so they may have further
reductions. I would recommend that if the study design were to be repeated, the primary
endpoint should go on until there is a plateau, because it's possible that the lower dose may
catch up to the higher dose.

A: That point is well taken. This is just phase 2 to determine an idea of the doses. I'm personally skeptical that
a 1 mg to 2 mg dose would make it, but it's an interesting point.

Q: Is the PK/PD profile affected by renal function?

A: These are very large molecules so they don't get absorbed in the kidney.

EFFICACY AND SAFETY OF ONCE-WEEKLY DULAGLUTIDE VS. INSULIN GLARGINE IN
COMBINATION WITH METFORMIN AND/OR A SULFONYLUREA IN PREDOMINANTLY
ASIAN PATIENTS WITH TYPE 2 DIABETES (280-OR)

Jun Yang, MD (Lilly Suzhou Pharmaceuticals Co. Ltd, Shanghai, China)

Dr. Jun Yang presented a study showing superiority of Lilly's once-weekly Trulicity (dulaglutide) over
Lantus (insulin glargine) in type 2 diabetes patients predominantly in Asia. In a 26-week study of
predominantly Asian participants with type 2 diabetes (n=165), participants were randomized to either
Trulicity or Lantus in combination with metformin and/or a sulfonylurea. The findings showed that
Trulicity led to greater reductions in A1c with weight loss and less hypoglycemia. Specifically, A1c
reductions from a baseline A1c of 8.4% were 1.7% for the 1.5 mg dose of Trulicity, 1.3% for the 0.75 mg dose
of Trulicity, and 1.2% for Lantus. The proportion of patients who reached target A1c levels (<7%) were 65%,
54%, and 41% for Trulicity 1.5 mg, Trulicity 0.75 mg, and Lantus, respectively. In addition, Trulicity was
associated with greater weight loss from a mean baseline of 78 kg, with the 1.5 mg and 0.75 mg doses losing
a mean of 1.5 kg (~3 lbs) and 0.9 kg (~2 lbs), respectively; the Lantus group, on the other hand, gained 1.0
kg (~2 lbs). On the safety front, Trulicity appeared to have a lower hypoglycemia risk, with the proportion
of patients with hypoglycemia being 18% for the Trulicity doses vs. 29% for Lantus (this would have been
even lower without the SFU usage). Trulicity was relatively well tolerated, with the exception of having
more GI side effects compared to Lantus - 9% of Trulicity 1.5 mg and 5% of Trulicity 0.75 mg experienced
nausea compared to 1% of Lantus. Lilly has worked hard to compare Trulicity to Lantus in a variety of
applications (see AWARD-2 and AWARD-4), and the benefits definitely appear to be there for A1c,
hypoglycemia, and weight.
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Questions and Answers:

Q: So this was a predominantly Asian study. So the BMI was lower at 27 or 28. Did you look at
the correlation of baseline BMI and A1c reduction? Did you check drug exposure in smaller
patients?

A: We thought about GLP-1 exposure and BMI, which is why we conducted in lower-BMI patients. Before we
decided this dosage, we did a simulation of this exposure in lower BMIs. There was about a 20%-30% increase
of exposure due to dulaglutide in these kinds of BMI patients. We also have other PK trials in these same
patients.

MECHANISMS OF ACTION OF THE GLUCOSE-LOWERING EFFECT OF LIXISENATIDE IN
COMBINATION WITH INSULIN GLARGINE (281-OR)

Juris Meier, MD (St. Josef Hospital, Bochum, Germany)

Dr. Juris Meier presented results from a study evaluating the mechanistic differences between the short-
and long-term effects of Sanofi's Lyxumia (lixisenatide). The open-label study randomized 28 patients with
type 2 diabetes treated with metformin to receive once-daily doses of either lixisenatide or insulin glargine
(Sanofi's Lantus) for four weeks, followed by combined treatment with both products for four weeks. At
baseline, week 4, and week 8, participants underwent an intravenous glucose tolerance test and two mixed
meal tolerance tests, one after breakfast (immediately after drug administration) and one after a late lunch
(eight hours after breakfast). Results showed that lixisenatide increased first- and second-phase insulin
secretion to a greater extent than insulin glargine and that the combination of the two had the greatest
effect. Lixisenatide reduced postprandial glucose excursions after both meals but only delayed gastric
emptying after breakfast; it also led to reduced insulin secretion after breakfast. Dr. Meier concluded that
delayed gastric emptying is the main driver of lixisenatide's immediate effects on postprandial glucose, and
that this may induce an "insulin-sparing" effect that allows beta cells to "recharge" and secrete more insulin
after a later meal, thereby reducing postprandial glucose even though very little lixisenatide remains in the
system. Of course, as one attendee noted during Q&A, most people do not space their meals eight hours
apart, so patients are likely still experiencing some direct effects of lixisenatide even at the second meal after
dosing.

Questions and Answers:

Q: Why did you do a late lunch after eight hours instead of a more normal time frame like four
or five hours?

A: We wanted to make sure people had achieved complete gastric emptying after the first meal.

Comment: I understand the scientific rationale, but clinically people eat breakfast at 7 or 8 AM
and lunch at 12 or 1 PM, so they may still have some tail and see gastric emptying.

Q: You didn't see an effect on gastric emptying at the late lunch. Was the explanation a
different time-action profile regarding insulin secretion and gastric emptying or what?

A: We believe that eight hours after injection, there is probably no lixisenatide in the circulation, which is why
there was no effect at all. All you see is probably secondary to what you induced after breakfast. I doubt after
eight hours that there would be a direct effect. What you see later is probably indirect and mediated by the
earlier insulin sparing.

THE INFLUENCE OF GLP-1 RECEPTOR AGONISTS ON THE HEART RATE USING HOLTER
ELECTROCARDIOGRAPHY AND POWER SPECTRUM ANALYSIS OF HEART RATE
VARIABILITY (282-OR)

Atsuhiko Kawabe, MD (Dokkyo Medical University School of Medicine, Tochigi, Japan)

Dr. Atsuhiko Kawabe presented data on a study that performed Holter-electrocardiography (ECG) and
power spectrum analysis of heart rate variability before and after treatment of long-acting GLP-1 agonist
liraglutide (titrated up to 0.9 mg) and short-acting GLP-1 agonist lixisenatide (up to 20 micrograms). The
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study randomized 40 people with type 2 diabetes to either the liraglutide or lixisenatide arm, observing and
comparing the changes in the heart rate and frequency powers every hour in a 24-hour period. The findings
showed that those in the liraglutide group experienced significantly greater increases in heart rate
compared to those in the lixisenatide group. Specifically, the liraglutide group had a heart rate increase
from 96,321 bpm to 117,376 bpm with significant increases observed every hour while the lixisenatide group
experienced an increase from 99,618 bpm to 104,426 bpm with a significant increase at only three time-
points throughout the 24 hours. From these results, Dr. Kawabe discussed that the drugs' heart rate
increases likely reflect the enhancement of sympathetic nerve activity, with each GLP-1 agonist's
enhancement of activity matching its half-life, ultimately suggesting that the half-life influences sympathetic
nerve activity. In conclusion, Dr. Kawabe highlighted the Framingham study's finding that heart rate
elevation can increase both ischemic heart disease incidence and mortality, stressing the need for further
investigation of GLP-1 agonists' exocrine pancreatic action and these effects' implications.

Oral Presentations: ADA Presidents Oral Session

BRAIN REWARD-SYSTEM ACTIVATION IN RESPONSE TO ANTICIPATION AND
CONSUMPTION OF PALATABLE FOOD IS BY GLP-1 RECEPTOR ACTIVATION IN HUMANS
(384-OR)

Liselotte Van Bloemendaal, MD (VU University Medical Center, Amsterdam, Netherlands)

Dr. Liselotte Van Bloemendaal presented data on GLP-1 agonists' effects on brain reward-system
activation, demonstrating that GLP-1 receptor activation may have important central mechanisms of action
in reducing food cravings and preventing overeating. The randomized, placebo-controlled, crossover study
(n=48) had healthy lean individuals, obese normoglycemic individuals, and obese individuals with type 2
diabetes undergo three fMRI sessions with the receipt of chocolate milk or a tasteless solution. For each
fMRI session, the participants received either exenatide, exenatide with exendin 9-39 (a GLP-1 receptor
blockade), or placebo. The findings demonstrated that BMI negatively correlated with brain responses to
receipt of chocolate milk and positively correlated with anticipation of the receipt of chocolate milk in brain
areas regulating reward, appetite, and motivation. Notably, exenatide vs. placebo increased brain
responses to receipt of chocolate milk and decreased anticipation of receipt of chocolate milk, which was
paralleled by reductions in food intake (-23% in the lean arm; -24% in the obese arm; and -14% in the type 2
diabetes arm). On the other hand, the GLP-1 antagonist, exendin 9-39, largely blunted these effects. Thus,
Dr. Van Bloemendaal concluded that GLP-1 activation can decrease anticipatory food reward and reduce
food cravings as well as increase consummatory food reward and prevent overeating, strengthening
evidence for the drug class' role of central regulation in obesity treatment. At times like this we can't help
but wonder: is there anything GLP-1 agonists can't do?

Questions and Answers:

Q: This data can be imprecise but any findings on satiety and appetite?

A: We also asked subjects to rate feelings of hunger and prospective food consumption. But in everything we
found, there were no significant differences from the test day.

Q: Have you statistically looked at the correlation of CNS response and subsequent food
intake?

A: We didn't look at that yet. Previous studies have looked at brain responses looking at food pictures. We
found that exenatide reduced food intake.
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Posters

IDEGLIRA IN INSULIN-NAÏVE PATIENTS WITH TYPE 2 DIABETES (T2D) INADEQUATELY
CONTROLLED ON SULFONYLUREAS (SU) ALONE OR IN COMBINATION WITH
METFORMIN: THE DUAL IV STUDY (1003-P)

HW Rodbard, BW Bode, SB Harris, L Rose, L Lehmann, H Jarlov, J Thurman

The DUAL IV trial randomized 435 people with type 2 diabetes to Novo Nordisk's Xultophy (insulin
degludec/liraglutide) or placebo. Topline results were first released in January 2014. After 26 weeks from a
baseline A1c of 7.9%, the Xultophy arm achieved a mean 1.5% A1c reduction to 6.4% compared to a 0.5%
reduction on placebo - this represents a substantial decrease from a somewhat low base. Nearly 80% of
people on Xultophy achieved an A1c of <7% (the ADA goal) compared to only 30% of those on placebo. The
Xultophy arm experienced statistically significantly higher rates of hypoglycemia (42% of Xultophy patients
vs. 17% placebo), and the Xultophy arm also gained 1.0 kg (2.2 lbs) compared to a weight loss of 0.5 kg (1.1
lb) on placebo. The unfavorable weight result runs contrary to DUAL I and II results where Xultophy was
associated with weight loss (0.5 kg in DUAL I for patients on 1-2 OADs, and 2.5 kg in DUAL II for patients
previously on basal insulin). The higher rate of hypoglycemia is not unexpected with the addition of a GLP-1
agonist/basal insulin to SFU (in DUAL I and II, hypoglycemia rates on Xultophy were better compared to
Tresiba [insulin degludec] or Victoza [liraglutide], and there was no placebo comparator). At the end of the
trial the average dose of Xultophy was 28 dose steps (28 units insulin degludec/1.0 mg liraglutide) - this
information had not been reported previously and demonstrates the power of relatively low doses. With
regards to safety, the Xultophy arm seemed to experience a higher rate of elevated lipase (a potential
marker of pancreatic damage; 9.7% of patients in the Xultophy were investigated for elevated lipase vs.
4.1% in the placebo arm, but statistical significance was not reported), which is consistent with the known
effects of GLP-1. No other concerning safety issues were reported.

EFFICACY AND SAFETY OF LIRAGLUTIDE VS. SULFONYLUREA BOTH IN COMBINATION
WITH METFORMIN DURING RAMADAN IN SUBJECTS WITH TYPE 2 DIABETES (LIRA-
RAMADAN): A RANDOMIZED TRIAL (1121-P)

S Azar, A Echtay, WMW Bebakar, S Al Araj, A Berrah, M Omar, A Mutha, K Tornoe, M Kaltoft,
N Shehadeh

Fasting during Ramadan in patients with type 2 diabetes is associated with increased risk of severe hyper-
and hypoglycemia. In this 33-week open-label trial, patients with type 2 diabetes on stable baseline
sulfonylurea and metformin were randomized to switch to once daily liraglutide 1.8 mg and background
metformin (n=172) or continue pretrial sulfonylurea and metformin (n=171). In this study, from a baseline
A1c of 8.3%, liraglutide led to a mean A1c reduction of 1.2% vs. a -0.7% change with SFUs, for a statistically
significant treatment difference of 0.6% in favor of liraglutide. A similar decline in fructosamine from start
to end was seen in both the liraglutide- and sulfonylurea-treated groups, despite patients treated with
liraglutide having lower fructosamine and A1c levels (baseline 8.3% to 7.2% at start in the liraglutide group
vs. 8.2% to 7.8% in the sulfonylurea group) at the beginning of Ramadan. There were also fewer confirmed
hypoglycemic episodes in the liraglutide-treated group (8.6% vs. 17.8%) - not particularly surprising given
the agents being compared. Overall, this study indicates an improved safety profile with liraglutide versus
sulfonylurea during Ramadan as well as improved glycemic control. We applaud Novo Nordisk for
considering the unique needs of the Ramadan-observant patient population enough to support a full-scale
clinical trial. These results are also important in the context of exploding diabetes prevalence in the Middle
East.

▪ This was a 33-week open-label trial that compared a switch to liraglutide versus
continuing pretrial sulfonylurea in patients with type 2 diabetes who fasted for
Ramadan. In the study, patients with type 2 diabetes on stable baseline sulfonylurea and
metformin were randomized to switch to once daily liraglutide 1.8 mg and background metformin
(n=172) or continue pretrial sulfonylurea and metformin (n=171). Patients underwent a three-week
dose escalation period followed by a six to 19-week maintenance period prior to four-week fast for
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Ramadan. Duration of diabetes was similar in both groups (8.0 years in the liraglutide group vs. 7.2
in the sulfonylurea group).

▪ During Ramadan, a similar decline in fructosamine (a measure that reflects recent
blood glucose changes over a one to two week period) from start to end was seen in
both the liraglutide (mean 291.8 to 279.0 μmol/L; baseline 320.3 μmol/L) and
sulfonylurea-treated (mean 301.6 to 285.2 μmol/L; baseline 316.0 μmol/L) groups
(p=0.43). This was despite patients treated with liraglutide having lower fructosamine and A1c
levels (baseline 8.3% to 7.2% at start in the liraglutide group vs. 8.2% to 7.8% in the sulfonylurea
group) at the beginning of Ramadan.

INSULIN DEGLUDEC/LIRAGLUTIDE (IDEGLIRA) IMPROVES PATIENT-REPORTED
IMPACTS IN SUBJECTS WITH TYPE 2 DIABETES (T2D) INADEQUATELY CONTROLLED ON
INSULIN GLARGINE (IG) PLUS METFORMIN (MET): DUAL V STUDY (2550-PO)

M Brod, FC Perez Manghi, PA Garcia-Hernandez, P Norwood, H Jarlov, JH Kongso, I Lingvay

In an publish only sub-analysis from the DUAL V study, the full results of which were presented as an oral,
researchers demonstrate that Novo Nordisk's Xultophy (insulin degludec / liraglutide) improved patient-
reported outcomes in type 2 diabetes patients inadequately controlled on insulin glargine plus metformin.
Patient-reported impact of treatment on functioning and well being was assessed by Treatment Related
Impact Measure for Diabetes (TRIM-D) and Short-Form 36 Health Survey (SF-36 v2). TRIM-D scores were
summed from five subdomains - treatment burden, daily life, diabetes management, compliance, and
psychological health-- and weighed together to give a total score. Change from baseline was higher with
Xultophy verses insulin glargine for total score (p=0.003), treatment burden (p=0.017) and diabetes
management (p<0.001) subdomains. The SF-36 validated multi-purpose questionnaire was grouped into
eight domains that were further divided into a physical component summary (PCS) score and a mental
component summary score (MCS). The improvements in PCS (p<0.001) and three of the physical domain
scores - physical functioning (p=.045), bodily pain (p=.012), and general health (p=.008) -- were
significantly greater with Xultophy compared to insulin glargine. The mental component summary (MCS)
score and the mental domain scores, however, were similar for both arms.

▪ DUAL V was a 26-week, open-label trial compared the efficacy and safety of Xultophy
versus insulin glargine in subjects with uncontrolled type 2 diabetes on 20-50U of
insulin glargine and metformin. See above for the full coverage of the primary DUAL V results.

EFFICACY AND TOLERABILITY OF 39 WEEKS OF ITCA 650 (CONTINUOUS SUBCUTANEOUS
EXENATIDE) IN POORLY CONTROLLED T2DM WITH HIGH BASELINE A1C (>10%) (1107-P)

Robert Henry, MD (VA San Diego Healthcare System, San Diego, California)

This poster presented the full results from the FREEDOM-1 HBL open-label study investigating Intarcia's
implantable exenatide mini-pump ITCA 650 in patients who fell above the baseline A1c cut point (10%) for
the pivotal FREEDOM 1 study. Topline results from this trial were the first glimpse at phase 3 results we
received from Intarcia, and even in the context of patients with high baseline A1c they were quite
impressive. FREEDOM-1 HBL found a mean A1c reduction of 3.4% from a mean baseline of 10.8% after 48
weeks, with no comparator group in this open-label study. The ITCA 650 pump also sustained up to 3.0-4.0
kg (~7-9 lbs) greater weight loss, had satisfactory tolerability, and had low discontinuation rates at the
target dose. While the pivotal FREEDOM-1 trial had results that were a bit more applicable for most
patients, it is positive to see just how powerful ITCA 650 was in patients with the poorest control at baseline.

Symposium: New Developments with GLP-1 Receptor Agonists

DIFFERENTIATING CURRENT AND EMERGING GLP-1 RAS

Kathleen Dungan, MD (Ohio State University, Columbus, OH)

Dr. Kathleen Dungan reviewed the advantages (substantial A1c reductions, weight loss, low risk of
hypoglycemia) and disadvantages (GI side effects, cost) of GLP-1 agonists and summarized the results of
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head-to-head studies of the various options. Her main big-picture conclusion was that longer-acting agents
(like AZ's Bydureon [exenatide once weekly], Novo Nordisk's Victoza [liraglutide], Lilly's Trulicity
[dulaglutide], and GSK's Tanzeum [albiglutide]) generally produce greater A1c reductions due to a greater
effect on fasting glucose, while shorter-acting agents like AZ's Byetta (exenatide twice daily) and Sanofi's
Lyxumia (lixisenatide) hold the advantage for immediate postprandial glucose reductions due to a greater
effect on gastric emptying. Dr. Dungan otherwise declined to suggest advantages of specific agents over
others, stating that clinicians have to evaluate the various criteria and make case-by-case decisions for
individual patients. She did note that reconstitution and ease of administration could definitely be key
differentiating factors for many patients - this would give the edge to ready-to-use products like Trulicity,
Victoza, and Lyxumia. However, she also acknowledged that cost and insurance coverage often prove to be
the deciding factors in practice - "it's not really our choice or our patient's choice."

GLP-1 RECEPTOR AGONISTS IN COMBINATION WITH BASAL INSULIN

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

Dr. John Buse, a leader on this frontier for several years, reviewed the bounty of evidence supporting the
combination of GLP-1 agonists and basal insulin. He reviewed data for AZ's Byetta (twice daily exenatide)
added onto Sanofi's Lantus (insulin glargine), Novo Nordisk's Xultophy (insulin degludec/liraglutide),
Sanofi's LixiLan (lixisenatide/insulin glargine), and GSK's Tanzeum (albiglutide) added onto insulin
glargine. In all, when GLP-1 agonist/basal insulin combination therapy is compared to its component parts,
it provides greater A1c-lowering efficacy, far less weight gain than basal insulin, minimal nausea, and no
increased risk of hypoglycemia. Most GLP-1/basal combinations confer pretty stunning ~1-1.5% A1c
reductions (often nearly normalizing glucose levels) with remarkably low rates of hypoglycemia.
Furthermore, a recent meta-analysis demonstrated that GLP-1/basal therapy even outperforms basal-bolus
therapy with regard to A1c lowering efficacy and reduced weight gain and hypoglycemia. Dr. Buse also
discussed some unresolved issues under investigation - first, does adding insulin to GLP-1 agonist therapy
work just as well as adding a GLP-1 agonist to basal insulin? The evidence supporting this comes from a
study demonstrating that the addition of Novo Nordisk's Levemir (insulin detemir) in patients with
inadequate control on Victoza conferred an additional 0.5% A1c reduction (DeVries et al, Diabetes Care
2012). Secondly, could one use a long-acting "basal" GLP-1 therapy with prandial insulin? The AWARD-4
trial found that the combination of Lilly's Trulicity (dulaglutide) and Humalog (insulin lispro) appeared to
work just as well as Humalog and Lantus, and also conferred less weight gain and hypoglycemia.

▪ As a reminder, the rationale for combining these drug classes comes from their
complementary efficacy and side effect profiles - basal insulin provides fasting glucose
coverage, and GLP-1 agonists provide postprandial coverage. In addition, combining the two allows
for uses of submaximal doses of each individual agent, thus minimizing dose-related side effects:
nausea in GLP-1 agonists and weight gain and hypoglycemia in basal insulin.

GLP-1: TO USE OR NOT TO USE? SAFETY IS THE QUESTION

Jane Reusch, MD (University of Colorado, Denver, CO)

Dr. Jane Reusch reviewed the current status of safety concerns associated with incretin-based therapies.
She opened by acknowledging the very high potential for this class to be the game-changer that everyone
hopes it will be. However, she remarked that due to the extremely high prevalence of diabetes, even rare side
effects will ultimately affect large numbers of people, so it is important to tease out even uncommon safety
issues. At the same time, she strongly cautioned against being too risk averse because the risks of any
treatment must also be weighed against the very real risk of poor glycemic control ("diabetes is common
and deadly"). We appreciated her very firm grounding in reality on this front. Dr. Reusch focused on the
issues of cardiovascular outcomes and pancreatitis. In short, she stated that the data to date supports a
neutral cardiovascular risk profile with reason to "keep our eyes open" for patients who might be
predisposed to developing heart failure on DPP-4 inhibitors, and she believes future studies still have the
potential to show some CV benefit of GLP-1 agonists (she named Novo Nordisk's LIVE study of liraglutide in
heart failure patients as an example). With regards to pancreatitis, she believes that there appears to be a
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real, but exceedingly small, signal in clinical trials. She opted not to comment on pancreatic or thyroid
cancer due to the lack of rigorous data on these fronts. Ultimately, she reminded the audience that these
small risks must be weighed against the benefits of improved glycemic control, weight loss, decreased
hypoglycemia, and patients' perception of self-efficacy with a treatment that works.

▪ With regard to cardiovascular outcomes, Dr. Reusch reported that the data so far
support a neutral CV profile, though more data will become available over the next
four years. She noted that the ELIXA CVOT for Sanofi's Lyxumia (lixisenatide) would be presented
the following day and will show neutrality - however, she reminded the audience that FDA-
commissioned CVOTs are designed to rule out CV risk rather than demonstrate CV benefit. She also
mentioned the now well-known findings from DPP-4 inhibitor CVOTs that showed overall neutral
CV safety, but a slight signal for congestive heart failure (CHF). She stated that at this point there is
no reason to be concerned about increased CV risk on incretin therapies, but that "we should keep
our eyes open" for potential patients who might suffer from heart failure.

◦ Notably, Novo Nordisk is evaluating a potential protective effect of its GLP-1
agonist Victoza (liraglutide) on cardiac function in patients with heart failure
(protocol described in Jorsal et al., BMJ 2014; ClinicalTrials.gov identifier NCT01472640).
During a March investor update, Novo Nordisk management also offered optimistic
commentary on the potential for the LEADER trial (Victoza's CVOT) to demonstrate
cardioprotection, as there is greater exposure with a long-acting GLP-1 agonist like Victoza
compared to a shorter-acting agent like Lyxumia or a DPP-4 inhibitor.

▪ With regard to pancreatitis, Dr. Reusch believes there is probably a real, but
exceedingly small, clinical signal. The FDA and EMA's independent evaluations of
postmarketing reports and clinical study databases found no reason for concern based on clinical
data (Egan et al., NEJM 2014). However, while toxicology studies revealed no toxic pancreatic
effects of high doses of incretins in healthy rodent models, there was an exacerbation of background
pancreatic injury in diabetic mouse models (Egan et al., NEJM 2014). In addition, a recent
publication examining pooled results from Victoza's clinical trial program hinted at an increased
pancreatitis risk (1.6 cases/1,000 patient-years of exposure on liraglutide vs. 0.7 cases/1,000
patient-years of exposure on active comparators) (Jensen, Diabetes Care 2015). However, another
recent publication of a nation-wide case-control Danish database study suggested no increased odds
ratio of incretin-use in patients with pancreatitis. Given all of this, Dr. Reusch concluded that the
signal is probably there, but exceptionally small.

GLP-1 RECEPTOR AGONISTS AS ADJUNCTIVE TREATMENT IN TYPE 1 DIABETES

Paresh Dandona, MD, PhD (University at Buffalo, Buffalo, NY)

Dr. Paresh Dandona discussed the many benefits of GLP-1 agonists in type 1 diabetes (sizable A1c
reductions, more time in range, lower insulin doses, weight loss, lower carbohydrate intake) demonstrated
in a study presented last year at AACE. Toward the end of the talk, he turned to his group's intriguing
retrospective analysis (130-LB) investigating triple therapy with insulin, Novo Nordisk's Victoza
(liraglutide), and AZ's Farxiga (dapagliflozin) in type 1 diabetes, ambitiously speculating that such a
combination could eventually allow at least 50% of patients with type 1 diabetes to achieve an A1c <6%
(whoa). Results demonstrated significant reductions in A1c (0.7% from a baseline of 8%), mean plasma
glucose (28 mg/dl), body weight (2 kg) and an 11% increase in time in range (70-160 mg/dl) with the
addition of dapagliflozin to the other components. Notably, when either the GLP-1 agonist or the SGLT-2
inhibitor was stopped, "chaos reemerged" in terms of glycemic variability. Dr. Dandona also noted that one
case of euglycemic DKA occurred during the study, which he attributed to an excessive reduction in the
insulin dose - this is one of the first cases of euglycemic ketoacidosis we have heard reported from a clinical
trial. We would love to see future prospective trials of this combination in type 1 diabetes and are curious
how often it is currently used off-label in clinical practice - possibly very effective, but not cheap!
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▪ There is always reason to be excited about drug combinations in diabetes, but a
healthy dose of caution and patience are important in this case. Given the safety questions
that are emerging with type 2 diabetes drugs used in type 1 (like euglycemic ketoacidosis), we
imagine that triple combinations are still a ways down the road in terms of reaching the broader
market. Additionally, results we saw elsewhere in the meeting on GLP-1 agonists in type 1, such as
the LIRA-1 trial. did not come out glowingly positive. Still, there is plenty of reason to keep moving
forward given that the unmet need for non-insulin therapies for type 1 diabetes to reduce glycemic
variability is huge.

GLP-1 RECEPTOR AGONISTS FOR THE TREATMENT OF OBESITY

Sun Kim, MD (Stanford University, Stanford, CA)

Dr. Sun Kim reviewed the role of GLP-1 agonists in weight management as well as the drug class' weight-
dependent and weight-independent effects. She began by illustrating the weight loss effects of GLP-1
agonists in people both with and without type 2 diabetes, highlighting that added lifestyle intervention leads
to greater weight loss and that people with diabetes experience less weight loss compared to individuals
without diabetes. Dr. Kim explained that while the mechanisms of GLP-1 agonists are not completely
known, the class is hypothesized to lead to greater weight loss due to mechanisms that act both centrally
and peripherally - specifically by suppressing appetite (see our coverage of an oral on GLP-1 agonists'
central action in this report [384-OR]). Dr. Kim cited data from her lab's study, which randomized people
with prediabetes to either Novo Nordisk's Victoza (liraglutide 1.8 mg) or placebo for fourteen weeks. The
results showed that those on Victoza lost twice as much weight compared to placebo (-8% vs. -4% from
baseline BMI of 32 kg/m ). The Victoza arm also experienced improvements in insulin resistance, with2

higher insulin concentrations and lower rises in glucose concentrations. When looking at the association
between weight loss and these changes, Dr. Kim noted that degree of weight loss did not have any bearing
on effect on certain endpoints, including heart rate and insulin concentration. From these findings, Dr. Kim
highlighted the importance of understanding what effects of weight loss drugs are associated with weight
loss and which ones are direct effects of the drug, especially in people without diabetes. For more on these
separate effects of liraglutide, please see our coverage of new SCALE data on Saxenda's (liraglutide 3.0 mg)
non-weight-dependent impacts.

PANEL DISCUSSION

Q: We know from our clinical experience and seeing patients on these drugs that not
everybody is a good responder. Some patients are poor responders to one drug. My question is
if you change to a different GLP-1 receptor agonist, will that patient who is a poor responder to
one then respond to a second?

Dr. John Buse (University of North Carolina, Chapel Hill, NC): The only study I know that answered this
affirmatively was a comparison of exenatide BID to liraglutide. The point we were able to work out was that
among the patients with high titer antibodies to exenatide, there was a subset that did not have particularly
good responses to exenatide. When switched to liraglutide, they did have good responses. There may be a
small subset (a few percent of patients) that don't respond very well to exenatide due to antibodies, but will
respond to liraglutide when the antibodies don't cross react. That's the only situation I'm aware of where you
can switch from one to the other and change effectiveness.

Q: We have lots of diabetic patients using high doses of insulin, and when you combine it with
a GLP-1 agonist, the dose of insulin decreases profoundly, and they lose weight. But after eight
months or a year or so, you see patients start to need more insulin, as if there's a sort of drug
failure or no efficacy from the GLP-1 agonist. If we're using the maximum dose, should we
keep increasing the dose or say no and go back to insulin? These studies were for four months
or six months in studies, so what happens long term?

Dr. Buse: We do have some studies out to a year. I don't know of a specific analysis to tease out a subset that
loses control later, but the eyeball view doesn't suggest a particular loss of control. The only thing I can think
of in your case is if patients were on a really high dose of insulin and added a GLP-1 agonist and had lots of
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weight loss related to calorie restriction, maybe when people stop losing weight, they start to require more
insulin. That's the only thing I can think of. I haven't seen it in clinical practice or clinical trials.

Q: Would you increase the dose of the GLP-1 agonist to more than 1.8 mg?

Dr. Buse: We always used the maximum dose in the studies. In the prefixed combination, you titrate up as
needed, which has its rationale as well. It depends on the exact formulation.

Dr. Matthew Riddle: What does the clinical experience from trials say about secondary
failure?

Dr. Kathleen Dungan (Ohio State University, Columbus, OH): In general, for all these therapies, the durability
of the agents is a very important outcome. This is the kind of data we need. And this is already underway with
the GRADE trial. Probably, all agents have some failure rates over time. The best way to figure this out is to
actually compare head-to-head in the long term to see when failure occurs.

Q: I have two questions. First, do you recommend the use of off label medications in the
general clinical setting? And if it is to be used for individual patients do you recommend IRB
approval for each patient? Secondly, do you consider hypoglycemia unawareness as an
absolute contraindication for GLP-1 analogs?

Dr. Paresh Dandona (University of Buffalo, Buffalo, NY): As far as off label use is concerned, in general, there
seems to be a consensus that once a drug is licensed, it is the prerogative of the physician to make the decision
clinically as to how and when to use it. The other issue related to hypoglycemia is that certainly if you
substitute GLP-1 RAs, any of them, in place of insulin, you will diminish incidence of hypoglycemia, and that
might be justification of use for this class of drug with maximal oral therapy when you start injectable therapy.
So clearly there is an advantage there. I teach my fellows that the beta cell is much more clever than all of us
put together. The beta cell generates the right amount of insulin at the right time. That's what the GLP-1 RA is
doing for you.

Dr. Buse: Just to add that if you are doing off label things, particularly things that are way off label, like
something that the package insert says not to do, it would be a good idea to have a conversation with the
patient and document it clearly in the medical record that you did so. If you're doing one patient at a time,
there is no reason to go to the IRB, but if you're doing it with the intent of collecting data and presenting it
then you should definitely go to the IRB. On the second issue I agree with Dr. Dandona that in patients having
issues with hypoglycemia, some of these off label uses of type 2 diabetes drugs suggests less hypoglycemia, but
I think it can be a bit scary as you transition patients. So caution during the transition period would be wise.

Q: Does adding a GLP-1 agonist have an effect for highly insulin resistant patients?

Dr. Sun Kim (Stanford University, Stanford, CA): A majority of the prediabetes patients we studied had high
insulin resistance and they had a benefit in terms of weight loss. So there's a benefit there because when you
lose weight you improve insulin resistance. Your question is two-fold: in non-diabetic people we're enhancing
insulin secretion, and it levels out after weight loss. In the type 2 diabetes population, weight loss and
decrease in appetite will help towards becoming insulin sensitive, so it's worthwhile to try.

Q: Is there evidence for adding it to MDI?

Dr. Buse: There is a paper I'm aware of by Dr. Lane from Asheville with people on very high doses of insulin
who added a GLP-1 agonist. As I remember, it wasn't very well controlled but there was a suggestion of
benefit. There's not a lot of data in that population. There is on TZDs, but there's a real risk around fluid
retention and weight gain. Very recently Raskin published a paper using bromocriptine QR on high dose
insulin. It wasn't controlled but there was a dramatic response.

Dr. Dandona: Unfortunately some patients don't absorb all of the insulin. There were some studies published
in 2004 led by CDEs where people were put on pumps and with a continuous infusion reduced their insulin
dosages by 50-70% while improving A1c. It's not an issue of tissue level resistance but bioavailability. Along
the same lines, the beta cell is clever and delivers insulin at the right time to the right place. When you're
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using a GLP-1 agonist it increases endogenous insulin, and that small amount makes more of a difference
than hundreds of units.

Dr. Riddle: In the case of varying insulin resistance in a person using a lot of insulin, one
question that comes up is adherence to injections and high doses, as that can contribute to
difficulties in control. And there's this general problem of behavioral aspect for any drug class.
Dr. Reusch, can you comment on how we should be thinking about counseling of patients and
how to optimize weight control and minimize hypoglycemia?

Dr. Jane Reusch (University of Colorado, Denver, CO): Related to high doses of insulin, I would concur with
Dr. Riddle that you need to make sure that the patient is taking all of his or her insulin before making any
adjustments. We also need to explain to patients requiring greater than 200 or 400 units of insulin that there
might be other options in terms of injectability. They might be able to take U300 or U500, which may or may
not improve absorption. You should never forget that they also need to eat less and move more. What I do is
that I take a specific diet history to understand when they are eating and to try to find low-hanging fruit to use
to get rid of specific carbohydrate calories. And when do they move? Can I increase that? Especially around
mealtime, there is some new data from a Japanese poster here showing that if you hop up a couple flights of
stairs with each meal, you can get a lower A1c.

Dr. Buse: Someone just texted me about late breaking poster #8: high dose insulin patients adding liraglutide
vs. placebo in a blinded fashion ended up with a 1.1% A1c difference after 6 months. [Audience laughter].

Q: I was very impressed by the combination of GLP-1 receptor agonists and basal insulin and
struck, particularly, by the lack of increase in hypoglycemia despite the incredibly aggressive
achieved A1c goals. We're all aware that GLP-1 receptor agonists have a glucose-dependent
mechanism of action. But is that sufficient to explain why we have such a low risk of
hypoglycemia?

Dr. Buse: I think everybody was surprised. We thought there would not be any more hypoglycemia with the
combination, but that there was actually less hypoglycemia with a lower A1c is stunning. We think it might be
a beneficial effect of GLP-1 on alpha cell function in addition to the presumed benefit on beta cell function. I
think it remains unexplained. The observation has been seen over and over and over again.

Dr. Dandona: There is a beautiful study published about four years ago that looked at liraglutide in type 1
diabetes. In that study, following a meal, they put patients on a bicycle and gave them exercise. So they
deliberately lowered blood sugar. What they discovered was that in spite of glucagon suppression at basal
levels, once exercise and hypo came along, [patients on liraglutide] had a surge of glucagon. So there is
evidence that there is conservation of glucagon that is released at the appropriate time.

Q: When you're dealing with doses of 200-400 units and high resistance, you can't forget that
if they're more diligent with eating and activity it makes a big difference. Are researchers
looking at what type of weight is lost with these medications, like lean tissue vs. non-lean?

Dr. Kim: Some studies have said there's more fat loss in particular. It's not the preferentially lean tissue loss
that you're worried about. There's nothing particular about weight loss with drugs vs. other means in terms of
the degree of fat vs. lean tissue.

Q: It would be interesting to know down the road what percentage was lean vs. non-lean
tissue. Maybe there could be a study looking at medication in combination with exercise,
which might magnify the benefit.

Dr. Kim: I tried to make point in my presentation that with any weight loss drugs, if you don't combine them
with lifestyle interventions, the benefit is much less.

Dr. Reusch: In preclinical studies in rodents, we were able to demonstrate that the combined effects of
exercise and a DPP-4 inhibitor or GLP-1 agonist have an additive effect on improvements in exercise function,
but not as consistent of an effect on glucose.
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Q: You shared information about SGLT-2 inhibitors in type 1 diabetes. As I was listening
carefully, you talked about gentle adjustments of insulin. Can you expand on that please?

Dr. Dandona: If you get a great insulin deficit, relatively speaking, you could move into a situation of
ketoacidosis, which has been talked about a lot. We've seen that in our patients. There's a critical level that
we've determined from our experience - this is the start of the story - you should not get to an insulin dose of
less than half a unit per kilogram of body weight. As part of this initial enthusiasm, it's important to settle to
safe ways of doing things.

Corporate Symposium: Complementary Treatments to Enhance Insulin Efficacy: Theory and
Strategies (Supported by Joslin and Sanofi)

BASAL INSULIN AND COMPLEMENTARY TREATMENTS: SUMMARY OF
PATHOPHYSIOLOGY AND PHARMACOLOGY

Anne Peters, MD (University of Southern California, Los Angeles, CA)

Dr. Anne Peters provided an overview of clinical considerations for initiating basal insulin therapy and
selecting an add-on once basal insulin alone is inadequate. Dr. Peters set up the framework for the rest of
the symposium with the following points: (i) in UKPDS, half of recently diagnosed people with type 2
diabetes required insulin after 6 years; (ii) hypoglycemia is the limiting factor for optimizing basal insulin
therapy; and (iii) in the real world, people do not tend to get to treatment targets on basal insulin alone,
likely because PCPs are hesitant to up-titrate insulin dose. Dr. Peters then reviewed the guidance on
intensifying basal insulin therapy in the newly updated 2015 ADA/EASD position statement, which very
much favors the combination of basal insulin and GLP-1 agonists.

BASAL INSULIN AND COMPLEMENTARY TREATMENTS: BASAL INSULIN PLUS GLP-1
AGONISTS

John Buse, MD, PhD (UNC, Chapel Hill, NC)

The super-hero smart and highly renowned Dr. Buse reviewed the data in support of combining GLP-1
agonists with basal insulin therapy. He opened with a review of the rationale behind GLP-1/basal insulin
combination therapy, noting strong glycemic control with additional benefits to hypoglycemia and weight
loss observed in trials as compared to either of the components alone. Moving to the newer combinations,
Novo Nordisk's Xultophy (insulin degludec/liraglutide) and Sanofi's LixiLan (insulin glargine/lixisenatide),
he was encouraged by the convenience offered by combined single-injection devices. Despite strong evidence
for the combinations, he noted it is still unclear where they should fit in the treatment toolbox - he hoped for
future trials investigating this moving forward. He concluded with praise for the class: "I do believe this
combination is here to stay and that they are also in need in the marketplace."

▪ Dr. Buse opened with a review of the rationale behind GLP-1/basal insulin
combination therapy. He noted the complementary glycemic effects, with increased portal
insulin delivery (via GLP-1 agonism) and decreased glucagon secretion for postprandial control via
GLP-1 and efficacy in reducing fasting plasma glucose via basal insulin. Looking to the GWCO study
that combined insulin glargine and exenatide BID versus glargine and placebo, he highlighted the
stronger decline in A1c with the combination (8.3% to 6.6% vs. 8.5% to 7.5%) with weight loss of 1.8
kg (4.0 lbs) versus weight gain of 1.0 kg (2.2 lbs). He noted additionally no increase in hypoglycemia
(25% vs. 29%) though with increased nausea, diarrhea, vomiting, headache, and constipation.

▪ Dr. Buse moved to discuss the newer combinations of GLP-1/basal insulin, Xultophy
and LixiLan. On Xultophy, he reviewed the DUAL trials (Dr. Buse himself presented the stellar
DUAL I results at ADA 2013). He highlighted the stronger A1c declines and improved side effect
profile of Xultophy versus either component alone. Looking to DUAL II, in particular, he stressed
that in a blinded study, patients experienced similar rates of nausea, suggesting rates may similar
when patients are unaware if the medication administered is nausea-provoking or not. Similarly,
with LixiLan, he highlighted the improved A1c declines and weight loss seen with the combination
versus insulin glargine alone. Finally, noting that comparisons of GLP-1/basal insulin may more
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appropriately be compared to a basal bolus regimen, he highlighted the results of a larger meta-
analysis of three trials comparing the combination to basal bolus therapy that indicated an overall
0.1% greater decline in A1c as well as benefit to weight loss and hypoglycemia rates.

▪ Dr. Buse concluded by addressing some remaining unresolved issues in the use of
GLP-1/basal insulin combinations. While the combination provides improved efficacy versus
either of its component parts, he notes it is still unclear where it fits in the treatment algorithm as an
enhanced insulin or enhanced GLP-1. It also remains unclear whether the combination should be
used early or reserved for those failing either therapy. He hopes for trials looking at both approaches
moving forward. In response to an audience question, he suggested that using GLP-1 agonist/basal
insulin combination in type 1 diabetes is currently a "remarkably bad idea" given the need to get
basal insulin titration exactly right, the lack of data on GLP-1 agonists' efficacy in type 1 diabetes,
and the cost.

JOSLIN NEEDS ASSESSMENT DATA: EXPLORING SOME "DISCONNECTS"

Richard Beaser, MD (Joslin Diabetes Center, Boston, MA)

Dr. Richard Beaser presented some insights on discrepancies between patients', PCPs', and specialists'
perspectives on GLP-1 agonist treatment. One big disconnect was that more than 70% of PCPs surveyed
believed patients would be deterred by the painfulness of injections, whereas fewer than 15% of patients
expressed the same concern - we do continue to hear that better devices and smaller needles are making
injections less and less of an obstacle to overcome. PCPs identified A1c reduction and cost of treatment as the
two primary considerations when deciding whether to prescribe GLP-1 agonists, whereas patients were
most interested in the composite profile of glucose control with weight loss and reduced hypoglycemia risk.
We found it surprising that cost seemed to show up more on PCPs' radars. In contrast to PCPs, specialists
were more likely to weigh patients' other comorbid conditions and age. In focus groups, PCPs identified the
need for better methods of learning about new medications - PCPs are currently inundated with new
information every day and struggling with how to validate various sources and synthesize all of that new
information into courses of action. With more manufacturers entering the GLP-1 agonist market and
looking to help that market grow, we expect to see an increase in CME and other educational events on
GLP-1 agonists directed at primary care.

BASAL INSULIN AND COMPLEMENTARY TREATMENTS: OVERCOMING BARRIERS AND
DEVELOPING PATIENT-CENTRIC TREATMENTS

Mark Peyrot, MD (Loyola University, Baltimore, MD)

Dr. Peyrot provided practical recommendations for providers for overcoming barriers to care in the
treatment visit. In the treatment visit, he notes, patients and providers often have different perspectives -
patients hope for immediate efficacy with limited side effects and a "less is more approach" to care, while
specialists may instead look for convenience in prescription and more aggressive regimens. Overall, his
recommendations focused on an "Ask, Don't Tell" approach to joint decision-making, in which the provider
works with the patient to assess barriers to care, review treatment options and alternatives, and support
treatment decisions. He suggested that paying attention to patient perceptions and beliefs, rather than
taking a didactic approach, could smooth the prescription process and produce better outcomes.

SELECTED Q&A/PANEL DISCUSSION

The panel began with a case discussion about a 50-year old man with type 2 diabetes referred by his PCP
for inadequate glycemic control on metformin and pioglitazone. The patient has a fear of needles but is also
fearful of the severe diabetes complications he witnessed in his family. As was the case during the
presentations this session, there was an emphasis on how to engage PCPs. Selected Q&A are included here.

Q: What would you recommend and why?

Dr. John Buse (University of North Carolina, Chapel Hill, NC): I agree with a GLP-1 RA as the drug of choice
in this case […]. My approach is to offer therapies I think are reasonably likely to get them to target. Then I
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will write the options down on a piece of paper for the patient and a couple of phrases of what I see as the
advantages and disadvantages and ask them to reflect on what I just reviewed […]. I think in the long haul it
improves adherence, and they understand why the other options weren't chosen, compared to saying, "I think
this is the best thing for you." Some patients ultimately do want you to say that, and of course you can tell
them what you think.

Dr. Anne Peters (University of Southern California, Los Angeles, CA): When we're talking about an injectable,
I show them an injectable because the needle is so tiny and so much easier than they think it will be. In the
office, the physics of taking off the cap, makes them feel like it is an option. Theoretically they may get scared
but when they see it, it becomes more of a real option. I suspect with enough time the patient should get the
signal.

Dr. Richard Beaser (Joslin Diabetes Center, Boston, MA): One tactic I use if the patient favors an approach
that isn't my first choice, I might let them do it for a while and prove to them that it is not as good as they'd
like it to be and then get onto your own agenda later on.

Q: Which GLP-1 would you choose? What properties are you looking for?

Dr. Buse: Right now we don't have great data on the head-to-head comparison of the exenatide BID basal
insulin combination versus long acting GLP-1. There's certainly a lot more convenience today to the long
acting GLP-1. The exenatide approach has benefits to postprandial glucoses so that could be good for a person
who eats larger meals. Until I see more data, I'd focus on convenience though data coming with more
variations of combinations.

Q: How do you address the PCP that has a lot of concerns as well?

Dr. Buse: I usually don't call PCPs because they're busy enough but I would just write in the note the titration
scheme. For either a GLP-1 agonist or combination products likely to be available in the future should be very
simple. These are very easy drugs to use compared to insulin.

Dr. Beaser: I would also encourage the PCP to look at postprandial glucose levels when a patient is on a GLP-1
agonist. If the patient is only measuring pre-meal values, then he may not see the effect of the GLP-1 and
become discouraged.

Dr. Peters: In my neck of the woods, we email a lot. I have the patient summarize, in an email, what they think
are the conclusions of what we discussed. And they email me and their PCP, and they have the three of us
have a brief dialogue. I like that both because the patient is the one writing it, and we all can answer each
others' questions. PCPs don't want to feel like you know everything and they know nothing. So there are ways
to engage PCPs in doing this. Additionally, when I put a CGM on these patients and show the difference
before and after, it's amazing to see such an improvement in control. So use whatever tools you can use to
engage your team.

Q: I'm wondering about the potential of IDegLira in type 1?

Dr. Buse: I think it's a remarkably bad idea. Basal insulin is something you want to get right in type 1 diabetes,
and GLP-1s are completely unproven in type 1 and extremely expensive. They're not FDA approved. I certainly
wouldn't use the combination. If I were going to use a GLP-1, I would free style it. I'm not a huge fan of the
approach.

Q: Can you comment on the combination of GLP-1 agonists and SGLT-2 inhibitors?

Dr. Peters: From my own clinical use I've used them in combination, and I think they work well. In some of
my patients I've been able to get them off basal insulin on that combination with metformin. You could use a
once-weekly GLP-1 RA and then that's just two pills per day. However, it's incredibly expensive, and we don't
have data supporting using it. On the other hand it does work. It's a nice combination in terms of simplicity
and effectiveness.

Q: If you have diabetes for 20 years can you still use GLP-1?
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Dr. Buse: Even if you have a longer duration of disease you still respond very well. There is a loss of beta cell
function in type 2 diabetes, and one of the major functions here is to restore beta cell function.

Corporate Symposium: Clinical Issues in Type 2 Diabetes: Discussions and Debates Around
GLP-1 Receptor Agonists (Supported by AZ)

Lawrence Blonde, MD (Ochsner Medical Center, New Orleans, LA), Daniel Einhorn, MD
(Scripps Health, La Jolla, CA), and Jaime Davidson, MD (University of Texas Southwestern
Medical Center, Dallas, TX)

This AZ-sponsored breakfast symposium featured wide-ranging commentary on the advantages of GLP-1
agonists. The symposium was organized by topic area, with several short presentations and discussion on
each topic rather than a series of longer individual talks, and our coverage is divided accordingly.

POTENTIAL AS FIRST INJECTABLE THERAPY

Speakers offered a very positive take on the use of GLP-1 agonists as the first injectable therapy for type 2
diabetes. Dr. Daniel Einhorn described the class as an underutilized option that is much more attractive
than insulin as an initial injectable therapy, particularly given the recent advances in delivery devices and
the availability of once-weekly products. He did not comment on the relative advantages of specific agents
within the class, but from our perspective, Lilly's Trulicity (dulaglutide) is the GLP-1 agonist that most fully
embodies these selling points. In Lilly's 1Q15 update, management shared that early uptake of Trulicity has
been very strong, and we agree with the company's prediction that the product will likely serve as a catalyst
for growth of the GLP-1 agonist class as a whole. Improvements in other once weekly agents (i.e. AZ's new
Bydureon pen) should help as well. With regard to side effects, Dr. Jaime Davidson suggested that the
amount of nausea and vomiting produced by GLP-1 agonists is often overstated and that much of the
nausea patients experience is actually a feeling of satiety that they are unused to.

▪ Dr. Davidson also discussed other potential risks associated with GLP-1 agonists,
including acute pancreatitis, thyroid cancer, and renal impairment. He reported that
post-marketing surveillance of GLP-1 agonists has not revealed an increase in acute pancreatitis risk
but suggested proceeding with caution nevertheless. He suggested that clinicians consider other
treatment options if patients have a history of pancreatitis and educate patients about the signs of
acute pancreatitis so the therapy can be discontinued if an issue arises. Dr. Davidson does not
recommend GLP-1 agonists for patients with a history of thyroid cancers based on the increased risk
of medullary thyroid carcinoma seen in rodents. He also does not recommend GLP-1 agonists for
patients with renal impairment.

COMBINATION THERAPY

Speakers also expressed great enthusiasm regarding the use of GLP-1 agonists in combination with other
agents. Dr. Davidson reviewed clinical data on GLP-1 agonist/basal insulin combinations, which we
continue to see as one of the most exciting new type 2 diabetes drug classes on the horizon. During Q&A,
speakers debated the most appropriate role for such combinations compared to GLP-1 agonists alone. Dr.
Davidson suggested that GLP-1 agonist monotherapy would be most appropriate for patients with a lower
baseline A1c, while Dr. Einhorn argued that a combination approach is preferable at any stage of the
disease, all other factors (such as price) being equal. Dr. Einhorn also spoke more broadly about the benefits
of combination therapy during his prepared remarks. He strongly advocated for initial triple therapy with
metformin, a GLP-1 agonist, and pioglitazone, which has shown better results in terms of time to treatment
failure and glucose variability than adding the therapies sequentially. Dr. Einhorn also pointed to GLP-1
agonists and SGLT-2 inhibitors as a logical combination with greater than additive weight loss effects in
clinical trials. We expect to hear much more about this approach in the coming years: trials of exenatide/
dapagliflozin and liraglutide/canagliflozin combination therapy are ongoing and expected to complete
within the next two years.
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OBESITY

Dr. Einhorn and Dr. Davidson discussed motivational interviewing and bariatric surgery as best practices
in treating overweight and obese individuals with type 2 diabetes. Dr. Einhorn underscored the importance
of motivational interviewing when discussing lifestyle changes to promote weight loss with patients in order
to establish a trusting relationship with them. He emphasized that patients do not have to reach a perfect
target to get a better outcome - we have heard many times that the disconnect between patients' and
providers' weight loss expectations can be one of the most challenging aspects of treating obesity for
clinicians. At the other end of the spectrum for obesity therapies, Dr. Davidson reviewed results from the
STAMPEDE study showing significantly greater A1c reductions with bariatric surgery added to intensive
medical therapy vs. intensive medical therapy alone. The type of bariatric surgery - gastric bypass or sleeve
gastrectomy - did not have an effect on the A1c results, though gastric bypass had a slight edge in terms of
the percentage of patients achieving diabetes remission. It is not entirely clear whether it was some factor
unique to bariatric surgery or simply the magnitude of weight loss that was responsible for these results;
we agree with Dr. Timothy Garvey's (University of Alabama, Birmingham, AL) suggestion at Obesity Week
last year that a trial evaluating the effects of surgery vs. equal weight loss achieved with obesity
medications would be very intriguing.

EXPANDED INDICATIONS

The symposium concluded with intriguing presentations by Dr. Einhorn and Dr. Davidson on the many
potential expanded indications for GLP-1 agonists, including NAFLD/NASH, neurodegenerative diseases,
polycystic ovary syndrome, and type 1 diabetes. Novo Nordisk's Victoza (liraglutide) is already being
investigated in several of these indications: two phase 3 trials (ADJUNCT ONE and ADJUNCT TWO) in type
1 diabetes are scheduled to report within the next few months, although data from the LIRA-1 trial presented
on ADA Day #5, while demonstrating some benefit, were not as positive as we had been hoping. We also
heard about intriguing academic studies in NASH and Alzheimer's disease have been completed or are
underway. According to Dr. Davidson, off-label use of GLP-1 agonists in type 1 diabetes is already fairly
common, and he said he personally has been very satisfied with the results. In our view, this is part of a
larger trend away from the view of type 1 and type 2 diabetes as entirely distinct diseases, and we expect
the use of type 2 diabetes drugs (particularly GLP-1 agonists and SGLT-2 inhibitors) in type 1 diabetes to
become increasingly common in the coming years.

PANEL DISCUSSION

Q: Is there any data regarding initial combination therapy with a non-insulin agent vs. initial
combination therapy with insulin?

Dr. Daniel Einhorn (Scripps Health, La Jolla, CA): In the triple therapy study, one group had insulin and the
other did not.

Dr. Lawrence Blonde (Ochsner Medical Center, New Orleans, LA): It was an option to add insulin but did
everyone get it?

Dr. Einhorn: Insulin, sulfonylurea, and metformin were the options. It would be interesting to find what
percentage ended up on insulin and how early they got it. Another question is whether the injectable part is
such an issue. We all feel much less of that now.

Q: Do you agree that GLP-1 agonists are more effective early in the course of diabetes while
insulin is effective in the entire natural history of diabetes?

Dr. Jaime Davidson (University of Texas Southwestern Medical Center, Dallas, TX): There is plenty of data
showing that GLP-1 agonists are effective no matter when we use them. I prefer early because they provide
better weight loss and better control over everything, not just glucose. That's the advantage of GLP-1 agonists.

Dr. Blonde: There was a study that showed that A1c reduction was a little bit greater in people earlier in the
course of diabetes. But even in that trial people who had diabetes for 10 years or longer showed reductions.

Dr. Einhorn: Earlier is better for everyone.
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Q: Is there any human data suggesting that GLP-1 agonists improve beta cell function or mass?

Dr. Einhorn: There is clinical data suggesting that beta cells behave better. Whether they're bigger or there are
more of them, they seem to behave better longer.

Dr. Davidson: If they actually improved islet function in humans, then we wouldn't see the slow rise in A1c.
It's the best drug on durability but there's still that slow rebound. And when you stop the drug, you saw what
happened. If you discontinue, in four weeks you see an increase in glucose. This is treatment, not prevention.

Q: Does the significant weight loss depend on a high nausea rate? People have thought that
people lose weight because they get nauseated.

Dr. Blonde: Even in patients without nausea or vomiting, there is still a significant difference in weight loss.
Nausea and vomiting is not the primary driver of weight loss. GI side effects are not the primary reason for the
weight loss.

Q: Do you have any data or recommendations on the relationship between timing of meals and
time of dosing?

Dr. Einhorn: Exenatide twice daily should be taken within an hour of the two main meals of the day so that's
six hours apart. Once you do it once a week, the nice thing is if they forget to take it in the morning, they can
take it in the afternoon and maintain the good control. If you can do it anytime or once a week, that's a
completely different life. If you miss a day, you can take it the next day.

Dr. Blonde: If you're starting a patient on a medication that has to be taken the next day that's injectable, they
have to give it to themselves the next day. With a once-weekly agent, you can explain how it works and the
clinician can say I'll give it today, you go watch the videos and read about how to use it, and come back in a
week for a short visit and see if you can do it then. It makes the intensity of training at the first visit much less
if people don't have diabetes educators who can do it. They don't even half to come back one week to the day.
There's some flexibility that can make it easier to start.

Q: Is it more effective to add a prandial GLP-1 agonist or a once weekly GLP-1 agonist to basal
insulin?

Dr. Einhorn: There haven't been any head to head studies. The advantage of the once-weekly agent is it's more
likely to be taken consistently, and I'm guessing in real life the impact of missed doses might exceed the
relative impact on prandial glucose. I believe very strongly that making it easy should be the guiding principle,
because easy means it will be adhered to. People are living with this for many years, and once a week vs. twice
a day can make a difference.

Dr. Davidson: Some people do need to use a prandial agent. If they can't get adequate postprandial control,
that's another option that's been effective.

Dr. Blonde: Soon we will have fixed-ratio combinations of GLP-1 agonists and basal insulin.
Where would you put them in the sequence and treatment algorithm?

Dr. Davidson: We will see posters here of that combination. It's very effective. To me it depends on where A1c
is at the beginning. When AACE gets new data, we will fit them in the algorithm somewhere between 8% and
greater, but never below. Most clinical trials with basal insulin have people with an A1c above 8%. The people
who designed them are very intelligent. If you start with an A1c of 7.5%, you will increase the risk of
hypoglycemia significantly.

Dr. Blonde: The studies did show that though there was less hypoglycemia than with insulin, there was more
than with a GLP-1 agonist alone.

Dr. Einhorn: In general, I would consider lower doses of the combination early on. There's an advantage to
harnessing different targets from the very beginning. I share your caution about hypoglycemia, but for me it's
a matter of dose. All things equal, if I can get two peptides I will get two. If it were more expensive, that would
sway the decision.
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Dr. Blonde: Is there some benefit to early insulin that would be a reason to accept some hypoglycemia and
weight effects? If not, maybe we should reserve it for later. Those studies will be coming. We don't have the
answer right now.

Product Theaters

NON-ADHERENCE AND GLYCEMIC CONTROL - A REAL-WORLD LOOK AT THE ISSUES AND
CHALLENGES WE FACE (SPONSORED BY INTARCIA)

Steven Edelman, MD (TCOYD, Del Mar, CA) & Troy Ross (Mid-America Coalition on Health
Care, Overland Park, KS)

This was the first Intarcia-supported product theater we've seen out on the conference circuit so far, though
as with Sanofi's first product theater for the new inhaled insulin Afrezza there was no specific mention of
Intarcia's product. Instead, co-hosts Dr. Steven Edelman and Mr. Troy Ross made some general points
about adherence, namely focusing on therapies that promote weight loss, reduce hypoglycemia, and have
other benefits that are highly meaningful for patients. Though the content was valuable from a provider
perspective and well delivered, we are more eager to see product-specific messaging once ITCA-650 draws
closer to market.

A CASE STUDY IN TREATING ADULT PATIENTS WITH TYPE 2 DIABETES (SPONSORED BY
LILLY)

Stanley Schwartz, MD (University of Pennsylvania, Philadelphia, PA)

Dr. Schwartz led the product theater on Lilly's once weekly GLP-1 agonist Trulicity (dulaglutide). Following
an opening review of ADA treatment guidelines, he introduced Trulicity, emphasizing the once weekly
dosing and noting that no reconstitution or shaking was necessary for administration. Moving to efficacy
results, Dr. Schwartz underlined the strong glycemic control observed in the AWARD trials, suggesting
Trulicity could be a good option before starting insulin due to the low incidence of hypoglycemia without
weight gain. He concluded with practical tips from his clinical practice for educating patients in order to
reduce nausea and vomiting rates.

▪ Following an opening review of ADA treatment guidelines, Dr. Schwartz introduced
Trulicity, emphasizing ease of use with the auto-injector pen - the easiest-to-use device for
any currently available GLP-1 agonist. With the pen, administration requires no reconstitution or
shaking and the injection is delivered through a 29-gauge needle that patients never have to see. He
felt that in his practice demonstrating this in office often helped patients get over preconceptions
over pain and difficulty with injectables. He also promoted a sample pack offered by Lilly, which
includes educational information and a savings card for patients to reduce costs.

▪ Moving to efficacy results, Dr. Schwartz underlined the strong glycemic control
observed in the AWARD trials. Looking to AWARD-5, he noted 0.9-1.1% declines with Trulicity
(baseline 8.1-8.2%) versus 0.4% with sitagliptin (baseline 8.0%). He also highlighted similar efficacy
to liraglutide in AWARD-6 and insulin glargine in AWARD-2, suggesting Trulicity could be a good
option before starting insulin due to the low incidence of hypoglycemia without weight gain.

▪ With regard to nausea and vomiting, Dr. Schwartz emphasized that in his practice he
felt proper education could reduce event rates. He said it was important to teach patients
that they will lose their appetite and not to eat in between meals out of habit. When eating, he
instructs patients to stop eating at the first sign of fullness - continuing to eat when full, he
suggested, prompts nausea. Anecdotally he felt these recommendations brought rates of nausea far
below what was seen in trials.
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THE EFFECT OF A ONCE-WEEKLY THERAPY ON A1C AND WEIGHT OVER 3 YEARS
(SPONSORED BY ASTRAZENECA)

Steven Edelman, MD (University of California San Diego, La Jolla, CA) & Kirsten Ward, CDE
(Health Coach Boston, Boston, MA)

The renowned Dr. Edelman and fantastic Ms. Ward led a product theater on AZ's GLP-1 agonist Bydureon
(exenatide once weekly), highlighting the efficacy and safety profile of the drug. Following a review of the
mechanism of action of GLP-1 class, Dr. Edelman moved on to highlight takeaways from the DURATION
phase 3 trials, particularly emphasizing the strong A1c declines and maintained weight loss. He also noted
the reduced nausea and increased potency as compared with Byetta, underlining the differences between
the drugs. Ms. Ward concluded the session with a demonstration of the Bydureon pen, placing heavy focus
on the SteadyStart post-prescription support system as a way to ease the patient's transition to the drug -
we see patient support program models like this as becoming increasingly important differentiators for new
and existing drugs. Overall, it seemed the presentation aimed to reinforce the simplicity of prescription and
administration - there was little mention of the single-use tray, which now accounts for only half of all
monthly prescriptions.

▪ Following a review of the mechanism of action of the GLP-1 class, Dr. Edelman moved
on to highlight takeaways from the DURATION phase 3 trials with Bydureon. In
addition to strong A1c declines, he emphasized the weight loss observed in the trials, particularly
noting the 5.5 lbs weight loss seen in DURATION-3 that was maintained until the end of the trial.
Compared with Byetta, he reinforced the increased potency of Bydureon as well as reduced
incidence of nausea.

▪ Looking to six-year safety data, Dr. Edelman underlined the lack of major
hypoglycemia cases as well as the decreasing nausea with time. In the DURATION-1
extended trial, he noted that nausea declined from the initial controlled 30-week period at 0.85
events/year to 0.08 events/year by the end of six-year follow-up. Nevertheless, he cautioned that GI
side effects serve as the primary adverse events directly related to GLP-1 administration. He also
noted increased injection site reactions versus Byetta and insulin glargine given the components of
the long-acting suspension.

▪ Ms. Ward went on to demonstrate the use of the Bydureon pen, promoting the
SteadyStart program as a way to offer clinical educator support directly to patients. As
described at last year's product theater, the program includes full-time and on-demand educators
and specialists to help educate patients on proper administration of Bydureon. The program
includes a series of follow-up calls at 7, 30, 60, and 90 days post-prescription to ensure smooth
transition to the pen. Patients have the option of enrolling in non-branded education sessions on
healthy lifestyle change as well as opting in for dosing reminder emails. The concluding patient
video included a series of testimonials in praise of the program and ease of use with the pen.

DPP-4 Inhibitors

Oral Presentations: Results from the Trial to Evaluate Cardiovascular Outcomes after
Treatment with Sitagliptin (TECOS)

STUDY RATIONALE, DESIGN, AND STUDY CONDUCT

Jennifer Green, MD (Duke University, Durham, NC)

Dr. Jennifer Green opened the session with an overview of the aims, design, and execution of TECOS. She
noted repeatedly that the goal was to determine the non-glycemic effects of sitagliptin on cardiovascular
outcomes and that the investigators therefore aimed to minimize the difference in A1c between the groups.
All aspects of disease management other than adjustment of the study drug were managed by patients' own
healthcare providers, and patients were allowed to use any diabetes drugs other than incretin-based
therapies (though use of rosiglitazone was discouraged). The primary outcome of the study was time to first
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occurrence of CV death, non-fatal MI, non-fatal stroke, or hospitalization for unstable angina. Secondary
outcomes included a secondary composite endpoint (the primary composite with hospitalization for angina
excluded), individual components of the primary endpoint, all-cause mortality, hospitalization for heart
failure, and a composite endpoint of hospitalization for heart failure or CV death. Differences in A1c, renal
function, time to insulin initiation or addition of another oral medication, and medical resource utilization
were also evaluated. All deaths, events in the primary composite, heart failure hospitalizations, cases of
acute pancreatitis, and malignancies were independently adjudicated. Dr. Green shared that the trial had
90% power to exclude a hazard ratio of 1.3 (as required by the FDA) and 81% power to detect a 15%
reduction in CV risk. She emphasized the fact that TECOS was a safety study designed to demonstrate non-
inferiority rather than superiority.

TECOS RESULTS

Rury Holman, FMedSci (Oxford Center for Diabetes, Endocrinology, and Metabolism, Oxford,
United Kingdom)

Dr. Rury Holman presented the primary results from TECOS, which featured no major surprises. The
hazard ratio for the primary composite cardiovascular endpoint (MACE + hospitalization for unstable
angina) was 0.98 (95% CI = 0.89-1.08). The secondary cardiovascular composite (MACE only) was also
neutral (HR = 0.99; 95% CI = 0.89-1.11). Results for all individual components of the primary composite,
and for all-cause mortality, were also neutral. Of course, all eyes were on the heart failure results to provide
more clarity on the question of a DPP-4 inhibitor class effect. The answer was fully reassuring, with an
almost impressively neutral hazard ratio of 1.00 - notably the upper bound of the 95% confidence interval
was 1.20, which Dr. Holman noted was below the point estimate of 1.27 for hospitalization for heart failure
in the SAVOR trial. There were non-significant numerical imbalances in pancreatic adverse events that
went both ways. Based on a small number of events, there were more cases of acute pancreatitis with
sitagliptin. However, based on an even smaller number of events, there was an imbalance in pancreatic
cancer in sitagliptin's favor. Dr. Holman appeared entirely unconcerned about these imbalances, and we
believe most major figures in the field feel inclined to agree with him.

▪ Of the 24 prespecified subgroup analyses, the only one to produce a non-neutral result
was BMI, which demonstrated a modest but significant (p=0.03) interaction in favor
of sitagliptin in obese patients. However, Dr. Holman cautioned against over-interpreting that
result given the number of sub-analyses. Other factors, including age, sex, race, geographic region,
history of heart failure, blood pressure, smoking, medications, baseline A1c, and diabetes duration,
had no significant impact on the results. We agree it isn't necessarily something to write home about
though patients do care about this and it may be a driver of adherence.

▪ Dr. Holman stressed that the resoundingly neutral results "does not mean this drug is
not working," as the goal was to investigate any effects on CV outcomes unrelated to glucose
lowering. We imagine that there is somewhat less potential for public disappointment with TECOS
compared to ELIXA as there was less hope that DPP-4 inhibitors would be able to demonstrate
cardioprotection. However, we cannot help but wonder whether a GRADE-like trial evaluating the
effect of glucose-lowering achieved with sitagliptin compared to other diabetes drugs could have
provided more clinically valuable results.

▪ The fact that Januvia emerged from TECOS unblemished should help the product
retain its leadership in the DPP-4 inhibitor class, with AZ's Onglyza (saxagliptin) and - to a
lesser extent - Takeda's Nesina (alogliptin) blemished by the heart failure question - fairly or not. In
general, we see the neutral TECOS heart failure results as good for the class as a whole, and it
increasingly looks like the signal in SAVOR was a matter of chance. In the context of a fairly
homogeneous class of drugs, however, prescribers may choose to play it safe and go with Januvia.
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TECOS FROM A CARDIOLOGIST'S PERSPECTIVE

Eric Peterson, MD (Duke University School of Medicine, Durham, NC)

Dr. Eric Peterson discussed the broader implications of the TECOS results for patients with diabetes,
framing them as a reassuring addition to the body of evidence in favor of DPP-4 inhibitors. He stated that
diabetes is "remarkably important" from a cardiologist's perspective and argued that the main goal of
treatment, based on current evidence, is to reduce microvascular complications in a safe fashion. He
presented an analysis showing no significant heterogeneity between SAVOR, EXAMINE, and TECOS with
regard to the primary outcome and argued that the combined results support a strong safety profile for
DPP-4 inhibitors in high-risk patients. Like other speakers in the session, Dr. Peterson suggested that the
lack of a superiority finding could have been due to the relatively short duration of the trial (for us, that
seems almost certainly true) or the fact that it was only designed to evaluate sitagliptin's non-glycemic
effects. With regard to heart failure, Dr. Peterson suggested that combining the results of the three trials
may not be as reliable, though he also noted that the population characteristics and the definition and
adjudication of heart failure were relatively similar in all of the studies. He acknowledged that the divergent
results could have been due to intrinsic differences between individual agents but said that conclusion
should be accepted only after excluding all other possibilities, including chance.

DISCUSSANT

Allison Goldfine, MD (Joslin Diabetes Center, Boston, MA)

The renowned Dr. Allison Goldfine reached similar conclusions as Dr. Peterson about the implications of the
TECOS results and also raised important points about the need for a broader discussion regarding the
current CVOT paradigm. She emphasized the goal of maintaining glycemic equipoise between the two
groups during the trial and stressed that the results should thus be interpreted as demonstrating non-
inferiority between sitagliptin and "placebo plus." With regard to heart failure, she feels that the verdict is
still out: she cautioned against lumping the results from the three DPP-4 inhibitor trials together or
automatically ruling out a class effect based on the TECOS results. She believes there are a number of
possible explanations for the divergent results in the three trials, including differences in trial design and
execution, potential drug-specific effects on heart failure, or chance findings in some studies. In terms of the
broader context of the 2008 CV Guidance, Dr. Goldfine encouraged greater engagement and discussion
among the medical community on topics such as whether the trials are enrolling the right patients and
asking and answering the most important clinical questions. We hope that the FDA will feel compelled to
address some of these broader questions that Dr. Goldfine and others have put forward in the coming year,
particularly if more and more trials continue to report neutral cardiovascular results given the number of
studies, patients, and costs of these trials diverting resources from other potentially important scientific
needs.

TECOS FROM AN ENDOCRINE PERSPECTIVE

John Buse, MD, PhD (UNC, Chapel Hill, NC)

We thought Dr. John Buse's interpretation of the TECOS results was one of the best presentations of the two
CVOT sessions, and, indeed, of ADA. He spoke positively about TECOS, sitagliptin, and DPP-4 inhibitors as
a whole when deserved, characterizing DPP-4 inhibitors as arguably the best-tolerated class of diabetes
drugs. With regard to potential safety concerns he was not afraid to call it as he saw it, pointing to a pattern
of more acute pancreatitis with DPP-4 inhibitors in CVOTs (though still based on fairly few events). Even
with pancreatitis, though, he did not appear too worried, suggesting that the worst case is that acute
pancreatitis is a real but still exceedingly rare complication of DPP-4 inhibitor therapy. He ended by noting
that CVOTs as they are currently designed are important for ascertaining intermediate safety but are not
helpful when trying to assess lifetime risk and the potential of long-term benefit. Our response to that last,
from an advocacy perspective, is that that is really too bad.

▪ Dr. Buse began with background on the state of type 2 diabetes drugs today. He
highlighted the explosion of new drug classes, many with interesting properties beyond glucose
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lowering. However, a lack of rigorously conducted outcomes trials has kept worries about safety
lurking in the background.

▪ He next narrowed his focus to DPP-4 inhibitors, which guidelines currently place
squarely as a second-line therapy after metformin. He characterized DPP-4 inhibitors as
having excellent efficacy in their optimal setting of use, which is earlier in the disease course and in
combination with metformin. He noted that DPP-4 inhibitors have the longstanding reputation as
arguably the best-tolerated class of type 2 diabetes drugs. However, he noted that concerns about
pancreatic safety remain.

▪ With the caveat that comparing between trials has many limitations, Dr. Buse noted a
consistent imbalance in acute pancreatitis in DPP-4 inhibitor CVOTs. In SAVOR, the
imbalance was 22 vs. 16 cases (p=0.42) not in favor of saxagliptin. In EXAMINE, the imbalance was
12 vs. 8 cases (p=0.5) not in favor of alogliptin. In TECOS, the imbalance was 23 vs. 12 cases
(p=0.065) not in favor of sitagliptin. When placed together in comparison on a single slide, the data
seemed more persuasive (though not yet definitive) in favor of a class effect on acute pancreatitis.
Dr. Buse did not comment directly on the likelihood that the signal is real, but rather suggested that
if a signal is real it is extremely rare and acceptable in the context of an otherwise safe and effective
drug class.

◦ It is interesting that the imbalances in pancreatic cancer have gone in DPP-4
inhibitors' favor: 5 vs. 12 cases in SAVOR (p=0.095) and 9 vs. 14 cases in TECOS
(p=0.032). As with the acute pancreatitis numbers, however, the imbalances are possibly
due to chance, and if not the effect is still too modest to make too much of.

▪ In another across-trial comparison, Dr. Buse noted that severe hypoglycemia was very
slightly more frequent in the treatment group vs. placebo for the three DPP-4
inhibitor CVOTs. However, he suggested that the marginal differences in A1c between groups
could account for the difference.

▪ Dr. Buse noted that TECOS does not answer all of the remaining questions about
DPP-4 inhibitors. He suggested that better long-term data on comparative effectiveness would be
very valuable to have (NIH's GRADE study should help somewhat though we see the absence of
SGLT-2s as a major negative), as would longer-term safety exposure data and studies in lower-CV-
risk patients to examine potential CV benefits.

QUESTION AND ANSWER SESSION

Q: Regarding the recently published AACE guidelines, they mention hospitalization for heart
failure as a risk with DPP-4 inhibitors. What's your comment?

Dr. Holman: We've had an FDA Advisory Committee that covered that topic. Whenever you get evidence you
need to incorporate it and advise people of a potential harm. It will be interesting to see whether the new
TECOS data will lead to a change. When you see something of concern in a trial, you should inform people,
but the signal was not definitive.

Press Conference - TECOS

TECOS PRESS CONFERENCE - SELECTED Q&A

Rury Holman, FMedSci (University of Oxford, UK) & Eric Peterson, MD, MPH (Duke Clinical
Research Institute, Durham, NC)

Q: Was there any planned passive follow-up of this cohort?

Dr. Holman: There was no passive follow up planned, as much as I'd like to do it. We did not receive the
funding, and patients were not consented for it. [Editor's note - this seems highly disappointing. We can't
imagine that it would cost very much.]

Q: Was this study a non-inferiority or superiority trial?
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Dr. Holman: The study was designed as a non-inferiority analysis, but it was powered and we had enough
patients for a superiority analysis. The reason was that at the time the study was designed, there was the belief
that there may have been advantages for this class, though that has not been borne out. [We wonder, this has
not been borne out in this time period? Or at all?]

Dr. Peterson: The study was not designed to look at the long-term effect of glucose lowering. That would have
taken a much larger and longer study.

Q: Does one drug in this class offer advantages over the others? There was a signal with the
others but absolutely nothing here. How do clinicians put that into practice?

Dr. Holman: That's an impossible question. The first study out was SAVOR, with a statistically significant
signal for a harm that was unexpected. The second one showed just a numerical imbalance. It could have been
no signal, or not enough power to achieve statistical significance for the signal. The hazard ratios were 1.27,
1.19, and 1.00 for the three trials. If you are looking at the information and are very risk averse, you'll vote
with your feet. I don't think we know whether the data from TECOS applies to the whole class. In the UK,
DPP-4 inhibitors are third-line drugs mainly because of cost. At present, heart failure concerns have not
changed the guidance. The drug we're talking about in TECOS is the most popular, having been there the
longest. Sitagliptin happens to be on my formulary, and I don't feel the need to change my practice.

Q: Some had mentioned that the data does not show evidence of a benefit. Would you
necessarily rule out benefit given that some of the landmark trials for glucose lowering - which
is another issue - took years or decades to show a benefit [on the complications front]?

Dr. Holman: That's a question that is true to my heart. Studies should be longer. People have type 2 diabetes
for a lifetime, and studies that report in just one or two years are hard to interpret. Here, we have people going
out to five years. If we were able to continue this longer, it is possible that you would have seen a benefit, or
possibly even risk. The glucose issue is not the point. We designed out the glucose difference. All we can say is
that this is the largest, longest study so far, and we see no harm or benefit.

Q: Given that these three outcomes trials haven't show a benefit or a risk, and that they are
large trials, in hindsight do you think the benefits we've gained have been worth the
opportunity cost?

Dr. Holman: Hindsight is a wonderful thing. Regulators set up this requirement in the face of a number of
adverse events that had been recognized for other drugs, and you know the first rule is to do no harm. I think
it was appropriate to set those safeguards. Now that we know there is no difference, it's easy to say that we
could have done something else. My view is that if we spend money on trials like this, they should be longer
and involve more agents so that we can get comparative results. That is a wish, but this is what we have today,
and I'm delighted with the results.

Oral Presentations: New Insights Into the Effects of Oral Agents

ADDING A DPP-4 INHIBITOR TO ONGOING THERAPY WITH A GLP-1 RECEPTOR AGONIST
AND METFORMIN INCREASES INTACT GLP-1, BUT DOES NOT CHANGE INSULIN OR
GLUCAGON SECRETION NOR PLASMA GLUCOSE EXCURSIONS FOLLOWING A MIXED
TEST MEAL IN PATIENTS WITH TYPE 2 DIABETES (10-OR)

Michael Nauck, MD, PhD (Diabetes Centre, Bad Lauterberg, Harz, Germany)

During his timely talk, the highly regarded Dr. Michael Nauck presented the results of his study examining
the effect of adding DPP-4 inhibitor sitagliptin to ongoing therapy with GLP-1 agonist liraglutide and
metformin for people with type 2 diabetes. The study enrolled 16 people with diabetes (mean age of 55
years; mean disease duration of 9.4 years; mean A1c of 7.5%), who were treated with metformin (2044 ±
266 mg/day) and liraglutide (1.2 mg/day for more than two weeks) prior to the study. Participants were
then randomized to receive either one 100 mg PO dose of sitagliptin or placebo and were studied after an
overnight fast with the drug administered 60 minutes before a standard mixed meal was eaten. The results
found that those treated with sitagliptin had meal-induced responses of intact GLP-1 and GIP that were
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augmented by 78% and 90% (p<0.0001) respectively, while their total GLP-1 and GIP responses were
reduced by 37%and 18%, respectively. On the other hand, their levels of insulin, C-peptide, glucagon, and
glucose concentrations were not affected significantly (p=0.60-1.00). The influence of sitagliptin treatment
on incretin plasma concentrations was similar to previous results in people with type 2 diabetes on
metformin treatment alone, with concentrations increasing after a standard mixed meal. According to Dr.
Nauck, these findings are most likely explained by the fact that GLP-1 receptors are maximally stimulated
by liraglutide alone; he thus concluded that combination treatment with GLP-1 agonists and DPP-4
inhibitors is not recommended.

Questions and Answers

Q: How general will these results be for short acting GLP-1 agonists like exenatide?

A: My interpretation is that if you take a long acting GLP-1 agonist that exposes GLP-1 receptors to
stimulation all day, then there is no ability for a DPP-4 inhibitor on top of that to further stimulate GLP-1
receptors. Also we could speculate with our results that there is no other mediator because otherwise there
would be some additive effect. With exenatide's published results, we interpret them exactly the same way.
You only have two periods during the day where you are exposed to exenatide with perhaps 12 hours of a
24-hour period where there is no exposure to the drug and that gives the DPP-4 inhibitor the chance to kick in
and do something.

Q: The benefit which was observed when sitagliptin was combined with exenatide twice daily
as you suggested was due to the shorter half life of exenatide. It could be beneficial. In the case
of liraglutide, if you are looking at the metabolism of liraglutide, we have seen some papers
published with experimental work which suggests that although liraglutide is a DPP-4
resistant GLP-1 agonist, 5%-10% of liraglutide is broken down by DPP-4, so there is a
theoretical possibility that if you add a DPP-4- inhibitor, the 5%-10% of the liraglutide that
would normally be metabolized by DPP-4 would no longer be metabolized and therefore
would have a beneficial effect. Could it be happening because of the single dose of sitagliptin?
If you were using sitagliptin for a week, would you have a different result?

A: I think what you assume may be correct. At least liraglutide can be partially degraded by a DPP-4, so if you
give a DPP-4 inhibitor, it's preserved 100% or close to 100%. We will have a chance to look at liraglutide levels
during our experiments, and I am looking forward to potentially seeing any differences induced by sitagliptin.
Perhaps the changes in gastric emptying rates that we observed might be somewhat related to this
phenomenon.

MAJOR CARDIOVASCULAR OUTCOMES IN THE EXAMINE TRIAL ACCORDING TO ACE
INHIBITOR USE (12-OR)

William White, MD (University of Connecticut, Farmington, CT)

To a full room, Dr. William White presented results from the EXAMINE trial (the CVOT for Takeda's Nesina
[alogliptin]) with patients stratified by ACE inhibitor use at baseline. As a reminder, the primary results
from EXAMINE presented at ESC in 2013 demonstrated cardiovascular non-inferiority with alogliptin
compared to placebo. This analysis was conducted in response to concerns about the potential harmful
effects of sympathetic nervous system activation caused by combined therapy with DPP-4 inhibitors and
high dose ACE inhibitors. Results from this analysis were consistent with the overall findings and revealed
that cardiovascular outcomes were not affected by ACE inhibitor use or dose. This should provide some
reassurance about potential interactions between alogliptin and ACE inhibitors in high-risk patients with
type 2 diabetes, though additional studies would be required to draw broader conclusions about the DPP-4
inhibitor class.

▪ As previously reported, alogliptin was non-inferior to placebo with regard to the
primary MACE composite endpoint (CV death, nonfatal myocardial infarction,
nonfatal stroke). The event rates were 11.3% and 11.8% for the aloglitpin and placebo groups,
respectively (hazard ratio=0.96; upper bound of one-sided repeated CI = 1.16).
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▪ As expected, patients with no history of heart failure had much lower rates of MACE
events than those with a history of heart failure, and there were no significant
differences with alogliptin vs. placebo. The event rates in patients with no history of heart
failure were 4.9% and 4.2% for alogliptin and placebo, respectively (HR=1.14; 95% CI 0.05-1.54) and
13.9% and 15.7%, respectively, for patients with a history of heart failure (HR=0.90; 95% CI
0.70-1.17).

▪ As there is an activation of the sympathetic nervous system when DPP-4 inhibitors are
used in combination with high dose ACE inhibitors, concerns have been raised
regarding combined use of these two drug classes. To evaluate this risk, the EXAMINE trial
investigators evaluated vital signs and CV outcomes in patients based on their ACE inhibitor use.

▪ When stratifying patients by their baseline ACE inhibitor use or dose, rates of
cardiovascular outcomes were similar between patients receiving alogliptin and
placebo. There were no significant differences in the MACE composite endpoint between the
alogliptin and placebo groups in patients on ACE inhibitors (HR=0.97; 95% CI: 0.79-1.19; p=0.76)
and those not on ACE inhibitors at baseline (HR =0.94; 95% CI: 0.73-1.21; p=0.62). Similar results
were seen for the composite endpoint of CV death and hospitalization for heart failure (HR=0.93;
95% CI: 0.72-1.2 for those on ACE inhibitors and HR=1.09; 95% CI: 0.81-1.48; for those not on ACE
inhibitors ). Furthermore, ACE inhibitor dose did not have any effect on CV outcomes. There were
also no significant differences in systolic blood pressure, diastolic blood pressure, heart rate, or body
weight based on ACE inhibitor use or dose. These data suggest that there is no interaction between
ACE inhibitors and alogliptin when used in high-risk patients with type 2 diabetes, though
additional studies would be required to draw broader conclusions about the DPP-4 inhibitor class.

Questions and Answers

Q: Are there any concern between interaction between ARBs and ACE inhibitors?

A: Not to my knowledge. In the EXAMINE trial we had a lot of patients on an ACE inhibitors. Much smaller
percentage taking other RAS agents

Q. You concluded that there were no specific interactions between ACE inhibitors and
alogliptin. When we look at past data, there are interactions between ACE inhibitors and other
DPP-4 inhibitors. Is there something to do with alogliptin that is preventing angioedemia?

A. We have thoroughly examined angioedemia and have not seen increased rates regardless of ACE inhibitor
use.

CARDIAC ISCHEMIC OUTCOMES AND HOSPITALIZATIONS IN PATIENTS WITH TYPE 2
DIABETES AND RECENT ACUTE CORONARY SYNDROME TREATED WITH ALOGLIPTIN OR
PLACEBO: NEW INSIGHTS FROM THE EXAMINE TRIAL (13-OR)

Yuichi Shimada, MD (Brigham and Women's Hospital, Boston, MA)

Dr. Yuichi Shimada shared results on cardiac ischemic events and cardiovascular hospitalizations in
EXAMINE, the cardiovascular outcomes trial for Takeda's DPP-4 inhibitor Nesina (alogliptin). As a
reminder, topline results from EXAMINE were released at ESC 2013 and demonstrated cardiovascular non-
inferiority between alogliptin and placebo. In this analysis, no significant differences were found between
the alogliptin- and placebo-treated groups for any of the cardiac ischemic endpoints, with HR for
myocardial infarction 1.07 (95% CI 0.87-1.31, p=0.53), 0.91 (95% CI 0.70-1.19, p=0.49) for unstable angina,
0.98 (95% CI 0.82-1.16, p=0.81) for coronary revascularization, 1.02 (95% CI 0.89-1.17, p=0.73) for
cardiovascular hospitalization, and 0.98 (95% CI 0.87-1.10, p=0.72) for a composite endpoint of
cardiovascular death, myocardial infarction, stroke, unstable angina, or coronary revascularization. Dr.
Shimada concluded that alogliptin does not increase risk of cardiac ischemic events or cardiovascular
hospitalization in a high-risk acute coronary syndrome population.

▪ This analysis examined data on incident rates of myocardial infarction and unstable
angina, coronary revascularization, cardiovascular hospitalizations, and composites
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of these ischemic endpoints from all 5,380 patients randomized in EXAMINE. As a
reminder, EXAMINE was a randomized, double-blind, placebo-controlled trial of alogliptin plus
standard of care versus placebo plus standard of care in patients with type 2 diabetes and recent
acute coronary syndrome with mean follow-up length of 18 months.

▪ No significant differences were found between the alogliptin- and placebo-treated
groups for any of the cardiac ischemic endpoints in the analysis. HR for myocardial
infarction was 1.07 (95% CI 0.87-1.31, p=0.53), 0.91 (95% CI 0.70-1.19, p=0.49) for unstable angina,
0.98 (95% CI 0.82-1.16, p=0.81) for coronary revascularization, 1.02 (95% CI 0.89-1.17, p=0.73) for
cardiovascular hospitalization, and 0.98 (95% CI 0.87-1.10, p=0.72) for a composite endpoint of
cardiovascular death, myocardial infarction, stroke, unstable angina, or coronary revascularization.
By treatment allocation, there was no difference in rates of PCI with stent or CABG though a near
significant difference was found in rates of PCI without stent (HR 1.47, 95% CI 0.96-2.25, p=0.08);
Dr. Shimada cautioned this was likely due to low event rates rather than treatment effect. Median
length of stay for patients hospitalized for cardiovascular events was six days in both groups
(p=0.85).

▪ Dr. Shimada concluded that alogliptin does not increase the risk of cardiac ischemic
events or cardiovascular hospitalization in a high-risk acute coronary syndrome
population. Conversely, in the Q&A, he noted this also suggests no cardiovascular benefit to
alogliptin use in this population.

Questions and Answers

Q: Does this mean alogliptin also shows no cardiovascular benefit?

A: This was the conclusion of the main trial. When you took a more detailed look at the endpoints I'm afraid I
have to say that it seems there is no benefit (during this period of time, presumably).

Q: Participants were all likely on other protective regimens, such as anticoagulants. Do you
have any breakdown by medication use?

A: Patients on statins and anti-platelet therapies were so high that you could not meaningfully compare them
to the relatively small proportion of patients not on standards of care.

Oral Presentations: Recent Advances in Diabetic Macrovascular Disease

CARDIOVASCULAR RISK OF POLYVASCULAR DISEASE IN DIABETES-INSIGHTS FROM
SAVOR-TIMI 53 (56-OR)

Antonio Gutierrez, MD (UCLA, Los Angeles, CA)

Dr. Antonio Gutierrez presented a new analysis of SAVOR-TIMI 53, the cardiovascular outcomes trial for
AZ's Onglyza (saxagliptin), comparing rates of major cardiovascular events based on disease site and
number of diseased vascular beds. In the analysis, two-year rates for the primary endpoint (CV death,
myocardial infarction, and ischemic stroke) were similar for patients with isolated coronary artery disease
(CAD; 7.8%), cerebrovascular disease (CVD; 6.6%), or peripheral arterial disease (PAD; 7.0%) (p=0.09) but
increased in patients with two (15.7%) or three (23.9%) diseased vascular beds vs. patients with one
diseased bed (7.6%) (p<0.001). Those with isolated PAD had increased rates of CV death (4.0%) vs. those
with isolated CVD (1.8%) or CAD (3.3%) (p=0.02). Dr. Gutierrez concluded that patients with type 2
diabetes and PAD or multiple diseased beds have the highest risk of cardiovascular and overall mortality.

▪ In this analysis of SAVOR, rates of major cardiovascular events were compared based
on disease site (CAD, CVD, and PAD) and number of diseased vascular beds. As a
reminder, SAVOR was the cardiovascular outcomes trial for AZ's Onglyza (saxagliptin). The trial
evaluated the effects of saxagliptin versus placebo in patients with type 2 diabetes at risk or with a
history of cardiovascular events. This analysis included 12,641 patients with atherosclerosis for the
analysis of number of diseased beds and 11,249 patients with atherosclerosis in one site alone for the
analysis of disease sites.
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▪ Two-year rates for the primary endpoint (CV death, myocardial infarction, and
ischemic stroke) were similar for patients with isolated CAD (7.8%), CVD (6.6%), or
PAD (7.0%) (p=0.09) but increased in patients with two (15.7%) or three (23.9%)
diseased vascular beds vs. patients with one diseased bed (7.6%) (p<0.001). Those with
isolated PAD had increased rates of CV death (4.0%) versus those with isolated CVD (1.8%) or CAD
(3.3%) (p=0.02). Rates of CV death were also increased in patients with two (6.3%) or three (11.5%)
diseased beds versus those with one diseased bed (3.2%) (p<0.0001). Isolated PAD patients had the
highest rates of all-cause mortality (6.5%) vs. those with CAD only (4.5%) or CVD only (4.5%)
(p=0.03). Overall, for every additional diseased vascular bed, there was an increased risk for the
primary endpoints (CV death, myocardial infarction) and secondary endpoints (hospitalization for
coronary revascularization, hospitalization for heart failure).

▪ Dr. Gutierrez concluded that patients with type 2 diabetes and PAD or multiple
diseased beds have the highest risk of cardiovascular and overall mortality. He also
commented that SAVOR highlighted the additional insights large-scale CV outcomes trials can yield
in our understanding of CV disease, beyond evaluating the safety of a particular drug.

Questions and Answers

Q: If you took those with two vascular beds and compared the different possible combinations
sites, what would they look like?

A: We do have that, but it will be broken out in the future.

Q: You mentioned duration of diabetes and smoking rates were higher in patients with PAD. I
wonder if you took those away what the data would look like.

A: We are working that - but you also have to include medication use and adjust for these other variables too.

Q: Can you comment on heart failure results?

A: I think the approach we're tossing around if you are to use saxagliptin bring them back at three months to
make sure they're not having symptoms of heart failure. There were groups more susceptible for heart failure.
That question is being tossed around.

Corporate Symposium: CV Outcomes with T2D Agents (Sponsored by Merck)

APPLICATIONS OF NEW DATA AND KEY TAKEAWAYS FOR YOUR TYPE 2 DIABETES
PRACTICE

Jennifer Green, MD (Duke University, Durham, NC), Deepak Bhatt, MD, MPH (Brigham and
Women's Hospital, Boston, MA), Jaime Davidson, MD (UT Southwestern, Dallas, TX), and
John Anderson, MD (The Frist Clinic, Nashville, TN)

Merck hosted a well-timed corporate symposium/CME with valuable commentary and a review on CVOT
data, including (impressively) the TECOS results presented just two hours previously - we've never seen
scientific learnings reported and then a CME program in place virtually simultaneously! We learned later
that the CME program director had been on hand to make it happen with such quick turnaround. Though
not as packed as we thought it would be, the symposium featured a rockstar panel, including TECOS lead
author Dr. Jennifer Green and a particularly highly-regarded SAVOR investigator Dr. Deepak Bhatt. A bold
case study prompt asked how the panel would advise a group of insurers looking to consider the DPP-4
inhibitor outcomes data in the context of formulary decisions. Dr. Bhatt suggested that differences in price
(including generic status) trumped any of the differences between results from TECOS, SAVOR, and
EXAMINE, although if he was starting a patient de novo (price being equal) he thinks sitagliptin (Merck's
Januvia) comes out slightly ahead. Dr. Green suggested that payers look into their own data, as non-RCT
studies of DPP-4 inhibitors and heart failure have not shown major differences. She acknowledged that it is
not clear whether (and how) to apply TECOS data to sitagliptin alone vs. to the entire class. For more on the
valuable commentary from the panel, see our transcript below.
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CASE AND PANEL DISCUSSION

Case Prompt: Several insurers are meeting to discuss formulary decisions for DPP-4
inhibitors in the context of data from recent cardiovascular outcomes trials. What guidance
would you provide?

Dr. Deepak L. Bhatt (Brigham and Women's Hospital, Boston, MA): If there was a difference in price, and one
was cheaper, and all were available, I'd go with the cheapest. If one was generic, and I'm not sure which one
goes generic first, I'd go with that one. If a patient was already on a DPP-4 inhibitor, I wouldn't switch it based
on any of these data. I don't think the differences in these cardiovascular outcome trials would really influence
my decision-making. If starting de novo and if all of them were equally priced, sitagliptin looked pretty good
in TECOS. There was no signal at all for heart failure. You could argue that the other trials were smaller
(EXAMINE) or had shorter median follow up (SAVOR-TIMI 53), and in different types of patients. But in that
respect, I guess sitagliptin would win.

Dr. Jaime Davidson (UT Southwestern, Dallas, TX): Sometimes in our institution, one year it's one agent, and
another year it's another agent. What we prescribe is not necessarily what the pharmacy has available. We
haven't had endocrinologists in our pharmacy committee for some time.

Dr. Anderson: So it's a consideration but it's not the only consideration, nor is it the highest priority?

Dr. Bhatt: I think it's a tough thing when you're comparing across trials, not to mention it is not intellectually
legitimate.

Dr. Jennifer Green (Duke University Medical Center, Durham, NC): As a payer, you could look at your own
population data. Studies like that have been done and have seemed to show no real impact between the
different agents.

Case prompt: Patient who asks about safety risks with DPP-4 inhibitors

Dr. Green: We have to be judicious with patients at higher risk, but for the average person, yes risk is
increased, but it doesn't appear from the results of the trials we have so far that giving patients at DPP-4
inhibitor is going to dramatically increase their risk of pancreatic complications. This data is very new and the
recommendations may change, but at least from first glance it's safe to say that there were more events of
pancreatitis occurring in the DPP-4 inhibitor groups. From a clinical perspective, however, it doesn't seem to
be a major concern.

Dr. Davidson: We don't have data for the older agents like we now have for these newer agents. We have over
30,000 patients worth of data in clinical trials with DPP-4 inhibitors and we don't see any noise on
pancreatitis and pancreatic cancer. I feel very comfortable with these agents, and the FDA has not actually
sent any warnings out about heart failure and pancreatitis.

Dr. Bhatt: For pancreatitis we have three studies showing that in large populations, it's not as frequent as it
might have felt before. In SAVOR, pancreatitis was very carefully adjudicated. The cancer data are fascinating
but of course the follow-up is relatively short. I think it's at least reassuring that there is no signal emerging.
Larry Leiter from the SAVOR steering committee shared data from a cancer perspective here showing no
signal we can see, again with the caveat of brief follow-up. For the heart failure issue, in SAVOR we saw a
statistically significant excess in hospitalization for heart failure, but the absolute risk excess was very small
and not associated with excess mortality. There was no change in BNP levels and other biomarkers; we
couldn't find a mechanism. It was one of multiple comparisons made for a secondary endpoint, which
therefore needs to be viewed cautiously. In EXAMINE there was no significant excess in hospitalization for
heart failure. In TECOS, which was very well powered and the longest duration of the three, there doesn't
seem to be any signal for hospitalization for heart failure.

[Chair] Dr. John Anderson (The Frist Clinic, Nashville, TN): Before TECOS, the biggest
concern with this class was heart failure. Does neutrality in TECOS help the class?

Dr. Green: I think the jury is out. There is lots of debate on whether we should apply this information to the
group as a whole, or whether we only feel confident in the information we have as individual agents. Certainly
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people will be interested in performing meta-analyses of these findings, but we have to understand whether it
is valid to compare info across trials. It's probably only optimal to compare when you're testing drugs against
each other. The FDA so far has received recommendations that the info about heart failure be included in the
product labeling. Whether or not the will go beyond that, to make recommendations or restrictions for the use
of these drugs, remains to be seen. It will be challenging to determine whether this calls for concern for
individual drugs or the whole class.

Case Prompt: In a patient with new onset heart failure who has taken a DPP-4 inhibitor for
years, do you stop the DPP-4 inhibitor?

Dr. Bhatt: This is a very common scenario in the emergency department. Heart failure has been
underappreciated in patients with diabetes. In this case it's hard to know what to do. Metformin's labeling has
changed for heart failure, TZDs we know cause edema, and the data on sulfonylureas changes every year, it
seems. By the time we're done with this symposium, someone will have done a meta-analysis of these three
DPP-4 inhibitor CVOTs and submitted it for publication. I would take the 30,000-foot view and say that
DPP-4 inhibitors seem safe. If a patient needs a DPP-4 inhibitor as part of their overall regimen, I would not
stop it based on the CHF issue.

Dr. Green: Based on this presentation, how many of you in the audience think that the heart failure here is
caused by the DPP-4 inhibitor?

[Very few hands]

Dr. Green: I don't see many hands. There are many other reasons for heart failure. Also, you have to think
about what you are going to give her instead. You will have to choose something else, possibly another drug
that increases the risk of heart failure or which may have limited outcomes data. We know a lot about DPP-4
inhibitors, while the alternatives are somewhat unknown.

Dr. Anderson: What would you say about the heart failure data in SAVOR, Dr. Bhatt?

Dr. Bhatt: There was an imbalance in hospitalization for heart failure in the trial between the two treatment
arms. However, the rates of hospitalization for heart failure were high overall, trumping the low incremental
risk with the study drug. I think that is the bigger message. Patients with diabetes have other risk factors for
heart failure. The theory has been put out there that hyperglycemia serves as an osmotic diuretic, promoting
diuresis when blood sugars are out of control. Whether that is seen in a given study may depend on baseline
A1c. It's interesting to note that baseline A1c was 1% lower in TECOS than in SAVOR. I think the bigger issue
is that we need to pay more attention to heart failure in diabetes patients in general.

Dr. Davidson: Every one of these trials is totally different by average patient age, A1c, and diabetes duration.
What I see is that none of these trials really show increased risk of heart failure, and I feel comfortable.
However we must remember that these were patients with very advanced cardiovascular disease in these trials
- not your average diabetes patient.

Q: Is it OK to use a DPP-4 inhibitor in a patient with a family history of pancreatitis?

Dr. Bhatt: It wouldn't bother me.

Dr. Green: It wouldn't bother me, but the patient needs to be part of that decision.

Q: Why did SAVOR show an increase in heart failure?

Dr. Bhatt: No mechanism has been identified. We've looked at biomarkers, although we didn't do echo or MRI
substudies. We couldn't find a plausible mechanism.

Q: TECOS started before the instruction from the FDA. One criticism is that these trials cost a
lot and increase the cost of medication. Do we need to continue doing them?

Dr. Green: What can cost the most is a lack of knowledge. Having gone through the entire experience with
rosiglitazone, I can say that the maelstrom it introduced into my clinical practice cost me personally and cost
my patients with regards to concern raised. Those costs are very poorly appreciated. Costs associated with
doing these trials are finite. I don't know the dollar amount, and yes it is likely that these costs are translated
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to those who use these medications. In a sense, you're buying a bit of peace of mind. I think the expenditure
may be worth it. In the future, I hope we have a way to collect data in a more robust, reliable, and efficient
way, perhaps from daily clinical practice. But I don't want to go back to what we were doing before.

Dr. Davidson: The only problem I see with these trials is that what we learn does not apply to the majority of
patients we see in our everyday clinical practice. I had the money, I would spend them to follow younger
patients for a longer time. The reason higher-risk patients are enrolled in these trials is that nobody can afford
to follow patients for 25 years. The data you heard today only applies to the patients in the trials: 55 years and
older, who had acute events or had risk factors for heart disease. The answer is great because we can now feel
comfortable about using these drugs in that group of patients. It's expensive - we pay and patients pay - but
research is always good for the future of medicine.

Dr. Bhatt: I would agree with those points. There are consequences to a lack of knowledge, when patients are
learning from what they see on the internet. Patients stop taking their medicine when they see noise on TV
and the internet. Going from having very little to having lots of cardiovascular outcomes data is good for
patient care. Even the other information, on pancreatitis, cancer, and fractures, is useful. We can provide
patients with reassurance when they come in with questions such as about bladder cancer. Non-inferiority is
not the sexiest concept, and many doctors don't fully know how to best interpret it. We're watching out for
drugs that can cause harm. The paradigm has spread to other chronic disease areas like COPD and arthritis.
Finally, I think there might be value in doing longer term studies to look for cardiovascular benefit, long-term
harm, or even cancers, but we would need to embrace the concept of large simple trials from the regulatory
perspective.

Dr. Anderson: Do you have any concluding thoughts?

Dr. Bhatt: I think lots of good things have come out of cardiovascular trials in diabetes. Another benefit is
collaboration across disciplines, which will help care immensely. Getting primary care, cardiologists,
endocrinologists, nephrologists, and others together has a collateral benefit.

Dr. Davidson: There was no increase in events with these trials. That is enough for me.

Dr. Green: I'm definitely in favor of continuing to carefully scrutinize these agents for lots of effects, definitely
including cardiovascular safety. Please remember that when we looked at the preliminary data on these
agents, it suggested that the drugs reduced rates of cardiovascular complications. We didn't see that, but these
longer-term trials give you the real answer compared to previous studies that were not designed to assess
cardiovascular safety. It confirms the validity of doing these long-term cardiovascular outcomes trials. The
information presented today is just the tip of the iceberg. There is so much more information that can be
collected, especially with regards to rare events. We're going to learn much more than just the effect on
MACE.

Novel Therapies

Oral Presentations: ADA President's Oral Session

INDUCED PLURIPOTENT STEM CELLS CONVERTED TO MYOTUBES MIRROR IN VIVO
INSULIN RESISTANCE IN HUMANS (380-OR)

Salvatore Iovino, PhD (Merck Research Labs, Boston, MA)

In a fascinating presentation, Dr. Salvatore Iovino discussed a human model of insulin resistance in muscle
cells. To create this model, he generated and analyzed induced pluripotent stem (iPS) cells from individuals
with a genetic form of insulin resistance (IR-Mut) and from healthy individuals of a similar age. These cells
were differentiated over 35-40 days into functional myotubes (early-stage muscle fibers). Myotubes derived
from IR-Mut patients showed defects in insulin signaling, insulin-stimulated metabolism, and
transcriptional dysregulation that mirrored the defects observed in the patients in vivo. Thus, iPS cells
differentiated in vitro to muscle provide a novel model to study the molecular mechanisms of insulin
resistance in skeletal muscle.
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▪ Myotubes derived from IR-Mut individuals showed significant genetic differences
compared to the control group. Myotubes derived from IR-Mut patients showed impaired
insulin signaling with reduced levels of the insulin receptor (IR) protein and reduced activation of
IR, IRS-1, AKT and ERK1/2. These defects led to impairments in insulin-stimulated 2-deoxyglucose
uptake, glycogen synthase activation and glycogen accumulation. Expression of insulin-regulated
metabolic genes, including HK2, GLUT4 and RAD1, was also significantly reduced in IR-Mut
compared to the control myotubes. Furthermore, while control myotubes responded to insulin with
significant increases in the expression of the early growth response genes EGR1, cFOS and JUN,
these insulin-stimulated transcriptional changes were impaired in IR-Mut myotubes.

Oral Presentations: Combining Basal Insulin and GLP-1 Agonists

LAPS GLP/GCG DUAL AGONIST, HM12525A, CONFIRMED PROLONGED
PHARMACOKINETICS IN HEALTHY VOLUNTEERS: A FIRST-IN-HUMAN PHASE 1 STUDY
(173-OR)

Marcus Hompesch, MD (Profil, Chula Vista, CA)

Dr. Marcus Hompesch presented results from a phase 1 trial of Hanmi Pharmaceuticals' long-acting GLP-1/
glucagon dual agonist HM12525A showing a positive safety/tolerability profile and the potential for once-
weekly dosing. The trial enrolled 40 healthy volunteers who were randomized to one of five dose groups
(0.25-4.0 nmol/kg) and received a single subcutaneous injection of either HM12525A (n=6 per group) or
placebo (n=2 per group). The primary objective was to evaluate safety and tolerability, with
pharmacokinetic (PK) parameters as a secondary endpoint; the total study duration was 56 days. Results
showed that HM12525A was well tolerated up to a dose of 2.0 nmol/kg. GI side effects were the most
common adverse event, and they tended to occur early and in a dose-dependent fashion. Mean heart rate
also increased in a dose-dependent manner, with significant elevations vs. placebo at the two highest doses;
Dr. Hompesch cautioned that it is difficult to draw meaningful conclusions about this effect from such a
small study and that the signal would need to be assessed in larger trials. Anti-drug antibodies were
detected in six subjects, but there were no neutralizing antibodies and there did not appear to be any
interference with PK. There were no other significant safety observations, including any clinically relevant
changes in blood pressure. HM12525A demonstrated a half-life of 131-178 hours, which Dr. Hompesch said
should support at least a once-weekly dosing regimen. Hanmi is currently conducting a multiple ascending
dose trial of the candidate in patients with type 2 diabetes (we did not find any trials currently listed on
ClinicalTrials.gov).

Oral Presentations: New Concepts and Treatments of Diabetic Dyslipidemia

EVALUATION OF THE GLYCEMIC EFFECTS AND EFFICACY AND SAFETY OF EVOLOCUMAB
(AMG 145) IN SUBJECTS WITH OR WITHOUT DYSGLYCEMIA OR METABOLIC SYNDROME
(258-OR)

Rury Holman, FMedSci (Oxford Centre for Diabetes, Endocrinology and Metabolism, Oxford,
United Kingdom)

Dr. Rury Holman continued the session's discussion on PCSK9 inhibitors by reviewing the results of the
DESCARTES study, which examined the glycemic effects, LDL-lowering efficacy, and safety of evolocumab
(Amgen's Repatha) in 901 patients stratified by glycemic status. After 52 weeks, no significant differences
were seen between the evolocumab and placebo groups in measures of glycemic control. Additionally, no
notable differences were seen between groups in weight, BMI, waist circumference, blood pressure, or heart
rate. As background, the DESCARTES study randomized patients (following optimization of lipid-lowering
therapy) 2:1 to 52 weeks of monthly evolocumab or placebo. Baseline glycemia was categorized as type 2
diabetes (n=120), impaired fasting glucose (IFG, n=293), metabolic syndrome (MetS, n=289), or none of
these (n=393); 194 had both IFG and MetS. Overall, evolocumab showed encouraging lipid efficacy and
safety at 52 weeks in subjects with or without dysglycemia or MetS, with no notable changes in glycemia,
incidence of new onset type 2 diabetes, or key safety parameters.
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▪ Notably, results also showed that incidence of new onset type 2 diabetes (defined as
HbA1c ≥ 6.5% at any post-baseline visit) in those without diabetes at baseline was 4.6%
(evolocumab) and 5.4% (placebo). No notable differences in dysglycemia were seen among
subjects on various statin doses. Encouragingly, evolocumab also reduced LDL-C by >50% in all
groups, with favorable effects on other lipid parameters as well. Adverse events in combined type 2
diabetes, IFG or MetS groups were 73% for evolocumab vs. 70% for placebo.

▪ Given these positive results, Dr. Holman emphasized the enormous potential of
PSCK9 inhibitors, especially for patients who cannot achieve LDL-C targets with
statins. These results are particularly reassuring given the concerns about increased diabetes risk
with statins. Of course, as noted during Q&A, price will likely be one of the more significant
obstacles to broad access, and we imagine that this class' success will be heavily dependent on the
level of reimbursement.

▪ For more on the DESCARTES study, see our coverage of Dr. Dirk Blom's (University of
Cape Town, South Africa) presentation of primary results at ACC 2014.

Questions and Answers

Q: How will providers decide the criteria that will motivate $50,000/year treatment? How will
you tell your patient to undergo a massive weight loss or this will cost you $50,000?

A: It's interesting that you start with cost. This is remarkable science, and I am more interested in the
mechanism that this can help people who are pre-diabetic. I can't justify the price and I don't know how this
will pan out. For those how can't currently achieve LDL-C safely, this drug can be invaluable. I agree though
that the cost is difficult.

Q: Is it possible to figure out how low LDL-C can go on this drug?

A: Of all epidemiology we've seen, there is no change in decremental improvement in risk as you go lower and
lower with LDL-C. However, how low you go isn't a question for this presentation, but I'll be interested in
exploring it.

Q: 52 weeks is pretty short and the sample size is pretty small, so we'll need to power this out
in a longer term study. Have you looked at patients with high risk factors and family history of
dyslipidemia?

A: It is relatively small, but I think these are still pretty definitive results. There is no evidence in worsening
glycemia, compared to data before. A 0.3% rise in A1c is quite high; the higher the risk, the higher the
leverage. Our data suggests the complication rates that diabetes induced by statins may be higher because
they don't have the care or attention. If you have an opportunity for an equal cost drug and maybe better
endurance than a statin long-term, then this drug might have value.

EFFICACY AND SAFETY OF THE PCSK9 INHIBITOR EVOLOCUMAB (AMG 145) IN PATIENTS
WITH TYPE 2 DIABETES (257-OR)

Naveed Sattar, MD (University of Glasgow, Glasgow, United Kingdom)

Dr. Naveed Sattar presented encouraging efficacy and safety data on Amgen's PCSK9 inhibitor Repatha
(evolocumab) in patients with type 2 diabetes. In a pooled analysis of four phase 3 studies (MENDEL-2,
LAPLACE-2, RUTHERFORD-2, and GAUSS-2), LDL-C was reduced by 57% and 60% from baseline,
respectively, in patients on biweekly or monthly evolocumab. Results were comparable in patients without
diabetes: 61% reduction with biweekly dosing and 62% with monthly administration. Additionally,
reductions were comparable among all type 2 diabetes subgroups (baseline statin intensity, insulin use, A1c,
eGFR, and existing CVD), which Dr. Sattar argued is a promising sign for the drug's efficacy and safety in a
wide range of patients with type 2 diabetes. These results are very timely in light of the recent FDA Advisory
Committee meetings for Repatha and Sanofi/Regeneron's PCSK9 inhibitor Praluent (alirocumab). Both
meetings ended with strong votes in favor of approval, but it appears that the initial indications will likely
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be quite narrow, with broader approvals placed on hold until the ongoing cardiovascular outcomes trials
report results.

▪ This analysis of the MENDEL-2 (monotherapy), LAPLACE-2 (combination therapy),
RUTHERFORD-2 (HeFH), and GAUSS-2 (statin intolerant) phase 3 studies examined
the lipid effects and safety of 12 weeks of evolocumab treatment in patients with type 2
diabetes (n=417) vs. patients without (n=2729). Overall, evolocumab significantly lowered
LDL-C by 55 to 75%. LDL-C reduction was also comparable among all type 2 diabetes subgroups
(baseline statin intensity, insulin use, A1c, eGFR, and existing CVD).

▪ More specifically, 88% (biweekly dosing) and 87% (monthly dosing) of patients with
type 2 diabetes on evolocumab achieved LDL-C <70 mg/dl compared with only 36%
(biweekly) and 29% (monthly) of patients on ezetimibe plus placebo and only 23% (biweekly) and
16% (monthly) of patients on placebo alone. Dr. Sattar also noted that reductions in Lipoprotein(a)
(25-30%) and triglyceride (8-15%) levels were comparable in evolocumab-treated patients with and
without type 2 diabetes.

▪ In terms of safety, 41% of patients with type 2 diabetes on evolocumab experienced
adverse effects, compared to 47% of patients on ezetimibe and 35% of patients on placebo.
Additionally, only 2% of patients with type 2 diabetes on evolocumab experienced serious adverse
effects compared to 4% of patients on ezetimibe and 4% of patients on placebo. 0.4% of patients on
evolocumab experienced an adverse effect that led to discontinuation of the study drug compared to
2.7% of those on ezetimibe and none on placebo.

▪ For background, evolocumab is a member of the exciting new PCSK9 inhibitor class,
which lowers plasma LDL cholesterol by preventing endocytosis of LDL receptors, thus
enabling more cellular uptake of LDL cholesterol. For further reading on the PCSK9 inhibitor class,
see our coverage of Dr. Marc Sabatine's (Brigham and Women's Hospital, Boston, MA) presentation
of results from a phase 3 trial (not a dedicated outcomes trial) that found a statistically significant
53% reduction in CV events with evolocumab vs. standard of care alone. Similarly promising
18-month phase 3 results for alirocumab recently published in NEJM found a 48% reduction in CV
events. We eagerly await results from the ongoing outcomes trials of these candidates, which are
expected to complete in late 2017 to early 2018. Additionally, Pfizer's PCSK9 inhibitor phase 3
bococizumab remains on track to have outcomes data on pace with Amgen and Sanofi's candidates.
To our knowledge, there are ~10,000 people with diabetes in these trials collectively, and we believe
this class will eventually hold great potential in this population.

Questions and Answers

Q: These are not unexpected results. The interesting test will be at the FDA level. I'm curious
about patients with new onset diabetes, what do we see in patients with A1c's of 6 and 6.5?

A: Right. In terms of statin use, most guidelines have come to the conclusion that risks are outweighed by the
benefit. Statins may have a specific effect, but they do increase weight.

Comment: Is it potentially that statin weight gain though modest is able to cause that new
onset diabetes?

A: I think it could be part of the cause. The new onset diabetes might actually disguise the slight gain of fat,
but I'm just speculating. The effect of statin tolerance needs further study. Most people accept that this is part
of the therapy and must take lifestyle changes seriously. There is no such thing as a free lunch. [Audience
laughter].

Q: Do PSCK9 inhibitors have a significant effect on HDL?

A: ApoB will have come down, so HDL is altered, but predominately because ApoB is altered. I think ApoA1
may have only a trivial effect on HDL. We know that the effect on LDL is causal, but there's still debate over
the effect on HDL. I don't think that's a major issue though.

www.closeconcerns.com 135

https://www.closeconcerns.com/knowledgebase/r/9fb2830a
http://www.nejm.org/doi/full/10.1056/NEJMoa1501031
https://www.closeconcerns.com/knowledgebase/r/5faa143c


Oral Presentations: Diabetes-A Mixed Bag

METABOLITE PROFILES HERALDING DIABETES INCIDENCE IN THE DIABETES
PREVENTION PROGRAM (DPP) (151-OR)

Geoffrey Walford, MD (Massachusetts General Hospital, Boston, MA)

Dr. Geoffrey Walford presented a study investigating the connection between metabolite profiles and
diabetes risk in the Diabetes Prevention Program (DPP) cohort. Previous studies had indicated that
increased circulating branched chain and aromatic amino acids (BCAA/As) and decreased glutamine/
glutamate predicted type 2 diabetes in white, European populations with an average risk for type 2
diabetes. This analysis paired 427 participants in the DPP study who developed diabetes with 427
participants who did not, matching them based on age, sex, race/ethnicity, treatment, fasting plasma
glucose, body mass index (BMI), and hypertension. They profiled 84 different metabolites at baseline and
after two years of either intensive lifestyle, metformin, or placebo intervention. The results found that, when
adjusted for age, sex, fasting glucose, hypertension status, and BMI, the traditional metabolite markers
were no longer significantly associated with type 2 diabetes risk. He also noted that BCAA/A levels were not
influenced by the intensive lifestyle therapy or metformin, suggesting that these traditional markers are not
part of the causal pathway for diabetes among individuals who are already at a certain risk level. However,
four novel metabolites were associated with type 2 diabetes risk in the DPP population: betaine, serine,
methionine sulfoxide, and propionylcarnitine. Dr. Walford focused on betaine as a novel metabolite marker
and noted that it has been linked to a beneficial metabolic state and associated with lower triglycerides,
adiposity, and blood pressure and higher insulin sensitivity.

Questions and Answers

Q: You've tested quite a few metabolites. How did you address the issue of multiple
hypotheses?

A: So the concern with our analyses is that we may get false positives. We feel we guard against this using a
Bayesian approach. All of the metabolites we explored do have a non-null pre-test probability. Showing
nominal significance in this data is at least highly suggestive that they are true findings. The other argument
against using a perhaps more strict threshold is the intercorrelation of the metabolites. I didn't note this but
among the branched chain amino acids there is high intercorrelation of metabolites. Although we test eight
metabolites the number of independent hypotheses is likely much less than that.

Q: What is the key factor that affects the betaine levels?

A: There's some very interesting mechanistic work that is being done in animal studies, this will come out
shortly we hope. In terms of betaine levels within the plasma, betaine is an essential metabolite; it comes from
the diet. The betaine in the plasma is also somewhat affected by your urinary excretion of betaine, this is
variable among individuals who are at risk for or have diabetes. Effective betaine levels in the tissue are likely
modified by regulated transport of betaine into the tissues as well. Plasma markers are I think a very
important biomarker, but more work has to be done in terms of how we understand the influence of the
markers.

PROSPECTIVE STUDY OF N-TERMINAL-PROBNP AND RISK OF DIABETES IN OLDER
ADULTS: THE CARDIOVASCULAR HEALTH STUDY (153-OR)

Erika Brutsaert, MD (Yeshiva University, Bronx, NY)

Dr. Erika Brutsaert presented on the potential connection between B-type natriuretic peptide (BNP) and
diabetes risk in older adults. BNP plays a role in heart and vascular function and has recently been shown
to induce lipolysis. Higher levels of BNP have been linked with decreased diabetes risk in middle-aged
adults, but it was unclear if this association persisted in older populations. This study measured a cleavage
product of proBNP, N-terminal (NT)-proBNP, in a population of healthy adults 65 and older in the 1992-93
visit of the Cardiovascular Health Study. Existing diabetes, prevalent cardiovascular disease, and history of
congestive heart failure were among the exclusion criteria. Primary outcomes of interest were fasting
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glucose ≥126 mg/dL, non-fasting glucose ≥200 mg/dL, use of anti-hyperglycemic agents, or Centers for
Medicare & Medicaid Services (CMS) claims for diabetes. Results were adjusted for traditional risk factors,
including age, sex, race, BMI, systolic blood pressure, anti-hypertensive treatment, smoking, alcohol use,
and LDL. After 12.6 years of follow-up, the study found that each doubling of NT-proBNP was associated
with a reduced risk of incident diabetes (HR=0.91 [95% CI: 0.84-0.99]). However, this association was
attenuated when adiponectin was controlled for and abolished with control for HOMA-IR. This led Dr.
Brutsaert to suggest that they may play a role in the connection between BNP and diabetes risk. Dr.
Brutsaert emphasized that these findings suggest that the natriuretic pathway may be a potential future
target for diabetes prevention.

Questions and Answers

Q: What do you think are the therapeutic implications?

A: That's an interesting question. There was a recent study that came out looking at neprilysin, which breaks
down natriuretic peptide. This was shown to improve mortality in people with heart failure. It also raises
natriuretic peptide levels. So this may be an avenue to look into therapeutic benefit. Some researchers have
looked into IV natriuretic peptide and have shown some metabolic benefits with that. The problem with that
is I think natriuretic peptide has been shown to worsen renal function and lower blood pressure in people
with heart failure.

Oral Presentations: Concepts in Nutrition and Diabetes Prevention and Treatment

DIFFERENT PHYLA COMPOSITION OF GUT MICROBIOTA IN VEGETARIANS AND NON-
VEGETARIANS ASSOCIATED WITH INFLAMMATORY STATUS (89-OR)

Ana Moraes, MS (University of Sao Paulo, Brazil)

Ms. Ana Moraes presented her findings on differences in gut microbiota in vegetarians compared to non-
vegetarians. Previous evidence suggests that the ratio of firmicutes to bacteroidetes is higher in obese
individuals, that there is a correlation between abundance of proteobacteria and a high fat diet and C-
reactive protein (CRP) concentration, and that vegetarians have less adiposity and a more favorable
metabolic profile. This study analyzed the gut microbiota of vegetarians and non-vegetarians (n=230). The
only significant difference in microbiota phyla composition was a higher proportion of Proteobacteria (1.1%
in vegetarians vs. 1.9% in non-vegetarians; p=0.007) and Actinobacteria (0.1% in vegetarians vs. 0.3% in
non-vegetarians; p=0.002). Ms. Moraes connected these results to the possibility of a pro-inflammatory
condition in non-vegetarians. The Q&A session touched on whether the length of vegetarianism could affect
gut flora and thus the results, the potential effect of fiber intake on the results, and whether BMI or waist
circumference was corrected for, but analysis concerning these factors was not yet available.

Questions and Answers

Q: Can you say the length of time that people were vegetarian in this study?

A: For at least one year.

Q: Is there any data on gut flora in terms of length of being vegetarian?

A: No, we don't have this kind of data.

Q: Could that affect your findings? Let's say that the proportion of people who have been
vegetarian for a short period of time - say one year or two years - would have a different gut
flora than someone who has been vegetarian for longer?

A: We don't have this kind of analysis comparing time with this diet.

Q: Is there any information about how gut flora changes over time?

A: For our study, no. But we have some papers that were already published with this kind of information.
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Q: Did you also record things like fiber intake? Because how can you say that it is actually the
consumption of meat and not the absence of fiber that might make a difference in the gut
microbiota?

A: We just finished our data collection so we don't have, yet, this kind of analysis with kinds of diet, but we
will have it soon. Maybe there will be some kind of analysis on the specific composition of diet, maybe analysis
of high-fat diet and fiber.

Q: Did you correct for BMI or waist circumference in any way in looking at your markers?

A: No not for this kind of analysis, not yet.

Posters

EFFICACY AND SAFETY OF ALIROCUMAB IN INDIVIDUALS WITH DIABETES: ANALYSES
FROM THE ODYSSEY LONG TERM STUDY (1296-P)

H Colhoun, H Ginsberg, L Leiter, U Chaudhari, R Pordy, J Robinson

An analysis of the phase 3 ODYSSEY LONG TERM trial found significant LDL-C reductions with Sanofi/
Regeneron's PCSK9 inhibitor Praluent (alirocumab) in people with diabetes, similar to the reductions seen
in people without diabetes. As a reminder, the trial enrolled 2,341 patients with and without diabetes, who
were either heterozygous familial hypercholesterolemia (HeFH) patients or high CV-risk patients on
maximally tolerated doses of statins. Thirty-six percent of individuals in the Praulent group and 35% in the
placebo group had a history of diabetes at baseline. People with diabetes experienced a 59% least squares
mean placebo-corrected reduction in LDL-C at week 24. This level of LDL-C reduction did not significantly
differ from that seen in people without diabetes (p=0.1155): 63% vs. placebo. Most people with (78%) and
without (80%) diabetes achieved an LDL-C level <70 mg/dl at week 24 (p<0.0001 vs. placebo). The mean
LDL-C reductions maintained significance over 78 weeks in people with and without diabetes, though the
ITT analysis showed that the LDL-C level gradually crept up from a nadir of ~55 mg/dl at week 4 to ~80
mg/dl in people with diabetes and ~75 mg/dl in people without diabetes at week 78. The researchers
explained this was due to premature treatment discontinuation in both treatment groups, and that the on-
treatment analysis showed greater durability. Turning to safety, no increases were seen in adverse events
in people with diabetes compared to those without; adverse events that occurred in ≥5% of people in all
subgroups were nasopharyngitis, upper respiratory infection, influenza, and urinary tract infections.
Injection site reaction happened in 3.4% of people with diabetes on Praulent vs. 3.2% on placebo, and
myalgia occurred in 3.1% vs. 2.5%, respectively. The poster noted that treatment with Praulent's ability to
prevent CV events is currently being studied in ODYSSEY OUTCOMES, which will include a "sizeable"
proportion of people with diabetes. In a post-hoc analysis of ODYSSEY LONG TERM, Praulent was
associated with statistically insignificant reductions in CV events in people with and without diabetes.

▪ The PCSK9 inhibitor class has had quite a presence at this year's ADA with numerous
corporate symposia and product theaters, indicating the significance of the class'
implications in the diabetes patient population - we look forward to learning more about
how the FDA will respond to these drugs at this week's EMDAC meetings on Praulent as well as
Amgen's Repatha (evolocumab).

LEUCINE SYNERGIZES WITH PHOSPHODIESTERASE 5 (PDE5) INHIBITORS AND
METFORMIN TO REVERSE HEPATIC LIPID ACCUMULATION AND INFLAMMATION AND
TREAT NONALCOHOLIC FATTY LIVER DISEASE (NAFLD) (260-LB)

L Fu, F Li, Q Cao, X Cui, B Xue, H Shi, A Bruckbauer, M Zemel

This NuSirt-sponsored preclinical study provided evidence suggesting that triple combination therapy with
leucine, metformin, and the phosphodiesterase 5 (PDE5) inhibitor sildenafil could hold promise in
nonalcoholic fatty liver disease (NAFLD)/nonalcoholic steatohepatitis (NASH). Mice were fed a high fat/
atherogenic diet to induce NASH and insulin resistance and randomized to receive treatment with
combinations of leucine, low dose metformin (<20% therapeutic dose), and low dose sildenafil (<10%
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therapeutic dose). Each of these drugs has been found to interact with the AMPK-Sirt1 pathway to decrease
lipid accumulation in hepatocytes, and NuSirt recently announced the publication of promising preclinical
results with the leucine/PDE5 inhibitor combination in type 2 diabetes and NAFLD/NASH. In the study, the
triple combination demonstrated significantly greater stimulation of hepatocyte fat oxidation (~60%,
p<0.01) and inhibition of triglyceride accumulation (~70%, p<0.001) compared to either leucine/metformin
or leucine/sildenafil. The triple combination also led to greater reductions in alanine aminotransferase,
liver mass, and liver fat than either dual combination. NuSirt has stated that it plans to initiate a phase 2a
trial of this combination in NAFLD/NASH in the near future pending regulatory feedback, and we are glad
to see the company working to address such a great unmet need.

▪ Another NuSirt-sponsored study (1237-P) found that leucine/metformin combination
therapy improved glucose and fat utilization and increased median lifespan in C.
elegans and provided additional mechanistic insights. This combination is currently in a
phase 2a trial in type 2 diabetes that is expected to complete this month.

LEUCINE-METFORMIN SYNERGY ACTIVATES THE AMPK/SIRT1 PATHWAY TO INCREASE
INSULIN SENSITIVITY IN SKELETAL MUSCLE AND GLUCOSE AND LIPID METABOLISM
AND LIFESPAN IN C. ELEGANS (1237-P)

M Zemel, A Bruckbauer

This NuSirt-sponsored study presented recent results in C. elegans on the mechanisms behind leucine/
metformin synergy. Previous data has found that adding leucine to metformin improved insulin sensitivity
and glycemic control while achieving an ~80% reduction in metformin dose in diet-induced obese mice.
These results showed that leucine (0.5 mM) and low dose metformin (50-100 µM) synergistically activate
Sirt1 (p<0.001) at low (<100 µM) NAD levels typical of energetically satisfied states. This activation of+

Sirt1 increased insulin-independent glucose disposal in myotubes (~50%, p<0.002) and reduced insulin
EC (half-maximal effective concentration) by 60%. Furthermore, the increased glucose disposal in50
myotubes was associated with an increase in AMPK and IRS1 phosphorylation. Normally, in the C. elegans
model, exposure to high glucose impaired glucose utilization and shortened lifespan by ~25%. However,
when administering leucine and metformin to these high glucose-treated worms, median and maximal
lifespan were increased by 29% and 15%, respectively (p=0.023). Additionally, the leucine + metformin
administration restored normal glucose utilization and increased fat oxidation almost two-fold (p<0.005).
In contrast, metformin alone exerted no independent effect at any concentration (0.1 - 2.0 mM). Leucine and
metformin's synergistic activation of Sirt1 at low NAD+ concentrations may prove to be an exciting target
to improve energy metabolism and insulin sensitivity.

▪ As background, Sirt1 is a key sensor of energy status and regulator of glucose and lipid
metabolism. Insulin resistance and diabetes are associated with impairment of Sirt1, and
activation of the AMPK-Sirt1 axis improves hyperglycemia and insulin sensitivity. The amino acid
leucine has been shown to activate Sirt1 by lowering the activation energy of NAD+, thus mimicking
the effects of caloric restriction, and enabling coactivation and amplification of other AMPK/sirtuin
activators like metformin.

▪ NuSirt is currently investigating this leucine/metformin combination approach in a
phase 2a trial in patients with type 2 diabetes. The goal of the trial, the first in humans, is to
determine whether adding leucine to metformin can lead to equivalent A1c reductions at a lower
metformin dose, potentially making the drug more tolerable for the approximately 20% of patients
who experience serious GI side effects at standard doses. Study completion is expected this month,
and NuSirt has suggested that the drug should "hopefully" be available to patients by 2017.
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Special Lecture: Banting Medal for Scientific Achievement Lecture

THE MULTIFACETED ROLES OF ADIPOSE TISSUE: THERAPEUTIC TARGETS FOR
DIABETES AND BEYOND

Philipp Scherer, PhD (University of Texas Southwestern, Dallas, TX)

Dr. Philipp Scherer gave an engaging and informative Banting Lecture on potential therapeutic targets for
the metabolic syndrome related to adipocyte health. As with last year's Banting lecturer, Dr. Daniel Drucker
(Lunenfeld Tanenbaum Research Institute, Toronto, Canada), Dr. Scherer attempted to highlight the clinical
relevance of an emerging area of basic and preclinical science. Synthesizing years of rodent data, Dr.
Scherer detailed the role of adipocytes in (i) the release of protein factors that impact systemic metabolism,
with special emphasis on adiponectin (a protein that plays a key role in both glucose and lipid regulation);
(ii) the buffering of critical lipid mediators; and (iii) the release of metabolites that impact one's basal
metabolic rate. First, Dr. Scherer described how adiponectin can be anti-apoptotic (protecting the heart,
beta cell, and kidneys from complications of the metabolic syndrome), proangionic (protecting expanding
adipose tissue from hypoxia and dysfunction), anti-atherogenic (reducing CV complications), anti-
inflammatory, proadipogenic (helping adipose tissue to expand in a healthy manner), and improve hepatic
insulin sensitivity. Thus, he expressed confidence that adiponectin-receptor agonists can be a clinically
useful new drug class. Second, he dove deeper into how adipocytes, through adiponectin, can influence the
levels of beneficial (namely sphingolipids) and harmful (especially ceramides) lipids in the body. Through
this mechanism, adiponectin can drive rapid improvements systemic insulin sensitivity. Lastly, he described
how uridine biosynthesis (a key metabolite secreted by adipocytes, and building block for a large number of
biochemical reactions) could be targeted by the transcription factor xbp1s to increase a person's basal
metabolic rate. This influence on basal metabolic rate would be similar to the promise of therapies of brown
fat therapeutics. However, Dr. Scherer hypothesized xbp1s could be safer than brown fat targets because
calories would be burned through biosynthetic pathway rather than the generation of heat.

Symposium: ADA Diabetes Care Symposium - Novel Clinical Interventions in Therapy That
Impact the Management of Diabetes

THE USE OF ANTI-ANGINAL AGENT RANOLAZINE FOR GLYCEMIC CONTROL IN PATIENTS
WITH TYPE 2 DIABETES: PHASE 3 TRIAL RESULTS

Robert Eckel, MD (University of Colorado, Aurora, CO)

The highly respected Dr. Robert Eckel presented phase 3 results on the glucose-lowering effects of the anti-
angina drug ranolazine (Gilead's Ranexa). For background, anti-hyperglycemic properties of ranolazine
were first noticed in post-hoc analyses of its angina trials. The studies Dr. Eckel presented were specifically
designed to evaluate glycemic endpoints for ranolazine as monotherapy and as an add-on to metformin or
glimepiride. From a baseline A1c of 8.0-8.5%, ranolazine provided a 0.56% placebo-adjusted reduction as
monotherapy and a 0.50% placebo-adjusted reduction as an add-on to glimepiride. There was no observed
A1c reduction with ranolazine as an add-on to metformin, likely because patients' metformin dose had to be
lowered after ranolazine addition because ranolazine interferes with metformin metabolism. Ranolazine's
suspected anti-hyperglycemic mechanism is lowering glucagon. We have not heard updates from Gilead on
ranolazine in some time; the company has completed three phase 3 trials of the drug in type 2 diabetes and
is currently conducting a phase 4 trial in diabetic peripheral neuropathic pain. We assume the regulatory
path to a diabetes indication would be fairly straightforward given that ranolazine is already on the
market; that said we are also thinking that the next step may be to explore combination therapy rather than
bringing this out as monotherapy.

Questions and Answers

Q: If ranolazine acts like a glucagon antagonist, does it have any effect on the liver? The
glucagon antagonists in development were stopped in the early phases because of liver
problems.

A: There was no apparent change in liver function.
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Symposium: The Accelerating Medicines Partnership in Type 2 Diabetes - A Pharma/NIH
Collaboration

OVERVIEW: RATIONALE, GOALS, AND IMPLEMENTATION

Philip Smith, PhD (NIDDK/NIH, Bethesda, MD)

Dr. Philip Smith, co-chair of the Accelerating Medicines Partnership (AMP) in Type 2 Diabetes, provided an
introductory overview of this industry/NIH partnership. The members include: NIH as the government
member; Janssen, Lilly, Merck, Pfizer, and Sanofi as the industry members; and ADA and JDRF as the
nonprofit members. Dr. Smith opened his presentation by stressing the many challenges and inefficiencies
that currently exist in R&D and drug development. With this background, he explained that the AMP strives
to bring the private and public sectors together to work on these issues by integrating better targets with
emerging technologies, extensive human data, and big data tools. Importantly, the research supported by
AMP is meant to be precompetitive and shared broadly, helping make the program as accessible and
effective as possible. The AMP has three major focus areas: type 2 diabetes, Alzheimer's disease, and
rheumatoid arthritis (and related autoimmune disorders), each with its specific aims and approaches. In
the five-year, $40 million type 2 diabetes program, Dr. Smith explained that the disease area has a
significant amount of human genetic data, which AMP aims to link to risk and phenotypes to better identify
and enhance therapeutic targets. He briefly introduced the Type 2 Diabetes Knowledge Portal as a
groundbreaking tool to achieve this. Looking forward, Dr. Smith stated that the portal will undergo
continuous enhancement with plans to develop new analytics and gain new cohorts.

THE TYPE 2 DIABETES KNOWLEDGE PORTAL: A USER-FRIENDLY WINDOW INTO
GENOMICS DATA

Mary Carmichael (Broad Institute, Cambridge, MA)

Ms. Mary Carmichael walked attendees through recent screen shots of the Type 2 Diabetes Knowledge
Portal (http://www.type2diabetesgenetics.org), noting its capabilities. She described the Portal as a
"resource for the community, by the community." The Portal currently contains 28 very large datasets on
the genetics of type 2 diabetes and related traits (e.g., fasting glucose). Functionalities of the Portal include,
but are not limited to, helping users visualize data, survey prior findings across all available datasets, and
hunt for genetic variants that may support or refute their biological hypotheses. Users can also view
summaries of current knowledge on genetic variants associated with type 2 diabetes - or volunteer to draft
their own summaries. Future directions for the Portal include (i) automated association tests for variants
across user-selected sets of samples; (ii) new data, including large exome sequence data sets and
annotations from public databases; (iii) new analytical methods for the pipeline; and (iv) new content and
features that allow users to directly contribute and annotate information in the portal. Email
t2dgenetics@broadinstitute.org to join the Portal's mailing list that will communicate updates (the hope is
new features will be rolled out each month).

HOW THE TYPE 2 DIABETES KNOWLEDGE PORTAL CAN ADVANCE YOUR SCIENCE:
GENETIC DETERMINANTS OF INSULIN RESISTANCE

Geoffrey Walford, MD (Massachusetts General Hospital, Boston, MA)

Dr. Geoffrey Walford took an in-depth look at the Type 2 Diabetes Knowledge Portal, walking attendees
through how to make the most out of the tool through the example of investigating insulin resistance. By
illustrating that continued understanding of the genetics of insulin resistance is important in advancing
therapeutic targets and enhancement, Dr. Walford showed that the portal can help explore insulin
resistance's known genetic architecture and examine the impact of gene variants on various traits. More
specifically, he demonstrated the portal's efficiency in exploring GWAS findings, identifying what findings
are novel, and testing new theories. Looking forward, after pointing out the incredible progress that the
portal has made (even within the past week), Dr. Walford stated that goals include integrating other
datasets over time and developing testing capabilities for genetic risk scores. We are overall impressed with
this new collaborative tool that is accessible and applicable to users of all different backgrounds and believe
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that this can be very powerful in moving type 2 diabetes research forward with its joint, open source
philosophy.

TYPE 2 DIABETES KNOWLEDGE PORTAL: A CALL TO ACTION, COMMUNITY
PARTICIPATION, AND FUTURE DIRECTIONS

Michael Boehnke, PhD (University of Michigan, Ann Arbor, MI)

Dr. Michael Boehnke called for investigators to contribute their data to the Type 2 Diabetes Knowledge
Portal. He argued that adding data to the Portal is the right thing to do, given the trust placed in
investigators to advance science by study participants who donate their time and DNA and by the
government and charitable organizations that fund the work. He also emphasized that submitters will
benefit due to the visibility the Portal will give to their research and the opportunities for collaboration,
including with pharmaceutical companies, it will create. Additionally, some grant funding is available to
help investigators integrate their data into the Portal. Lastly, he stressed that we will all benefit from the
Portal containing more data because it offers simplified access to a wider range of genetic results based on
large, well-phenotyped, multiethnic studies. Notably, during Q&A multiple attendees took the microphone to
urge pharmaceutical companies to contribute the genetic and phenotypic data they collect during trials to
the Portal, especially because it may enable companies to more quickly identify the next blockbuster drug.
One attendee suggested if pharmaceutical companies are concerned about sharing data associated with
proprietary agents, they could instead only upload data from patients who took generic agents. This data
could still help researchers make meaningful progress in identifying genetic markers predictive of who will
respond to which generic agent. Dr. Philip Smith noted that one of the pharmaceutical companies
financially supporting the Portal (Janssen, Lilly, Merck, Pfizer, Sanofi) is already collaborating on data to
some extent, and that he hopes others will do the same as the Portal proves its value.

Symposium: Triple G - Genes, Gut, and Glucose

THE BUGS WITHIN: THE HUMAN GUT MICROBIOTA AND METABOLISM

Oluf Pedersen, MD, DMSci (University of Copenhagen, Copenhagen, Denmark)

Dr. Oluf Pedersen's presentation explored the relationship between the gut microbiome and common
metabolic disorders. Several observational studies suggest that obese individuals have reduced bacterial
diversity. Furthermore, metabolically unhealthy individuals tend to have a low gut bacterial gene count
(LGC; defined by <380 K-genes). According to Dr. Pederson, LGC individuals are more likely to be obese,
insulin resistant and have elevated markers of low-grade inflammation. Dr. Peterson described a study in
which obese recipients were given duodenal infusions of allogenic gut microbiota from lean donors. Six
weeks after infusion of gut microbiota, the insulin sensitivity of obese recipients was increased. While such
an approach is unlikely to become a widely accepted strategy to improve insulin sensitivity now, it may
prove to be an interesting therapeutic alternative in the future. Dr. Pederson concluded his presentation
with a discussion of gut microbiota and diabetes. Like individuals with obesity, individuals with type 2
diabetes also have gut microbiota imbalances. In a trans-national study, Dr. Pederson confirmed that
patients with type 2 diabetes suffered from a depletion of butyrate producing taxa. In addition to
endogenous microbiota deficiency, patients with type 2 diabetes often are prescribed four to 10 medications
that also influence their gut microbiota. For example, the metformin-associated gut microbiome was closer
to the healthy gut microbiome compared to the microbiome of patients with type 2 diabetes who had never
been on metformin. An important remaining question in Dr. Pederson's exploration is whether gut
microbial signatures are valid biomarkers of type 2 diabetes.
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Symposium: Adipose Tissue - Local and Systemic Influences on Metabolism and Insulin
Resistance

BROWN ADIPOSE TISSUE IN HUMANS: RELEVANT OR MUCH ADO ABOUT NOTHING?

Eric Ravussin, PhD (Pennington Biomedical Research Center, Baton Rouge, LA)

Dr. Eric Ravussin began his presentation by cutting to the chase, saying, "I will begin with my conclusion. I
don't think there's much hope for curing diabetes with brown adipose tissue." He argued for a frame-shift in
how we think about BAT, acknowledging that "chasing drugs that stimulate energy expenditure" has not
been "fruitful." He emphasized that while previous studies of activation of brown adipose tissue (BAT) have
proven unsuccessful in initiating weight loss alone, Dr. Ravussin believes that BAT may be useful in weight
loss maintenance, specifically via cold-induced thermogenesis. In his opinion, the energy balance equation
is misleading and the static weight change rule does not account for a new steady state that is reached after
weight loss. He believed that instead, this metabolic adaptation stage could be fertile ground for the
induction of a possible second drug that increases energy metabolism, i.e. where BAT could be a target for
weight loss maintenance. In his team's study of competitors from the TV show "The Biggest Loser,"
researchers found that the metabolic rate after 30 weeks of weight loss was 500 calories below what was
expected for their fat mass. He referred to this as a metabolic adaptation - a stage after losing weight in
which BAT activation may help maintain a healthy weight in our "obesogenic" environment.

▪ Expounding on BAT activation's potential for weight loss maintenance, Dr. Ravussin
presented data from his group's study with participants from the TV show "The
Biggest Loser" (Johannsen et al., JCEM 2012). On average, after 30 weeks, participants lost
38% ± 9% of their initial weight, of which only 17.4% was the loss of fat-free mass (FFM). Notably,
researchers found that after 30 weeks of weight loss, the actual resting metabolic rate (RMR) was
500 calories below the predicted RMR based on weight loss of fat mass [predicted RMR= 1.241
+19.2 FFM + 1.8 FM - 9.8 age + 405 (male)]. Even after only six weeks of weight loss, participants
had an RMR 244 calories below the predicted RMR.

▪ Dr. Ravussin concluded that stimulating energy expenditure, e.g. via leptin
replacement, might result in more successful weight loss maintenance. He reviewed data
showing that metabolic adaptation, i.e. the unexplained decrease in RMR, was related to a decrease
in leptin (Knuth et al., AJCN 2014). Specifically, the larger the drop in leptin concentration, the
larger the metabolic adaptation.

▪ Dr. Ravussin also reviewed new data showing that people with type 2 diabetes had no
defect in cold-induced thermogenesis (CIT) with well-controlled cold exposure compared to
lean subjects and age-matched controls (Blondin DP, et al. Diabetes 2015). Additionally, shivering
response and BAT volume of F-fluoro-deoxyglucose (FDG) activity was inversely proportional. Dr.
Ravussin translated these results as support for the potential of BAT activation specifically with
well-controlled cold exposure, since people with type 2 diabetes did not differ in cold-induced
oxidative metabolism and total energy expenditure compared to young healthy controls, despite
these patients having smaller BAT volume and lower glucose uptake per BAT.

Questions and Answers

Q: Do older patients with type 2 diabetes have significant amounts of brown fat?

A: Older patients have much less brown fat than younger people for sure. Studies in Japan have shown this
inverse relationship with age. Brown fat is something we progressively lose, unfortunately for you and I
[laughter].
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Symposium: Diabetic Dyslipidemia - Where's the Action in 2015?

METABOLIC EFFECTS OF BILE ACID SEQUESTRATION

Bart Staels, PhD (University of Lille, Lille, France)

Dr. Bart Staels described how bile acid sequestrants lower LDL, increase HDL, and improve glycemic
control. While bile acid sequestrants improve lipid homeostasis by increasing bile acid synthesis through the
deactivation of FXR, they improve glycemia through the TGR5 pathway. Citing several mouse studies for
support, he explained that bile acid sequestrants improve glycemia by stimulating the TGR5 pathway,
which activates the GLP-1 receptor and eventually suppresses glycogenolysis. Although the majority of this
research relies on animal models, bile acid sequestrants have also been demonstrated to induce GLP-1
secretion in humans. In fact, several drugs in this class are already on the market or in development:
Daiichi Sankyo markets the bile acid sequestrant Welchol (colesevelam), and GSK has an ileal bile acid
transport inhibitor in phase 2.

Professional Interest Discussion Group: Professional Interest Group Discussion on Exercise

A DEBATE ON EXERCISE RESISTANCE IN DIABETES: PRO

Lauren Sparks, PhD (Translational Research Institute, Orlando, FL)

Dr. Lauren Sparks presented evidence in support of the existence of exercise resistance in a pro-con debate
on the topic. She began by reviewing data suggesting that while many individuals with type 2 diabetes
benefit from exercise, a significant percentage do not achieve the same metabolic results. Much of Dr.
Sparks' talk focused on establishing that different individuals and populations respond differently to
exercise, providing support for the existence of a non-responder population. Dr. Sparks then went on to
suggest that genetics or epigenetics may play a role in differentiating non-responders from responders. She
concluded by presenting the setup and preliminary results from her RESIST study, which examines exercise
resistance at the cellular level in a small population with type 2 diabetes.

▪ Dr. Sparks proposed that some individuals may be resistant to exercise and may not
experience its typical benefits. She emphasized that there is a lack of research into exercise
resistance, but that current data does suggest significant variation in responses to exercise.

▪ Retrospective data suggests that significant numbers of individuals with diabetes do
not respond positively to exercise as expected. Dr. Sparks highlighted the findings from the
STRRIDE trial demonstrating variation in insulin sensitivity, muscle mitochondrial density, and
muscle lipid content in response to exercise in overweight and obese individuals. A meta-analysis
suggested that up to 15-20% of individuals with type 2 diabetes may be resistant to exercise, which
could have serious implications for how treatment plans are prescribed and individualized for
patients (we do not think they are too individualized as it stands). Dr. Sparks also cited a meta-
analysis conducted by Bouchard et al. (PLOS, 2012) indicating that 7% of individuals actually
exhibited an adverse response to exercise.

▪ Dr. Sparks suggested that there may be a genetic or epigenetic component to exercise
resistance. Dr. Sparks pointed to responders and non-responders having distinct basal molecular
profiles of muscle tissue, with different genes expressed in responders and non-responders, as
evidence for a pre-determined component to exercise resistance. Dr. Sparks postulated that,
typically, exercise may lead to gene expression promoting fuel utilization in muscle, which in turn
increases insulin sensitivity, oxidative capacity, and mitochondrial content. In her model of exercise
resistance, some individuals may have epigenetic control at the muscle cells that inhibits the gene
expression response to exercise.

▪ Dr. Sparks' RESIST study examined exercise resistance at the cellular level in a small,
homogenous, Caucasian male population. The study conducted exercise training for 10 weeks
with 24 males with type 2 diabetes, measuring mitochondrial ATP synthesis and function. The
results of the study indicated that there were high and low responders to exercise within the
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participant group. Looking forward, Dr. Sparks hopes to address whether the described non-
responder phenotype in muscle fibers is intrinsic and retained when exercise is mimicked in vitro.

Questions and Answers

Q: What can you tell us about how muscles look under the microscope? We have responders
vs. non-responders - does one have more glycogen than the other?

A: So quantitatively, I can tell you we haven't done anything on that. In that previous study I showed, we
weren't geared towards measuring any of that so I don't have any data on glycogen content. But I can tell you
that in the current study that we're doing, we are preparing the tissue for immunochemistry and we will look
at some of those things.

Q: And what about responders vs. non-responders in terms of strength or endurance?

A: We did do a strength test and there were no differences between the groups, nor in VO max responses in2
those two groups. It seemed to be more at the level of muscle and substrate utilization.

Q: Is there something clinical (not a muscle biopsy)? I'm a responder because I work very
hard; I'm very religious in what I do. So I would hypothesize that some physical
characteristics, some nutritional factors, and environmental factors may be very important.

Dr. Sheri Colberg-Ochs (Old Dominion University, Norfolk, VA): Hey, hey that's mine.
[Laughter]

Q: So I would hope that you're getting some of those basic fundamental characteristics in your
studies. Since it's the older population that that are trying to get the exercise, that are
prediabetic, it may well be sleep apnea or other clinical characteristics that are more relevant
than what's going on in muscle.

A: I completely agree. I can tell you that this study right now is pretty small, so it's only 24 subjects. Because
of my background and because of the data I had to go on, I am still focusing pretty much solely on the muscle
and not necessarily environmental factors, which is why the cohort is what it is. So it's males only, Caucasian
only, because we're looking at this at a more of a molecular level. In the future, I would like to open this up to
a much more epidemiological style, public health approach that can compare different types of exercise.

Q: But there's no reason you can't get that information in the 24 people. You have all the
resources to do that?

A: Yes, I could.

Q: One of the challenges of this kind of study is that if the group is very homogenous in terms
of the mechanism that is giving rise to exercise resistance, then this might work out. But if
there are 24 people and 30 different mechanisms, it may be challenging. So I'd like to get your
thoughts on how likely do you think it is that it's a homogenous group with respect to the
mechanism? Because you can certainly think of many different points in the pathway that
could give rise to exercise resistance and that could be a challenge.

A: Yes, it's definitely a limitation of this study. The reason we're focusing on this particular mechanism - and
like you said, we may not find it - is the precedent we had to go on, the data pointing out these changes in
these promoters of these three genes, which is why we chose to focus on them. But we will be doing these
methylation arrays as well and hopefully we can tease something out of the data to get more of a clear
direction. Because I agree with you, we could totally miss it if we just focus on this part of the pathway.

Q: Has anybody done anything younger to try and get a sense of if it's possible exercise
resistance sets in later because of some factor or is it an inherent defect that you're born with?
I'm think about one study that was done in mice and swim training that showed if they started
the training when they were really young, they did much better than if it was brought in later.
Is it possible that the non-responders are people who did something different earlier in life or
is it always going to be there?

www.closeconcerns.com 145



A: As far as I know, it hasn't been looked at directly, but I would love to take this into kids. I have this memory
of these presidential fitness tests when I was a kid and every year there were always those kids who couldn't
run the mile in 10 minutes or couldn't do the 100 sit-ups. So I truly think that it is something that probably is
starting very early. Maybe if you could interfere earlier, then maybe that could change the outcome so that
they're not necessarily always a non-responder.

Q: One of the things I was curious about is your proposed study where you're looking at
diabetes vs. athletes? How are you defining your diabetics? The reason I ask that is that we had
tried to tackle some of this exercise resistance question by looking at different phenotypes of
impaired fasting vs. impaired glucose tolerance or a combination of both. What we find is that
the combination actually don't seem to respond as well in comparison. And going back to the
question about clinical outcomes, it seems to really directly impact their improvement in
glucose tolerance and two hour blood glucose.

A: So the way we're defining these guys, again because we're by the molecular mechanisms and keeping it as
clean as possible, we decided to go with their A1c range from 6.5-8.5%, and we're doing oral fasting glucose.
The biggest thing is because of this exercise and medication factor, we want them on monotherapy that they
can wash off of or they're just not on medication at all. So we're trying to keep that as clean as possible. We
also know that the duration of diabetes relates to the exercise response as well, and we looked at that in a
previous study. There are lots of issues around this; it's not a magic bullet or one single answer for exercise
resistance. I think it will be many different answers from many different people. As cleanly as we can, that's
how we've chosen to approach this study and hopefully we can get some answers. But I know that previous
hyperglycemia can also have an effect on the exercise response.

A DEBATE ON EXERCISE RESISTANCE IN DIABETES: CON

Sheri Colberg-Ochs, PhD (Old Dominion University, Norfolk, VA)

Dr. Sheri Colberg-Ochs raised important considerations in the exercise resistance debate based on her own
experiences conducting exercise-related research on individuals with diabetes. She began by questioning the
relevance of many of the animal and in vitro studies that suggested processes for exercise resistance. She
then questioned whether the clinical studies that concluded that some individuals with diabetes do not
experience the usual metabolic benefits of exercise had adequately controlled for a multitude of confounding
factors. In her own experience, despite best intentions, there are often variations in training intensity, daily
energy expenditure, and diet that are not adequately taken into account in exercise studies. Dr. Colberg-
Ochs also suggested that studies that saw exercise resistance in individuals might have simply not continued
the training long enough to see results. Ultimately, the theme of her arguments was that one should never
assume all factors are adequately controlled for and that this may have severe repercussions for the results.

▪ Dr. Colberg-Ochs questioned the relevance of much of the current evidence
supporting the existence of exercise resistance. She pointed out that studies in rats involve
successive breeding for certain traits that results in a homogeneity not seen in the human
population. In addition, she questioned the extrapolation of findings at the myotubule level to the
whole human body and argued that the way muscle cells respond in vitro may not necessarily be the
same as how whole muscles or the whole body responds.

▪ Dr. Colberg-Ochs argued that many confounding factors are not adequately accounted
for in exercise resistance studies. For example, the setup of exercise-based studies involves
initially setting a maximal aerobic capacity. However, despite best intentions, many participants
may underestimate their maximal aerobic capacity if they did not push themselves hard enough
because they are unused to physical activity, lack motivation, or experience localized muscle fatigue
or other limitations. As a result, training intensity throughout the study may then be based on an
artificially low maximal aerobic capacity. Dr. Colberg-Ochs also suggested that non-training daily
energy expenditure and diet are not adequately accounted for in many of these studies and these
factors can have a large confounding effect on the observance of exercise resistance.
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▪ Dr. Colberg-Ochs proposed a handful of alternate explanations for observed exercise
resistance. These included a failure to fully control for diet, variation in the amount of training
done by some subjects, variation in daily activity energy expenditure, factors affecting insulin action
and glycemic balance, medication effects, and failure to take body fat composition into account in
BMI measures.

Questions and Answers

Q: I want to follow up on one of the points you made about setting up your training intensity
based an initial exercise capacity test. Is this something that we all have to deal with? It's very
easy to get athletic people to push through, and then you struggle with people who are
unaccustomed to exercise or have limitations. So what kind of solutions have you worked
through to resolve that issue?

A: I wish I had a good response to that. I'll tell you what I did one time. I did a study and we had one guy who
was a lean type 2 and he did a lot of running and that stuff. He wanted to be in the study so I went ahead and
included him. But when we got to the end and we looked at the data, he was such an outlier, we threw the data
out. That was my response: I can't include this person because he's just not like all the others and it's going to
skew all the means. I think we might need a better way of initially assessing what would be a starting point,
and I don't know what that is.

Q: Have you taken data on the participants' readiness measure? I know in other studies that
I've done, that's a variable to consider - their readiness to participate.

A: Do you have a particular physical readiness thing that's more physiologic? We have a physical activity
readiness questionnaire that asks questions like "do you have chest pain when you exercise?" I'm not aware of
a really effective one other than that. We don't have anything else.

Q: I think you made a very important point that if people don't exercise or exercise as much,
they may appear to be non-responders. I'm not sure that that's evidence against genetics.
Could there be genes that affect people's tolerance for exercise or the amount of exercise
they're interested in?

A: I totally agree. I wasn't trying to rule that out entirely. Likely there are some people who truly don't
respond. Maybe you have someone who doesn't respond to aerobic training but responds to resistance
training. It may be that what we've been doing for years is prescribing exercise for people and saying you need
to do this, you walk for 30 minutes, instead of letting people gravitate to activities that they prefer to do.
Maybe for genetic reasons they like to do one activity more than another. We certainly know that there is
different muscle fiber typing that might affect how people respond.

Comment: You pointed out correctly that if you take this sedentary person and try to do an
aerobic capacity on them it's hard to get them to the point where they will have increasing
heart rate. So what you end up with is peak exercise rather than anaerobic capacity. I highly
recommend that you plot on the horizontal axis work load and on the vertical axis the heart
rate and you look at the slope. As the person becomes more fit, the slope will become flatter
and flatter. You don't have to worry about this problem of getting them to plateau.

Point two is that at least four decades ago, the Danes pointed out in their research that if you
prevent the core temperature from going up, there will be no improvement in aerobic
capacity.

And the last point is that about three decades ago the Norwegians showed that if you train just
below your anaerobic threshold, you can get much better improvement in aerobic capacity
than if you go above the anaerobic threshold. And that's controversial because there's a whole
group of people, myself included, that believe you need to go above anaerobic threshold for
three minutes, and then below anaerobic for three minutes to recover. But the point is that
somewhere above and below the anaerobic threshold is where the optimal exercise needs to be
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and as they improve that anaerobic threshold, the exercise load has to follow to keep them in
that prime spot.

A: Right, so basically training is a moving target and I think it moves faster for some people.

Comment: So when you take the highly fit mice, and you train them, they don't get any fitter
and they don't improve metabolically. Maybe we all have an inherent gene that makes it such
that we can't improve any further. We haven't identified that. The only way real way we can do
that is have the DNA and have the VO max measure on the people to look for those genes in2
genome wide scans and that would be very interesting. In contrast, when unfit mice put on
treadmill and made to run, they do get fitter and they do improve metabolically, although they
cannot reach the level of fitness of the mice bred to be fit. That's a very interesting model that
provides some very intriguing possibilities for these two approaches to defining who's a
responder and who's not a responder. It comes down to collecting all the data you can possibly
think of and what is great is you have this opportunity to look at that.

I think some of the answers may be in studies of master athletes. Back in the 1990s in my lab,
we were able to raise the VO max of the master athletes substantially with training and when2
we de-trained them, we uncovered dyslipidemia and then we looked at genes that might
predict that. So there are interesting things that can be found out from just working to get that
volunteer who's interested in their training responses to get the data we want and need to
make those analyses possible.

A: I agree, thank you for that comment.

Corporate Symposium: Novel Mechanisms and Advancing Therapeutic Paradigms for
Optimizing LDL-Focused Management and Cardioprotection in the Diabetic Patient
(Sponsored by Sanofi/Regeneron)

ADA AND ACC/AHA GUIDELINES FOR IMPROVED LDL-TARGETED ATHEROPROTECTION
IN DIABETIC PATIENTS: UNIQUE CONSIDERATIONS AND TARGET GOALS IN THE
SETTING OF T2D: WHAT WORKS? HOW WELL? WHAT DOESN'T WORK? HOW LOW
SHOULD WE GO? WHY?

Vivian Fonseca, MD (Tulane University, New Orleans, LA)

The renowned Dr. Vivian Fonseca discussed the link between diabetes and cardiovascular risk, emphasizing
current gaps in our knowledge and potential future therapeutic strategies. Following a review of the
complex data behind glycemic control and cardiovascular risk, he suggested that moving forward,
modifying multiple risk factors concurrently may be a more effective approach than focusing solely on A1c.
He touched on the potential role of inflammation in the development of cardiovascular disease, asking
whether newer agents may also play a role in modulating that risk factor. He concluded by asking what the
optimal goal for LDL is in minimizing cardiovascular risk.

▪ Dr. Fonseca opened by noting the current gaps in our knowledge with regard to
diabetes and cardiovascular risk. While LDL and blood pressure control have demonstrated
beneficial effects on cardiovascular outcomes, he noted that results with various diabetes therapies
and glycemic control have been less clear. While the UKPDS took roughly a decade to show
cardiovascular benefit, researchers expected improvement in outcomes in ACCORD and ADVANCE
over shorter time periods. Moving forward, he suggested that modifying multiple risk factors
concurrently (hyperglycemia, hypertension, and dyslipidemia) may be a more effective approach
than focusing on lowering A1c alone.

▪ With regard to ACCORD, Dr. Fonseca noted a recent study (Hempe et al., Diabetes
Care 2015) demonstrating increased hypoglycemia and mortality in subjects with high
glycation indexes. These patients have a higher A1c than would be predicted by their blood
glucose levels, which could potentially lead to overly intensive treatment that increases
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hypoglycemia risk. Therefore, taking hemoglobin glycation index into account may enable providers
to identify subpopulations at higher risk and better optimize their diabetes management.

▪ Dr. Fonseca reviewed the potential role of inflammation in the development of
cardiovascular disease. He noted multiple therapies with possible effects on inflammation,
including a low fat diet, aspirin, statins, and insulin sensitizers. He questioned whether newer agents
may also affect inflammation.

▪ Dr. Fonseca concluded by asking what the optimal goal for LDL is in minimizing
cardiovascular risk. With the idea that lower is better, he noted that current trials may not have
gone low enough. He hoped new trials would help uncover the optimal goal for patients moving
forward. The ongoing cardiovascular outcomes trials of PCSK9 inhibitors, which can bring some
patients down to very low LDL levels, should hopefully provide more clarity on this issue - as we
understand it, this and neurocognitive effects represent the main safety issues at presents. CVOT
outcomes must come before approving the drug, except for the most needy patients, e.g., those with
hypercholesterolemia. .

EVOLVING CLINICAL PARADIGMS FOR LDL LOWERING: FOCUS ON EFFICACY,
IMPLICATIONS, SIDE EFFECTS, AND SAFETY RESULTS OF LANDMARK TRIALS
EVALUATING PCSK9 INHIBITION, APOB SUPPRESSION, AND OTHER NOVEL TARGETS -
IMPLICATIONS FOR THE DIABETIC PATIENT

James McKenney, PharmD (Virginia Commonwealth University, Richmond, VA)

The wonderful Dr. James McKenney gave a thorough overview of the clinical studies supporting the PCSK9
inhibitors in development, discussing optimal indications for their use. Dr. McKenney opened with
encouragement, suggesting "we may be on the front edge of another era in cardiovascular therapies."
Following a review of the mechanism of action of the drug class, he underlined three potential populations
for which these drugs could be most useful: familial hypercholesterolemia patients, patients with high CV
risk uncontrolled on statin therapy, and patients intolerant to statin therapy. In addition to strong effects on
LDL reduction, he praised the minimal adverse event profile of the class. He concluded by noting the
ongoing long-term outcomes trials of the class - while he suggested results from these studies were
necessary to draw definitive conclusions, he felt the early evaluation of adjudicated CV events with PCSK9
inhibitors provided reason to be hopeful for positive results.

▪ Dr. McKenney opened with encouragement, suggesting "we may be on the front edge
of another era in cardiovascular therapies." He highlighted the numerous new mechanisms
being researched, including PCKS9, Apo B antisense, MTTP inhibitors, and CTEP inhibitors.
Focusing on the PCSK9 inhibitors, he reviewed the candidates in development, including Sanofi/
Regeneron's Praluent (alirocumab; under review), Amgen's Repatha (evolocumab; under review),
Pfizer's bococizumab (phase 3), Lilly's LY3015014 (phase 2), Alnylam's ALN-PCS siRNA (phase 1),
and AFFIRIS AG's peptide-based vaccines (preclinical).

▪ Dr. McKenney briefly reviewed the mechanism of action of the PCSK9 inhibitors,
correlating it with their downstream clinical effects. He noted that the inhibitors produce a
100% blockade of PCSK9, to which the body responds by producing more PCSK9; thus the drugs
achieve a maximum reduction in LDL, after which increasing the dose prolongs the effect but does
not increase the reduction. Looking at single ascending dose studies, this was demonstrated with a
roughly 60% decline in LDL with both alirocumab and evolocumab. At the selected doses for
market, alirocumab 75 mg every two weeks produces a roughly 50% decline in LDL and 150 mg
every two weeks produces a decline of 66%; evolocumab 140 mg every two weeks produces a 66%
decline while 420 mg every four weeks produces a 50% decline. In Dr. McKenney's clinic, he
suggested about half of his patients prefer biweekly administration as opposed to monthly.

▪ Dr. McKenney underlined three potential populations for which these drugs could be
most useful: familial hypercholesterolemia patients, patients with high CV risk
uncontrolled on statin therapy, and patients intolerant to statin therapy. He reviewed
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positive results for PCKS9 inhibitors in these populations, with a 61% decline in LDL in
heterozygous familial hypercholesterolemia patients with evolocumab 140 mg every two weeks and a
55% decline with 420 mg monthly dosing (baseline LDL 155 mg/dl). For high-risk patients on
maximum tolerated statin therapy, he noted the 50.6% decline in LDL in patients treated with 75 mg
alirocumab every two weeks in the ODYSSEY COMBO II study (baseline 109 mg/dl). Lastly, for
statin intolerant patients, he showed the 45.0% decline in LDL in patients unable to tolerate two
different statins in the ODYSSEY Alternative study (baseline 191 mg/dl).

▪ With regard to the safety profile of the class, looking to the Osler and ODYSSEY Long
Term studies, he noted no signal for elevation in transaminase levels, myalgias, GI
side effects, or neoplasms. At the planned FDA Advisory Committee meetings on the drugs, he
suggested the agency would be interested in the effects on neurocognitive events/disorders, which
may have shown a slight increase relative to standard of care - he suggested large outcome studies
would be needed to elucidate this. Neurocognitive events did emerge as one of the main safety-
related discussion points in the meetings for Praluent and Repatha, along with the unknown effects
of very low LDL levels, and (surprisingly to us) a potential risk of diabetes comparable to that seen
with statins.

▪ Dr. McKenney concluded by noting the ongoing long-term outcomes trials in the class.
These included ODYSSEY Outcomes for alirocumab (estimated completion January 2018), SPIRE-1
(estimated completion April 2018), and SPIRE-2 (estimated completion January 2018) for
bococizumab, and FOURIER (estimated completion October 2017) and GLAGOV (estimated
completion July 2016) for evolocumab. While he suggested results from these studies were
necessary to draw definitive conclusions, he felt the early evaluation of adjudicated CV events with
PCSK9 inhibitors provided reason to be hopeful for positive results.

PANEL DISCUSSION

Vivian Fonseca, MD (Tulane University, New Orleans, LA), Deepak Bhatt, MD (Harvard
Medical School, Boston, MA), Michael Davidson, MD (University of Chicago, Chicago, IL),
James McKenney, PharmD (Virginia Commonwealth University, Richmond, VA)

The corporate symposium concluded with a fascinating panel discussion that addressed a notable question:
Would panelists use PCSK9 inhibitors prior to cardiovascular outcomes trial data being available? The
discussion turned particularly animated on this point, as three of the four panelists were in favor of
prescribing the class - Dr. Vincent Forlenza was the sole holdout: "I don't know." The others cited impressive
cholesterol data that was "too compelling" to ignore in patients at an already high risk for a coronary event.
All three, however, qualified their statement by noting that in patients with low or medium risk of a
cardiovascular event, the decision was more nuanced and required a unique benefit-risk assessment per
individual. Last, all four panelists agreed that the bigger question was on the reimbursement front: Would
payers jump on board without CVOT data? We heard healthy skepticism in response and a consensus that
coverage and cost would pose some of the greatest challenges for the class moving forward. Based on the
discussion and votes at the recent FDA Advisory Committee meetings for Praluent and Repatha, it appears
that the initial indication for the products will likely be quite narrow (possibly just for patients with familial
hypercholesterolemia) and that broader labels more applicable to patients with diabetes will likely be
placed on hold until CV outcomes data is available.

Q: Let's assume things go well and PCSK9 inhibitors are approved … should we use them prior
to CVOT data being available? Would you use them in someone at high risk for cardiovascular
disease?

Dr. Fonseca: I would use them in statin intolerant patients. With patients with diabetes, I would discuss the
consequences and costs with them. I would say that I couldn't promise that the therapy will reduce the risk of
cardiovascular events, but the LDL data is so strong that I might still use it. Cost and coverage will be
important.

www.closeconcerns.com 150

https://www.closeconcerns.com/knowledgebase/r/9fb2830a
https://www.closeconcerns.com/knowledgebase/r/84bc8564#ODYSSEY_LONG_TERM
https://www.closeconcerns.com/knowledgebase/r/84bc8564#ODYSSEY_LONG_TERM
https://www.closeconcerns.com/knowledgebase/r/52937978
https://www.closeconcerns.com/knowledgebase/r/cf83140e
https://clinicaltrials.gov/ct2/show/NCT01663402?term=odyssey+outcomes&rank=1
https://clinicaltrials.gov/ct2/show/NCT01975376?term=spire-1&rank=1
https://clinicaltrials.gov/ct2/show/NCT01975389?term=spire-2&rank=1
https://clinicaltrials.gov/ct2/show/NCT01764633?term=fourier+evolocumab&rank=1
https://clinicaltrials.gov/ct2/show/NCT01813422?term=glagov&rank=1
https://www.closeconcerns.com/knowledgebase/r/52937978
https://www.closeconcerns.com/knowledgebase/r/cf83140e


Dr. McKenney: I would use them in people with high LDL. The question will be payers. Payers will say we
want to see CVOT data.

Dr. Davidson: I don't know the answer but I think it's going to be about who can afford it. We're going to want
to use it in all patients.

Q: If cost isn't an issue - in someone's who LDL at a mid-level, but has had three myocardial
infarctions in the past year - would you use a PCSK9 inhibitor in the absence of CVOT data?

Dr. McKinney: Yes.

Dr. Davidson: Yes.

Dr. Fonseca: I don't know.

Q: Is there any data on prediabetes being a risk factor for cardiovascular disease?

Dr. Vivian Fonseca (Tulane University, New Orleans, LA): There is a continuum, but it's not a straight-line
relationship. There are very few clinical trials on pre-diabetes being linked to cardiovascular risk. There's just
not enough data here.

Q: Statin adherence for primary prevention is suboptimal. Given the more invasive nature of
PCSK9 antibodies how do you foresee adherence?

Dr. Deepak Bhatt (Harvard Medical School, Boston, MA): In the real world we'll have to see. Of course in
clinical trials it's closely monitored. I can see adherence being worse in clinical trials. In the other hand I can
see it being better given it's an injection every two weeks or month versus a pill every day. So it may depend
on the patient.

Q: Can you talk about the relationship of PCSK9 inhibitors on CRP levels?

Dr. Michael Davidson (University of Chicago, Chicago, IL): It does not lower CRP levels. That has been
thought about statins. No evidence of that with PCSK9 antibodies.

Dr. James McKenney (Virginia Commonwealth University, Richmond, VA): We can just observe that we're
going through a slow and long process of determining where our LDL should be. Certainly we're treating to
something. The goal has changed with time to become lower and lower. These outcome studies are going to
have LDLs in 30s or so. It's going to redefine what our desirable level will be.

Q: Please comment on the functioning beyond liver.

Dr. McKenney: The only target is LDL receptors. It is made by the liver and kidneys, but the only target is LDL
receptors. That's why it seems so safe.

Q: Can you talk about antibody production with PCSK9 inhibitors? Is there a loss of efficacy?

Dr. Davidson: Difference between the different types of antibodies. Evolocumab and alirocumab are fully
human. They both show some evidence of antibody production. There has been maybe on or two cases where
there was a loss of efficacy, but that's it. As of now, the rate of antibody production is very low. There is no
evidence of safety issues.

Q: What about in type 1 diabetes?

Dr. Fonseca: I'm pleased to see this question. Guidelines suggest a statin for patients after a certain age,
though there are no trials in a type 1 population. There is actually no PCSK9 trial in diabetes, only sub-
analysis in diabetics. There may be some type 1s in trial; I really don't know. We'll have to look at that.

Q: Is there anything that compels you to stop treatment?

Dr. Bhatt: The epidemiological data with PCSK9 inhibitors seems pretty safe.

Q: Do PCSK9 inhibitors actively do anything good?

Dr. Davidson: It is a counter regulatory protein that maintains cholesterol homeostasis.
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Dr. Bhatt: To date with statins, they have been very safe. There might be some benefits of statins in terms of
dementia that could extend to PCSK9 inhibitors. We'll get a definite answer in some years.

Q: There is also a question about children.

Dr. McKenney: I think they're asking about homozygous familial hypercholesterolemia. These patients have
mutations in both their alleles. Their mutation may be negative with practically no function or defective with
2-25% of function. Patients with negative/negative don't respond at all. Patients with any other combination
of defective/negative or defective/defective have a 25-30% reduction. It's not pediatrics, but it's young adults.

Q: Have you seen any data about patients that don't respond to treatment with PCSK9
inhibitors?

Dr. McKenney: I haven't seen any. Everybody is responding.

Q: I have questions about other drugs.

Dr. Fonseca: Cycloset had a one-year diabetes safety trial; they didn't continue the trial unfortunately. We
have nothing with metformin. Tadalafil with chronic low-dose use may well have a beneficial effect, but it was
never tested for that with its so-called side effect. You may not live longer but certainly a lot happier according
to the commercials.

Dr. Bhatt: You're right normally it was an anti-anginal - it wasn't effective. It can be used in pulmonary
hypertension.

Q: If these are approved, is there room for other agents with other mechanisms of action? Will
it be ethical to do these studies?

Dr. Bhatt: There is always room for innovation. We have to see how PCSK9 inhibitors fair in CVOTs. We'll
have to look at how the drugs do in patients with low LDL cholesterol levels? I have not been very concerned,
but we really have to see how these drugs fair. I wouldn't dismiss innovation, especially ones that are
complementary to this pathway. It would be ethical but the study might have to include PCKSK9 inhibitors.

Q: Is there a possibility for an oral therapy?

Dr. Davidson: It's very difficult with protein and protein interactions in the liver for it to work orally. One big
question is when to use these drugs - I think that will be big in FDA panel next week. It will be a regulatory
question and an insurer question. I think there will be lots of patients not having success on statins that will
be using it frequently.

Q: Why should we keep statin therapy around?

Dr. Bhatt: All the data I showed you were of PCSK9 inhibitors acting on top of statins. So, the effect is
additive. We have studied PCSK9 inhibitors as a monotherapy, and you don't see the same benefit.

Q: Where would you put these in the algorithm for therapies?

Dr. McKenney: I believe these are statin-plus therapies out of the gate. Definitely there is use for patients with
recurrent events on statins and patients with intolerance and patients with familial hypercholesterolemia.
When the outcome studies come out I think we'll be looking at them in a broader sense.

Q: Can you talk about gene therapy to knockout PCSK9 inhibitors?

A: There is a whole separate set of issues there, but I'd like to see how that plays out.

Q: How will physicians distinguish between evolocumab and alirocumab?

A: I don't know. Some will like the idea of having doses to choose from. Some might like to start at a higher
dose. Some might like the once-a-month approach vs. every two weeks. Cost is going to be a big factor.

Q: Would you use these in metabolic syndrome versus statins given the effect on insulin?
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Dr. Fonseca: I think the effect of statins on glycemia is very small. But I think there's a clear benefit in
cardiovascular outcomes, so I would still use them. We need to do more analysis on this subset from outcomes
trials.

Corporate Symposium: Managing the High Risk Patient - LDL and Beyond: Contemporary and
Future Approaches (Amgen)

UNDERSTANDING PATHOPHYSIOLOGY OF LIPID DISORDERS, FOCUSING ON THE ROLE
OF PCSK9 IN LDL-C HOMEOSTASIS

Jorge Plutzky, MD (Brigham and Women's Hospital, Boston, MA)

The renowned Dr. Jorge Plutzky reviewed the pathophysiology of lipid disorders and the involvement of
PCSK9, setting the stage for the rationale of using PCSK9 as a therapeutic target. After opening his
presentation by labeling PCSK9 inhibitors as "one of the most clear-cut approaches" in medicine, Dr.
Plutzky walked attendees through much of the preclinical, genetic, and therapeutic data on the relationship
between LDL levels and CV risk. He reviewed the mechanisms of cholesterol transport and explained
PCSK9's role as a secreted protein that targets the LDL receptor for degradation. Specifically, he discussed
genetic models of PCSK9 showing how people with gain of function PCSK9 mutations have higher LDL
levels and increased CV risk while loss of function PCSK9 mutations confer lower LDL levels and protection
against CV risk. With these data, Dr. Plutzky concluded that PCSK9 inhibitors are a new class of therapies
backed by a strong body of evidence.

CARDIOVASCULAR DISEASE AND THE HIGH-RISK PERSON: EPIDEMIOLOGY,
PATHOPHYSIOLOGY, AND CONTEMPORARY GUIDELINES

James Underberg, MD (NYU School of Medicine, New York, NY)

Dr. James Underberg discussed the current guidelines for managing patients at high risk of developing
cardiovascular disease. Although in the past, there was some controversy regarding the value of using
statins in reducing atherosclerotic cardiovascular disease (ACSVD) events, Dr. Underberg advocated for
their use at moderate or high levels in high-risk individuals. According to Dr. Underberg, individuals at
high risk are those with clinical ACSVD, those with LDL levels ≥ 190 mg/dl and/or patients between the
ages of 40-75 with type 1 or type 2 diabetes. In terms of treatment, Dr. Underberg did not indicate which
guidelines he thought were most helpful; however, he noted several common themes from ACC/AHA, ADA,
NLA, and AACE/IAS guidelines for high-risk patients. These are as follows: (i) patients with established
ASCVD should be aggressively treated; (ii) statins should be used as the first line therapy for these high-risk
patients; and (iii) moderate to high intensity statins should be used if they can be tolerated by the patient;
however, side effects such as muscle pain and damage should be considered.

ADDRESSING THE RESIDUAL RISK

Howard Weintraub, MD (NYU School of Medicine, New York, NY)

In his presentation on addressing residual risk for patients at high risk of cardiovascular disease, Dr.
Weintraub outlined several trials that failed to show a benefit of increased HDL concentrations in reducing
atherosclerotic cardiovascular disease (ACSVD) risk. For example, even though HDL concentrations
increased in individuals in the AIM-HIGH trial, there was no evidence of ACSVD risk reduction.
Furthermore, in the ILLUMINATE trial, patients receiving torcetrapib, a cholesterol ester transfer protein
(CETP) inhibitor had a 72% increase in HDL concentration after 12 months; however, the trial was stopped
early due to an increase in major cardiovascular events and overall death. Despite the current very limited
evidence that increased HDL concentrations improve cardiovascular outcomes, companies such as Merck
and Lilly have CETP inhibitors (anacetrapib and evacetrapib, respectively) in phase 3 trials.
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EMERGENT OPTIONS FOR THE MANAGEMENT OF LIPID DISORDERS: CLINICAL DATA
FROM NOVEL CLASSES OF DRUGS

Lawrence Leiter, MD (University of Toronto, Toronto, Canada)

Dr. Lawrence Leiter provided an overview of clinical data on the value of LDL reduction and the role of
PCSK9 inhibitors as a treatment option for patients who have not achieved their LDL targets. He shared
data showing an ongoing treatment gap including a study that revealed that 43% of Canadian patients with
diabetes are not at their LDL target. He noted that there are many reasons for this, including overreliance
on diet, use of insufficient starting doses of statins, complacency, and lack of follow-up for up-titration. Dr.
Leiter thus emphasized the need for additional lipid lowering agents, as statin monotherapy may not allow
many patients to achieve their targets. He pointed to PCSK9 inhibitors as promising therapies that are close
to market and reviewed clinical data on Amgen's Repatha (evolocumab), Sanofi/Regeneron's Praluent
(alirocumab), and Pfizer's bococizumab, showing relatively consistent LDL reductions in the range of
50%-60%. While acknowledging that there are not yet much data in people with diabetes, he highlighted the
OSLER study findings showing that the diabetes population experienced very similar reductions in LDL
despite their differences in glycemic status. We certainly believe that PCSK9 inhibitors can have huge
beneficial implications for diabetes care, though the initial approved indications will likely be narrow until
the ongoing cardiovascular outcomes trials report results - please see our coverage of the FDA EMDAC
meetings on Praulent and Repatha for more.

Product Theater

THE PREVALENCE OF ELEVATED LDL-C IN DIABETES: CHOLESTEROL MANAGEMENT
AND THE ROLE OF PCSK9 IN CHOLESTEROL HOMEOSTASIS (AMGEN)

Harold Bays, MD (Louisville Metabolic and Atherosclerosis Research Center, Louisville, KY)

Dr. Harold Bays presented his "clinical researcher" perspective on the role of PCSK9 in cholesterol
homeostasis. He opened by stressing the high prevalence of elevated plasma LDL levels in people with
diabetes and the low percentage of patients who achieve their LDL targets. Dr. Bays elaborated on the
many barriers to achieving LDL goals; notably, ~30% of attendees responded that they see patients who are
statin-intolerant. Dr. Bays proceeded to discuss the mechanisms of how PCSK9 maintains cholesterol
homeostasis by regulating the recycling of LDL receptors, with the rest of his presentation focusing on the
genetic models of PCSK9 function in people with either gain of function or loss of function mutations. He
ultimately concluded that from a scientific standpoint, PCSK9 is a "very interesting and very applicable"
approach for people with diabetes. We certainly agree - see our coverage of the recent FDA EMDAC meeting
on Sanofi/Regeneron's Praluent (alirocumab) and Amgen's Repatha (evolocumab) for more.

Type 1 Diabetes Cure Therapies and Pathophysiology

Oral Presentations: Interventions in Inflammation and Diabetes

DURABLE EFFICACY OF ALEFACEPT IN TYPE 1 DIABETES (231-OR)

Mario Ehlers, MD, PhD (Immune Tolerance Network, San Francisco, CA)

Dr. Mario Ehlers presented new, two-year data from the phase 2 T1DAL (n=49) trial testing the efficacy
and safety of the anti-CD2 agent alefacept in early type 1 diabetes (within 100 days of diagnosis). As a
reminder, participants were randomized 2:1 to receive two 12 week courses of either alefacept or placebo.
ADA 2013 featured the disappointing news that alefacept did not meet its primary efficacy endpoint of
comparative C- peptide AUC from a two hour mixed meal tolerance test at week 52. Fortunately, at two
years, alefacept had significantly slowed the decline in C-peptide; the alefacept group's 4 hour C-peptide
AUC fell ~0.1 pmol/ml, compared to the control group's drop of ~0.35 pmol/ml (p=0.002). The alefacept
group required significantly less insulin at two years in order to achieve the same A1c as the placebo group
(~7.5%): ~0.4 U/kg/day vs. ~0.6 U/kg/day (p=0.005). Notably, patients in the alefacept group also
experienced significantly fewer major hypoglycemic events than those in the placebo group over the course
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of the study (~9 vs. ~19 episodes/participant years; p<0.001), and this was expanding at year 2 (~8 vs.
~20; p<0.001). In terms of safety, Dr. Ehlers reported that no drug associated SAEs occurred during the
trial and that there was no significant difference in AE rates between the treatment groups at year two.
During Q&A, an attendee remarked that alefacept seemed too good to be true, and indeed, there is currently
a catch. Alefacept had been on the market for psoriasis until a few years ago when it was removed for
"business reasons." Dr. Ehlers reported that work is ongoing to develop a biosimilar, since the Immune
Tolerance Network would like to try the agent in combination with a tolerogenic agent (an agent that
promotes immune tolerance like anti-IL-6 or abatacept) with or without an antigen-targeting agent.

Questions and Answers

Q: It appears that you have two populations of people in the responders and non-responders.
Have you looked at if there were differences in the populations that could explain this?

A: How they differ remains unclear. We think it could be a different group of responders in each study
depending on the drug that is used. It could be that with each particular drug there is diversity in the
autoimmune processes and some will respond and some won't. We are performing a responder analysis now.
There was a portion of the treatment group that had higher C-peptide than they had at baseline. We're trying
to learn why that happened.

Q: This drug is quite effective and well tolerated. So I am sure you are familiar with the too
good to be true rule. Can you comment on what side effects you were expecting and what you
saw?

A: In the psoriasis experience there was a small excess of infections. There was some controversy over
increased rate of malignancy but they were skin related so it was hard to tease out with a skin condition like
psoriasis where there is a higher risk for skin cancer risk to begin with. This was a small study - smaller than
we wanted due to the drug being removed from the market. In terms of the tolerability, it was very well
tolerated compared to anti-CD3.

Q: I was very impressed with your hypoglycemia data. Did the responders in terms of C-
peptide correlate with the responders in terms of hypoglycemia?

A: There was some correlation but only partly. It's an interesting observation that we don't fully understand.

Oral Presentations: Making a Difference with Behavioral Science

IMPACT OF CHILD ANTIBODY RESULTS ON PARENT ANXIETY IN THE ENVIRONMENTAL
DETERMINANTS OF DIABETES IN THE YOUNG (TEDDY) STUDY (217-OR)

Suzanne Johnson, PhD (Florida State University College of Medicine, Tallahassee, FL)

Dr. Suzanne Johnson spoke on the impact of positive antibody test results on the anxiety levels of parents in
the long-running TEDDY study cohort. The TEDDY study follows 8676 children who were determined to
have genetic risk factors for type 1 diabetes at birth and regularly screens them for autoantibodies in order
to determine potential environmental triggers for type 1 diabetes. The study also collects psychosocial
information and administers the Spielberger's State Anxiety Inventory (SAI) at least once a year. Dr.
Johnson looked at SAI scores of parents whose child never had a positive antibody test, of parents before
and after a positive antibody test, and of parents who had completed at least two SAI tests after a positive
antibody test. The study also determined whether parents underestimated or had an accurate perception of
their child's diabetes risk. They found that parents of children who never tested positive had decreased
anxiety over time. If a child tested positive once, anxiety increased regardless of whether or not the parents
correctly estimated the risk of developing type 1 diabetes. Over time, parents who correctly estimated the
risk maintained increased anxiety. Those who underestimated the risk and had a child with only one
positive test had decreasing anxiety levels over time.

Questions and Answers
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Q: I have a couple of questions. Number one is about the ones who are underestimating. What
is going on there? Is that simply a denial thing? Number two, did you repeat that assessment
or is that a single baseline assessment?

A: No we repeat it. So the first thing we might be interested in is how we even determine that. We use a
question - we simply ask the parents "Do you think your child's risk for type 1 diabetes is the same as, greater,
or less than the other children that are not in the TEDDY study. And of course the correct answer is "greater
than," but a remarkable number of people say it's the same as and even some say less than. This very simple
measure turns out to be very powerful - it predicts drop out rate in the study, it predicts compliance, it
predicts all kinds of things. But we really spend a lot of time on trying to make sure parents understand the
risk. Mothers do seem to understand it better than the fathers. And we repeat it every time their kid gets their
antibody test results back: if it's negative, we say your risk hasn't changed. I will say in other studies I've done,
the underestimation actually increases over time. We're not seeing an increase; it's very stable across the
TEDDY study. So whatever we're doing is not getting worse. People just have trouble with risk perceptions
and understanding risk, it's very complicated, and it's a very difficult thing for us to adequately communicate
and for people to understand.

Q: Do you have information on who the first generation relative [with type 1 diabetes] was and
is there a difference in anxiety level if mom has type 1 or if dad has type 1 diabetes or if it's a
sibling who has type 1 diabetes. Should we be giving these results if there is such a high degree
of anxiety and there's nothing we can do about it.

A: We do know who the first degree relative is. We haven't seen a lot of difference in anxiety based on who
that is yet. I think the question of whether we should tell people or not is an interesting one and something
that people wrestle with all the time. I think that in TEDDY, we ended up feeling that in terms of informed
consent, people had to really understand what they were getting into and that their children were being
selected because they were high risk for type 1 diabetes. We just didn't feel that not telling them was
adequately informing them. Particularly since this is an observational study, this is a study to find a trigger.
There are a lot of demands placed on these people and I just don't think it would be fair to ask them to be in
this study without realizing why their child was selected. And I think it might actually be a motivator. I think
many people who joined TEDDY did so because they actually are hoping the study will answer that question,
find trigger, and result in some better prevention strategies that so far we have been unable to find.

Posters

EFFECT OF CELL-FREE MESENCHYMAL STEM CELLS MICROVESICLES (MVS) AND
EXOSOMES THERAPY ON SS-CELL MASS IN TYPE 1 DIABETES MELLITUS (T1DM) (1099-P)

W Nassar, M El-ansary, T Shehab, M Hameed, A Saad, W Essa, S Shawki, M Mohamed, M
Temraz, H Adel

This study evaluated the efficacy of treating newly diagnosed type 1 diabetes patients with cell-free cord
blood mesenchymal stem cell-derived microvesicles. Because these microvesicles are harvested from
umbilical cord blood, which remains in the placenta and the attached umbilical cord after childbirth, the
authors suggest that this method offers several key advantages, including no risk to the donor, easy
availability, and no ethical issues (perhaps in contrast with other approaches using embryonic stem cells).
The study divided 29 patients with type 1 diabetes into two groups; 20 were treated with two doses of
microvesicles spaced one week apart, while nine received placebo infusions. After 12 weeks of follow-up,
patients receiving microvesicle treatment exhibited significant improvements in A1c levels, fasting C-peptide
levels, and C-peptide response, likely due to increased beta-cell function and mass. Significant increases in
plasma levels of transforming growth factor beta 1 (TGF-ß1) and interleukin-10 (IL-10) were also observed,
suggesting a reduction in autoimmune response. As always, larger studies with longer follow-up are needed
to distinguish this treatment from other promising stem cell therapies with proven benefits only in the short
term. Surprisingly, no safety data was explicitly provided for this trial, though the authors claim to have
found the technique to be safe.
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▪ Out of "more than one hundred patients who were willing," 29 young, recently
diagnosed type 1 diabetes patients were chosen for the study. All patients were diagnosed
fewer than five years prior to study entry and had a blood test confirming the presence of at least one
autoantibody. Exclusion criteria included clinically significant liver, kidney, or heart disease;
pregnancy; immunosuppressive medication; viral diseases; or diseases associated with
immunodeficiency and previous treatment with mesenchymal stem cells.

▪ 20 participants received two doses of microvesicles one week apart, with 9
participants receiving normal saline infusions. The first dose of microvesicles was
administered intra-arterially over 10 minutes and the second by intravenous infusion over one hour.
The second dose was thought to be important to overcome the expected complexity of cytokine
interference in autoimmune modulation. Participants were followed for 12 weeks.

▪ Participants receiving the microvesicles exhibited improved beta cell function and
glycemic control at 12 weeks. A1c levels improved significantly from baseline (6.7% vs. 8.2%; p
< 0.034), as did fasting C-peptide levels (1.1 ng/ml vs. 0.2 ng/ml, p < 0.003) and the C-peptide
response following an oral glucose tolerance test (1.8 ng/ml vs. 0.5 ng/ml, p < 0.004).

▪ Plasma levels of IL-10 and TGF-ß1 also significantly increased from baseline at 12
weeks in the treatment group, suggesting a modulation of the autoimmune response.
Plasma IL-10 levels rose from 3.9 pg/ml to 13.3 pg/ml (p < 0.001). Plasma TGF-ß1 levels also rose
significantly from approximately 3 pg/ml at baseline to 26 pg/ml at 12 weeks (specific numbers and
p-value not provided.) Both are cytokines known to play an inhibitory role in autoimmune diseases.

Symposium: Pediatric Dysglycemia-It's Not All Type 1 or Type 2

IMMUNE RESISTANCE PLUS AUTOIMMUNITY: DOUBLE DIABETES OR TYPE 1.5?

Ingrid Libman De Gordon, MD, PhD (Children's Hospital of Pittsburgh, Pittsburgh, PA)

Dr. Ingrid Libman De Gordon explained that endocrinologists have used the nomenclature of type one and
two diabetes mellitus ever since Etienne Lanceraux first recognized two different types of diabetes in 1877.
By comparison, 'double diabetes' or 'type 1.5' is a new term, first referenced in 1991. Double diabetes has no
strict definition, but functions more as a clinical concept in patients with type 1 diabetes who have the
characteristics of type 2 diabetes: obesity, a positive family history of type 2 diabetes, high daily insulin
requirements, and signs of insulin resistance. Type 1 diabetes is not immune to broader public health trends,
and obesity rates at onset have risen along with overall obesity rates across the country - 40% of youth with
type 1 diabetes are now overweight or obese. These children with type 1 diabetes present with a typical type
2 diabetes phenotype but with higher insulin sensitivity and lower insulin secretion; they also tend to have
high systolic blood pressure and low HDL cholesterol levels. To better understand how to treat 'double
diabetes,' Dr. De Gordon conducted a study with the T1D Exchange investigating the use of metformin to
treat overweight children with type 1 diabetes; results were presented at ENDO in March. Though the trial
failed to reach its primary endpoint of significantly greater A1c reductions with metformin at 26 weeks, it
did show reductions insulin requirements and in LDL cholesterol (in male children). Ultimately, Dr. De
Gordon questioned the usefulness of the type 1 diabetes/type 2 diabetes classification scheme, as all types of
diabetes require individualized treatment and, as he put it, "neither diabetes nor obesity cares about
nomenclature."

Symposium: Next Generation of Beta Cell Replacement

HUMAN PLURIPOTENT STEM CELLS

Douglas Melton, PhD (Harvard Stem Cell Institute, Cambridge, MA)

In a packed session (even the overflow room was full), Dr. Doug Melton provided updates on his lab's
progress following the publication of its widely heralded beta cell differentiation protocol last fall. Dr.
Melton devoted the first half of his talk to the extensive research that went into developing the protocol and
the published results showing successful generation of large quantities of insulin-producing beta cells that
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can successfully ameliorate hyperglycemia in animal models. Excitingly, he shared that the group has made
progress even since Dr. Melton's keynote address at the GTC Diabetes Summit slightly over a month ago:
they have now successfully modified the protocol to produce cell clusters with predominantly alpha or delta
(somatostatin-producing) cells rather than beta cells. This is an important step toward Dr. Melton's stated
goal of making "an islet of any composition you want" within a few years - a potentially critical
achievement for a future cell replacement therapy, as some in the field have suggested that simply
implanting cells will not be sufficient from a clinical perspective. Dr. Melton also reiterated his goal of
making the 40-day, $6,000/flask procedure faster and less expensive, stating that his team is very confident
that this is achievable and has already made advances since the October publication. He concluded by
reminding the audience that the long-term goal is to use this differentiation protocol as a drug screening
tool and a clinical therapy - the Melton group has reported several key developments on this front in recent
months, including a $44 million financing round for startup Semma Therapeutics and partnerships with
Novartis and AZ.

Questions and Answers

Q: What is the immune status of the cells?

A: They are identified by the immune system and killed. Even if you make a cell from a type 1 diabetic, their
immune system will kill it. Maybe not in type 2 diabetes, but in type 1 diabetes it will be fully immunogenic.

STEM CELL TRANSPLANTATION FOR TYPE 1 DIABETES

Richard Burt, MD (Northwestern University, Chicago, IL) and Carlos Eduardo Barra Couri,
MD, PhD (University of Sao Paulo, Sao Paulo, Brazil)

Dr. Richard Burt and Dr. Carlos Couri gave a tag team talk on early clinical data for hematopoietic stem
cell transplantation (HSCT) in patients with type 1 diabetes. Dr. Burt first introduced the concept of using
HSCT for type 1 diabetes, highlighting preclinical work that suggested improvement in type 1 diabetes in a
mouse model following HSCT. Dr. Couri went on to discuss early results from a small and uncontrolled
study (n=25) of HSCT in patients with type 1 diabetes conducted in Brazil. In all 25 patients in the study, C-
peptide area under the curve (AUC) during a mixed meal tolerance test increased for a period of roughly six
years before returning to baseline. Eighteen patients became transiently insulin independent for a mean
period of 2.5 years and three patients became continuously insulin independent for a mean period of 9.6
years. Dr. Couri concluded that HSCT may prolong insulin independence or reduce the insulin requirements
of patients with newly diagnosed type 1 diabetes, with relapse potentially due to the reinfusion of
autoreactive T-lymphocytes.

▪ Dr. Burt introduced the use of HSCT for type 1 diabetes, highlighting preclinical work.
He noted that engraftment of hematopoietic stem cells derived from embryonic stem cells prevented
clinical diabetes and induced tolerance to GAD in NOD mice, an animal model for type 1 diabetes
(Burt et al., J Exp Med 2004). On the clinical front, he showed that protocols for HSCT in various
autoimmune diseases such as multiple and systemic sclerosis have demonstrated strong results,
with the suggestion that results may be disease-, patient selection-, conditioning regimen-, and even
center-specific. Thus far, clinical studies of HSCT for type 1 diabetes have occurred primarily in
Brazil, largely due to difficulties with insurance approval and controversies over embryonic stem
cells in the US.

▪ Dr. Couri presented early results from a small and uncontrolled study (n=25) of HSCT
in patients with type 1 diabetes. Patients in the study were <6 weeks from diagnosis, age 12-35,
and had positive serum anti-GAD levels. HSCT was performed using a non-myeloablative protocol
(that preserves more of the patient's cells) in hopes of preserving pancreatic functional reserve and
maintaining endogenous insulin secretion.

▪ In all 25 patients in the study, C-peptide AUC during a mixed meal tolerance test
increased for a period of roughly six years before returning to baseline. Eighteen
patients became transiently insulin independent for a mean period of 2.5 years and three patients
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became continuously insulin independent for a mean period of 9.6 years. The percentage of patients
with peak stimulated C-peptide >0.2 nmol/L (correlated with fewer complications and less
hypoglycemia) was 100% at 84 months but dropped to 50% at 96 months. Dr. Couri noted that after
adding sitagliptin, three patients who had returned to insulin dependence became insulin
independent again, and 11 patients only required a once-daily dose of basal insulin in combination
with sitagliptin. Four patients never became insulin independent; three of them presented in
diabetic ketoacidosis and one required glucocorticoids during the conditioning regimen. Adverse
effects included nausea, vomiting, and alopecia in all individuals in the acute setting, with two
patients developing bilateral pneumonia. Late adverse effects included five patients with Grave's
disease, one patient with hypothyroidism, and three patients with oligospermia.

▪ Dr. Couri concluded that HSCT may prolong insulin independence or reduce the
insulin requirements of patients with newly diagnosed type 1 diabetes, with relapse
potentially due to the reinfusion of autoreactive T-lymphocytes. Future avenues to reduce
relapse will include modifying the regimen to enhance selection and providing a source of beta cell
mass, possibly through embryonic stem cells.

NEW MATERIALS FOR ISLET TRANSPLANTATION

Daniel Anderson, PhD (MIT, Cambridge, MA)

Dr. Daniel Anderson provided an engineer's perspective on the design criteria involved in developing a
durable islet cell replacement therapy. The key challenge as he presented it is designing semipermeable
encapsulation devices that can protect cells from immune attack while still allowing nutrients, oxygen, and
insulin to cross in and out. He explained that microencapsulation efforts (forming bubbles around small sets
of cells) have traditionally relied on alginate capsules, but those devices have typically prompted an
immune response leading to significant scarring and rapid cell death. However, Dr. Anderson's lab has
developed modified alginate devices that can be successfully implanted into mice without attracting
significant immune attention. He shared promising new preliminary data from studies in nonhuman
primates showing that cells encapsulated in the new devices maintained glucose-responsive behavior for
four weeks after transplantation with no signs of an immune response. By contrast, cells in conventional
alginate capsules had all died after four weeks and showed significant fibrosis. Dr. Anderson closed his talk
by referring to promising early results from his group's collaboration with Dr. Doug Melton's (Harvard
Stem Cell Institute, Cambridge, MA) lab: cells produced by the Melton protocol and encapsulated in the
Anderson devices successfully corrected diabetes in a mouse model for 175 days.

Questions and Answers

Q: This data was with no immune suppression?

A: Correct.

Q: Your results are very promising in terms of avoiding fibrosis. Does putting capsules in the
animals cause chronic inflammation?

A: You can detect the presence of neutrophils after implanting the capsules but you don't see any toxic
inflammation.

Q: Can you share what the new material is?

A: Soon, not yet. We don't think the key is permeability; we think it's how the immune system recognizes the
device and reducing that response.

Q: We have made capsules for 30 years using conventional alginate and found in patients with
type 1 diabetes, soon after retrieval after five years of graft, capsules free of fibrosis. I don't
think it's a matter of the specific machinery to make the capsules. The problem is the purity of
the alginate and the purity of the polymers you use. In the paper you referred to, the capsules
were made of barium alginate, which is a very dirty alginate. Our capsules are made with the
appropriate composition and I swear they are clean, but you need many years to get them very
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pure. Your method might be good, but if conventional alginate is purified, it can yield clean
capsules.

A: Thank you for the feedback. My advisors are looking at alginate in primates and our own data suggest that
conventional alginates don't lead to clean capsules. I'm not aware of compelling human data yet, but my
understanding is there's a lot of fibrosis. I'm happy to talk about this later.

Q: What is the size of the capsules?

A: The size of the capsule can affect the fibrotic response. These are on the larger side at 1.5 mm.

Dr. Norma Sue Kenyon (University of Miami, Miami, FL): Your group had a paper come out on
this just this month that was maybe counterintuitive.

A: Yes, we thought smaller would be better but that was not the case.

T REGULATORY CELLS

Penelope Morel, MD (University of Pittsburgh, Pittsburgh, PA)

Dr. Penelope Morel detailed the role of T regulatory cells (Tregs) in the development of type 1 diabetes,
highlighting novel approaches to using Treg cells to treat and prevent the disease. She opened with a review
of the role of Treg cells in the immune system, noting their ability to both directly (via effects on antigen-
presenting cells) and indirectly (via cytokines acting in the periphery) mitigate the effects of autoimmune T
cells. She underlined the relationship between Treg cells and type 1 diabetes, noting the reported defects in
number and function of Treg cells in patients with diabetes and the possible genetic variants contributing to
these defects. Preclinical studies aimed at increasing Treg number and function via low-dose antigen
exposure have demonstrated a preventive effect in mouse models of type 1 diabetes. In terms of therapeutic
strategies, she noted various methods for increasing Treg activity, including injecting antigen to induce
antigen-specific Treg cells and performing ex vivo expansion of Tregs to administer to patients. Of the
ongoing clinical trials, she felt those using low-dose anti-CD3 and low-dose IL-2 showed the most promise.
Moving forward, she suggested studies would evaluate immunological endpoints and biomarkers rather
than purely clinical outcomes in order to optimize dose and effect. As a reminder, two examples of ongoing
projects in this area, the BCG vaccine and NeoStem's autologous Treg infusion therapy, were discussed
recently in our GTC Bio report.

Questions and Answers

Q: There are concerns about use of in vivo use of Treg cells and loss of function. Do you have
any comment?

A: I think it is in the way the Tregs are generated. In the ex vivo studies growing the cells with cytokines we
have found that some Tregs are only stable in continued presence of these cytokines. If you use intrinsic T cell
receptor signaling pathways you may be able to generate more stable Tregs. That's one of the main reasons it
hasn't taken off as much.

Symposium: The Gut Microbiota and the Islets - A Toll Road to Diabetes

THE ROLE OF INTESTINAL MICROBIOTA AND INNATE IMMUNITY IN DEVELOPMENT OF
TYPE 1 DIABETES

Danny Zipris, PhD (University of Colorado Denver, Aurora, Colorado)

In several mouse studies, Dr. Danny Zipris sought to identify bacterial communities potentially linked to
type 1 diabetes and elucidate their interplay with toll-like receptors (TLRs) that play a role in the immune
response. In the first study, he found that the TLR3 pathway, not the TLR9 pathway, was crucial in the
development of diabetes. In the second study, Dr. Zipris proposed a new model for how manipulating gut
microbiota may induce regulation and prevent disease development. Several lines of evidence support this
model, such as the observation that certain gut microbiota profiles have protective roles in the RIP-B7.1
strain of mice. In addition, mouse strains susceptible to diabetes have different gut microbiota profiles than
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mouse strains resistant to diabetes. Although these results present strong evidence of a two-way link
between gut microbiota and diabetes, the specificity of the mouse strains, the small sample sizes, and the
scarcity of human trials make us cautious about drawing sweeping insights.

Questions and Answers

Q: What about gut microbiota in humans? Can manipulation of the bacterial genera produce
results?

A: We have conducted several human studies in Colorado and Europe. Although there are promising results
regarding gut microbiota manipulations, the data are not similar across the two regions. There may be several
factors, such as geography and diet, which influence these differences. As a result, we must conduct more
studies to discern these differences.

DEFINING THE AUTOIMMUNE MICROBIOME IN TYPE 1 DIABETES

David Endesfelder, PhD (Helmholtz Zentrum Munchen, Munich, Germany)

Dr. David Endesfelder made the case that the gut microbiota communities associated with early islet
autoimmunity development might be tied to the early introduction of solid foods. The BABYDIET study
enrolled 150 infants with a first degree relative with type 1 diabetes. Of these infants, 22 developed islet
autoantibodies. These children were matched by date of birth with 22 islet autoantibody negative children.
Dr. Endesfelder found that islet autoimmunity development was most common in a subgroup of children
with high abundance of Bacteroides (a bacteria that has repeatedly been associated with type 1 diabetes in
the literature) and low abundance of Akkermansia. About 60% of children with this gut composition (who
also tended to have high risk HLA genotypes) developed islet autoantibodies over the first two years of life
(HR=2.8 [1.1-7.1], p=0.021). Unsurprisingly, microbial community composition was strongly influenced by
dietary factors, particularly whether the child was breast fed or eating complex foods (i.e., a diet of varied
soft or solid foods). In particular, the early introduction of solid foods was associated with the increased
abundance of Bacteroides and decreased abundance of Akkermansia that was associated with an increased
risk for developing islet autoantibodies. Of note, the timing of gluten introduction was not significantly
associated with the children's gut microbiota composition.

Questions and Answers

Q: How were samples collected?

A: They were collected at home. Stool samples were collected at home and shipped by express courier
overnight to the clinical study center where they were processed and immediately frozen. Transport times
tended to be lower than 72 hours, but sometimes were higher. That could have had an impact.

Q: Did you find any correlation with number of autoantibodies?

A: No we did not find anything, but I know other studies did.

Q: Do you have an inference for the impact of HLA genotype on your findings?

A: We did not find an association with HLA genotype. All of the kids in the study have high-risk HLA
genotypes. Maybe we need larger sample sizes. We only had 22 kids, and among them there were three
different HLA genotypes.

Q: Did you find an association with the introduction of gluten?

A: We did not find an association with gluten introduction.

GUT MICROBIOTA, INCRETINS, AND GLUCOSE METABOLISM

Patrice Cani, PhD (INSERM/UCL, Brussels, Belgium)

Dr. Patrice Cani explained how, in rodents, prebiotics (compounds that induce the growth and/or activity of
specific gut microorganisms and have a beneficial effect on health) help to decrease fat mass and increase
glucose tolerance in part through their indirect stimulation of GLP-1 secretion. Prebiotics help to drive the
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production of short chain fatty acids, which in turn increase the production and secretion of GLP-1. Further,
rodent knockouts suggest that the insulin sensitizing effects of prebiotics are largely dependent on this
GLP-1 pathway. Additionally, Dr. Cani presented rodent data suggesting that the bacterium Akkermansia
muciniphila has a beneficial impact on glucose tolerance and fat mass gain. He also noted that NAPE-PLD
enzymatic activity, which plays a role in the conversion of specific bioactive lipids into chemical messengers,
influences rodent metabolism.

Symposium: Non-Insulin Adjunct Therapies in Type 1 Diabetes

TARGETING HYPERGLUCAGONEMIA IN TYPE 1 DIABETES (PRAMLINTIDE, GLP-1
AGONISTS, DPP-4 INHIBITORS)

Nitesh Kuhadiya, MD (University at Buffalo, New York, NY)

As part of a packed symposium on non-insulin adjunct therapies, Dr. Nitesh Kuhadiya explored therapies
that can target hyperglucagonemia in type 1 diabetes. He opened by first discussing the role of glucagon in
uncontrolled type 1 diabetes, stressing that even patients with decent A1c values can experience excessive
postprandial glucose fluctuations and nocturnal hypoglycemia due to excessive postprandial glucagon not
corrected by exogenous insulin. Dr. Kuhadiya examined the potential of pramlintide, GLP-1 agonists, and
DPP-4 inhibitors as strategies to target this phenomenon. He noted that pramlintide reduces postprandial
glucagon and slows gastric emptying but did not frame it as an ideal choice due to the need for injections at
every meal and the association with nausea. He also presented data suggesting that DPP-4 inhibitors
produce relatively unimpressive effects that diminish over time. On the other hand, Dr. Kuhadiya
highlighted GLP-1 agonists as a class with significant potential to reduce postprandial glucagon levels with
much less nausea compared to pramlintide. He stated that liraglutide and exenatide have been the most
studied GLP-1 agonists with regard to hyperglucagonemia but that once-weekly formulations need to be
better studied in type 1 diabetes. Notably, Dr. Kuhadiya ended by briefly referring to insulin/GLP-1 agonist/
SGLT-2 inhibitor triple therapy, which he believes needs further investigation but may have significant
potential to reduce glycemic excursions in type 1 diabetes. We saw encouraging results from a small
retrospective study of this combination at this conference and look forward with great interest to future
randomized controlled trials.

Questions and Answers

Q: I was wondering about the different types of GLP-1 agonists based on half-life.

A: There have been studies done on liraglutide and exenatide. Both have shown clinical benefit. One is
shorter-acting. You also get other good benefits on liraglutide. Preliminary studies conducted on once a week
in type 1 diabetes have shown reductions in A1c and insulin requirements. What needs to be looked at is the
suppression with once-a-week GLP-1 and I don't think that's been done so far yet.

Q: Can you comment on the adverse event profile in type 1 diabetes vs. in type 2 diabetes?

A: It's very similar for GLP-1 in both. There's nausea at the time of initiation of the study and for two to three
days of escalation. It's very similar to what we've seen in patients.

Symposium: Clinical Updates and Looking to the Future in Beta Cell Replacement

CLINICAL ISLET TRANSPLANTATION UPDATE

Camillo Ricordi, MD (University of Miami, Miami, FL)

Dr. Camillo Ricordi spoke to a full room about new developments in islet transplantation. Though
traditional islet transplantation techniques have improved slowly over time, there are many regulatory and
cost impediments to the development of a cure. Unfortunately, after the initial creation of the Edmonton
Protocol, it was realized that islet function eventually decreased and beta cells failed. The Clinical Islet
Transplantation Consortium is making steady progress advancing islet transplantation through clinical
trials and obtaining licensure for an islet product for use in patients with type 1 diabetes and severe
hypoglycemia, glycemic lability, or a kidney transplant. The CIT-07 islet transplantation protocol is
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currently being investigated in a single-arm, multi-center phase 3 study in 48 patients with type 1 diabetes.
Patients will receive up to three separate infusions of islets within eight months and will be followed for at
least 24 months. Dr. Ricordi reported that all 48 subjects have reached the one-year follow-up point for
primary endpoint evaluation, though he did not present any of the primary results since the manuscript has
not yet been published. We saw a sneak peek of some data from this trial at Rachmiel Levine in March
showing significant reductions in insulin dependence, hypoglycemia, and glycemic lability after one year;
publication of the full results is expected in mid-2015.

▪ Throughout the course of the trial, 18 patients experienced 29 serious adverse events
(SAE); however, no SAE resulted in death or disability. Of the 29 events, only five were
directly related to the transplant procedure. The majority of complications resulted from
immunosuppression (n=13) or were unrelated entirely (n=11).

ISLET TRANSPLANTATION: CRITICAL PATHWAYS FORWARD

James Shapiro, MD PhD, (Alberta Diabetes Institute, Edmonton, Alberta, Canada)

Dr. James Shapiro spoke to a packed audience on novel approaches to islet transplantation. According to
Dr. Shapiro, persufflation (gaseous oxygen perfusion) during pancreas preservation is important to
maximize viable islet yield for each organ. As this technique is not widely used in current practice, there is a
scarcity of suitable human pancreases available for islet transplantation. In addition to new techniques in
pancreas preservation, Dr. Shapiro also discussed novel sites for islet graft implantation. Up to this point,
the vast majority of islet transplants have been performed percutaneously into the portal vein system.
Although this system approximates physiologic insulin delivery, it also exposes islets to an instant blood
mediated inflammatory reaction (IBMIR). Anticoagulation therapy with heparin has helped to reduce the
impact of IBMIR and improved the success rate of islet engraftment. Still, while the portal site remains the
most common islet habitat, it is certainly not without complications such as bleeding and portal vein
thrombosis. Researchers are exploring other promising transplantation sites such as gastric submucosal
space (GSMS), where after endoscopic placement, islets would benefit from a rich blood supply. According
to Dr. Shapiro, islet encapsulation devices may be another approach to successful islet implantation. Both
micro- and macroencapsulation devices could provide a secure oxygen and nutrient-rich environment for
islets, while potentially affording a degree of immunoisolation. Such efforts have met with little success up
to this point, but several projects including ViaCyte's VC-01 and Beta-O2's bAir device have shown promise
and are currently undergoing clinical trials.

Closing the Loop and Insulin Delivery

Working Group on the Psychosocial Aspects of the Artificial Pancreas

This valuable workshop on the artificial pancreas was headlined by patient-friendly optimism from FDA's
very impressive Dr. Stayce Beck; caution from the renowned endocrinologist Dr. Anne Peters; a balanced
industry perspective from consultant Marie Schiller; and a surprising and distressing lack of payer
awareness about type 1 diabetes and what severe hypoglycemia actually costs. Though the workshop was
technically focused on the psychosocial aspects of the artificial pancreas, it really hit on a wide diversity of
perspectives addressing the real world challenges as products advance to commercial readiness.

PAYER PERSPECTIVE

Aaron Davis (Partner, Jupiter Life Science Consulting, Los Angeles, CA)

Mr. Aaron Davis gave one of the most insightful closed-loop presentations of ADA,
summarizing primary payer research (n=10 US payers, medical and pharmacy) from Metabolic
Markets (2014). The results were fascinating, indicating virtually non-existent payer understanding of
severe hypoglycemia (mostly anecdotes, since there is no real data); major lack of consensus on unmet
needs in type 1 diabetes; considerable payer frustration over type 2 diabetes; and little understanding of the
different insulin pumps. Mr. Davis said that payers are in a challenging spot right now, as spending has
increased but outcomes have only modestly improved. From our recent conversations with payers, we know
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the challenge has increased from some elements of healthcare that have nothing to do with diabetes, such as
the unexpected costs of drugs related to other illnesses like hepatitis C. Notably, Mr. Davis urged the
audience to more effectively communicate who is likely to benefit the most from a new technology. A direct
payer quote on the type 2 slide was particularly striking: "[The] unmet need is not more therapies. Our
problem is getting patients to comply and doctors not letting patients "alibi" out of it." [While we wouldn't
put it exactly like this, we do believe that lack of attention to behavioral elements of diabetes, along with
mental health challenges (not just depression but "distress" as characterized by Dr. Bill Polonsky and
friends) make it very challenging for patients to adhere to a complex set of drug, technology, exercise, and
food goals. We are not particularly surprised to hear HCPs say they can't control all of this, though we
haven't heard the phrase "alibi out of it" before - that'll go down in our books! We do think creating more
resources for coordinated and integrated care is critical, and technology-related tools could play an
important role in scaling the success of HCPs.]

▪ "Payers recognize hypoglycemia risk, but don't know the details very well." Mr. Davis
said that payers understand severe hypoglycemia is dangerous and costly, but there is no data
beyond anecdotes to understand the issue. Payers believe the severe events in type 1 are likely small
in numbers, but can be a significant cost per event. Direct quotes from the research:

◦ "Plans may underestimate hypoglycemia. I led a team looking at the issue a few years ago.
We were asking what hypoglycemia events cost, and we really don't know."

◦ "There is more hypoglycemia risk in type 1, but I don't have any data for type 1s. I
appreciate that it can be disastrous, but I don't know what we can do about it."

◦ "Hypo is a big risk, which is where education comes in. But what is my absolute risk. If I
have a million member plan, how many severe hypo events will I see in a year?"

◦ Payers sound like they do not speak to patients or HCPs very much, or assess
records from emergency rooms. It also sounds like they are not aware of the T1D
Exchange research on this issue.

▪ Mr. Davis believes there is "low payer understanding" of type 1 diabetes. We were glad
he was so candid about this; in particular, he cited primary payer research (n=10 US payers, medical
and pharmacy) from Metabolic Markets (2014) that asked, "When thinking about type 1 diabetes,
what are the unmet needs?" Notably, more payers said "no unmet need" (n=3 mentions) than "no
cure" (n=2) - a stark reminder of the lack of consensus and knowledge around type 1. The rest of the
responses were equally distributed across the board: closed-loop (n=3); better insulins (n=2);
postprandial glucose issues (n=2); need to simplify (n=2); avoid hypoglycemia (n=2); improved
infusion sets (n=1). He did not offer many details on the methodology, but presumably the 10 payers
could make more than one choice, as there were 17 responses. We were quite surprised to see that
30% of the payers actually said there is "no unmet need" in type 1 diabetes, despite all the spending
on total cost of care. It was also notable to see three votes for the closed loop as an unmet need -
though we would love to see an artificial pancreas, we're not sure it fits the category of "unmet need"
at this point. To the list we would add clinical decision support (e.g., how much insulin to take),
mental health/distress, and overworked/underpaid healthcare providers.

▪ In type 2 diabetes, "the payer community is more direct, but they are challenged."
Regarding a similar question- "What are the unmet needs in type 2 diabetes?" - responses bucketed
into just three areas: compliance (n=6); clinical inertia (n=4); and arresting the disease (n=2).
Again, it was distressing to see what was not mentioned: medication side effects, overworked/
underpaid HCPs, the behavioral challenges/stigma for type 2 patients, or lack of access to care. Mr.
Davis noted that this payer view of type 2 diabetes has been very consistent over the years. However,
payers are now grappling with increased spending and only modestly improved outcomes -
presumably they are also not feeling great about the increased exposure (much higher number of
patients) and the fact that patients overall are living longer and costing the system a great deal of
money. Overall, Mr. Davis said there is "considerable payer frustration in type 2 diabetes." From this
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conversation, we understand why payers would be nervous - just the number of patients - but to say
there is "considerable frustration" is unfortunate, since there is no shortage of ideas to try.

▪ Payers want to know more about advances in insulin delivery beyond features/
benefits. However, there is said to be generally a limited (or low!) understanding of the different
pumps available today, and payers see little differentiation among pumps from an outcomes
perspective. The latter is unsurprising to us, since most of the companies have not done studies to
show the different outcomes. Some verbatim quotes from the payer research included one that was
quite enthusiastic about the closed loop:

◦ "I'm very interested in what's going on with the artificial pancreas. We will be wiling to pay
for it with a few caveats: like proper patient selection and knowing who are the right
doctors to support it."

◦ "The usual key questions come to mind: do we get better outcomes than with the existing
technology - my hypothesis is yes, but what's that incremental benefit vs. the increased
cost?"

◦ "We recently did a survey of our insulin pump patients. 50% didn't understand key pump
features. We want to know more about what is going on with this technology."

▪ "Payers are under an assault of new technologies all the time. If we don't
communicate who are the best patients, they will take the path of least resistance: I get
to choose." Mr. Davis urged the audience to communicate who is best for a new technology. Payers
will base coverage decisions on who benefits the most based on the available clinical data.

ARTIFICIAL PANCREAS - THE REGULATORY APPROVALS PERSPECTIVE

Stayce Beck, PhD, MPH (FDA, Silver Spring, MD)

FDA's Dr. Stayce Beck gave a very positive talk on the potential of incorporating patient perspective into
approval of artificial pancreas systems. She highlighted a new Draft Guidance on Patient Preference
Information (released in May) - notably, such information could support labeling claims and meaningfully
affect the risk-benefit assessment of closed-loop systems. The document explains what manufacturers should
consider when choosing to collect patient preference information, as well as how such information can be
incorporated into device labeling for patients and HCPs. It sounds incredibly exciting the direction that this
could take; Dr. Beck said there are "lots of ways" to incorporate such information into regulatory decisions -
for example, scared parents waking up multiple times at night to test blood glucose vs. an automated system
that eliminates overnight hypoglycemia but raises A1c by 0.5%. It's fantastic to hear the FDA speaking this
language, which parallels the Agency's highly encouraging February blog post on the approval of
EnteroMedics' implantable obesity device ("Listening to Patients' Views on New Treatments for Obesity.")
We had been encouraged by that approach, though do not see that as a product that will be embraced by
HCPs or patients - the AP is of course much different. We believe patient-reported outcomes will be key for
closed-loop devices, since burden reduction is a major benefit of AP systems that should be incorporated into
regulatory reviews - to what extent it will be weighed vs. harder outcomes will be interesting to see. Dr.
Beck also said in Q&A that the FDA doesn't have any preference on whether an artificial pancreas algorithm
runs on a phone or pump; the former is more challenging, however, since the software mitigation and
testing is much greater - still, this represents another sign of a forward-thinking FDA, for which we are very
happy. It's also another sign to us how the FDA drug side is so much different from the device side.

▪ "We are interested and open to incorporating patient preference information. But it
must be done in a validated, quantifiable way." There's often a lot of "anecdotal evidence" on
patient preferences, which is challenging for the FDA - "We're a science-based agency, and we must
make decisions that are defendable and based on scientific, quantified, validated data."
Interestingly, she said that companies sometimes don't meet their endpoints, and at the last minute,
appeal to patient preference information. Dr. Beck cautioned against collecting such information
after studies end. To aid sponsors in collecting valid patient preference information, the agency has
released three guidance documents:
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◦ May 2015: Draft Guidance on Patient Preference Information.

◦ November 2013: Draft Guidance on Medical Device Development Tools
(MDDTs). This is a pilot program for FDA qualification of tools like patient-reported
outcome assessments. MDDTs can be qualified for a specific context of use, and the Agency
is currently accepting proposals.

◦ December 2009: Final Guidance on Patient-Reported Outcome Measures.

▪ Dr. Beck highlighted the recent approval of EnteroMedics' implantable weight loss
device as an example of incorporating patient preference information - see our detailed
report on the Blog Post, "Listening to Patients' Views on New Treatments for Obesity." We were
impressed at the time, as the device lacked efficacy, but patient perspective played an important in
getting approval. We don't know enough about the advocacy effort, however, we don't expect this
product to be particularly commercially successful - we would want to make sure that patients do
not receive any blame for the product not doing well.

HOW CAN WE MANAGE EXPECTATIONS AND SUPPORT HCPS TO PROVIDE OPTIMAL
SUPPORT FOR AP SYSTEMS IN ROUTINE CARE?

Anne Peters, MD (USC, Los Angeles, CA)

Dr. Anne Peters provided a cautious HCP perspective on closed-loop systems (not hers), fearing clinicians
may not be equipped to handle the technology: "Why adopt a largely unproven, highly complicated, very
expensive, potentially dangerous technology" when most patients turn down CGM, when most providers
don't download BGMs, and when many people with type 1 are doing okay on current therapies?" Dr. Peters
showed a metaphor to illustrate the point - a humorous video of a self-driving car that goes awry (an
artificial pancreas), leaving the car's passenger (the HCP) completely helpless and frightened. It was a hit
with the crowd and accentuated two of her final points: (i) lack of fellowship training in diabetes
technology; and (ii) a responsibility question mark when things go wrong with systems (Device
manufacturers? AP researchers? Endocrinologists? CDEs?). Dr. Peters' concluding thought in Q&A
summarized her experience fighting for patients, but also caring for the underserved in LA: "I'll offer the
artificial pancreas to everyone once we have it. I'll fight like crazy for them to get it. The magic is in the
people who will need it the most. But they're not going to be the first to get it." We do ask what "doing okay
on current therapies" means and whether that is using A1c only or other points as well.

CHALLENGES AND OPPORTUNITIES FROM AN INDUSTRY PERSPECTIVE

Marie Schiller (Schiller Advisors, Boston MA)

Type 1 advocate Marie Schiller shared an industry perspective on closing the loop, discussing key challenges
and opportunities. On the bright side, the technical/development/regulatory risk is starting to decline, she
said, though companies seem to be struggling with the business/revenue model. Ms. Schiller does not believe
closed-loop systems will command a premium - "You either have to be at par or charge less."

▪ Key opportunities:

◦ Technical/development risk is starting to decline: The regulatory path is "more
fleshed out," she said, in large part thanks to efforts from JDRF and HCT.

◦ Ability to have a greater impact. "Management teams get it - they see patient views."

◦ Capture MORE patients for longer periods of time: If closed-loop systems are
prescribed right upon diagnosis, companies can put patients on systems sooner. Ms.
Schiller ballparked US pump penetration at "somewhere in the 35-50% range" in type 1
(we haven't heard that high end before), and "not at all" in type 2 (at DTM 2014, Dr. Bruce
Bode estimated that there are ~100,000-150,000 type 2 pumpers in the US). Ms. Schiller
estimated a potential artificial pancreas market of ~ 8 million patients on basal-bolus MDI
regimens in the US, Canada, and the EU markets combined ("A big opportunity").
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◦ Increased revenue from new components: Ms. Schiller used the term line
extensions" to suggest companies adding new closed-loop products to what they currently
offer.

◦ New business models: As an example, Ms. Schiller highlighted Medtronic's recent split
into three business units: one is service and solutions, while the others are intensive- and
non-intensive diabetes management. Closed-loop systems bring an opportunity to create
new business opportunities beyond just selling hardware, she said. This is also how the
Bigfoot Biomedical team has talked about their automated insulin delivery system.

▪ Key challenges:

◦ Technical: CGM accuracy, concentrated insulin, risk mitigation.

◦ Cost of goods sold and business models: Ms. Schiller characterized "the ideal
product" as a system with the lowest possible cost that can provide the most value. She
said closed-loop systems will "probably not" command a premium. Though medtech has
made money on premiums in the past, "We cannot do that any more. You either have to be
at par or charge less." Ms. Schiller said that building a revenue model is extremely
challenging and "industry is struggling a bit" with it.

◦ Regulatory and Integration: Bringing all the components together is challenging, as
the FDA considers artificial pancreas products a "system" - pump, CGM, algorithm, meter,
human interaction. Aside from Medtronic, this is not something that companies have the
infrastructure to internally take on. Later, Ms. Schiller called the necessary collaborative
effort "one of the biggest hurdles."

◦ Portfolio considerations: Drug delivery units in companies are often not specific to one
therapeutic area. For instance, an infuser could be used in rheumatoid arthritis, cirrhosis,
and other disease areas. Something that is best for diabetes might not be best for other
areas. This is an interesting perspective we had not heard before, though we're not sure it
applies to most of the pure-play diabetes organizations working on the artificial pancreas -
the exception is Medtronic, though they clearly have a very specific roadmap ahead.

◦ Greater competition. More than ever, there are a range of companies looking to bring
hybrid closed loop system to market in the 2017-2018 time frame.

◦ Features and IP: Closed-loop algorithms are complicated, and companies must decide
how they're going to design from user and IP perspectives.

◦ Outcomes: Payers go by A1c only, unless companies can prove why other outcomes
matter. We'd note that this has changed on the regulatory side, as the final artificial
pancreas guidance does accept time-in-range as a valid endpoint.

◦ System/Physician economics: Going into a physician's office, there must be a clear
value proposition as to how the economics of an office will change once automated insulin
delivery is available. "We need to go out and do a full systems review. We need to build
those outcomes into our studies. For example, when I go out on Ed's system, I spend 10
minutes with a patient instead of 20 minutes. The system costs 10% more, but we just
saved you 30%. Every time we ask a clinical question, we need to ask an economic
question."

◦ Distribution models. Ms. Schiller highlighted that regional differences are especially
key.

PANEL DISCUSSION

Dr. Henry Anhalt (T1D Exchange, Boston, MA): I really enjoyed your presentation, Stayce.
How do you balance scientific evidence vs. patient preference information? Does that just
come down to a label discussion? If you talk about change in A1c going up, but a decrease in
psychosocial burden, how do you weight one against the other?

www.closeconcerns.com 167



Dr. Beck: We haven't approved an artificial pancreas device, so we haven't put it into practice. We're talking a
lot internally. It depends on what the study is and what the investigator is saying the device can do. Are you
saying that with an artificial pancreas, you don't ever have to think again about diabetes? Or just that it can
minimize hypoglycemia? We're having conversations and talking about it before hand. I always recommend to
sponsors, "Come early, be loud, and stay late. Come talk to us about it before you start the study, so you really
are actively looking at it."

Dr. Katherine Barnard (University of Southampton, UK): data. What data do you need?

Dana Ball: We recognize that we need validated standardized tools to measure what we think we're going to
need to get approval. We need to build a body of evidence to support patient and clinician needs. The Trust
has projects to fund the development of quality of life scales across all stages - the pediatric setting, young
adults, and older adults. We have to think very carefully and tailor tools - it's not going to be a one-size fits all
approach. It's a two-prong approach - collect the data in a good enough way, and at the same time, work as a
community to create new tools.

Q: There is a balancing act between usability and cost. Would the FDA approve anything less
than perfect?

Dr. Beck: Definitely. Let's not let perfection be the enemy of good. We don't expect this will be a perfect
device. We do want to look at the risk profile. When it isn't going to work, are there mitigations that can be
incorporated into the device? For instance, when the device goes offline or when devices aren't
communicating, it slips to open loop and maintains basal levels. We need to build that into the system to
keeps disaster away. But it doesn't have to be perfect.

Dr. David Kerr (Sansum Diabetes Center, Santa Barbara, CA): I'm nervous that the artificial
pancreas is going to be a California hipster technology. And the majority of people who will
benefit will struggle to access it.

Dr. Anne Peters: The most needy patients are my underserved patients, and they don't have access. The
mortality rate is much, much higher. People don't have enough money for food. The ones who are going to use
it [artificial pancreas] are the early adopters - they fight me for technology. One of my patients was in the LA
Times in an article about Afrezza. She loves it. She's a type 1 on an insulin pump and has an A1c of 6.8%.
There is nothing about her that makes me to put her on another drug. She convinced me that she wanted it.
She believes it helps her life. I cannot predict who that's going to be. People self-select. I'll offer this [artificial
pancreas] to everyone once we have it. I'll fight like crazy. The magic is in the people who need it most. But
they're not going to get it first.

Dr. Kerr: Who is the ideal population for a pivotal study?

Dr. Beck: Everybody. We don't necessarily want you to pick people with a 7-9% A1c, no complications, and no
cardiovascular problems. In a study, you see who it does and doesn't work for. Maybe it's not appropriate for
someone with a low A1c. Maybe it is, but that's part of the purpose of the pivotal study - to determine who
should use the device and if there are certain populations that shouldn't. You would label the device with that
information and why it shouldn't be used in those populations.

Mr. Davis: From a payer perspective, the payer world is looking for guidance about who is the right patient for
this type of technology. Absent guidance from industry and thought leaders, they get to define it. The
opportunity right now, as data is developing, is identifying who is the best fit. We need to start to decide now
who is the most appropriate population. Otherwise, the payer community gets to decide that for you.

Q: What are you current thoughts or concerns on phones controlling artificial pancreas
systems?

Dr. Beck: We get asked this a lot. The FDA doesn't have any preference on whether the algorithm is in a phone
or the pump. What we do have preference for is that whatever is controlling it is tested and looked at in
different ways. The phone has different risks than the pump. There might be a technological way to deal with
the risks, but we do have to think about a lot more things. What about a phone call? What if I'm playing Candy
Crush? What if i don't get text messages - that would be a problem. The artificial pancreas system needs
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prioritization in the phone. Some of that has to be worked out with phone companies. It's thinking through
those situations and ways to address it.

Dr. Jill Weissberg-Benchell (Children's Hospital of Chicago, IL): I have a patient needs
question. If I'm a three-year old, what I might want is fundamentally different from a 13-year-
old, from a college student, from a 60 year-old. How do we move forward if everyone needs
something different?

Ms. Schiller: We're not looking at the label as an approved artificial pancreas for kids 6-9 years old, females,
with an A1c 8-9%, and both parents at home. [Laughter] But Aetna might. That's what industry is doing -
obviously looking at target product profiles and target patient populations. Sometimes you start seeing it fall
to the lowest common denominator.

Mr. Davis: It's a very good question, and a very important one. One example of payer policies is what I showed
for BCBS Alabama and Aetna. For sensor-augmented pumps, it said if you hit our pump and CGM policy and
you're over 16, we'll approve this. They probably pulled age 16 out of the air. Somewhere, someplace, 16
seemed right. Is that the right person? There might be no guidance and no data to support it. Back to the
original question - if it's approved for people with type 1 diabetes, it's on the manufacturers and community to
say, "This is the right technology for everybody."

Dr. Firas El-Khatib (Boston University, MA): I'm struggling with the idea that the FDA could
potentially approve an artificial pancreas driven by a phone, provided risk is mitigated on the
phone. How do you deal with that? We all have phones. But this is a fluid situation. The phone
gets approved and risk is mitigated, but then the phone changes if it is personal phone. If it's
not and you lock and freeze the phone, how useful is it to carry another phone? This can turn
tragic quickly if another app fringes on one, or there is an update to the phone, or the phone
company releases the next phone.

Dr. Beck: I didn't say it was easy. We're open to the idea. Personally, I would prefer to carry around one
phone. I agree that there are lots of challenges, and how the realities of it would work or not. There are ways
that you could work with the phone companies to do some testing. If you're one of their developers, there is
some way to go through a pre-specified test program. We are open to that idea of setting a pre-specified test
plan. A lot of it is about system setup. I still haven't updated from iOS 6 to 8 - I don't have enough memory on
my phone left to do it. Maybe there is a way to make it so it stops working and can only do open loop.

Dr. Aaron Kowalski: This is an important topic. We're going to butt up [i.e., max out] on the ability to improve
glycemic control with artificial pancreas systems. The driver will be form factor and minimizing the burden of
wear. The phone is an obvious component. Marie and I often discuss this, "Where will people with diabetes be
willing to take the risk for the benefit of a reduction in burden?" I think we coddle people with type 1. Bryan
Mazlish's wife and son have been using an artificial pancreas running on a phone for two years. How much do
people with diabetes want it? What are the mitigations you can build in? The person with diabetes should
have some voice in there.

Ms. Schiller: Today, I'm all open loop. If I can have four hours and then the phone shuts down, it is
incremental benefit.

JDRF/NIH Closed-Loop Consortium Meeting: "The Last 100 Yards"

This invite-only annual meeting brings together closed loop researchers and industry for learnings and
nuanced discussion on the state of the field. The evening began with JDRF's Chief Mission Officer/VP of
Research Dr. Aaron Kowalski, who shared a comprehensive overview of AP highlights from the past year.
Subsequently, Drs. Roman Hovorka (Cambridge), Boris Kovatchev (UVA), Steven Russell (MGH/BU), and
Moshe Philip (Schneider Children's Medical Center) presented their plans for large efficacy studies of
artificial pancreas systems - these proposals are summarized in a table below. A panel discussion followed,
including added representation from FDA, Medtronic, Animas, and Dexcom. A panel of providers, patients,
and payers closed out the night, sharing perspectives on expectations and adoption of artificial pancreas
systems.
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THE LAST 100 YARDS

Aaron Kowalski, MD (JDRF, New York, NY)

Dr. Aaron Kowalski opened the annual JDRF/NIH closed-loop night ("The Last 100 Yards") with an
inspirational, gracious, and passionate lecture. His impressive 20-minute review provided a comprehensive
summary of closed-loop progress from ALL the major players in the field - Stanford, UCSB, Barbara Davis
Center, Bionic Pancreas, DREAM, UVA, and Cambridge, just to name a few! He turned to running for an
analogy, opening his presentation suggesting that a commercialized hybrid closed-loop has the finish line in
sight and must make the most of its final adrenaline rush to drive at the nuanced questions that remain. The
field, in his view, has demonstrated technical feasibility in all six stages of the JDRF roadmap, but is left
with commercialization questions regarding adoption and reimbursement. His words were a reminder that
improving patient outcomes - reducing burden and simultaneously improving glycemic control and
hypoglycemia - is both the great challenge and the great promise of this technology. Dr. Kowalski declared
emphatically that "the standard of care right now is completely unacceptable!" He cited very impactful data
on overnight PLGS presented by Dr. Bruce Buckingham earlier at ADA - the 3,000+night study showed that
those in the control arm were spending 5% and 8% of nights (depending on the age group with a glucose
<60 mg/dl for two hours or more. PLGS reduced that to just 1% and 3%, respectively. Said Aaron, "This
data has really motivated me. It is really powerful." There are major hurdles ahead, but Dr. Kowalski was
optimistic in thinking about the challenges that remain ... or in his words, this footrace's "last 100 yards."

▪ Dr. Kowalski provided a comprehensive look of closed-loop progress from ALL the
major players in the field. He broke down his analysis both by the academic groups involved in
closed-loop research and the major sites playing home to studies. We bring you his summary below:

Major Players in Closed-Loop Research

Group/Site Recent Work/Progress

UVA (DiAs) 12 research centers around the world

3 control algorithm implemented: USS Virginia,

RCM (Pavia); Zone MPC (UCSB)

320 people with type 1 diabetes participating in

multi-center clinical trials

118,470 hours (14 years) of DiAs system use

Overnight CLC in Outpatient and Home Setting

(with NIH)

Multicenter Outpatient Control-to-Range (JDRF

CTR3)

Stanford Hotel based studies to evaluate initial settings in

the Medtronic MiniMed 670G hybrid closed-loop

system

Detection of Sensor and Infusion Set Failure

Control-to-Range Multicenter study of prolonged

outpatient use of a closed-loop system

Predictive Low Glucose Suspend

Bionic Pancreas

DiAs Advisor to restore hypoglycemia unawareness

Use of CGM, Closed-loop systems and Behavioral

Support in Toddlers
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Probabilistic Closed-loop Control (MMPPC) to

Handle Unannounced Meals

Control-to-Range Closed-loop in a Diabetes Camp

Setting

Development of a drug eluting infusion set

670G in a diabetes summer camp - 2014

(Medtronic)

640G for predictive low glucose suspend

(Medtronic)

Extended wear infusion set (Dexcom)

UCSB/Sansum Semi-automated artificial pancreas with

MannKind's technosphere insulin

Control to Range @ Home

PID vs. MPC Clinical Trial

Risk Mitigation and Fault Study

Fault Detection with Stanford

RO1-DK085628: Exercise detection and

classification

DP3-DK104057: Pediatric design and evaluation

(UCSB & Yale)

DP3-DK101068: Implantable artificial pancreas

AP Database

Yale Closed-loop work with: Insupatch; hyaluronidase;

liraglutide; SGLT2 inhibitors, dual SGLT1/2

inhibitors;

Hotel Study (with Stanford and BDC)

Exercise/Snacking Study

Young Child closed-loop study (with UCSB)

Collaborations in Development: Princess Margaret

Hospital; Schneider Children's Hospital; University

of Cambridge; Illinois Institute of Technology

Montréal/McGill Pump vs. dual hormonal vs. single hormonal

Dual hormonal vs. single hormonal

Closed-loop and carbohydrate counting

Oregon Health and Science University Bihormonal artificial pancreas research

Illinois Institute of Technology (Ali Cinar) CGM fault detection

Exercise classification module

Module for detecting rapid glucose increases and

insulin bolusing

Cambridge Three free living studies completed

Two home studies underway

One home study in preparation
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DREAM Closed-Loop Studies At Home

Over the weekend 60 hours at home study ongoing

Two weeks 24/7 closed-loop at home ongoing

3 Months overnight closed loop study at home

ongoing

Australia (Dr. Tim Jones) Australian at Home Overnight Closed Loop Study

Predictive Low Glucose Management RCT Home

Trial

Hybrid Closed Loop (Medtronic) in free living

conditions at home

AP@home 2x2 month dinner-to-breakfast home trial

2x3 month 24/7 home trial

Bionic Pancreas Insulin + glucagon vs. insulin-only set-point study

(MGH)

Insulin-only set-point study (Stanford)

12-month Pivotal Study

LARGE EFFICACY STUDIES FOR ARTIFICIAL PANCREAS SYSTEMS

Moshe Phillip (Schneider Children's Medical Center, Petah Tikvah, Israel), Steven Russell
(MGH, Boston, MA), Roman Hovorka (University of Cambridge, UK), and Boris Kovatchev
(UVA, Charlottesville, VA)

Rapid-fire presentations from Drs. Moshe Phillip, Steven Russell, Roman Hovorka, and Boris Kovatchev
shared updates on each group's future efficacy studies that are coming soon. We heard never-before-details
from each speaker and were impressed to see how actively and ambitiously the academic groups are
thinking about large-scale efficacy studies (in some cases with an eye towards FDA approval). Competition
is really pushing the thinking and dialogue forward aggressively, and we can hardly wait for the host of
real-world data the coming 12-24 months will hold. It is going to be a truly exciting couple of years for the
artificial pancreas. Please note that some of these studies have already begun (Project Nightlight), some are
planned for the near future (Bionic Pancreas pivotal, IDCL), and some do not have public timelines
(DREAM pivotal). We summarize updates from each group below:

Planned Large Closed-Loop Efficacy Studies

Study
Length/
Size

Design Comparator Endpoint Commercialization
plan
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DiAs -
"Project
Nightlight"

n=84; 11

months

Patients will

cycle

through

SAP

therapy,

nighttime,

24-hour,

and

nighttime (a

second

time)

closed-loop

control

SAP vs.

overnight vs.

24/7

A1c, risk of

hypoglycemia,

patient

preference

DiAs -
"International
Diabetes
Closed-Loop
Trial" (IDCL)
Pivotal trial of

commercial

grade artificial

pancreas built

by Type Zero

and in

collaboration

with pump

companies

N=240; 6

months

Randomized

patients 2:1

to closed-

loop control

vs. SAP;

stage one:

control-to-

range vs.

SAP; stage

two:

enhanced

control-to-

range vs.

SAP

SAP therapy A1c, incidence

of

hypoglycemia

Established a

company, TypeZero

to commercialize

algorithm either on a

smartphone or built

into a pump

Bionic
Pancreas
Pivotal Study
To obtain FDA

approval for the

device and a

chronic use

indication for

Xeris' glucagon

12

months;

n=480

Xeris

glucagon

Dual-

chamber

Pump

Randomized

2:1, parallel

Bionic

Pancreas vs.

usual care

arms; no

remote

monitoring

or

restrictions

on foods/

exercise

Usual care

(CSII or MDI)

A1c, % time

spent < 60

mg/dl during

the last three

months of

each arm

???

Cambridge 12

months;

n=130

Randomized

patients 1:1

on 24/7

closed-loop

control vs.

SAP therapy ??? Working with pump

and CGM companies
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SAP

therapy; no

remote

monitoring

or

restrictions

on foods/

exercise

DREAM
pivotal study

6 months;

n=?

"Parallel

studies

looking at

both safety

and

efficacy"

SAP therapy % of readings

< 70 mg/dl;

time within

70-180 mg/

dl; A1c at six

months

Licensed to

Medtronic

Medtronic US
pivotal study

3 months;

n=150

Now

Recruiting

Single arm

study; two-

week run-in

on pump+

CGM

followed by

3 months on

the 670G

SAP therapy

(during run-

in period)

Safety; A1c;

insulin dose;

weight; time

spent with

closed-loop

on vs. off;

time spent in

different

glucose

ranges

Commercialize

internally

PANEL DISCUSSION - LARGE EFFICACY STUDIES FOR ARTIFICIAL PANCREAS SYSTEMS

Roman Hovorka, PhD (University of Cambridge, UK), Boris Kovatchev, PhD (UVA,
Charlottesville, VA), Steven Russell, MD, PhD (MGH, Boston, MA), Moshe Philip, MD
(Schneider Children's Medical Center, Petah Tikvah, Israel), Stayce Beck, PhD (FDA, Silver
Spring, MD); Chip Zimliki, PhD (Medtronic, Los Angeles, CA), Krishna Venugopalan, PhD
(Animas, West Chester, PA), Tomas Walker (Dexcom, San Diego, CA)

Dr. Aaron Kowalski: Steven, you laid out the clinical trial design. When we did the JDRF CGM
trial, we thought about this a lot. You're going for a dual outcome - it's bold. You're shooting
for the moon, and I commend you. The preliminary data suggests you can do this. The concern
is that you have people that are already there, so you're already putting yourself behind the
eight ball. You may be treating people with an A1c of 6.5%. You have an A1c outcome, which is
logical. But can you talk about that decision?

Dr. Steven Russell: Quite a few people in our trials have already had good glucose control. In most of the
trials, half had an A1c <7%. So it's primarily those in poor glucose control who see a reduction in mean
glucose. For those in good control, we reduce hypoglycemia. Our population of patients so far has been pretty
sophisticated folks at the time of enrollment. We think when we can enroll a much more general population
and people with higher A1cs - not necessarily those who hear about the trial and fly across the country to
participate. That will make it easier to see reductions in mean glucose. In terms of a reduction in
hypoglycemia, that's what takes more power. In the multicenter home use study, we reduce time in
hypoglycemia from 1.9% in usual care to 0.6%. It was still a very large reduction and highly statistically
significant.
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Q: Do you have any reactions to that? Any aspects of this that you don't think they are
capturing with the studies they have described?

Dr. Krishna Venugopalan: I think it's good to see longer-term studies being driven by academic investigators.
It allows us to understand what the true solutions are going to provide. Extended data is essential to access,
not just approval. It's very exciting to see that. We're very excited to be working with some of these individuals
that are moving this forward.

Mr. Tomas Walker: I'm happy to see the focus on reducing hypoglycemia. The impact of hypoglycemia cannot
be overstated. Despite the focus on severe hypoglycemia, the impact we're seeing on non-severe hypoglycemia
at night is really validated by trials. I'm happy to see addressed.

Dr. Stayce Beck: Everybody talked about how they are willing to talk to us. Each system might have different
efficacies, but each of them will be able to show what their system can do.

Dr. Chip Zimliki: I applaud Stayce and the FDA for being so flexible. Medtronic has taken an aggressive
approach to accelerating our artificial pancreas. We are focused on safety endpoints - the critical factors such
as DKA and severe hypoglycemia. While I applaud those looking at long-term trials, we want to get a first
generation product out as soon as humanly possible.

Ms. Hutton: Can you talk about the user interface and how important that is? In these large
efficacy studies, how are you capturing the importance of the patient perspective in designing
such systems and capturing that in clinical studies?

Dr. Roman Hovorka: I think that for the success of closed-loop systems, human factors are as important as
the algorithms. If people are not willing to use the systems, you are not going to get the benefits. We are
working with psychologists and human factors engineers. I think the challenge is that we don't have the right
metrics to capture some of these things. We're trying to do the best we can, but I don't think we have the best
tools to understand how people perceive these systems.

Dr. Boris Kovatchev: We have had the advantage of using a relatively unchanged interface in ten different
centers across the world. The interface was originally designed using focus groups and psychologists and
human factors engineers. In these three years of use, we've collected a lot of data. We've figured out what
people would like to have changed and are aiming for a refined version.

Dr. Moshe Phillip: You don't need many studies to understand that patients want these systems as simple as
possible and want systems that minimize the number of devices.

Q: You used the metaphor of the last 100 yards. As we get closer, could we run into the
paradox where you keep halving the distance and not quite getting there? What are the
barriers and potential pitfalls that we might run into?

Dr. Kowalski: Very, very good point. I think I see that question from both sides. I do commend industry -
Medtronic really threw down the gauntlet. Medtronic is really pushing the entire industry towards these first
systems. But it's just one finish line, and there are going to be multiple. The other side of that equation is that
I worry about being overly conservative. One of the interesting things, as we approach that goal line, is
whether we are going to alarm too much. Are we not going to give people enough control, or be too
conservative and risk averse? The expectation setting is critical. How much do you alarm?

Dr. Beck: I think what we talk about is the clinical study. What are the endpoints? And then there is
manufacturing. We're working with JDRF on different manufacturing models for different component
systems; it's not a small part, and it's not nearly as exciting. But we need to start shifting our conversations.

Mr. Walker: From the standpoint of a CGM in the artificial pancreas, the alarm has to be actionable. We need
to change how we think about them: alarms vs. action alerts. Alarms lose value when you cannot do anything
about the alarm. It's well reported in the literature across aviation and healthcare. Alarms have to mean
something. It's an action alert.
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Dr. Kowalski: You know this very well at Dexcom. If you give too many action alerts,
particularly in teens and young adults, it really becomes an issue. Where is the balance
between safety and dis-incentivizing people from using these systems?

Dr. Zimliki: We use a risk-based approach. That's what Medtronic is doing. You need a prioritization of alerts,
so that some will supersede others. That needs to be done automatically. That's the purpose of what we are
trying to do.

Dr. Russell: However, even if these systems are actionable, it would be better if you had a system that would
prevent the low from occurring in the first place.

Mr. Brandon Arbiter (Tidepool, Palo Alto, CA): Some of the questions we talk about at
Tidepool are: who are the early adopters of this technology? How do we manage the chasm
between early adopters and everyone else? I think it's interesting to consider whether certain
people are predisposed to certain systems.

Dr. Russell: I do think that we've seen early adopters enrolling in these trials so far. We're trying to avoid that
now by making sure one-third of our pivotal trial patients are MDI users. If you make a system that is simple
enough, then you should be able to draw in people that are more than early adopters. You'd have to think that
a simple system would be more attractive than a sensor-augmented pump.

Mr. Venugopalan: Let the user determine the extent of control and the extent of sharing. A key part with these
solutions is disrupting the pump business model of sticking with something for 4-5 years. It becomes
something with upgradeable features and remote upgrades. More diagnostics. You may be able to tailor
solutions to individuals and iterate much more rapidly. It's not just innovation from an algorithm perspective
- it's innovation from a business model perspective.

Dr. Kovatchev: The system will have to be adaptable in real time. One person may want something today and
a different configuration tomorrow. You need to provide a different solution at different times. That has to be
embedded in system design.

Dr. Hovorka: I think the design of clinical studies is difficult. I think it's interesting to consider those who are
putting pregnant women on closed-loop bot during and following delivery. That's very real life.

Adam Brown (Close Concerns, San Francisco, CA): What is the appropriate comparator group
in a closed-loop pivotal study? Is it MDI users on SMBG - the majority of people with type 1 - or
is it the best that we have right now: sensor-augmented pump therapy?

Dr. Phillip: I would say that you have to design the control group in a way that allows you to test the primary
outcome of your study. If you have a control group that is two steps removed - such as Dr. Russell's that adds
a sensor and closed-loop - then you don't know if final effect is because of the sensor or because of the closed-
loop system. You've got to make sure your outcome reflects what you want it to reflect.

Dr. Russell: This is not an academic exercise. We give people systems to improve their diabetes control. We
don't want to limit ourselves to the people using pumps - that's only 1/3 of the people with type 1 diabetes.
People have chosen not to use a pump or a sensor, or maybe their HCPs believe they are not good candidates.
Those are exactly the people who need an automated system to take care of them. Most people with type 1
diabetes are on MDI. I don't think we should take that person and give them a run in on sensor-augmented
pump therapy - they never felt they wanted it in the first place. You try and do that and you have a very long
run in period, and you still don't know how to implement that therapy. To use that as a comparison group
doesn't make sense. What benefit could you provide to patients that are actually candidates to use the
devices? It's not an academic question about which part is due to the control algorithm. What if people don't
want to use sensors and pumps because they don't get enough benefit?

Dr. Kowalski: Steve, Steven. I know you're a reviewer. You know that all the major journals will critique that
approach. Medtronic faced this in their NEJM paper.

Dr. Russell: This has been a major concern. But if we want to get approval for this device in the general
population, we need to include MDIs. We do our studies for patients, not peer reviewers.
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Comment: Steve, we've done exactly what you've said. We took patients on MDI or on pump or on SAP, and
we gave them a seven-day run-in. We saw no difference in time-in-range or adaptation whether they used a
pump, a sensor, or MDI. If you look at the published data, you cannot tell which is which.

Dr. Hans De Vries (Academic Medical Center, Amsterdam, The Netherlands): I think both are right. If you
just look at CGM development, we've seen initial trials in CGM looking at pump users in the control group and
then we saw comparisons to sensor-augment pumps in the control group. We'll see the same thing again here.
You might need to convince the payers by comparing to the optimal treatment. After all, why would they pay
for something new if they don't have the optimal treatment? But you'll also have patients who aren't on
pumps and CGMs, but want to get on the whole package.

Dr. Roy Beck (Jaeb Center for Health Research, Tampa, FL): We've worked with two groups here. I could
write a point-counterpoint on this, because I think you could do both scientifically. What we really want it a
three-arm study. But ultimately, I come around to Steve's point. In the T1D Exchange data, at most 15% of
people at the top centers are using sensor-augmented pump therapy. The reason for that is not all about
insurance. It's because of the reasons we're all alluding to - the hassle factor. If you could pop this on and use
it, there's a really expanded population for it.

Dr. Yogish Kudva (Mayo Clinic, Rochester, MN): What lessons have we learned and not learned from the past
year? Let's think about the use of STAR 3 to approve devices. It has been sub-optimal. I think that there are
issues of making sure providers are educated. The other issue is the payer issue. One of the payer issues is that
when you have a refusal that has come back from the insurance company, it is an opinion that has come from
someone in the middle. That is the real world in the US. There is a middle-man. I think in the US that's an
important issue. The third point is that we know a lot about patient factors with regard to device use. But what
about the MDI use? I don't think we know enough about that yet.

Dr. Kowalski: I think you are right. All of this sums up into patient access and improved outcomes. The
components of patient access are very complex but these studies play a very important role, as my team will
attest. We sit with these payers and they will criticize the design of these trials and that does have downstream
affects on decisions. So those are important clinical questions. I think the glass-half-full view is that the
collaboration between this community helps, and I'm convinced that these systems are the tipping point in
terms of improved control and reducing burden concomitantly. I have to believe payers will catch on.

PANEL DISCUSSION - ADOPTION OF ARTIFICIAL PANCREAS SYSTEMS

Jessica Roth (JDRF, Washington, DC); Adam Brown (Close Concerns, San Francisco, CA);
Kenneth Snow, MD (Aetna, Boston, MA); Paul Radensky, MD (McDermott Will & Emery,
Washington, DC); Jill Weissberg-Benchell, PhD (Feinberg School of Medicine, Chicago, IL);
Brian Herrick (JDRF, New York, NY)

JDRF's Jessica Roth and Close Concerns' Adam Brown co-moderated this panel of payers, providers, and
patients, who discussed expectations for and adoption of various artificial pancreas systems. The payers on
the panel - the very articulate endocrinologist-turned-payer Dr. Kenneth Snow of Aetna and Dr. Paul
Radensky of McDermott Will & Emery (a law firm specializing in reimbursement) - had crystal clear advice
for the entire room: artificial pancreas systems may prompt benefits on A1c, hypoglycemia, and burden,
and to get it reimbursed, the data must clearly show that. Dr. Snow used the analogy of buying a mouse
trap - there are $3, $5, and $30 mouse traps, but when you go to buy a mousetrap at the store, there is no
data to point out which is better. In that case, the consumer probably just buys the cheapest one. The same is
true with the artificial pancreas: Aetna will pay for the "better mouse trap" if there are data to clearly
suggest that. Psychologist Dr. Jill Weissberg-Benchell and type 1 patient Brian Herrick emphasized the
artificial pancreas' quality of life benefits (e.g., less worry, a parent that doesn't have to wake up at night),
and the payers made it clear that those softer endpoints are indeed seriously considered in the payment
decision; however, the data must be rigorously collected with validated instruments to prove it's true (we
are not sure how this will be done, though HCT has funded a group of researchers to develop such
approaches). Adam pointed out the challenge in that tradeoff - capturing powerful, transformative stories
about the impact quality of life and summarizing them with what can seem like cold, quantitative statistics
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(e.g., an 8.6 on a 1-10 worry scale). Both payer representatives cautioned against being deemed a
"convenience" benefit alone, a weak argument to justify payment.

▪ This panel emphasized that engaging payers early and often will be critical for
properly designing artificial pancreas pivotal studies. And this time is now. Indeed, Dr.
Roman Hovorka wondered whether any learnings from the JDRF CGM study could be applied to
reimbursement for artificial pancreas technologies - Dr. Kowalski agreed that they could,
highlighting how hard JDRF worked early to seek input from payers in planning the study. What
was interesting to hear, however, was that different payers weighed different endpoints more heavily
(e.g., A1c vs. hypoglycemia). That suggested that any ultimate study design is really going to be a
compromise, meaning it may not satisfy all stakeholders (patients, payers, clinicians) or goals
equally.

▪ We left the panel and the entire evening with a strong appreciation of the nuances in
pivotal study design; we hope academic investigators and companies are heavily leveraging
JDRF's expertise and network to do this properly.

Quotable Quotes

▪ Dr. Kenneth Snow (Aetna): "Does technology improve outcomes? If it does, please prove it to me -
we're happy to cover it if you do. Lower A1c, les hypo, less distress - we all know what needs to be
shown. If you can't show me, I won't cover it."

▪ Brian Herrick (JDRF, type 1 patient): "For the first system that works, I'm going to do everything in
my power to get it. And I'm not the only one that feels that way."

▪ Dr. Paul Radensky: "Through the work with Medicare and Medicaid we've seen a willingness to
accept quality of life outcomes. However, it's tough if you do not come first with science outcomes.
Time in range is something they are willing to look at - I looked before a home anti-coagulant
monitoring, where having numbers in range was important. I don't think it's an either/or - it's both
sets of outcomes that you need."

▪ Dr. Jill Weissberg-Benchell: "I think we first need to improve the lives of people that live with
diabetes, which means a real-time everyday perspective. And that's not A1c, because that's not a
real-time everyday perspective. Can a child sleep through the night? Can a parent sleep through the
night? Is there less conflict between parents and children? Is the child a better friend? That to me is
the most powerful thing that a closed-loop system can provide."

▪ Dr. Snow: "A disclaimer. I'm an endocrinologist. I've had patients die in the middle of the night. So
that does hit home and I understand the issue. But I'm not going to claim that all of my colleagues
will and that all payers will. There is a significant value that goes beyond A1c and beyond
hypoglycemia. All of these things are very important and should be quantified as part of a study.
Provide me with the evidence."

▪ Dr. Carol Levy: "I'm the person who has to fill out the forms to get reimbursement. But no one ever
asks for psychological factors. They always ask for numbers."

▪ Dr. Snow: "I think the harder challenge is when the innovation is moving faster than the literature.
You might have four studies that are in print and coming out eventually, and yet the data that is
currently out there is outdated; that is much harder to do. Some people come to us and say, 'Hey
here is the result of the study before it is in print.'"
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Joint ADA/JDRF Symposium: Closed-Loop Technology in Youth - Real Estate, Alarms, and
Challenges

THE ARTIFICIAL PANCREAS ROAD MAP UPDATE - TOO SLOW, TOO FAST, WHEN DOES MY
CHILD GET AN ARTIFICIAL PANCREAS?

Aaron Kowalski, PhD (Chief Mission Officer/VP, Research, JDRF, New York, NY)

Dr. Aaron Kowalski's AP roadmap presentation mixed outrage with optimism, highlighting what he
characterized as incredible unmet need and the very promising status of artificial pancreas systems
(including multiple slides on Bigfoot, Bryan Mazlish). Part one of his presentation used T1D Exchange data
to highlight how few people with type 1 are meeting glycemic goals - this data is still quite sobering, and Dr.
Kowalski made a major point that it's not due to "compliance" (i.e., patients even testing 7-8 times per day
are still struggling). Part one concluded with a stark slide centered on two big bolded words to summarize
how quickly artificial pancreas efforts are moving: "TOO SLOW!!" Dr. Kowalski was optimistic, however,
and deliberately did NOT show his six-step roadmap - "We've achieved technical feasibility across all steps,"
he said, and now it's time for (i) commercial development; (ii) regulatory approval; (iii) reimbursement;
(iv) clinical adoption; (v) people with diabetes access/benefit; and (vi) improved outcomes. JDRF sounds
very focused on all these buckets, particularly reimbursement. Dr. Kowalski noted that "multiple
companies" are in commercial development and are targeting 2017-2018 launch of hybrid systems (he did
not specify, but we know of at least Medtronic, Bigfoot, Bionic Pancreas, Tandem, and potentially Insulet,
Animas, TypeZero, Cambridge, and Roche). Dr. Kowalski was equally positive about the FDA pathway to
market, which he characterized as "very favorable." Moving forward, Dr. Kowalski has proposed a
"Diabetes Scorecard (Diabetes Care 2015) to judge the value of artificial pancreas systems beyond A1c -
scorekeepers are the people with diabetes (& loved ones), clinicians, and payers, and the categories are
glycemic control, "burden", and value.

▪ Dr. Kowalski's Diabetes Care paper now proposes a three-step roadmap to artificial
pancreas systems, with a bifurcation occurring at step three: automated insulin
delivery (AID) vs. multi-hormone (MH) systems. The first two steps - low glucose suspend
and predictive suspend - are already available and commercialized as the MiniMed 530G/Veo
(Worldwide) and MiniMed 640G (EU, Australia). This is in contrast to the initial model: (i) low
glucose suspend; (ii) predictive low glucose suspend; (iii) hypoglycemia/hyperglycemia minimizer;
(iv) automated basal (hybrid closed loop: manual meal bolus); (v) fully automated closed-loop
(insulin-only); and (vi) fully automated closed-loop (multi-hormone).

◦ The "next steps" column (see below) makes it clear that multi-hormone
approaches still have much to prove. Overall, the paper takes a somewhat skeptical
eye towards bi-hormonal systems, particularly glucagon. This is not that surprising, as Dr.
Kowalski has long questioned the incremental benefit that glucagon might add over
insulin-only systems. We look forward to head-to-head trials that will bring data to the
discussion.

Dr. Kowalski's Revised AP Roadmap

System Next Steps

1. Suspend Clinical adoption

2. Predictive Suspend US approval, reimbursement, clinical adoption

3a. Automated insulin delivery (AID) Faster insulin action, miniaturization, integration,

individualized control

3b. Multi-hormone (MH) Glucagon: soluble, pumpable glucagon; chronic

glucagon exposure studies; dual-chamber pump
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development, algorithm finalization, head-to-head

vs. AID

Amylin: co-formulation vs. dual-chamber pump,

ratio determination, algorithm finalization, head-

to-head vs. AID

▪ Dr. Kowalski devoted two slides to a Diabetes Mine guest column by Sarah Mazlish
(Bigfoot), which underscored the reduced "burden" artificial pancreas systems can
provide (even to those in very good control like Sarah). Though he acknowledged artificial pancreas
systems might be more expensive than other therapies, Dr. Kowalski believes their "value" will be
worth it, since outcomes will be so much better. [We'd note that it's still hard to know how the cost
of commercialized artificial pancreas systems will stack up to current therapies; what the clinical
data will look like vs. current therapies; and what fraction of patients will switch to closed loop
systems. We do believe the value will be there for many patients, but it's hard to know what fraction
of type 1s that is, and how it will change over time with subsequent generations.]

PEDIATRIC PATIENT SAFETY AND PATIENT PRODUCTS - THE FDA PERSPECTIVE

Stayce Beck (FDA, Silver Spring, MD)

The FDA's Dr. Stayce Beck provided strikingly optimistic commentary on the pathway to a pediatric closed-
loop system - "[We want] a fully approved system available for anyone that needs it." We would like her to
advocate before CMS when the time comes! Dr. Beck opened her presentation emphatically, noting that
closed-loop approval in adults and pediatrics can - and should, in the FDA's eyes - occur in parallel. She
acknowledged the widely held misconception that an adult approval must precede pediatric approval -
indeed, she stated that "that is the opposite of what we want." Dr. Beck stressed a host of differences that
introduce nuance into the transition of closed-loop systems into pediatric populations: differences in body
fat, activity level, glucose variability, hormones, and capacity for decision-making between adults and
children. In light of these differences, she suggested that closed-loop systems must be tested separately in
children in order to pave the way for approval - and also that the FDA is very willing to consider this need.
Of course, she acknowledged the FDA's view that appropriate mitigation techniques, such as remote
monitoring, are paramount in this more vulnerable population. She also stressed that such safety measures
do not devalue the data in the FDA's eyes, quelling concerns that the use of such techniques could hamper
confidence in results or imply a distrust of the system. Dr. Beck advocated for more minimal exclusion
criteria for pivotal studies in general, stressing that the FDA would rather identify patient sub-populations
that should not use closed-loop systems through clinical trials, as opposed to off-label use leading to
disastrous results in the real world. We're pretty much ready to start a Stayce Beck fan club - she just
continues to impress in public presentations with her patient-friendly perspective.

PATHWAY TO THE PEDIATRIC BIONIC PANCREAS

Ed Damiano, MD (Boston University, MA)

Dr. Ed Damiano's comprehensive overview of the Bionic Pancreas in pediatrics shared an updated timeline
on the group's pre-pivotal studies - notably, two glycemic set-point studies will take place starting in
August. An MGH study will test insulin-only and bi-hormonal configurations of the bionic pancreas head-
to-head - the same participants will use both configurations for at least one set-point (130 mg/dl), though
the team will also expects to test other target levels (insulin-only 145 and possibly 115 mg/dl; bi-hormonal:
100, 115, 130 mg/dl). A separate Stanford set-point study will test an insulin-only version of the Bionic
Pancreas at several algorithm set points, and will do so over a longer period of time. [We first reported the
insulin-only news in less detail at GTC Bio in April - though we had been fairly surprised at the time, it
makes complete sense given the uncertainty around multiple elements of glucagon.] We see this as a
necessary move to counter the group's critics, especially those asserting that the system doses insulin and
glucagon too aggressively and would be unable to fail safely. It also speaks to the team's willingness to let
the data speak for itself - they could easily just move ahead to the bi-hormonal study, assuming glucagon
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availability. Last, we believe it could be a mitigation strategy in case an approved stable glucagon does not
come in time for the Bionic Pancreas pivotal study (2016-2017). ADA certainly continued the fascinating
insulin-only vs. bi-hormonal debate, and we've heard a range of opinions in recent months (e.g., Keystone
2014, DTM 2014, ATTD 2015, ENDO 2015); ultimately, true head-to-head data is needed to show what
incremental value glucagon adds to the equation. Our favorite commentary came from Yale's Dr. Stuart
Weinzimer in Q&A: "I think it's a false argument to compare one against the other. What I would like to see
are options for patients with diabetes and clinicians. I want to see an insulin-only system and a bihormonal
system on the market. Then clinicians can choose and help patients choose what is best for them. So let the
market decide." Amen to that.

▪ As a reminder, the Bionic Pancreas team still hopes to conduct its pivotal study in
2016-2017, with FDA premarket approval slated for 2017-2018 and commercial launch in 2018.
We saw results from the recently completed 11-day multicenter study for the Bionic Pancreas at
AACE 2015; Dr. Damiano showed these again at ADA, but we did not see anything new.

PRACTICAL TRANSLATION OF CLOSED-LOOP TECHNOLOGY TO THE PEDIATRIC CLINIC -
THE CLINICAL DIABETES EDUCATOR'S PERSPECTIVE

Laurel Messer, RN, CDE (University of Colorado, Aurora, CO)

Ms. Laurel Messer shared updated results from a predictive low-glucose suspend study (PLGS) in adults
and children. (This was not Medtronic's MiniMed 640G but rather a custom algorithm replacing the Veo's
low-glucose suspend feature.) The study enrolled patients 3-45 years old (n=unknown) who were
randomized to either CGM alone or PLGS overnight for 42 days. Results indicated that PLGS reduced
clinically significant hypoglycemia (for > two hours) by 74% (patients 15-45 years old), 62% (11-14 years
old), and 53% (4-10 years old). Ms. Messer attributed the difference in efficacy to disparities in adherence -
4-6 year olds wore the sensor almost one fewer day than other age groups due to skin issues and CGM
usability. Within the same group, 64% experienced skin reactions and 36% had moderate/severe reactions
to the device. Ms. Messer stressed that such human factors have big implications for the penetration of
closed-loop technology in this younger population and called for more dialogue on this front.

▪ Broadly, Ms. Messer stressed that there is very little information about the usability of
closed-loop technologies in children and that expectations are unrealistically high. As
an example, Ms. Messer cited a survey in which a majority of patients reported feeling reluctant to
start pump therapy (58%), but also reported that they would have "no barriers" to using closed-loop
technologies (79%). Ms. Messer suggested that such irony is presently par for the course and that the
field needs to start thinking harder about the human factors side of artificial pancreas technologies.

▪ Ms. Messer stressed that different pediatric subpopulations have unique needs in
terms of closed-loop human factors design. In the youngest children (patients 3-10 years
old), she noted that the artificial pancreas will not be able to decrease the care burden until trust
with parents is established. There are also needed CGM improvements to better deal with skin
sensitivity. In older adolescents, Ms. Messer suggested that there are challenges associated with
increased autonomy in this age range that tends to lead to more frustration and greater burnout risk,
highlighting that education around calibration is key (for all patients, we would add).

PANEL DISCUSSION

Q: What is the status of a soluble glucagon? And is there potential to integrate an
accelerometer into the pump? Could that be integrated into the pump to avoid hyperglycemia
for a 10-second sprint and hypoglycemia with prolonged exercise?

Dr. Ed Damiano (Boston University, MA): I've never been a big fan of using an accelerometer for automatic
glucose control. In my own personal experience, if my son is playing basketball in practice, his blood glucose
will go down. If he's doing the exact same thing but competing in a game, his blood glucose goes up - he is
tense, excited, and there's hormonal activity. These are the same scenario - the accelerometer wouldn't know
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the difference. There is such variability that it's not a good read. The ultimate signal we want to control is
glucose - that should be the only read. And the results reading only glucose seems to bear that out.

The soluble glucagon is a big one - it's a challenge that there's no stable, pumpable glucagon that is FDA
approved. There are some platforms out there that have shown stability out to more than a year, and some up
to two years. Xeris is one; Zealand is working on an analog. There are other groups out there. What we're
doing right now has no commercial path forward - we have no expectation of using reconstituted Lilly
glucagon. It's not chemically stable long enough. The challenge can be solved in more than one way, and there
are good candidate drugs out there. We have talked about the roadmap with the FDA and what it would look
like for one of the drugs out there. Some are into phase 3, some are just in phase 1. I'm optimistic we'll see
them coming along very quickly.

Q: Is it necessary to have glucagon? Even in young kids? Can the Bionic Pancreas work insulin-
only?

Dr. Ed Damiano: We have yet to test insulin-only, so I would say to come back to me in a few months. My
intuition is that in kids, more than anyone else, we need glucagon. We've evolved to use glucagon. To preserve
the spontaneity in life, we have to preserve glucagon. We use it. And it is the first line of defense for people
without diabetes. So it is definitely something I want to see in an automated system in the future. We could
introduce insulin-only systems to bridge the gap to glucagon systems.

Dr. Aaron Kowalski (JDRF, New York, NY): I think this is an important area that we need to focus on: the
benefit of insulin alone vs. bihormonal systems. What we are seeing is that insulin-only approaches will work.
And they will work very well. One of the things I just wrote abut is that we need to be careful about the
comparator when we think about diabetes. Some have been critical about artificial pancreas systems because
they claim that these systems won't be like islet cells. If you're comparing against islets, you are doomed to
fail. But if you are comparing against the standard of care today, you can do better. Insulin-only systems can
do better and the data bears that out. I do think that glucagon can add a level of control. I just think that there
is a level of dysregulation that we need to understand.

Dr. Damiano: It's not like it's one or the other.

Dr. Kowalski: No I agree. It's not one or the other.

Dr. Stuart Weinzimer (Yale University, New Haven, CT): I think it's a false argument to compare one against
the other. What I would like to see are options for patients with diabetes and clinicians. I want to see an
insulin-only system and a bihormonal system on the market. Then clinicians can choose and help patients
choose what is best for them. So let the market decide.

Q: Do you think faster insulin would help your systems? And second, if I just ate at a
restaurant and don't want to wait for a cab and decide to walk to a hotel, I would often get
hypoglycemic. That's one of the variables that really frustrates people. In your population,
were you seeing that glucagon was enough to rescue patients in that situation? I know people
were trying all crazy kinds of things. Do we just need faster insulins?

Dr. Damiano: I really want faster insulin. It is going to make our system better. However, I would agree that
what we have now is good enough. It's good enough not just for hybrid systems but even for a fully automated
system. What we have is good enough for really good glucose control. We published a paper to show exactly
that. We took an adolescent population and looked at half without meal announcements and half with meal
announcements. The difference between the groups was only ~13 mg/dl. So even if you forget meal
announcements, we have a system that works to bring adults to ~7.0% and teens to ~7.5% without
hypoglycemia. Despite that, I do want to see insulin get faster. It makes bihormonal systems better. It makes
insulin-only systems faster. It makes these systems more realistically approximate physiological conditions.

Q: Can you talk more about whether an accelerometer would help?

Dr. Damiano: I don't think an accelerometer is predictive of glycemia. There is nothing more challenging than
our summer camp setting. In Beacon Hill, we had one woman walk 35 miles in five days. In the multicenter
study, people could use gyms as much as they wanted. Our system dealt with active people just fine.
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Q: Have you ever followed up with patients who were very active the following week and seen
how the system adjusts to less activity? Can it adapt again?

Dr. Damiano: The timescale of adaptation is about 18 hours. However, this varies depending on the insulin
usage. For example, we had one patient who was receiving 0.5 units/kg/day and adaptation was almost
instantaneous. However, in patients that received more insulin, adaptation took a bit longer. It adapts pretty
darn quickly. I think it handles dramatic changes quite well.

Q: As a camp doctor, I'm interested in how much down time there was during your studies
when a site was out?

Dr. Damiano: Typically, if we lost a sensor - which happened a lot - you would have a two-hour period, maybe
up to three hours, with no CGM data. The system learns the normal basal rates and invokes those even when
the CGM sensor is offline.

Q: Can you predict any differences in parental buy-in between insulin-only and bi-hormonal
systems?

Dr. Messer: We're excited to work in the future with insulin and glucagon in the Bionic Pancreas. My initial
concern was the burden of two pumps. The hassle was very concerning. More studies need to be done in
pediatrics, with insulin-only systems, and with bihormonal systems.

Dr. Damiano: I don't know of any studies that have compared the buy-in of insulin-only vs. bihormonal
systems. I just want to clarify that the system we use now uses two infusion sets. However, we're building a
dual-infusion set that you would have to change every 72 hours. It will be stainless set; it will have separate
catheters that will use separate paths. It will require no more skin real estate than a current infusion set.

Dr. Messer: Still, it's actually the CGM that causes the most problems with body real estate. The CGM is still
really a major player here in terms of burden.

Dr. Weinzimer: Looking at user factors and quality of life, there's some great data that Kat Barnard collected,
but we have to be very cautious. Most studies are 5-10 days per patient at most. No matter how burdensome it
is the device is, 5-10 days is very different from 3-6 months. We're going to get a much better idea of the
burden when we start doing pivotal studies.

Dr. Kowalski: it's a very, very important point. You'll see the insulin-alone systems come to the market first.
I'm almost certain. I believe we'll have to do the studies on incremental benefit of bihormonal control to see
whether the glycemic benefit is distinguishable from an insulin-only system or liraglutide or amylin. We'll
have to look at the glycemic benefit, the severe hypoglycemia, the mean blood glucose, the time-in-range. Are
those endpoints distinguishable enough from insulin-alone, given the greater cost and size? Where do we put
effort in the future to drive systems that are more adoptable? Part of that is glycemic control, but part of that
is burden. Glucagon systems may mean blood glucose is the mean, but patients have a much lower risk of
severe hypoglycemia. It could be tremendously beneficial and very much worth the cost. These first systems
are going to set the benchmark. We'll have to drive from there.

Q: Such a gap exists between the patients that do and do not have access to technology. Dr.
Kowalski, I wonder where you see the JDRF's role in advocating for payers to come to the
table?

Dr. Kowalski: The ultimate metric for the success of closed-loop technologies is the number of patients that
achieve better outcome. This is not just a tool for wealthy people. It's for everyone. The JDRF has evolved
quite a bit since I first joined. We are just about to kick off a major initiative with the Helmsley Charitable
Trust that focuses on downstream issues for the artificial pancreas: clinical adoption and access. We've
already had a number of discussions with payers on closed-loop technologies. I'm cautiously optimistic. I do
think that we're going to pivot from therapies that are driving incremental improvements to a big step forward
in glycemic control. If you look at the changes in these studies, they are quite dramatic. We're going to see
both the burden and glucose control improve concomitantly. Just remember, CGM has only 10% penetration
because of the many barriers. Patients do not think the incremental benefit is worth it. But with closed-loop
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systems, the incremental benefit is worth it. This is going to be a multifaceted campaign, because the ultimate
metric is people with diabetes getting better.

Q: In pediatrics, there is very little real estate. Were any bionic pumps inserted in
lipohypertrophic areas?

Dr. Damiano: No, not intentionally. We inserted in the abdomen. Dr. [Bruce] Buckingham [Stanford
University, Stanford, CA) suggested that sensors work well even in lipohypertrophic areas.

Dr. Laurel Messer (Barbara Davis Center, Aurora, CO): We actually found that sensors worked better in those
hypertrophic areas.

Dr. Damiano: However, skin real estate is definitely a concern for pump therapy, whether automated or not.
Closed-loop systems are only a bridge to a cure; they can't solve all the problems of pump therapy. You have to
be connected to a device. It's a contraption. I'd love to see Doug Melton step up and show us a cure tomorrow.
But this is a much better solution than what we have today. And this handles everyone. It's an umbrella for
everyone with type 1.

Q: In adult studies, did you look at food intake? If didn't have hypoglycemia and
hyperglycemia, were they just eating less?

Dr. Damiano: The 9,000 calorie-anecdote was on the bionic pancreas, which wasn't usual care. We did not
capture data on calorie intake. In the real-life setting, you don't want to capture all the data or it's not real-life.
We did in Beacon Hill, and there wasn't any difference compared to usual care. We have no reason to believe
that subjects ate less.

Q: I work on closed loop tech for pregnant women in the UK. I completely agree with Dr. Beck
that children and other marginalized groups need to be part of the studies. This includes
children, pregnant women, and people with multiple co-morbidities. I understand that the
FDA's view is to focus on low-risk populations first in safety studies, but I worry this delays
technology. How can we fast track this technology and make sure it gets from research to the
clinic to the people who need it most?

Dr. Stayce Beck (FDA, Silver Spring, MD): We've been working a lot with different investigators to design
studies that best protect patients but are also as real-world as possible. There will always be a need for some
in-clinic studies first to make sure people are protected. This includes testing with more vulnerable
populations before going to market. We do want to ensure that once the device is on the market, it can be
safely prescribed off-label for anyone an HCP chooses. We want to make sure the device is studied to some
extent in those populations.

Symposium: Diabetes Devices and Technologies - The Patient Experience

HOW A DEVICE BECOMES A DEVICE

Adam Brown (Close Concerns/The diaTribe Foundation, San Francisco, CA)

Please see Adam's slides here, which pinpoint five principles that helped the iPhone succeed, apply them to
diabetes devices, and discuss key barriers - the visuals and stories really make the outline below come to life.

▪ Adam highlighted five key principles that helped the iPhone succeed: (i) Makes my life
easier, solves a need, subtracts hassle; (ii) User-experience-obsessed, iterative, feedback-driven
design; (iii) No instructions needed; "it just works"; (iv) Significant improvement over existing
options; and (v) Fun, addictive, "awesome!"

▪ Adam applied this five-part framework to two diabetes device case studies - Insulet's
OmniPod and Cygnus' GlucoWatch, discussing why one has largely succeeded commercially
(despite recent business challenges for the US OmniPod business) and why the other failed quickly
following launch.

▪ In the second half of his presentation, Adam shared seven principles why devices
often fail to meet all five criteria: (i) Device development often focuses only on safety/efficacy
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to pass the FDA (Necessary, but not sufficient!); (ii) The regulatory bar is much higher for solving
really important problems (e.g., like how much insulin to take); (iii) Not enough attention is paid to
making it fun, addictive, and awesome; (iv) Lots of focus on "high tech" - sometimes the simplest
solution is profound (e.g., BD's AutoShield Duo Pen needle); (v) an over-reliance on outdated
business models. Companies must disrupt themselves. (e.g., example of Kodak inventing the digital
camera in 1976 and burying the technology); (vi) First gen devices aren't great in any domain. We
may be in the early days of where devices could go...(i.e., we must have patience); (vii) Too much
focus on incremental instead of game changing improvement. (How about 10x better?).

▪ To build a great device, Adam told attendees to remember the acronym PLANE: Patient
and Provider Feedback (early, often, and relentlessly); Life Easier, Less Hassle; Addictive, Awesome;
No instructions needed; Exceed Existing options (10x!).

THE HUMAN SIDE OF THE ARTIFICIAL PANCREAS

Jill Weissberg-Benchell, PhD, CDE (Northwestern University, Chicago, IL)

Dr. Weissberg-Benchell discussed very interesting psychosocial research on the 40 participants in the
multicenter trial of the bionic pancreas. Most notable were the slides qualitatively documenting patient
perceptions - the take was overwhelmingly positive on less worrying while sleeping, greater peace of mind,
relaxing, and trust in the device - see the data below. We're very excited to see so much more work going
into the real-world, human factors, psychosocial side of the artificial pancreas, and as Dr. Weissberg-
Benchell mentioned, it's fortunately happening before these products are on the market. Along with Drs.
Katherine Barnard and Korey Hood, Dr. Weissberg-Benchell has a grant to examine closed-loop human
factors in greater detail. We hope the learnings are leveraged as pivotal studies take place to make products
as great as they can be, to manage sky-high provider expectations, and to make clincians' lives easier.

Table 1: Experience of Bionic Pancreas - Positive Aspects

% Agree or Strongly Agree

It helped me worry less about having a low
while sleeping

78%

I had greater peace of mind while wearing
the device

73%

It helped me to worry less about high blood
sugars

73%

IT helped me to relax, knowing that
unwanted change in blood sugar would be
addressed automatically

73%

It helped me worry less about low blood
sugars

73%

By the end of the study, I trusted the device
to manage my blood glucose

68%

I found it hard to trust that the bionic
pancreas could control my blood sugars

17%

Using the device was more trouble than it
was worth

33%
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Table 2: Experience of Bionic Pancreas - Negative/Bothersome Aspects

% Agree or Strongly Agree

It was a big bother having to change the
glucagon every day

78%

Carrying around all of the equipment was a
burden

75%

It was uncomfortable to wear all of the
necessary equipment

60%

Questions and Answers

Q: Will we always need glucagon?

A: Only 2 of the artificial pancreas studies are bi-hormonal. As a psychologist, I don't have an opinion of
which is better; a single system won't meet the needs of everyone; so let's get them all to market and give
people a choice.

Q: What did the caregivers say?

A: We didn't interview them yet, but have a Helmsley grant to do further studies.

Q: What did you think about the results of the WHO-5 (that quality of life did not improve
much)?

A: It's not really a sensitive enough measure (only 5 questions). The more specific questions about impact of
the APs are probably more relevant. We now have an opportunity to define what will be used to define success
for APS systems: it shouldn't be just A1c.

Q: Interesting that people express so much frustration with alarms, even though they are what
keep people safe.

A: We haven't done enough to figure out how to give patients information and control they need to make the
alarms work well for them.

Q: Can you give some more background about people who don't continue use of pumps and
CGM?
A: I can show you what data I'm citing - there's a lot published about discontinuation rates of pumps,
especially related to body image.

Q: In the 40 people in the study, was there a difference in people who have had diabetes for
different lengths of time?

A: Outcome differences were not changed by duration of diabetes.

Symposium: Novel Clinical Interventions in Therapy That Impact the Management of Diabetes

PREDICTIVE LOW GLUCOSE INSULIN SUSPENSION REDUCES DURATION OF NOCTURNAL
HYPOGLYCEMIA IN CHILDREN WITHOUT INCREASING KETOSIS

Bruce Buckingham, MD (Stanford University, Stanford, CA)

Dr. Bruce Buckingham shared encouraging results from an in-home predictive low glucose suspend study
(not Medtronic's MiniMed 640G), which spoke to the promise of this technology in an impressively large
and well-conducted RCT in pediatrics - the 81 participants (4-14 year olds) were blinded to whether PLGS
was turned on (n=1,724 nights) or off (n=1,696 nights). The percentage of nights with a glucose <60 mg/dl
for 120 minutes declined from 8% to 3% (p<0.001) during PLGS in 11-14 year-olds, and from 5% to 1%
(p<0.001) in 4-10 year-olds. The magnitude of benefit rose considerably as the duration of nocturnal
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hypoglycemia increased (e.g., in 11-14 year olds, nights with hypoglycemia episodes >30 minutes declined
36%, while nights with an episode >180 minutes declined 68%). Mean overnight glucose was slightly higher
(+7-8 mg/dl) during PLGS in both groups (152 vs. 144 mg/dl and 160 vs. 153 mg/dl), but the tradeoff for
hypoglycemia was unquestionably worth it. This is now published in Diabetes Care. It was truly striking to
see that patients spent more than 1 out of 20 nights hypoglycemic for more than two hours - Dr. Aaron
Kowalski repeatedly highlighted this data through ADA.

DAY AND NIGHT CLOSED-LOOP CONTROL USING THE INTEGRATED MEDTRONIC HYBRID
CLOSED-LOOP SYSTEM IN TYPE 1 DIABETES AT DIABETES CAMP

Trang Ly (Stanford University, Stanford, CA)

Stanford's Dr. Trang Ly shared a bit more about the Medtronic MiniMed 670G's adaptability, courtesy of a
deeper dive on the camp study first presented at ATTD. Dr. Ly presented the efficacy of the system by day of
wear, which actually showed solid adaptability - overall time-in-range (70-180 mg/dl) rose from ~62% on
day one to ~83% on day six, including an impressive jump from ~68% to 96% time in range overnight.
Regarding the algorithm, Dr. Ly shared that the system is tailored to adapt "slowly, gradually" to the
median over the previous six days, and we look forward to longer studies that will, perhaps, show even
greater improvement relative to standard care (As a reminder, the ATTD data showed no statistically
significant differences in any of the glycemic parameters between the 670G and 530G groups). As we noted
at ATTD, the algorithm is still a work in progress, with future slated improvements to include flexible
insulin:carb ratios, changing the correction threshold and target, and more aggressive tuning overall. This
is now published in Diabetes Care.

Questions and Answers

Q: In the camp setting, how do you account for physical activity? Isn't that a huge variable?

A: It is. Physical activity in camp is very different from activity at home. That's why you have a control group.
All the groups participate in all the activities. The biggest challenge is that the insulin delivery is supervised in
camp. That really impacts the control and generally helps patients avoid hypoglycemia.

Q: How often are patients disconnected from their pumps? Overall, how long does it take for
adaptation to occur? Could longer studies show a greater effect?

A: These are great results for six-day study but longer studies will show where adaptation works over time. It
takes the median of previous six days, weighted toward more recent days. It's tailored to be a slow, gradual
adaptation over time.

Meet the Expert Sessions

PATIENT PERSPECTIVES ON CLOSED-LOOP SYSTEMS AND STUDIES - PANEL DISCUSSION

Chris Aldred (The Grumpy Pumper, Southampton, UK) and Kelly Close (The diaTribe
Foundation, San Francisco, CA)

A patient-centered panel discussion - led by Stanford's great behavioral psychologist Dr. Korey Hood and
featuring Mr. Chris Aldred (Southampton, UK) and our very own Ms. Kelly Close (The diaTribe Foundation,
San Francisco, CA) - brought a healthy dose of both realism and optimism to the closed-loop conversation.
Mr. Aldred, a very respected blogger in the UK ("The Grumpy Pumper"), lived up to his name by pointing
out some of his concerns that the artificial pancreas may not live up to its billing right out of the gate.
Indeed, he pointed out the risk that early on, there may well be unrealistically high expectations and
advocated for more conservative optimism in light of the number of questions remaining to be answered.
The words served as a strong reminder that not all patients will be automatically excited to use artificial
pancreas technology when it arrives, particularly those happy with their current therapies or unwilling to
wear something on the body. Kelly shared a few of her thoughts on the challenges of human factors design,
acknowledging that connectivity issues have been meaningful in certain studies (this is a solvable problem,
she stresses, although not one that was often discussed before last year) and that closed-loop systems in the
research setting are of course in "debugging" mode - this is what research is for! With all that in mind, she
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spoke in glowing terms of the benefits already apparent in these first-gen systems - being brought to a soft
landing from hyperglycemia ("virtually no hypoglycemia") and the huge benefits of overnight control ("I
wake up and I have a fair shot at my day … my husband says he always loves me, but he likes me more on
the closed loop because of how I can start all these days …"). She posed the question at the end, "is it worth
it?" and answered that it was worth it for the right patients - not the ones with particularly high
expectations, for example. Ultimately, Mr. Aldred thought that the closed loop would be worth it too. The
nuanced discussion underscored the importance of setting patient expectations moving forward: closed-
loop technology will be a welcome prospect for many, but presentation in the early days will be important,
as will patient selection.

Mr. Chris Aldred: I have had type 1 since I was 25. That was 21 years ago now when I was diagnosed. I'm
really keen on technology of many sorts, things that'll help me make better judgments and make life easier. I
haven't been a part of any trials yet. I have read about this stuff and I'm into thinking about what the right
thinking is. To be honest, I'm a bit skeptical. I just won't use any old thing that's out there. Technology has got
to help my diabetes live with me.

Ms. Kelly Close: I write for a newsletter called diaTribe, which is funded by the renowned Helmsley Charitable
Trust - I've written many pieces in diaTribe about my experiences on the artificial pancreas. It's so cool to
have patients up here talking about our experience and we thank ADA and Korey for asking for our patient
perspectives. I've been in the Bionic Pancreas and DiAs trials, and they have both been instrumental - but in
the Bionic Pancreas trial, I had a nurse helping me 24/7, so that perceived "hassle factor" was lower than it
would be in real life. The DiAs study was a little closer to what reality would look like. Of course I would want
it for many patients who could benefit, especially those for whom acute short- or long-term complications
could be avoided. I think getting patient access to this technology is a pretty big question and not one that is
easily answered. If I can quickly ask, what does the audience think is the biggest benefit of the artificial
pancreas?

A (CDE): Makes lives easier.

A (CDE): I think the answer is twofold. One of them is from a patient perspective: the relief of the burden of
day-to-day diabetes management. The second is the glycemic control portion of it. Patients who have
recurrent hypoglycemia or who have A1cs that are 9.0%, 10.0%, or 11.0% might be able to tighten down. There
are about 20 other reasons I can think of, but those are the top two that come to mind.

Kelly: Thank you. So from my view, having been lucky enough to try several systems, I can say, the biggest
benefit of automated insulin delivery is that it gives me a fair shot at my day. I don't know how many of you
have read Gretchen Rubin's The Happiness Project, but she speaks about the importance of making your bed
every day. Something so simple makes you feel better and have a better day. For me, the artificial pancreas
gets me back to zero. That's where everyone else starts their day. You wake up and you have a fair shot at
your day. It makes you feel more normal. We are often - in spite of ourselves - somewhat grumpy. I called my
family when I was on the Bionic Pancreas, and I spoke to my husband who said, "you sound more like my
Kelly." We have no idea how much we don't get to be us because diabetes creates a lot of noise - we're so busy
just thinking about how to deal with our diabetes all the time. We joke about this all the time - my husband
says that he always loves me and that he likes me much more on automated insulin delivery.

Q: If you were on a long-acting insulin overnight, how often do you find that you have glucose
excursions?

Kelly: Personally, all the time. When you're on CGM, you ultimately get to fix it and you're much safer.
Diabetes for sure is less costly and less dangerous with CGM, but patients don't always hear all the alarms,
and many still find it challenging to use, and HCPs can find it hard to use. But personally, all the time. CGM
lets you fix it much of the time, but you don't avoid it.

Ms. Aldred: I like my sleep way too much to wake up at night. Because I didn't grow up with diabetes, I didn't
have a lot of those worries as a kid. Now I know that if I have had certain foods, I will go high. However, I
don't test a lot at night.
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Kelly: One of the hardest things about diabetes is that you can be really high and not even realize it. Then you
take a rage bolus (I learned that term from the great Kerri Sparling Morrone of Six Until Me, who is sitting
right here in the front row) and you are at 40 mg/dl and it's a huge spiral. Automated insulin delivery has
eliminated that. Closing the loop is not going to change whether or not you go high if you eat too much pasta
or pizza - of course you will go high! It's not going to keep your glucose in range 24/7. However, what it does is
it creates an amazing soft landing from hyperglycemia, where you get to avoid hypoglycemia. Period. It's
interesting because in my first trial I had a nurse with me 24/7 and I raved about it. In my second trial on the
DiAs, it was "in the wild" (a research house). And the one I'm on right now is even tougher - it's all me taking
care of it (and John!). It's tougher without a nurse right there for sure. So there are some bumps. However, if
you remember the days of [Dexcom's] STS, it was really challenging and few of us felt it was an advanced
product. But look how far we've gotten. The STS enabled Dexcom's G4! As research subjects, we have to do
trials like the STS. Frankly, current closed-loop systems are pretty hard to use right at this moment; there are
connectivity problems and all sorts of other things that nurses took care of in the first bionic pancreas trial I
was part of. It's hard, because researchers are trying to get these systems to work and ensure that they are safe
enough and as patients we need to focus on helping de-bug them.

To the question, are they worth it? OF COURSE! Of course they are worth it. For anyone who's been in a trial,
there is no question.

That said, as a community, our expectations are much higher than they used to be. We should be in debugging
mode right now. We want patients to be in trials who want to work on making the systems better. I think
that's the stage that we're in.

Dr. Korey Hood (Stanford University, Palo Alto, CA): What are people skeptical about? There
are people who are skeptical and are a little bit worried.

Mr. Aldred: Just to touch on a previous question, I want to address the notion of the burden of diabetes. I
think the burden is quite personal. Here's a hypothetical: If you had a fully working artificial pancreas and
users do not have to do anything and its free, but it is the size of a backpack, how many people would actually
wear it? Not many, because the burden of the backpack outweighs the burden of diabetes. We can't treat
everyone the same way. Is it worth it? I think so. But my skepticism sits in knowing all the variables that are
needed to control my diabetes. How can a system understand all those difference preemptively? How is it
going to distinguish an adrenaline high from a carbohydrate high? The former doesn't require as much
insulin. I'm not saying it won't get to the point where it can do this successfully, but how do we get to that
actual end game?

One of the other concerns I have is that we're going to have first, second, and third gen systems. In the UK,
we're lucky enough to get our pumps funded. However, we don't get to change our pumps for the next four
years. So, if I have one artificial pancreas before the next gen comes out, then I'm stuck with that version for
the next four years. This needs to be iterative like our phones, where we can upgrade them. There are lots of
challenges here.

Q: Do you wear a CGM? Is it paid for?

Mr. Aldred: Yes. I can't wear it for more than two days without getting a rash, but I wear it. And if you're self-
funded, you're going to wear it until it dies and catches fire.

Q: How does a sensor affect your life day-to-day?

Mr. Aldred: I really like it. I wouldn't wear it if it didn't outweigh the hassle. I get more benefit than I get from
not wearing it and I wear it as long as possible. I tend to know when it's coming to the end of its useful life.
Until it is unreliable, I will leave it on. Whereas with a cannula, I'll rip it out and change it immediately even if
it's a bit uncomfortable.

Q: Kelly, what systems have you used in these trials and what day-to-day issues have you
faced?

Kelly: I think automated insulin delivery is going to be the killer app for CGM. I think the data that can come
from CGM and how we can be in zone a lot more of the time can be really powerful. I've been in the DiAs
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study and the Bionic Pancreas. On the latter, I know there has been some controversy about glucagon.
However, that was my first exposure to glucagon and it was incredible. It seems to enable a faster recovery
from hyperglycemia as it might be a more aggressive algorithm.

People want to know whether I would take that risk: I will take that on. I think making sure your family feels
good about that is really important. DiAs does not have glucagon and it had a slower reaction. At night, DiAs
is an absolute dream. And during the day, issues like connectivity do come up. However, when I'm out of
range, it does bring me down softly. You're not worried about hypoglycemia and that's hugely powerful for
someone who has experienced a lot of severe hypoglycemia.

Q: Can you talk about the decision to be on MDI vs. a pump?

Mr. Aldred: That's a very difficult question. I got offered a pump back in the day and I said I don't want one.
But after 15 years of starting days out of range, I gave in.

Kelly: I agree that the bar for using this equipment is high. I only wore a pump when my boss - back in finance
- made me do it! We needed to know if MiniMed was a good investment, so she made me wear it for a week.
I've been on a pump ever since. Would I have gone on that on my own? No way! The perceived hassle in my
head was completely different from knowing what it was like to wear it! Also, I've been on a CGM and I know
the value in it, but again, it is a big hurdle for many, many patients to get over, to put this thing on. We know
diabetes is associated with depression, but it's good to remember that in addition to this, there is also a lot of
distress. Patients need to talk to each other about this technology and talk about changes CGM is making in
patient's lives. It's important to recognize that pumps aren't perfect. Maybe it will take until the third
generation to convince a lot of the hardcore MDI patients. However, in the long run, these devices are going to
make life less expensive for payers and less dangerous for patients, when the studies are done that gives data
to show that.

Dr. Hood: Some people have asked me whether there is a glycemic benefit to pumps. For some MDI users,
they don't want to move to pumps it's because they are achieving the kind of control they want without one.
They don't see the value added of going to some other system. When there is a closed-loop system, I think
people will see more value added. Hopefully, we can leverage that enthusiasm around it.

Mr. Aldred: I think one of the other issues for me is that the decision was talking about as a "move" from MDI
to pump. It was talking about like there was no going back. There will be some people out there, who do not
get to "try" a pump and that dissuades them. We don't give people the change to test drive pumps. I wouldn't
buy a car without test-driving it.

Kelly: I was made to go on a pump, pretty much. I think as patients, we are not really encouraged to, as, say, a
civic duty, do the right thing and to keep our glucoses in zone. We all have a responsibility to society, to
ourselves, and to our families. I am definitely not blaming patients - not ever! - but I think a little bit more of
that responsibility will help.

Q: Kelly, how much SMBG are you doing on closed loop?

Kelly: You do have to do SMBG to calibrate the system, but it is pretty accurate. When I was on the Bionic
Pancreas, I think it was 12 times a day. It is a lot less on DiAs, maybe once or twice a day.

Q: Are you not more worried because a computer is doing what it wants to do?

Ms. Close: Oh no! No! I have this pump that has a basal rate and an insulin sensitivity factor and an insulin to
carb ratio and all this math. For example, how many of us in the room with diabetes believe our basal rates
are perfect? [No one in the room raises their hand.] Right! This is math. Complicated math. This should be
done by a computer. This shouldn't be done by us. We have enough trouble counting carbs. I'm not more
worried on these systems. I feel safer. I'm much more worried about access to having the system, and we'll all
have to work hard to address that.

Dr. Hood: At Stanford, we are running an artificial pancreas trial and we ask that question to our patients. By
the end, most say that feel more confident in the system across the board. We're still under 100 patients but
that's still a sizeable population.
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Audience comment: I recently just completed the Bionic Pancreas trial. What I found was that does cause
some negatives. I was rocking a fanny-pack with a lot of gear, but when it gets commercialized, all that will be
gone. You can also physically hear the insulin and glucagon being injected which is nice. It's really nice to see
your glucose come up without you doing anything. I did have some nausea on day one, but that was minimal.
It's still early, but it was a pretty cool concept that is only going to get better and better.

Q: I've been a type 1 since 1989. I'm also a tech geek. However, I find that when I'm a switching
patient from MDI to pump, diabetes management goes from something that's been on a shelf
and to something that is a part of their lives. It connects them more with their diabetes. What
is your experience with that?

Kelly: What was life changing on closed-loop was not having to worry about hypoglycemia. I didn't think I
normally did that. But it is totally different, being on closed loop. I did have to worry about connectively, and
we do need to reframe closed-loop conversations to understand that this is going to be a lot of work. I do think
we need more people funding this so research can continue to move quickly.

Dr. Hood: The data on CGM in general suggests that there are mixed results. Some people find that it raises
their worries and burden, but many think that there's a great benefit to it.

Q: Have you found that patients gain weight on MDI?

Mr. Aldred: Yes. I've put on weight. I probably eat more now that I'm on a pump because I eat when I want to
because I feel like I can. MDI was restrictive. In that sense, maybe the technology has helped me put more
weight on. But if I did whatever I wanted to and didn't have diabetes in the first place, then I probably would
have put on a lot more weight already.

Q: Can you speculate on certain personality traits and whether they lend themselves to closed-
loop?

Kelly: The more worried a patient feels about severe hypoglycemia, that would be a driver to the closed-loop. I
think some people feel psyched to be a pioneer and to be a part of change. What I don't think is a good profile
is people who think closed-loop development should move as fast as consumer electronics. That's just not
going to happen. People who should go on the closed loop are people who will be given and who will have
reasonable expectations early on and people who want to help move technology forward - also, people with
significant needs (e.g., lots of severe hypoglycemia) that the closed loop can address.

PUMPS AND CONTINUOUS GLUCOSE MONITORING IN YOUTH - FROM RESEARCH TO
CLINICAL USE

Bruce Buckingham, MD (Stanford University, Stanford, CA)

After highlighting some of the findings from the T1D Exchange dataset, Dr. Bruce Buckingham provided a
whirlwind tour of diabetes technology use in children and adolescents. As we have heard more broadly, Dr.
Buckingham emphasized that infusion sets are currently the weak point in insulin delivery. He also
discussed data from several studies investigating whether insulin brand or needle type affects infusion set
health, concluding that there was no difference. On the closed-loop front, Dr. Buckingham explained that an
artificial pancreas system will need to be able to detect infusion set failures, and that ideally, infusion sets
would need to last for (at least) a week for use in such systems.

▪ Dr. Buckingham found no meaningful difference between Novolog and Humalog, or
between steel and Teflon needles in a handful of exploratory studies that explore the
duration of use of infusion sets. Anecdotally, he commented that there is a strong sentiment
among patients that Novolog makes infusion sets last longer and causes fewer occlusions than
Humalog. However, the two rapid-acting insulins fared equally well in infusion sets in a small study
of 20 subjects; there was no meaningful difference in infusion set survival at one week when either
insulin was used and insulin precipitation occurred in every catheter to some degree. Similarly, Dr.
Buckingham and his colleagues have also found no difference in infusion set survival at one week in
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their own studies. Notably, a group of their patients were able to use each infusion set successfully
for 6-7 days, with no deterioration in glucose values.

Questions and Answers

Q: Could you tell us about the Bionic Pancreas? How long will it be until it is available?

A: The way we were using it was you had this brick, which had an iPhone and Dexcom and two Tandem
pumps. It was a little clunky. Most of the homegrown systems are fairly clunky. People are moving toward
making one integrated system. It will receive a signal from the Dexcom. There will be separate cartridges for
insulin and glucagon, and they'll be delivered at one infusion site. It will be much more integrated. The key is
to get glucagon approved for pump use. No one has delivered glucagon long-term continuously. I think it'd be
great if we could be fairly aggressive with insulin and have glucagon on the back end … the whole key in
closed-loop control is adaptability. Everyone is different, so having a system that adapts is going to be key.

Q: We have had poor luck with CGM and getting patients to continue using it. Do you have any
thoughts on how we can improve those numbers?

A: I think it's always a matter of training and expectations and what they can expect out of this system. I think
if you have a lot of false alarms and it becomes annoying, it tends to detract from use. Start out where you
don't get a lot of unnecessary alarms, and tell them how to use it so it's functional for them. The Dexcom does
very well in the hypoglycemia range, which has been a problem in the past. I think it's a real improvement.
One case I was going to show was an adolescent using a Dexcom, who was doing two blood tests a day - just
enough to calibrate it. The patient based all boluses on the Dexcom. It's not indicated, but that tends to make
people use it more. The Abbott Libre is factory calibrated. In a few years, I think you're going to see Dexcom
and Medtronic have factory-calibrated products. If you have an accurate sensor, you can really use it to a large
extent.

Oral Presentations: Moving Towards a Closed-Loop System

FIRST NEW YEAR'S NIGHT ON CLOSED-LOOP CONTROL (CLC) AT HOME: CASE REPORTS
FROM A MULTICENTER INTERNATIONAL TRIAL OF LONG-TERM 24/7 CLC (223-OR)

Stacey Anderson, MD (University of Virginia Health System, Charlottesville, Virginia)

Dr. Stacey Anderson presented data from an impressive six-site, multinational, at-home trial testing two
weeks of overnight closed-loop and two weeks of 24/7 closed-loop using UVA's DiAs (Dexcom G4, Roche
pump, Android phone). Sensor-augmented pump (SAP) was the comparator, and she showed data from 24/
30 participants. Her conclusion summed up the data in seven words - "SAFE during the day. HIGHLY
EFFECTIVE overnight." The primary endpoint of hypoglycemia (time spent <70 mg/dl) was halved overall
(4% during SAP vs. ~2% during closed loop; p<0.05); the improvement was very marked at night, where
time spent in hypoglycemia improved by more than two-thirds (3% to ~0-1%; p<0.05). Overall 24-hour
time-in-range (70-180 mg/dl) improved a bit (66% in open-loop vs. ~73% in the two closed-loop phases of
the study), as did overnight time-in-range (62% to ~71-74%). Overall, we would caution that this study was
not randomized (the intervention was applied sequentially, pump only, SAP, overnight-only, 24/7 closed-
loop), so it's tough to draw conclusions about how well it works vs. a parallel control group; UVA's ongoing
Project Nightlight study will allow for that comparison. We'd also note that patients were doing fairly well
at baseline (mean A1c 7.3%, range: 5.9-8.6%), meaning the ability to improve on open-loop control in terms
of time-in-range was probably limited. The hypoglycemia data is certainly impressive.

▪ You can read Adam and Kelly's personal experience in this study here - they found that
the overnight algorithm was excellent (it treated to a target of 120 mg/dl by 7 AM), and the daytime
algorithm erred on the side of conservative in this feasibility study. They both loved the overnight
system and were glad to see the daytime version being tested to identify and work out bugs.

▪ Notably, the study has obtained a five-month extension, which will give longer-term, real-
world data on the 10 subjects currently participating. The trial is now using the Share Receiver.
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OUTPATIENT GLYCEMIC CONTROL WITH A BIONIC PANCREAS IN PREADOLESCENTS
WITH TYPE 1 DIABETES (222-OR)

Steven Russell, MD, PhD (MGH, Boston, MA)

Dr. Steven Russell provided a deeper dive on data from the Summer Camp 2014 in pre-adolescents (first
shown in October at CMHC 2014) - the findings were very consistent with other camp and adult studies. Full
24-hour data suggested an improvement in mean glucose (168 to 137 mg/dl; p<0.001), a significant
reduction in hypoglycemia (time <60 mg/dl: 2.8% to 1.2%), and a strong improvement in time-in-range
(70-180: 58% to 81%). Dr. Russell shared - for the first time we can recall - stratified overnight results (11
PM - 7 AM) from the study that showed very impressive nocturnal efficacy: A mean glucose of 122 vs. 168
mg/dl, a dramatic reduction in hypoglycemia (0.6% vs. 2.8%), and a striking 92% time-in-range (vs. 59% in
open-loop). Mean insulin usage was identical in the two arms (0.68 u/kg/day) and mean glucagon usage
was 0.29 mg/day. On the pivotal study front, Dr. Russell shared a new plan to pursue an indication for the
Bionic Pancreas in patients eight years and older.

▪ His slide deck also featured a prominent picture of a six-year-old (!) on the Bionic
Pancreas, reminding us of how ambitious the camp study really was - the bionic pancreas brick
was the size of her chest!

▪ On the pivotal study front, Dr. Russell shared that the group's new plan is to pursue an
indication for the Bionic Pancreas in patients eight years and older (Dr. Damiano had
previously guided for 10 and older). This is great to hear considering that the technology will likely
be used off-label in populations where it is not indicated. It's impressive to see the team going this
young - certainly, it's a population whose families will benefit tremendously from this technology.

ARTIFICIAL PANCREAS IMPROVES GLYCEMIC CONTROL IN A MULTINIGHT
OUTPATIENT/HOME STUDY OF PATIENTS WITH T1D (224-OR)

Sue Brown, MD (UVA, Charlottesville, VA)

Dr. Sue Brown summarized new data from a multicenter overnight study of UVA's DiAs closed-loop system.
The randomized, crossover trial included 44 patients (baseline A1c 7.4%) and compared five nights of
overnight (11 PM - 7 AM) closed-loop control in a hotel supplemented by daytime sensor-augmented pump
(SAP) therapy to five days of SAP therapy. As hypothesized, analysis of the study's primary arm
demonstrated that overnight closed-loop control did manifest in improved 24-hour glycemic benefits - time-
in-target increased from 71.5% on SAP to 78.3% on closed-loop therapy (p = 0.003). This finding was
accompanied by a reduction in hypoglycemia as time <70 mg/dl dropped from 4.3% on SAP to 2.5% on
closed-loop (p=0.004). Dr. Brown also summarized the results of an extension study in ten patients, who
experienced five subsequent nights of overnight closed-loop control at home - Dr. Brown stressed that this
was the first time DiAs was taken home in the US! In the home setting, overnight closed-loop marginally
increased time-in-target from 71% to 75% and more than halved hypoglycemia from 4.9% to 2.2% (p <
0.05).

▪ As expected, both primary (n=44) and secondary (n=10) study sub-analysis showed
that the 24-hour benefits were driven by the more impressive performance of the
closed-loop system overnight.

◦ Primary: In the multicenter study, mean blood glucose dropped from 155 mg/dl to 137
mg/dl (p<0.001), time-in-target increased from 68% on SAP to 86% (p<0.001), and time <
70 mg/dl dropped from 3.2% on SAP to 0.9% on closed-loop (p<0.001). See Table 1 below.

Table 1: SAP vs. Closed-loop Therapy under supervision

Overnight 24 Hours
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SAP Therapy Closed-loop
therapy

P-value SAP
Therapy

Closed-
loop
therapy

P-value

Mean blood
glucose

155 mg/dl 137 mg/dl p<0.001 -- --

Time-in-
range
(70-180 mg/
dl)

68% 86% p<0.001 72% 78% p=0.003

Time < 70
mg/dl

3.2% 0.9% p<0.001 4.3% 2.5% p=0.003

◦ Secondary: In the home study, mean blood glucose dropped from 161 mg/dl to 151 mg/dl (ns),
time-in-target increased from 63% on SAP to 85% (p=0.07), and time < 70 mg/dl dropped from
3.7% on SAP to 0.6% on closed-loop (p=0.03). See Table 2 below.

Table 2: Overnight SAP vs. Closed-loop Therapy at home

Overnight 24 Hours

SAP Therapy Closed-loop
therapy

P-value SAP
Therapy

Closed-
loop
therapy

P-value

Mean blood
glucose

161 mg/dl 151 mg/dl ns -- --

Time-in-
range
(70-180 mg/
dl)

63% 85% P=0.07 71% 75% ns

Time < 70
mg/dl

3.7% 0.6% P=0.03 4.9% 2.2% p<0.05

▪ Ultimately, the findings are impressive, though not altogether surprising given where
the field is now. Overnight closed-loop has been outstanding for year - the big question is whether
any first-gen hybrid closed loop will actually be night-only - from what we saw at the JDRF night, it
appears unlikely.

DAY AND NIGHT CLOSED-LOOP INSULIN DELIVERY IN YOUNG PEOPLE WITH TYPE 1
DIABETES: A FREE-LIVING, RANDOMIZED CLINICAL TRIAL (221-OR)

Martin Tauschmann (University of Cambridge, UK)

Dr. Martin Tauschmann presented new data from the Cambridge group's day and night study of closed-
loop insulin delivery in adolescents. The randomized, crossover trial included 12 adolescents (10-18 years of
age) and compared seven-days of closed-loop control to seven-days on CGM alone with a goal of assessing
safety and efficacy. The findings were very comparable to prior results seen in Cambridge's adults studies -
the intention-to-treat analysis showed that mean time in target (70-144 mg/dl) increased from 53% to 71%
and time <70 mg/dl decreased from 2.9% to 1.7%. Much of this improvement was attributed to the nighttime
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period - said Dr. Tauschmann, "The algorithm was very impressive overnight." Indeed, mean blood glucose
overnight on closed-loop control was 140 mg/dl vs. 175 mg/dl on CGM alone. Differences between the
groups during the day were non-significant (169 mg/dl [closed-loop] vs. 185 mg/dl [SAP]) and Dr.
Tauschmann was quick to acknowledge, "there is room for improvement" - we point out that much of the
reason why the day doesn't show significant changes is likely due to food, exercise, stress, etc - things the AP
can't meaningfully change due to the slow speed of insulin.

▪ Dr. Tauschmann stressed that there were no differences between the groups in terms
of total daily dose of insulin - 57.3 units/day (closed-loo) vs. 56.6 units per day (SAP).
He noted, however, that there was a shift in distribution with the closed-loop system delivering more
insulin as basal relative to SAP therapy.

▪ Dr. Tauschmann noted that the study was not powered to study hypoglycemia - that
said, neither group experienced significant time < 70 mg/dl: 3.3% (SAP) vs. 3.7% (closed-loop). It
was a big surprising to see that hypoglycemia was that high in the closed-loop arm, though we
imagine most occurred during the day.

▪ We were impressed with the durability of the group's closed-loop system, which was
active for 91% for the study period. Dr. Tauschmann reported one closed-loop interruption per
patient per day that was typically due to connectivity issues. He did acknowledge, however, that
patients were asked not to use closed-loop control during strenuous exercise - the group's goal long-
term is to address this though, "[they] are not there yet." His commentary certainly lends
perspective to the impressive results the Bionic Pancreas has seen in the unpredictable camp setting.

GLYCEMIC CONTROL IN A LARGE COHORT OF PATIENTS WITH TYPE 1 DIABETES (T1DM)
TREATED WITH CONTINUOUS SUBCUTANEOUS INSULIN INFUSION (CSII) (226-OR)

Lalantha Leelarathna, MD (Central Manchester University Hospital, UK)

Dr. Lalantha Leelarathna presented the results of a recent retrospective study that sought to: (i) evaluate
the effectiveness of glycemic control in patients with type 1 diabetes in pumps; (ii) investigate the
demographic factors associated with positive A1c changes; and (iii) compare the penetration of different
pump models. The study used data from 422 patients at a single center in the UK, who primarily used
pumps from Medtronic, Insulet, Animas, and Roche. Results indicated, unsurprisingly, that pump use was
correlated with an improvement in glycemic control - the proportion of patients achieving an A1c < 7.5%
increased from 19% to 32% after initiating pump therapy. There was also a significant correlation between
pre-pump A1c and glycemic improvements. What was unexpected, in Dr. Leelarathna's view, was the
number of patients in poor control - notably, more than a third of patients had an A1c >8.5% and 11% had
an A1c >10%. In our eyes, the findings highlight the challenges of managing type 1 diabetes in the real world
and provide valuable perspective on the non-representative patients we see in clinical trials.

▪ Dr. Leelarathna highlighted a handful of additional findings that were thought were
notable. We summarize those below:

◦ Results indicated that there were no differences in A1c change between
different pump users (p=0.22) or between those using durable pumps vs. the
OmniPod (p=0.54). However, a higher percentage of patients using traditional pumps
saw A1c improvements > 0.5% relative to those on OmniPod.

◦ The breakdown of pump use by brand was: Medtronic: 42%; Insulet: 30%;
Animas: 14%; Roche: 13%. These numbers are skewed significantly away from
Medtronic relative to our worldwide full-year 2014 estimates - Medtronic (68%), Roche
(10%), Animas (10%), Insulet (10%), and Tandem (2%). We assume whether this is a
regional or center-specific preference - Dr. Leelarathna did not offer any commentary on
this point.

◦ 83 patients changed pumps during the study period with the majority
switching from Medtronic to OmniPod. Dr. Leelarathna attributed this trend to the
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launch of second-gen OmniPod in late 2011 that, in his view, brought a big convenience
factor to a lot of patients.

Questions and Answers

Q: When patients were switching from Medtronic to other models, they must have been going
from an integrated CGM to another device. Did you account for this at all?

A: Unfortunately, the NHS does not routinely fund CGM. So there was extremely limited CGM use in our
population. I don't think that explains much difference in these patients.

Q: Do you have demographic data on what kinds of patients change to a patch pump from a
traditional pump?

A: I can't answer that at the moment. We are collecting more data though. We're not sure whether there was a
fundamental difference in these groups, and either way, it's difficult to be sure in a retrospective study.

Q: Did you collect any data on hypoglycemia?

A: Because this was a retrospective study, we were not able to collect hypoglycemia data.

MD-LOGIC CLOSED LOOP CONTROL (CLC) FOR AUTOMATIC TYPE 1 DIABETES MEAL
MANAGEMENT (219-OR)

Revital Nimri (Schneider Children's Medical Center, Petah Tikvah, Israel)

Dr. Revital Nimri summarized new data from two DREAM consortium studies that aimed to optimize meal
announcements in the group's MD Logic closed-loop system (licensed to Medtronic). The first study (n=9)
evaluated the safety and efficacy of four different insulin doses (0%, 70%, 100% and 120% of the meal bolus
calculated according to the patient's carbohydrate ratio) on glycemic control, while the second (n=9)
determined if increasing the meal bolus by adding a dose equivalent to two hours of basal insulin can
improve glycemic control further (known to patients as a "super bolus"). The unsurprising findings of the
first study revealed that the optimal dose for an announced meal bolus is between 70% and 100% of the
calculated pre-meal bolus - these brought patients' mean blood glucose to 138 mg/dl and 131 mg/dl,
respectively, while minimizing hypoglycemia. Time-in-range was maximized for the normal bolus (> 80%
time-in-range) followed closely by the 120% bolus (though this was accompanied by hypoglycemia) and the
70% bolus. Moving to the second study, Dr. Nimri noted that the combined two-hour basal plus bolus dose
significantly improved the postprandial glucose profile at both meals tested: breakfast (251 mg/dl vs. 199
mg/dl, p=0.03) and lunch (155 vs. 140, p=0.05). In conclusion, she suggested that the MD-logic bolus
calculator should incorporate the two-hour basal profile into its algorithm, though acknowledged that the
ideal bolus dose will be more variable depending on multiple day-to-day variables: meal-time, exercise,
health, etc.

▪ Study Design: The two studies included 13 patients total (baseline A1c: 8.0%) with some overlap
(nine in each trial). The first study included four sessions of 12 hours for each patient each with two
meals, while the second study included two similarly organized sessions. The glycemic index of the
breakfast meal was high (40) and that of lunch was low (14).

Questions and Answers

Dr. Roman Hovorka: How much insulin is 80% plus the two-hour basal dose? Does it come to
90%?

A: I don't have a definite answer.

Dr. Bruce Buckingham: The one thing I'd point out is that at the lunch test in your studies you
still have some insulin left over from breakfast bolus. That's a confounding factor to take into
account.

Q: Was carbohydrate done in a supervised manner? I just want to make clear that
carbohydrate counting in real life is often less accurate than in studies.
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A: We found that the controller can overcome 20% of errors for under- and over-bolusing, so I don't think the
precise accuracy is as important.

Oral Presentations: ADA Presidents Oral Session

OUTPATIENT OVERNIGHT GLUCOSE CONTROL WITH DUAL- AND SINGLE-HORMONE
ARTIFICIAL PANCREAS SYSTEMS IN TYPE 1 DIABETES: RANDOMIZED CONTROLLED
TRIALS (383-OR)

Ahmad Haidar, MSc (Ecole Polytechnique de Montreal, Quebec, Canada)

Mr. Ahmad Haidar presented never-before-seen pooled results of two randomized crossover trials
comparing overnight dual-hormone closed-loop therapy to single-hormone closed-loop therapy to
conventional pump therapy, showing superior avoidance of hypoglycemia with the dual-hormone
approach. The first study - published in The Lancet - compared three nights (11 PM - 7 AM) of each
intervention in 33 pediatric patients (ages 9-17) in the camp setting. The second crossover study compared
two nights of each intervention in 21 adults and seven pediatric patients at home. Dual-hormonal overnight
therapy resulted in significantly less time < 72 mg/dl compared to both alternative treatment paradigms
(1.0% vs. 3.1% [single-hormonal] vs. 5.1% [pump]). Perhaps more notably, the dual-hormonal approach
resulted in only one hypoglycemic episode requiring intervention in 150 treatment nights (!) relative to 11
events and 29 events in the insulin-only closed-loop and pump therapy arms, respectively. Mr. Haidar
showed traces demonstrating that the improvement in dual-hormonal glycemic control came largely during
the first-half of the night when glucagon was heavily utilized to counterbalance the insulin stacking of the
daytime - indeed, though the single-hormonal systems essentially suspended insulin delivery early on, it
was often not sufficient to prevent hypoglycemia. In terms of glycemic control, Mr. Haidar noted that both
closed-loop systems achieved mean blood glucoses of 122 mg/dl vs. 140 mg/dl for the conventional pump
therapy arm. The findings are notable as the first "pseudo" head-to-head trials comparing insulin-only to
insulin+glucagon closed-loop. Certainly, the overnight period is a testing ground, and the really interesting
work will occur during the day. We look forward to seeing even more comparative data once the Bionic
Pancreas team conducts its two glycemic set point studies (insulin-only and bi-hormonal) starting this
August.

▪ Mr. Haidar stressed that there was not excessive glucagon usage (0.03 mg per night)
or adverse symptoms reported in the dual-hormonal arm.

▪ Notably, there was not perfect parity in the trial designs or in the equipment used -
Dexcom sensor + Roche pumps in the pediatric study vs. Medtronic sensor + pumps in
the second study - though we still find the results very directionally interesting. Note
that these are solely academic systems as opposed to technologies in commercial development.

Questions and Answers

Q: You noted that 35% of nights in the dual hormonal arm did not require glucagon. Do you
have predictors for those nights?

A: No. But we wonder if the duration of diabetes was associated with that.

Q: What do we know about the nighttime snack schedule?

A: During the camp, the campers were snacking about one hour before sleeping. Most of the hypoglycemic we
saw during the early night hours was related to the snacking bolus. In the home study, we provided a 120 g
meal slightly before bed with a bolus on one night. But we did not have the daily snack in home study - that
was only in the camp study.

Q: Do you think current insulin is too slow? It seems like patients have to have glucagon in
order to compensate for the insulin.
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A: When we looked at individual hypoglycemic events, we found that we get decreased insulin delivery before
hypoglycemic episodes. We weren't able to prevent hypoglycemia from previous boluses. However, when you
look at the second half of the night, the stacking effect of insulin was not there anymore.

Q: The highest risk for hypoglycemic events was during the first half of the night. Did you try
to help patients optimize their insulin delivery during the daytime?

A: For the camp study, we tried to optimize the basal overnight rates for patients. One limitation is that both
studies were using different settings. There was not parity between the camp study and home study.

Oral Presentations: Cardiovascular and Other Clinical Effects of Hypoglycemia

RESTORATION OF HYPOGLYCEMIA AWARENESS AND PREVENTION OF RECURRENT
SEVERE HYPOGLYCEMIA IN LONG-STANDING TYPE 1 DIABETES: SUSTAINED BENEFIT
AND IMPROVED OVERALL GLYCEMIC CONTROL OVER 2 YEARS FOLLOWING
RECRUITMENT INTO THE HYPOCOMPASS MULTICENTER RCT (352-OR)

Stuart Little, MBBS (Institute of Cellular Medicine, Newcastle University, Newcastle, UK)

Dr. Stuart Little presented impressive two-year follow-up results from the HypoCOMPaSS trial, a 24-week
2x2 factorial randomized control trial (RCT) conducted in 96 adults with type 1 diabetes and impaired
awareness of hypoglycemia (IAH). The objective of the study was to compare analog MDI vs. insulin pump
therapy, as well as to compare SMBG vs. real-time continuous glucose monitoring in patients with impaired
hypoglycemia awareness. At the end of the 24-week period, patients returned to routine care - potentially
switching back from MDI to CSII or vice versa - though access to CGM was provided to all initially
randomized to this monitoring regimen. Two-year follow-up results demonstrated that - provided equal
education and attention - hypoglycemia awareness in all patients has continued to improve following RCT
completion. Impaired awareness has fallen from 5.1 at baseline to 4.1 at six months and, further, to 3.7 at 24
months (p<0.01 vs. baseline). Significant improvements have also been seen in the severe hypoglycemia rate
- 8.9 episodes per patient-year during the 12 months preceding the study to 0.4 over the 24-month study
period (n=69; p<0.01). Even more impressively, only 36% of patients have suffered a severe hypoglycemic
event over the study period relative to 92% in the preceding 12 months. Despite the reductions in
hypoglycemia, A1c still improved at 24 months (7.7% vs. 8.2% baseline; p<0.01). Overall, the findings speak
to the value of education and better therapies - what is unclear is how the CGM compared to pump therapy
in terms of driving the improvement. Dr. Little concluded that IAH can indeed be improved and that
recurrent severe hypoglycemia can be prevented through strategies targeted at avoiding hypoglycemia
while improving overall glycemic control. As a reminder, we saw one-year results from the HypoCOMPaSS
trial at ADA 2013.

Questions and Answers

Q: Your randomized control trial was run for roughly half a year. However, the results at the
end of the half-year persisted for up to two years. What do you think was the mechanism that
led to this? Were the pumps the big difference-maker?

A: Yes. Patients avoided recurrent severe hypoglycemia because of the pumps. I wouldn't say severe
hypoglycemia was eliminated, but I do think that the education on hypoglycemia avoidance helped. It's
honestly impossible to tell the impact of pump therapy.

Q: Do you think the results were a consequence of the technology or a behavioral
intervention?

A: A mixture of both. I think it was the holistic care.

Q: Some people have the technology and fail nonetheless. We tend to think the technologies
are important in treating hypoglycemia. We still have to figure out which combinations of
technology + education works best.

www.closeconcerns.com 198

https://www.closeconcerns.com/knowledgebase/r/48e1298c#A_DEFINITIVE_MULTICENTER_RCT_TO_RESTORE_HYPOGLYCEMIA_AWARENESS_AND_PREVENT_RECURRENT_SEVERE_HYPOGLYCEMIA_IN_ADULTS_WITH_LONG-STANDING_TYPE_1_DIABETES:_RESULTS_FROM_THE_HYPOCOMPASS_TRIAL_387-OR


A: I agree. In our study, everyone had standardized education at beginning that looked at key aspects of
hypoglycemia avoidance. We looked at individuals, looked at times of individual risk, helped identify times of
hypoglycemia risk. We helped patients become more aware of hypoglycemia, especially during the nighttime.
All of a sudden, patients had insight into what was happening overnight.

Q: Did you provide an education on how to use bolus calculators? That could have also made a
difference.

A: Yes. Good point. I think that all the tools that were used had an impact.

Oral Presentations: Pediatric Diabetes - Diagnostic Challenges and Effects on the Brain

EFFECTS OF SENSOR AUGMENTED PUMP USE ON HBA1C AND C-PEPTIDE IN THE FIRST
YEAR OF TYPE 1 DIABETES (383-OR)

Taylor Triolo, MD (Barbara Davis Center for Childhood Diabetes, Aurora, CO)

Dr. Taylor Triolo presented a post-hoc analysis of one-year data from a randomized, controlled study of C-
peptide preservation in young people recently diagnosed with type 1 diabetes through the use of hybrid-
closed-loop therapy, first presented at ATTD 2013. The trial included 48 patients who received three days of
in-hospital hybrid closed-loop therapy within one week of diagnosis, followed by sensor- augmented pump
therapy thereafter; the control group (n=20) received standard care with a different set of physicians. As a
reminder, no statistical significant differences were seen in A1c or C-peptide after one year, which Dr. Triolo
attributed partially to the fact that only 33% of patients used SAP > 5 days/week. Thus, in this updated
analysis, the group sought to stratify the data by median CGM use to assess whether more frequent use was
associated with lower HbA1c and preservation of C-peptide production. This analysis did reveal statistically
significant differences in A1c between the low and high CGM use groups (6.8% vs. 7.9%, p=0.003) along
with a marginal improvement in C-peptide (0.50 nmol/L vs. 0.35 nmol/L, p=0.25). However, no
statistically significant differences were seen in any of the other metrics studied: age, gender, ethnicity, or
A1c at the time of onset. We do wonder whether two-year results might show differences in C-peptide (as
occurred in the European ONSET trial of sensor- augmented pump use from diagnosis onward), though the
Stanford group has refuted this suggestion in the past.

▪ We would caution that the correlation between A1c and CGM may be spurious. For
example, high CGM users could simply represent a more motivated population that would attain
lower A1cs regardless of therapy. Indeed, we think further investigation is needed to fully flesh out
such lurking variables.

Posters

"IT IS DEFINITELY A GAME CHANGER": CLOSED LOOP TECHNOLOGY IN THE HOME
EXPERIENCED BY ADULTS WITH TYPE 1 DIABETES (66-LB)

C Hendrieckx, J Speight, L Poole, A Sharifi, M Loh, J Horsburgh, S Trawley, A Jenkins, K
Kumareswaran, R Macisaac, G Ward, P Colman, L Bach, A Kyoong, N Kurtz, B Grosman, A
Roy, D O'Neal

Patients (n=10) in a small, randomized crossover study consisting of four nights of home closed-loop
therapy vs. normal care (sensor-augmented pump therapy) reported positive qualitative reviews of their
time on closed-loop. [The poster did not specify, but we assume this was not the MiniMed 670G integrated
system, given the study timing from April 2014-March 2015. Presumably it was an Android phone or
laptop-based system.] Specific benefits reported in this poster included: reduced decision-making and
human errors, fewer alarms, less glucose variability, and less severe consequences of hypo- and
hyperglycemia compared to SAP. When asked about the closed-loop, the most common patient observation
was the stable overnight glucose levels that patients described as "unbelievable." While most reported
technical glitches during one or more nights, few safety concerns were raised. Encouragingly, confidence in
closed-loop accuracy increased when subjects observed how the system automatically stopped insulin
delivery when glucose trended down - an adjustment which patients described as "brilliant" and
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"impressive" - though patients did note that this might be different for people who are less "tech savvy."
Despite the small sample size and short duration, these positive reviews of closed-loop have us looking
forward to hearing future qualitative assessments of patients' psychosocial experience of the 670G from
larger groups of patients. As a reminder, management expects a launch of the MiniMed 670G by April 2017
in the US and April 2018 in the EU.

▪ This qualitative assessment of patient perspectives was conducted following four
consecutive nights of closed-loop control at home. Structured interviews focused on:
patients overall experience with closed-loop therapy; the effect of closed-loop control on glucose
levels, hypoglycemic, and hyperglycemia; patients understanding of the algorithm; and potential
concerns about using closed-loop. Two 10-point scales were used to assess comfort with closed-loop
control and confidence in the system's accuracy.

DiabetesMine D-Data Exchange

DIABETES & THE INTERNET OF THINGS...SENSORS, WEARABLES, SHAREABLE DATA:
WHERE IS IT ALL GOING?

Sonny Vu (Founder, Misfit, San Francisco, CA)

Mr. Sonny Vu gave the opening keynote, sharing fantastic insights from AgaMatrix and Misfit on product
design and digital health. We learned loads from this talk, especially the "Turnaround test" (is something so
useful and compelling that you would run home to get it if you forgot it?"); wearables 1.0 vs. 2.0 (we are
moving into the latter); what the ideal product design looks like ("combines Harvard Medical School and
Playskool" - clinically useful and an amazing, delightful user interface); and where wearables/digital health
need to go (passive data acquisition; insights and timely feedback; clinical effectiveness; reimbursable). On
the latter, Mr. Vu concluded that feedback is the hardest, but also the area with the most potential to change
behavior. [We especially hope to see much better feedback in diabetes, since current devices don't share
encouragement or positivity - e.g., 258 mg/dl vs. "Great job! You're on a 10-day streak of testing before
lunch!"]

▪ Mr. Vu highlighted the key decades that have revolutionized computing, noting that
we're now in the "Internet of Things" era: 1980s (PC), 1990s (Internet), 2000s (mobile/
social), and 2010s (internet of things). The latter encompasses wearable devices, smart home
devices, etc.

▪ Back when AgaMatrix was developing the iBGStar, the company applied the
"Turnaround Test" to the design process: "If you're halfway to work and realize you forgot
____ at home, would you turn around to go get it?" The answer is "yes" for indispensable things like
keys, wallet, and cell phone. Passing this test is much harder, however, for things like a glucose
meter. AgaMatrix came up with the idea to physically attach the meter directly to the phone, thereby
passing the turnaround test. Brilliant! It was fascinating to learn that the company thought about a
Bluetooth version of the meter, but deliberately chose not to. "We had to attach the meter to the
thing people actually value." [Of course, once Apple changed the iPhone plug-in to the lightning
adaptor, the iBGStar needed a clunky adaptor that really killed the form factor.]

◦ "Most wearables right now don't pass the turnaround test." For instance, if you
forget your activity tracker at home, it's unlikely you're going to go back and get it. Mr. Vu
Proposed two hacks:

◦ Hack #1: Make the device so you don't have to turn around. For
instance, an activity tracker that doesn't require charging, is easy to use, and you
wear all the time (e.g., Misfit's Shine) - that way, you don't forget it in the first
place.

◦ Hack #2: Be everywhere in life. For instance, build the sensors into the
phone or home, have glucose meters spread throughout your life.
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◦ We love the idea of the turnaround test as a metric for diabetes products - "Is
something so useful and so compelling that it becomes indispensable to be without it?" We
believe CGM may be at this point for some current 24/7 users, though it is clearly not there
for those not on CGM.

▪ Wearables are currently in transition from Gen 1.0 to Gen 2.0. Gen 1.0 wearables have
been plastic, bulky, not that attractive, and focused on measuring things (activity, sleep heart rate).
Gen 2 wearables have better materials (metal, leather, ceramic), require less/no charging, and are
designed to be worn for months and life-focused. These next-gen products will bring broader use
cases like safety, identification, and controls (emergency monitoring, lock, login, payment, gestures,
controlling house functions like lights and air conditioning).

▪ Why is the internet of things space interesting? Sensors can provide unprecedented
data and insights. Great wearable products will give better data continuity, volume, and diversity.
That translates into better algorithms and valuable insights.

▪ What moves us to change behavior? Rewards, connection (with other people), sex, thrill, and
play. This framework reminded us of why it's so incredibly hard to change behavior in diabetes/
obesity - often, approaches hit none of the above.

▪ Why do people wear things? - aesthetics, fashion "(it makes me look good); comfort/protection
("it makes me feel safe"); brand/tribe association ("it makes me feel cool, like I belong"). Wearing
something to simply gather more data is often a secondary purpose.

▪ Where do digital health and wearables need to go?

◦ Passive data acquisition: "Nothing you have to remember to carry around or do."
Wearables and other ambient sensing solutions will need to provide insights, not j

◦ Insights and timely feedback. Instead of just charts and graphs, tell people stuff they
need to know. Mr. Vu characterized feedback as the most difficult and the most important.

◦ Clinical effectiveness demonstrated in trials and some acceptance by HCPs.

◦ Reimbursable: a reasonable pathway.

◦ Finite: When can I delete your app?

▪ "It's not the customer's job to know what they want. That's the difficult work we have
to do...It's about anthropology, it's not about focus groups." Mr. Vu shared learnings from
AgaMatrix, where the team interviewed hundreds of people with diabetes. "We hardly learned
anything. People just told us what we wanted to hear. We got sick of asking people what they
wanted. 'How would you design your glucose meter?' People would answer, 'Less blood, make it
faster. Make it a better experience.'"

◦ What proved most useful was sending people home with disposable cameras
to take pictures of their real experience with diabetes. This resulted in tons of
ideas on improving BGM case design (simply making a larger zipper), better lancing
designs, better strip vial designs, etc. Mr. Vu called these areas "unbelievably untapped," in
part because they are "unbelievably unprofitable to tap." He longed for some company to
simply bite the bullet and just innovate in these important areas.

Questions and Answers

Dr. Aaron Kowalski (JDRF, New York, NY): Today, what are you doing to tease out what
customers want?

A: For activity trackers, we read Amazon.com reviews. There were 5,000 reviews for Fitbit and Jawbone. We
came up with the top five gripes and just said, "We're going to solve them." Waterproof, super durable, doesn't
make you look like a dork, and is comfortable. It worked.
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MOVERS & SHAKERS: INTRODUCING BIGFOOT

Jeffrey Brewer (CEO, Bigfoot Biomedical, New York, NY)

Bigfoot CEO Jeffrey Brewer gave a moving closing keynote at Diabetes Mine's D-Data Exchange, showing
the team's in-development automated insulin delivery system running on a smartphone (the slide showed a
bolus calculator screen). The goal appears to be a smartphone interface communicating with the Asante
pump and Dexcom's CGM - ambitious indeed! The product will clearly have a major focus on the entire
system, including extensive use of the cloud and remote monitoring ("just as important as on-body
automation"). Notably, Bigfoot is even relocating to Silicon Valley to take over Asante's 45,000 square-foot
facility - they are wasting no time indeed (Jeffrey's home in NYC is already on the market). In addition to
the sliver of product details, Jeffrey's presentation told the story of the company's founding through his,
Lane Desborough, and Bryan Mazlish's personal experience with type 1 diabetes. The frontier/AP analogy
worked very well, as he related the key constituents in settling the Wild West to closing the loop:
"trailblazers" (Nightscout, #DIYPS, Lane Desborough, Bryan Mazlish); law and order (the FDA - "necessary
and valuable" and open to innovation); doctors (especially PCPs, where most people with diabetes are
seen); and the bank (payers - "we must meet their terms, like meeting the terms of a bank loan"). The entire
room was noticeably captivated. In a nod to naysayers that believe the 800 lb gorilla is unbeatable (i.e.,
Medtronic, though he didn't say it by name), a slide highlighted how former giants like Yahoo, Kodak, and
Blockbuster were decimated when newcomers Google, Flickr, and Netflix came into the picture - "I think
competition is good; it makes us all better and will deliver better solutions to my son and to all people with
type 1 diabetes." Summed up Jeffrey, "Closing the loop is no longer a mystery; it's not a puzzle. We just have
to do it."

▪ "We are developing a system where the phone is the interface. A system that
automatically adjusts insulin delivery with everything you need to know, when you
need to know it, all on your smartphone. It's streaming data up to the cloud, and the remote
monitoring aspects are just as important as the on-body automation." The focus on remote
monitoring makes a lot of sense from a team-experience perspective (Bigfoot includes Nightscout
developers Lane Desborough and Ross Naylor), as well as a safety and healthcare cost perspective -
we look forward to seeing what this entails.

▪ "I'm really excited - we have fundamentally phenomenal components." Mr. Brewer
reminded attendees that Bigfoot recently acquired the assets of Asante ("a company focused on
doing the right thing: making it simpler and easier for people with type 1 diabetes"), and just prior to
ADA, established a CGM partnership with Dexcom. As far as we know, the Bigfoot product will
consist of a Gen 5 Dexcom transmitter sending CGM data to a custom built Bigfoot controller
married to the Asante disposable insulin pump body. One thing we're not sure about is if Bigfoot will
pursue a Novolog version of the Asante pump; right now, the Snap is only cleared and designed for
Humalog pre-filled cartridges.

▪ "We're moving to Silicon Valley, as of today. I just put my house on the market.
#ItIsTime." Mr. Brewer showed a cartoon cityscape containing billboards of major tech companies
(Google, Facebook, Twitter), and with a bit of humor, boldly added in the Bigfoot logo. Continuing
the Wild West analogy, he said that Bigfoot "embraces the Western ethos" and wants to pioneer the
new frontier of automated insulin delivery.

▪ "In 2002 when my son was diagnosed, I was handed some needles, a couple bottles of
insulin, and a handwritten page with a sliding scale for insulin. We were landing
planes by autopilot in 2002!" "At the time," he said, "that's the best the top endocrinologists
could do."

▪ "Bryan Mazlish, Bigfoot, has a son and wife that have been benefitting from this
technology for the last two years; 30,000 hours of usage. It's a very simple thing. It gives you
less insulin when you need less, and more insulin when you need more. The technology is there. We
just need to make it happen for everyone."
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Questions and Answers

Q: Where does Bigfoot stand in terms of openness and data access?

A: We are still working through what that means. But look at the people that created this company. We are the
people who have been working in that space. It's a moral issue and that's the smart thing to do. Companies
that embrace that are more successful. Details are forthcoming. We were building own insulin delivery device
until eight days ago. Now we have one, and a wonderful partnership with a leading sensor company.

Mr. Howard Look (Tidepool, Palo Alto, CA): You are the new kid on the block, though you and
Lane bring tons of experience from industry. A lot of other device companies are trying to
work on closed loop, but it's taking a long time. What things will you do differently to get to
market quickly?

A: The algorithm is solved - we're not doing anything differently. Our approach might be more commercially
friendly, but there are a bunch of different ways to do algorithms. It's really about the design of the whole
system - that's where the value gets created. How the sensor plays with the pump, the phone, the cloud, the
tracking, and monitoring - it's the whole solution and ecosystem. We're putting the pieces together in a smart
way, like what Apple does - they are not a hardware company. They are an ecosystem company. They created
iTunes, which was a tipping point. It was the pricing model to buy songs - the software made the hardware
really sing. We have a similar approach to leveraging the hardware.

Q: You are starting from scratch with clinical trials...

A: I don't know anybody who's been in a pivotal trial of a closed-loop system.

Q: From a technical point of view, is the sensor there in terms of knowledge and accuracy?

A: It depends on what you want to do with it. It was asked earlier: what's the perfect solution? Take what the
technology can do today, push it as far as you can today, and no more. Deliver something safely. The answer is
you can do a whole lot better than people can do themselves. How does type 1 diabetes work? You may have
sloppy estimates of carbs, sloppy boluses, and no information between meals when you're not testing - or you
don't understand CGM data. People are going throughout their lives and stumbling into traumatic health
episodes. My own son almost died - he was in the ER and then the ICU for 48 hours. He couldn't speak his
name for 24 hours. After he gave too much insulin, the pump increased the rate before dawn - it was
preprogrammed to change. That's really, really dumb. We can do better than that. Will there be adverse
outcomes? Absolutely. But there will be far fewer.

Company Updates

BD PARTNERS WITH MEDTRONIC TO COMMERCIALIZE FLOWSMART INFUSION SET

BD and Medtronic announced an exclusive, worldwide collaboration to commercialize BD's new FlowSmart
infusion set. The set will launch in 2016, roughly on par with BD's timeline to launch in FY16 (October
2015-September 2016). It will be made available for both Medtronic and non-Medtronic pumpers, though
Medtronic will control distribution in both cases. As far as we understand it, patients at other pump
companies who want the set will either (i) need to become Medtronic customers to access it; or (ii) go
through a distributor, who will in turn buy it from Medtronic. While it's good to see that all Animas, Roche,
and Tandem patients will be able to get the set, the exclusive deal is a tough dagger for those pump
companies. Sets are a high margin business, and the exclusive deal means those pump customers may now
buy the new BD set from Medtronic. See our detailed report for a deeper dive on the deal and the potential
impact on patients, Medtronic, BD, other pump companies, Convatec (Unomedical), and HCT/JDRF. We
also share our key questions and provide first thoughts after an up close look at the new set.

MEDTRONIC BEGINS MINIMED 670G PIVOTAL STUDY

Medtronic announced a 150-patient, three-month US pivotal study of the MiniMed 670G/Enlite 3 CGM
hybrid closed loop (HCL) is now recruiting - see the very informative ClinicalTrials.gov posting here. The
primary objective of the pivotal study is to evaluate the safety of the 670G system; secondary endpoints
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include mean change in A1c, change in insulin dose and weight, time spent with closed-loop on vs. off, and
time spent in different sensor glucose ranges (we obtained these from the company directly, as the posting
incorrectly implies the primary endpoint is A1c at 12 months). Notably, it is a single arm study - during a
two week run-in period, participants will be using the study pump (MiniMed 670G) with only the CGM
function activated (i.e., SmartGuard OFF and HCL OFF). Subsequently, participants will wear the 670G at
home for three months. The study also includes a short six-day hotel stay phase. We assume the baseline
run-in period will serve as the "Control" group, which is far less onerous than the parallel group RCT that
could have been requested - kudos to FDA for being so reasonable here! It's also quite notable to see that the
at-home portion of the study is just three months, and expected completion is slated fairly conservatively for
May 2016 (11 months from now - we assume it could finish much earlier). That indeed puts Medtronic
loosely on track to hit the April 2017 launch timeline (as of JPM 2015), assuming the PMA submission and
approval take less than a year - we expect that it could if the MiniMed 640G is approved in the meantime
(i.e., largely the same pump user interface, with the exception of the algorithm changes).

▪ The study inclusion criteria are quite broad, as those with an A1c <10% and ages 14-75 years
will be enrolled. It seems like the 670G will be worn day+night in the study, and based on our read
of the exclusion criteria, patients won't have an option of wearing it at night only - we do think this
would be a nice option, but understand the rationale for 24-hour wear in the pivotal study. (Whereas
in the real-world, patients can choose when and how they want to wear it; for more on this balance,
see diaTribe's test drive on DiAs.)

▪ This news vaults the company into first place in terms of doing a pivotal study for a
hybrid closed loop device. It's a critical time too, as the competition from other organizations
continues to heat up.

Glucose Monitoring

ADA President's Oral Session

GLUCOSE VARIABILITY IN TYPE 2 DIABETES: THE INITIAL RESULTS OF THE FLAT-SUGAR
TRIAL (385-OR)

Irl Hirsch, MD and Jeffrey Probstfield, MD (University of Washington, Seattle, WA) on behalf
of Barry R. Davis, Andrew Ahmann, Richard Bergenstal, Matthew Gilbert, Connie Kingry,
Dorrine Khakpour, Dejian Lai, Sara L. Pressel, Kelley Branch, Mathew Riddle, Kevin D.
O'Brien

Drs. Irl Hirsch and Jeffrey Probstfield (on behalf of the FLAT-SUGAR writing committee) presented the
long-awaited results of the FLAT-SUGAR pilot study - the 26-week, 102-patient feasibility trial was
successful, showing it is possible to randomize ACCORD-like patients to two groups
(exenatide+glargine+metformin vs. rapid-acting insulin+glargine+metformin) and achieve significantly
different glycemic variability (coefficient of variation) with a similar A1c (7.1% vs. 7.2% in this case). Dr.
Hirsch believes it paves the way for a larger, longer outcomes study testing whether glycemic variability
matters for long-term outcomes - a modern day DCCT! In speaking with him after the session, Dr. Hirsch
characterized the study as a "home run" but not a "grand slam" - he wished the secondary endpoints
measuring hypoglycemia and some of the other glycemic variability endpoints had emerged as statistically
significant (these all went in the right direction, but the study was not large enough). The biggest surprising
finding was a much larger-than expected difference in weight - the exenatide group lost a striking 4.8 kg in
body weight (11 lbs) vs. a 0.69 kg weight gain (1 lb) in the basal/bolus insulin group. We will look forward
to hearing more discussion on the magnitude of glycemic variability reductions and expectations regarding
long term differences in future outcomes - the patients studied did not seem to have tremendous
hypoglycemia or variability, which made us wonder whether doing this study in type 1 or choosing different
therapies (e.g., SGLT-2s? Afrezza?) would help demonstrate larger variability differences - we could
definitely imagine a study effect and it will be interesting to think about how big data would be used in
tandem with a larger RCT to draw conclusions. Of course, there is still plenty of analysis to do on this data,
and we will await those.
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▪ The 26-week study compared glycemic variability between two randomized groups:
exenatide + glargine + metformin (n=52) vs. a rapid-acting analog + glargine +
metformin (n=50). The primary endpoint was change in coefficient of variation ("glycemic
variability") assessed by CGM measurements (Dexcom Seven Plus, and some using the G4
Platinum) at baseline vs. 26-weeks. Secondary endpoints included other measures of glycemic
variability (SD, IQR, MAGE, CONGA, MODD), hypoglycemia, weight, other biomarkers (ALT,
serum amyloid A, hs-CRP). FLAT SUGAR enrolled an ACCORD-like population of people with
diabetes requiring insulin. The presentation did not show participants' baseline characteristics.

◦ Study flow: After an 8-12-week run-in period of stabilization on basal-bolus insulin with
metformin, 102 participants were continued on basal insulin and metformin, and
subsequently randomized to prandial therapy with either exenatide or a rapid-acting
insulin analog. Masked CGM and metabolic markers of cardiovascular risk were assessed
at baseline, 13- and 26-weeks in 92 participants. Each study phase have very narrow A1c
targets to progress to the next stage - 255 patients were screened (A1c 7.5-8.5%), 144
completed the run-in, 102 were randomized (A1c: 6.7-8.0%), and 92 were analyzed at week
26. (So few were analyzed at week 26 because participants had to maintain a super tight
A1c to progress through to each phase of the trial; otherwise, they wouldn't have achieved
the same A1c in both groups by study end. Ninety-six patients completed the trial and four
were excluded because they did not have complete CGM/Holter monitor data.)

◦ Participants had to maintain an A1c of 6.7-7.3% during the trial. In both groups,
glargine titration was mostly dependent on fasting blood glucose. Rapid-acting insulin (in
the basal/bolus group) was titrated to optimize pre-lunch/dinner and bedtime glucose
values. Exenatide was taken before at least two, and up to three meals per day; the
maximal dose was 20 mcg/day.

▪ At 26 weeks, A1c's were nearly identical: 7.2% in the basal/bolus group and 7.1% in the
exenatide group (both declined from a baseline A1c of 7.9%). This was of course a major goal of
the study - achieve the same A1c but different variability in the two groups.

▪ Primary endpoint: The exenatide group experienced a significant reduction in
glycemic variability (coefficient of variation) at 26 weeks vs. the basal/bolus group
(p=0.024). Estimating from the graph, the on-trial change in mean CV was +0.5 in the basal/bolus
group vs. -2.5 in the exenatide group.

◦ Secondary endpoints (glycemic variability): The change in MAGE was significantly
improved in the exenatide group vs. the basal/bolus group (-5 vs. + 3 - these are estimates,
as none of the graphs gave the absolute values; p=0.049). MAGE was the only secondary
glycemic variability endpoint that achieved statistical significance, though all the other
endpoints trended towards reduced variability in the exenatide group: SD (-2 vs. 0; p=0.3),
IQR (-1 vs. 0; p=0.6), CONGA (-3 vs. +1; p=0.2), MODD (-2 vs. +1) - note, these numerical
values are our estimates, as the slide did not provide them.

◦ We imagine it is challenging for those assessing the results to benchmark
these reductions in variability or to even conjecture if they are clinically
meaningful enough to change long-term outcomes - that would be, of course, the
point of the longer-term trial. This was only a demonstration pilot - we would be interested
to see what differences in variability would emerge with more accurate CGM (the Dexcom
Seven Plus was primarily used, and some used the G4 Platinum) and, of course, in a bigger
study that was more "real life"-like or with further analyses.

▪ Dr. Hirsch showed 24-hour CGM profiles of the two groups, which suggested that the
variability advantage for exenatide really came at breakfast. Overall, however, the
reduction in variability was not highly apparent in the 24-hour CGM traces. The after-
breakfast glycemic excursion in the exenatide group was definitely lower at 26 weeks relative to
baseline, while the basal/bolus group had similar breakfast excursions at baseline and 26 weeks.
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There did not appear to be material differences in variability for the exenatide group at lunch and
dinner, but the timing of meals was not standardized, so it's hard to know. Overall, this slide was
probably not the best indicator of how variability changed on an individual or aggregate level, and
we imagine further prandial analyses will drill down on this.

▪ Hypoglycemia trended lower in the exenatide group, though there was very little
overall - this was a bit surprising for this population, though the fact that they
received significant HCP attention at top diabetes centers may have played a role. We
imagine a longer, larger trial would use a more diverse patient population at a broader number of
centers. See the table below for our estimates of the values shown on the slide. There was no severe
hypoglycemia in either group. We were a bit surprised that hypoglycemia rates were this low, given
that one group was on Basal/Bolus therapy, but they were receiving fairly consistent care. The CGM
(Dexcom Seven Plus, and some using the G4 Platinum) was only worn during 7-10 day stints at
study start and end, and we wonder if 24/7 CGM would have bigger unearthed variability
differences.

Change in % of CGM
readings below:

Exenatide Basal/Bolus

<70 -1% +0.5%

<60 -0.5% +0.2%

<50 -0.2% +0.1%

▪ The exenatide group lost a striking 4.8 kg in body weight (11 lbs) vs. a 0.69 kg weight
gain (1 lb) in the basal/bolus insulin group (p<0.001). This was characterized as an "odd
finding" and a much larger-than expected difference in weight. Dr. Hirsch did not have a definitive
explanation why the weight loss was so striking. It might be that compliance in this study was better
with exenatide than has been seen in previous studies of the medication.

▪ The exenatide group experienced significant reductions in ALT (-10 vs. +1; p <0.01)
and serum amyloid A (p=0.02). There were no between group differences in IL6, hs-CRP,
albuminuria, or urinary isoprostanes.

▪ Dr. Hirsch believes the pilot study provides evidence supporting the design of a larger,
longer, outcomes-based trial. The complex pilot trial design proved safe and feasible at
decreasing glycemic variability while maintaining nearly equivalent Ac values. The study also
showed a positive biomarker signals (ALT, serum amyloid A).

▪ Dr. Hirsch expressed potential interest in using Sanofi's lixisenatide in the future,
given its once daily dosing and short-acting PK/PD (cutting the postprandial spikes is essential,
necessitating a short-acting GLP-1) - we think this is a good idea since even in a clinical trial,
patients may not be as adherent to two or three times post-mail daily shots - .

▪ FLAT SUGAR's premise: diabetes control is clearly more complex than a treatment
paradigm based only on A1c. Dr. Probstfield highlighted the importance of glycemic variability,
which can vary considerably between two patients but result in the same A1c. He described glycemic
variability in two components: hyperglycemic spikes and hypoglycemia troughs. Glycemic variability
as been shown to release inflammatory cytokines, suggesting they may promote long-term
complications. We point readers to Drs. Hirsch and Brownlee's 2010 JAMA article, which reminded
readers that only 11% of the variation in retinopathy risk in the DCCT was explained by A1c and
duration of diabetes.

▪ FLAT SUGAR = FLuctuATion Reduction With inSULin and Glp-1 Added together. See
the ClinicalTrials.gov post here.

Questions and Answers
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Q: Did you have enough power to detect differences? And do you anticipate a larger, longer
trial - after weight loss plateaus - might get a different result?

Dr. Probstfield: On the power question, we borrowed information from one of JDRF trials. I believe that our
original calculation was about 90% power if we completed 100-110 patients. We completed 92 patients, which
gave us about 85% power to discern about a four-unit difference in variation.

Dr. Hirsch: In terms of plateauing of weight, it was a 26 week study. I cannot comment after 26 weeks. I'm not
aware of any study that showed such a large delta in weight from a GLP-1. To me, it's pretty interesting that
there was almost a 5.5 kg weight difference.

Dr. Larry Hirsch (BD Diabetes Care, Franklin Lakes, NJ): Two questions. First, I don't really
understand a 10-11 lb difference in GLP/insulin trial - what do you think explained it? Second
is the $100 million dollar question. Are these differences, which are pretty modest in
variability and biomarkers, really sufficient to request funding for large outcomes study from
NIH? If you were on the review committee, would you approve that request?

Dr. Hirsch: I cannot explain why there was such a profound difference in weight. We are looking at absolute
kilos. We started at over 100 kilos. We need to look at all the different studies of GLP-1 and insulin and see
how the baseline weights look.

We learned so much from this trial, and will do other analysis in future. Most important was how to do this
study in a multi-center way. Although I cannot say this for sure, next time we do this, we'll do it more
efficiently and better. I am convinced we can show larger variation in glucose in future trials. This was a pilot
first attempt, and it was successful.

Q: On the choice of exenatide, could you get similar results with a longer acting GLP-1?

Dr. Hirsch: We picked exenatide not by accident. It was based on a study by Matt Riddle five years ago. It
showed a flat glycemic fingerprint on top of glargine and metformin. It has been my impression that a longer-
acting GLP-1 has a less definitive impact on post-prandials. Future potential studies should use a short-acting
GLP-1 receptor agonist, either exenatide or potentially lixisenatide, which is not on the market yet.

Q: Congratulations on the successful pilot. Did the same team titrate in both the exenatide and
insulin groups? Second, how do you separate out the GLP-1 effect in a long-term study looking
at outcomes?

A: Yes, we had an open label design, so the same investigators were titrating both insulin in the basal/bolus
group and exenatide in the other group. It was up to three time a day exenatide. But it was not randomized - if
glucose levels were not controlled on twice a day, they went to three times a day. The investigators were only
allowed to use 20 mcg day dosing.

How do you separate GLP-1 and what we have learned on variability? We can't. It's a fundamental flaw of the
study. I've gotten more philosophical about it. If we get better outcomes for patients, I'm not sure I really care.

Close Concerns Questions

Q: Is the magnitude in variability change enough to be clinically meaningful? To show a change in long-term
outcomes?

Q: Would it be possible to do this study in type 1 diabetes, since there is more variability and hypoglycemia?

Q: Would switching to once-daily lixisenatide increase compliance with GLP-1, improve postprandial glucose
levels, and influence the results in a larger study?

Q: Would it be possible to run a similar trial using different therapies to tease out a larger difference in
variability (e.g., comparing an SGLT-2 and liraglutide in one group vs. basal/bolus insulin in the other
group)?

Q: Could the significant difference in weight have influenced the difference in variability? One could imagine
the 10 lb weight loss made people more insulin sensitive?
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Oral Presentations: The Clinical Impact of Advances in Continuous Glucose Monitoring

CONTINUOUS GLUCOSE MONITORING (CGM) USE IN TYPE 1 DIABETES: DATABASE
ANALYSIS SHOWS MEANINGFUL IMPROVEMENTS IN A1C

Claudia Graham, PhD (Dexcom, San Diego, CA)

Dr. Claudia Graham presented new database data on the efficacy of continuous glucose monitoring in
improving glycemic control and reducing healthcare costs. The retrospective pre-post, matched case-control
study analyzed insurance claims and lab results from 14 million enrollees in Optum's national US database.
The study compared patients with type 1 diabetes who were naïve to CGM and started Dexcom G4 for a
nine-month period vs. individuals who used SMBG during the same period. Findings indicated that patients
using CGM saw a significantly greater reduction in A1c (-0.48% vs. -0.24%, p = 0.03) relative to those in the
SMBG arm. Notably, sub-analysis of the CGM group stratified by A1c showed that CGM-MDI users lowered
their A1c significantly more than patients on CGM/pump (-0.57% vs. -0.34%, p=0.22). While Dr. Graham
suggested that benefits of CGM may be similar for insulin injectors relative to pump users, we would
caution that the difference in baseline A1c (injectors: 8.5%; pumpers: 7.9%) could be responsible for the
trend as well. On the financial front, Dr. Graham noted that the inpatient hospital admission rate (all-
cause) and emergency room visit rate fell a striking 42% and 17%, respectively, in the CGM arm vs. the
control arm. These are significant potential cost savings associated with CGM and are consistent with the
economics of CGM that Dr. Graham discussed at DTM 2014.

▪ Detailed analysis of CGM utilization stratified by A1c demonstrated that each CGM
subgroup had greater reductions in A1c relative to the corresponding control group.
The benefit was most apparent for those with an A1c >9.0%> See Table 1 below.

Table 1: Stratified A1c Results

Population Arm Change in A1c

Control -0.42%Baseline A1c ≥ 7.0%

CGM -0.57%

Control +0.03%7.0% < Baseline A1c < 9.0%

CGM -0.14%

Control +0.14%Baseline A1c ≤ 9.0%

CGM -0.06%

Control -1.27%Baseline A1c > 9.0%

CGM -1.60%

Questions and Answers

Q: Can you talk about what the A1c change looked like over time? Did patients A1c drop
immediately and then creep back up?

A: No, the findings were actually really counterintuitive. We thought people would have dropped immediately,
but they did not.

Q: What was the baseline A1c in the MDI vs. pump groups? Those seem to be different
patients. Patients who have not accepted technology vs. who are already on pumps.

A: The A1c in the MDI group was ~8.6%. The A1c in the pump group was ~8.0%.
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Q: What do you think is driving change? The CGM or the patient using the CGM? In other
words, is CGM a marker for more engaged patients?

A: Yes. There could be a bias in there.

Q: When you talk about hospitalization event rates, was that the change in rate or the actual
rate?

A: It was the hospitalization rate a year before beginning CGM relative to the hospitalization rate a year after.

THE PERFORMANCE OF PIXOTEST: A NEW NON-METER BLOOD GLUCOSE
MEASUREMENT SYSTEM

Jerry Chieh-Hsiao Chen, MD (China Medical University, Beigang, Taiwan)

Dr. Jerry Chen provided an introduction to a new meter from iXensor - the PixoTest - that aims to minimize
the burden of carrying cumbersome meters. The system consists of a small single-use smartphone
attachment with an integrated lancet device - see a very cool video of the system here. Users prick their
finger using one component of the device, and transfer the blood to a chamber on the device that sits over
the phone's front-facing camera. The accompanying mobile app uses the camera and a "colorimetric
analysis" to determine the concentration of glucose with the aid of a reagent in the device. The chemistry is
still glucose-oxidase-based. Dr. Chen summarized the results of two clinical trials (n=100 and n=118) that
have demonstrated "excellent" accuracy - 97% of results within 15% of capillary YSI. The results were used
to attain a CE Mark in August 2014, though the meter does not seem to be available on the EU market. The
PixoTest does need roughly six times the blood volume (2 µL) of other US meters (~0.3 µL). The all-in-one
form factor looks very encouraging, and Dr. Chen reported that feasibility testing thus far has been positive.
As usual, questions abound for the glucose monitoring startup related to cost and manufacturing strips at
scale.

Questions and Answers

Q: You used YSI as the reference. Why?

A: The regulatory policy asks for fingerstick testing vs. YSI.

Q: I applaud the interest in making meters usable for patients. One issue for lancets is the
varying needs of patients. Does the lancet have any customization in terms of depth of
penetration?

A: The lancet is a bit longer than multi-use lancet device options, but uses the smallest needles. We found that
the reported pain score from users was slightly less than it was for other devices on the market.

Q: Was there ever a failure to get enough blood? How often did that happen?

A: If there's not enough blood, the meter will show an error. It didn't happen very often; less than 10% of the
time for inexperienced users.

Q: Most sensors are chemical, not optical, and use glucose dehydrogenase, not glucose
oxidase. What is the volume being measured?

A: The volume is 2 microliters. It is glucose oxidase. We can also test cholesterol in arteries.

Q: That's 10x more volume than a typical strip requires. That's got to be painful.

A: Although the volume is greater, it's still relatively small. We saw a higher adoption rate since users did not
have to buy a meter.

Comment: I hope you continue work on some of these issues being raised from the audience.
My pediatric patients express extreme frustration that this type of product doesn't exist. They
never lose their phones, but they lose their meters.
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DEXCOM G4 PLATINUM AND MEDTRONIC ENLITE GLUCOSE SENSORS PERFORM
EQUALLY WELL DURING EXERCISE IN PATIENTS WITH TYPE 1 DIABETES

Nadine Taleb, MD (McGill University, Montréal, Canada)

Dr. Nadine Taleb summarized new data showing that the Dexcom G4 Platinum and Medtronic Enlite
continuous glucose monitors perform equally well during exercise in patients with type 1 diabetes (n=12).
The very small study sought to assess the effect of lag on accuracy by comparing sensors both prior and
during times of rapidly changing glucose. Findings indicated that there was no difference in sensor bias or
median absolute relative differences between the two sensors at rest or during exercise - see table 1 below.
Detailed analyses, however, did reveal statistically significant changes in accuracy during exercise
compared to rest within each sensor individually, as median ARD fell from 16.5% to 9.7% for the G4
Platinum and from 14.2% to 10.6% for the Enlite (both p < 0.001). Questioners criticized the use of median
ARD, which obscures outliers - we would agree that the metric is misleading relative to mean ARD. Dr.
Taleb concluded that both sensors had comparable accuracy during times of rapidly changing glucose, but
were less accurate during exercise compared to rest. We're always glad to see head-to-head data, but would
note that two larger and more rigorous studies (Russell, ADA 2013; Kropff, ATTD 2014) gave the accuracy
edge to the G4 Platinum.

▪ The study assessed the accuracy of the Dexcom G4 Platinum and Medtronic Enlite
prior and during exercise in 12 subjects (age 39; A1c 8.0%). Sensors were inserted
simultaneously 24 hours before the study began and were calibrated to the same glucose values
three times a day. Plasma glucose values measured with a YSI analyzer served as a reference.
Measurements were taken every 30 minutes at rest for 150 minutes and every ten minutes during
exercise (60 minutes) and recovery (30 minutes). There were 186 paired points during rest and 245
paired points during exercise.

▪ Findings indicated that there was no difference in sensor bias, median absolute
relative differences, or the percentage meeting the 2013 ISO criteria between the two
sensors at rest or during exercise - see table 1 below.

Table 1: G4 vs. Enlite Accuracy During Exercise and At Rest

Rest (n=186) Exercise (n=245)

Dexcom Enlite Dexcom Enlite

Sensor Bias -1.1 -5.2 -3.6 -5.0

Median ARD 9.7% 10.6% 16.5% 14.2%

% of points
meeting ISO
2013 Criteria

73.6% 76.9% 48.2% 53.9%

% of points
falling in
Clarke Error
Grid Zones A+B

97.2% 100.0% 97.0% 97.9%

▪ Unsurprisingly, each sensor's individual accuracy worsened during exercise. However,
the number of points falling in Zones A and B of the Clarke Error Grid did not change, suggesting
that the inaccuracy comes from points moving from Zone A to Zone B. Dr. Taleb suggested that this
difference is not clinically accurate, though during Q&A, this conclusion came up as a point of
debate. Dr. Barry Ginsburg argued that, "zone B accuracy was acceptable in 1998 - I don't think
that's acceptable now." We would agree that Zone B is a misleading metric and does not reflect the
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true promise of CGM - moving forward, we would prefer to see data separated out between Zones A
+ B.

Questions and Answers

Dr. Howard Wolpert: In practice, because of problems with lag, many patients rely on the rate
of change alert on CGMs. Was there a difference in how quickly the alerts went off? Which one
went off first?

A: We did not look at that.

Dr. Barry Ginsburg: The idea that that number - 95% - is acceptable comes from 1998. Zone B
accuracy was acceptable in 1998. I don't think that's acceptable now. In Zone B, you could be at
a glucose of 71 mg/dl and you're sensor could read 171 mg/dl.

A: I totally agree. It definitely affects long-term control.

Q: Where was the insertion site?

A: We inserted the sensors into the abdomen and the back. We kept the two sensors at a distance from one
another and we always inserted them at the same time.

Q: Do believe you had enough glucose variability outside of the euglycemic range to challenge
the sensors during the study?

A: They had a big range of glucoses especially during exercise.

Q: You have reported median ARD, but that is resistant to outliers. That's like if you have
you're head in the freezer and feet in the oven, then with the median your belt buckle would
feel fine. However, the mean takes outliers into account.

A: The data was not normally distributed. That's why we didn't use mean average relative difference.

Comment: That's actually exactly why you want to use a mean. Those outliers have a clinical
impact.

THE GLYCEMIA FLUCTUATION INDEX (GFI) AND COEFFICIENT OF FLUCTUATION (CF):
NEW INDICES OF GLUCOSE VARIABILITY IN DIABETIC PATIENTS

Jean-Pierre Le Floch, MD (Clinique de Villecresnes, Strasbourg, France)

Dr. Jean-Pierre Le Floch summarized the findings of a recent study that aimed to assess the relative value of
various indices of glycemic variability: standard deviation (SD), coefficient of variation (CV), interquartile
range (IQR), mean amplitude of glycemic excursions (MAGE), mean of absolute glucose change (MAG), and
glycemia fluctuation index (GFI). Dr. Le Floch highlighted that relying solely on A1c is insufficient,
particularly as next-gen technologies come to market that improve time-in-range but do not impact A1c. Dr.
Le Floch seemed particularly excited about GFI, a newer metric that is similar to MAG but places more
weight on consecutive glucose excursions that trend in opposite directions (e.g., a high preceded by a low).
Results bore out his confidence in the metric, suggesting that GFI was, indeed, one of the most useful metrics
of glycemic variability when considered in the context of the ratio of GFI to mean glucose. We continue to
wonder if the diabetes community will agree on a glycemic variability metric -the merits of different
statistical measures have been debated for years, though there does not seem to be consensus on which is
best to use. We applaud research into more complicated metrics, but hope researchers also think about
integrating glycemic variability feedback into clinical practice. Ultimately, the goal is to accurately
characterize variability in a way that is understandable for patients and helps diagnose problem areas.
While time-in-range does not necessarily quantify variability, we believe it is a useful metric for
characterizing glycemic control at a more nuanced level vs. A1c.

Questions and Answers

Q: How might this metric be applied in clinical practice?
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A: This could be used for patients on CGM and even meters. A1c is not sufficient as a metric; we should be
using indices of variability as well.

Q: MAG assumes that larger fluctuations are worse than smaller fluctuations and thus, you do
some squaring. However, how can we be sure large fluctuations are worse than smaller ones?

A: It's not clear, and it is difficult to prove one way or the other. We'll need to wait for clinical data.

Q: Patients feel better with improvements in variability, so I think it's important. Did you
compare GFI with CONGA [continuous overall net glycemic action]?

A: CONGA wasn't used in this study, but it could be used. This study was not really trying to compare indices,
but trying to tease out when and how to use different indices.

Q: Indices like standard deviation are used for measuring overall variability whereas indices
like MAG and GFI look at high frequency variability. You're really looking at high frequency
versus low/medium frequency fluctuations.

A: We think it's important to describe the drivers of quick variability.

Comment: If we're evaluating measures of variability, we need to have utility functions that
take into account when variability is clinically significant. For example, a 50 mg/dl variance at
100 mg/dl is clinically significant whereas a 50 mg/dl difference at 400 mg/dl is not. If a
patient is at 70 mg/dl and going up, that is very different from 70 mg/dl and dropping.

Comment: If you go back 15-20 years, we talked all the time about beta cell oscillations. If you
lost an oscillation, it was highly predictive of developing type 2 diabetes. We were talking
about them as positive, but now variability is considered universally bad. I don't think we fully
understand what is bad and good with variability. A high A1c is bad, but I'm not sure we have
the same evidence for glycemic variability.

Comment: I take issue with that last comment. Glycemic variability impacts quality of life
unequivocally. This is important to measure, because A1c doesn't capture variability at all.

Using Technology for Better Outcomes

MAKING SENSE OF TECHNOLOGY

Kelly Close (The diaTribe Foundation, San Francisco, CA)

"How can we use technology to drive better outcomes?" Our very own Ms. Kelly Close tackled this
compelling question with a twofold answer: (i) rethinking how studies are done; and (ii) changing how we
design and deploy technology. Below, we summarize the major points of her presentation. See Kelly's slides
here.

▪ "A three-month average cannot tell the full story." Kelly stressed that there is a profound
irony in the way outcomes are measured in diabetes. She emphasized that our community relies on a
metric (A1c) that tells us nothing about hypoglycemia. Of even more concern, she pointed out that
when a therapy actually reduces hypoglycemia, A1c goes up. Thus, to understand if technologies are
actually working, she stressed that we need to get beyond our A1c-centric approach to evaluating
therapies.

◦ Kelly noted that the use of 24/7 CGM in trials would help accurately
characterize the benefit of technologies. For context, she reminded the audience
that a patient with low variability and perfect time-in-range can have the same A1c was a
patient with medium (or high) variability with prolonged hypoglycemia and
hyperglycemia. Given the accuracy and convenience of currently available technologies -
particularly Dexcom's G4 Platinum CGM and Abbott's FreeStyle Libre in the EU - we can
get truly meaningful and accurate 24/7 glycemic data that can help the FDA and other
regulatory agencies make more information decisions.
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▪ Kelly also suggested that studies should enroll broader, real-world populations of
patients. She highlighted the paradox of trial inclusion criteria, in which the patients most likely to
benefit from an intervention (e.g., those with severe hypoglycemia, diabetes distress) are often
excluded from the trial. Said Ms. Close, "We are underselling the outcomes and value of available
technologies."

▪ The diabetes community needs to move beyond a drug-based randomized-control
model for testing diabetes devices. Ms. Close pointed out that this model applies a far-too-
simple pharmacological rationale to test the efficacy of a complex treatment: a single treatment is
delivered to subjects and it either works or does not work with respect to a well-defined outcome
(usually A1c). In her view, the problem with devices is that - unlike medications - they are not
uniform interventions administered in an identical manner across all patients and settings. The
utility varies considerably by the clinical question addressed, the recommended frequency and
timing of use, the expertise of patients regarding its use, and the involvement and knowledge of
clinicians in interpreting and responding to SMBG data.

◦ In Kelly's view, trials need to be geared to answer more real-world questions:
What is the optimal patient/provider education? What does it cost to deliver the
intervention? How does it fit into clinical workflow? Can it scale? What type of patient is
this intervention best suited for? These questions tackle larger and more important issues
than just whether presence or absence of a single device changes A1c.

▪ In the second half of Kelly's presentation, she shared her vision for how a
combination of population tracking, positive feedback, optimized training, and
automated software will lead to better outcomes in the very near future:

◦ Population tracking: Kelly suggested that there is huge value to tracking patients at a
population level. Such tracking can help avoid some of the catastrophic events that drive
healthcare costs - such as visits to the emergency room for severe hypoglycemia - but also
reduce the burden on patients who do not need to be seen as often. That sad, Kelly
acknowledged that the conversation around population tracking is particularly nuanced -
after all, providers have limited time and resources to care with patients with diabetes.
Acknowledging the value here is important, but Kelly stressed that automated systems that
help providers sift through big data is what the field still desperately needs.

◦ Positive Feedback - "Let's celebrate who is doing well!" Kelly stressed that so
much of the way diabetes is presented feels defeating - e.g., an out-of-range number
staring you in the face. In thinking about technology design, Kelly emphasized that there is
huge potential to think about the use of more encouraging, educational, and empowering
language. We have summarized some of her examples in the table below:

◦ Optimized training: Kelly acknowledged that there is much complexity to device use to
begin with - from counting carbs to setting insulin sensitivity factors to uncontrollable
variables (e.g., is the pump cannula blocked?) - that we practically set patients and
providers up to fail in a lot of ways. In this sense, she stressed that there is so much more
the community can do to better train patients and providers to set them up for success.
One particular avenue to explore is looking at "bright spots" - deeply understanding expert
users to inform best use and education practices.

◦ Help with insulin dosing: While collecting data is valuable, Kelly suggested that
translating that data into actionable decision-making is what the field still needs. After all,
patients with diabetes are asked every day to self-administer a potentially deadly drug that
is affected by a huge number of variables - thus, the challenge is providing patients with
automated insulin-dosing algorithms that can reduce this burden and uncertainty.

Questions and Answers

Q: Is there a big role for patient advocacy in driving outcomes?
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A: Earlier this year, patients were invited to a manufacturer to talk about their preclinical work. We were
asked a lot of questions and were able to bring a lot of perspective. I think that's one really positive way
patient voices can be incorporated into the process. As clinicians and educators, I also think you all need to
lobby for better reimbursement. You guys need to own that you deserve better resources for working with us.
This is having an impact on younger doctors too; they are coming out of school and have to pay off their debt.
I don't know who's going to want to be an endocrinologist. Better reimbursement would really help though.

Q: Do you have any advice for providers trying to help patients decide which pump to use,
aside from obviously individualizing the device?

A: I would advocate using social media to listen to what other people are saying and doing. Also, take time to
look at the pumps. It should not be an incredibly fast decision necessarily. (A point added afterward by Ms.
Close - Sometimes formularies will choose a pump for a patient!)

Q: My impression is that diabetes is more of a psychological disease than it is a medical
disease. One of the biggest problems is getting better reimbursement for mental care. What do
you think about that?

A: Mental health is so incredibly underfunded in our country - we should be paying far more attention to this.
You're standing up and saying this, and you're probably not even thinking about the amount of time you
spend working on this. I have a child who has special needs and we recently took him to a dentist for children
with significant special needs. The dentist sat him down and then looked at us and said, "Tell me your story." I
was shocked. I nearly wanted to say, "You don't have the time! You're not getting reimbursed for this!" But it
was so nice. That's just an example. Things are backwards in society if we can't reimburse HCPs to spend
more time on behavioral needs and just asking patients how they are. Mental health is underfunded and this
absolutely must be changed.

Posters

CMS COMPETITIVE BIDDING PROGRAM DISRUPTED ACCESS TO DIABETES SUPPLIES
WITH RESULTANT INCREASED MORTALITY

G Puckrein, F Zangeneh, G Nunlee-Bland, L Xu, C Parkin, J Davidson

This late-breaking poster found an increase in mortality associated with CMS' competitive bidding program
due to reduced access to SMBG diabetes testing supplies. The study investigated CMS data from 2009-2012,
looking at testing supply access and mortality in all Medicare beneficiaries with an insulin prescription
within the nine test markets (n=43,939) and all non-test markets (n=485,688). Findings demonstrated that
the acquisition of SMBG supplies was disrupted in the test site populations - specifically, the percentage of
test vs. non-test beneficiaries with no SMBG record increased (17% vs. 1%). Further analyses also showed
that patients in test sites had more than twice as many inpatient admissions (982 admissions vs. 460) and
more than double the associated costs ($10.7 million vs. $4.7 million) compared to the non-test site
population, which translated into almost twice as many deaths (102 deaths vs. 60). As a reminder, these
results differ greatly from CMS' April 2012 report on adverse outcomes associated with competitive bidding,
which suggested that there was no disruption of access to supplies and no negative healthcare consequences
associated with the program. Ultimately, the results raise red flags for what is already a heavily scrutinized
program. With another round of competitive bidding underway, we believe the findings underscore the
need for more careful monitoring of the program moving forward.

INCIDENCE OF HYPOGLYCEMIA OVERTREATMENT IN THE SHARE REAL LIFE USE
POPULATION

K Narakmura, T Walker, J Leach, L Bohnett, J Valdes, Andrew B

A late-breaking poster from Dexcom has demonstrated that the real-world incidence of hypoglycemia
(glucose < 70mg/dl) is frequent and that consequent overtreatment (glucose > 180 mg/dl) is not at all
uncommon. The retrospective study analyzed 50,000 hypoglycemic events identified in 1,177 users of the
company's SHARE platform and found a striking hypoglycemia rate of 0.96 event/day/patient. Of more
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concern, the proportion of hypoglycemic events followed by rebound hyperglycemia was 18% within 60
minutes and 26% within 90 minutes. Talk about glycemic variability! It certainly made us look forward to
the results of FLAT-SUGAR (see above!) to know that at least one-fourth of hypoglycemic events in this real-
world population were followed by hyperglycemia. Notably, rebound hyperglycemia occurred more
frequently during the day than the night (p < 0.001), which may be partially related to meals. Ultimately,
the findings are a strong reminder of the value of cloud-based data platforms in facilitating population
tracking and broader learnings about real-world diabetes management.

The Performance of an Orthogonally Redundant Glucose Sensor Compared with a Simply
Redundant Electrochemical Glucose Sensor in Adults with Type 1 Diabetes

S McAuley, TT Dang, JC Horsburgh, A Bansal, GM Ward, AJ Jenkins, RJ MAcisaac, RV Shah,
DN O'Neal

The latest human data from Medtronic's orthogonally redundant sensor (electrochemical + optical)
demonstrated very little marginal benefit relative to electrochemical alone (n=21). The seven-day study
compared the redundant sensor to a single electrochemical sensor ("Enlite" - it didn't specify the generation)
and involved both in-clinic (vs. YSI) and home portions (vs. SMBG). For the full seven-day period, accuracy
improved very marginally with the redundant sensor (from 11.6% to 10.3%). The biggest advantage of
redundancy came in the first 48 hours after insertion - mean average relative difference (MARD) fell from
16.8% with the single electrochemical sensor to 10.8% with the orthogonally redundant sensor configuration
on Day 1 and from 13.7% to 10.2% on Day 2. The accuracy was also generated on four fingerstick
calibrations per day, and the sensors were "post-processed prospectively." On a slight positive note, there
was a trend toward increase durability with mean redundant sensor lifetime increasing from 5.4 to 6.5
days and mean display time increasing from 74% to 87%. We have followed this project for some time, and
have never been impressed with the marginal accuracy/reliability benefit of the optical + electrochemical
redundancy, especially when cost and form factor are bundled in. Future work will return to animal models
and focus on the continued development of the optical sensor. As a reminder, we saw the first human data
from Medtronic's orthogonally redundant sensor at ATTD 2015.

▪ This seven-day study included 12 women and nine men with type 1 diabetes (baseline
A1c = 7.3%). Patients had three study visits over the course of the week - insertion occurred on day
one, an in-clinic meal test (vs. YSI) happened on day four, and sensors were removed on day eight.
Patients were asked to perform four or more SMBGs per day. The redundant electrochemical/optical
sensors were inserted together at a single site and a recorder was worn on top of the sensor, which
appeared about the size of a second-gen Insulet OmniPod. Notably, the redundant sensor was
inserted at a 45° angle and the electrochemical sensor was inserted at a 90° degree angle.

▪ Redundant sensor accuracy showed a significant insertion benefit immediately
following sensor insertion though this benefit waned over the course of the week - see
table 1 below. The early results are solid, though the system is still a work in progress.

Table 1: Performance of redundant sensor vs. electrochemical sensor

Orthogonally
redundant sensor
(n=1,314)

Electrochemical
sensor (n=944)

P value

Overall MARD (seven
days)

10.4% 11.0% 0.26

MARD vs. YSI 1-3
hours post-insertion

9.9% 16.8% < 0.001

Day 1 MARD 10.8% 16.3% < 0.001
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Day 2 MARD 10.2% 13.7% < 0.01

Day 4 MARD vs. YSI 8.0% 8.2% 0.68

Day 6 MARD 10.6% 10.3% 0.87

Hypoglycemia MARD
(40-80 mg/dl)

10.4% 10.3% 0.91

▪ Orthogonal sensor durability tended to show improvement over the electrochemical
sensor - mean sensor lifetime increased from 5.4 to 6.5 days and mean sensor display time
increased 74% to 87%. However, we wonder whether the different may relate to the difference
angles of insertion or, as the researchers note, to the potential of the optical filament to act as a
physical support for the electrochemical filament and enhance its performance.

EXTENDED WEAR OF A NEXT GENERATION OF CGM SENSOR

L Bohnett, K Nakamura, L Jepson, J Leach

A Dexcom poster provided our first look at human durability data from the company's Gen 6 sensor,
suggesting that extended wear is indeed feasible over 10 days. The two-week trial enrolled 84 patients (79
with type 1 diabetes; 7 with type 2 diabetes) and compared CGM responses to SMBG measurements in real-
time. The early findings are positive, though the sensor survival to day 10 was 79% in the patient population
that completed the study - this is lower than we would have expected based on our experience wearing the
G4 Platinum. Only one subject presented with a device-related adverse event (mild erythema and local
infection), suggesting that the extended wear is feasible from a safety perspective, too. Of course, the key
will be accuracy data, and this poster did not share any. As a reminder, we saw accuracy data on Gen 6 at
JPM 2015 - a MARD of 12% over 10 days. Dexcom expects to conduct a pre-pivotal trial of Gen 6 this
summer, with plans for a 1H17 commercial launch.

EXAMINING THE ROLE OF CONTINUOUS GLUCOSE MONITORING (CGM) IN NONINSULIN
TREATED TYPE 2 DIABETES

L Young, M Duclos, A Marquis, Y Teng, S Davis, B Bode, J Buse

This two-center pilot study examined the effect of periodic masked continuous glucose monitoring in
patients with non-insulin treated (NIT) type 2 diabetes. The study randomized 35 NIT patients in sub-
optimal control (A1c 7.5-9.0%) to either SMBG 1-3 times/day or blinded CGM for six months. Results were
somewhat disappointing, indicating no significant difference between the arms - those on CGM exhibited a
0.8% reduction in A1c from a 7.7% baseline vs. a 0.7% reduction for those on SMBG from an 8.2% baseline.
We wonder how much of this was attributable to the study itself: blinded CGM benefits providers with more
comprehensive data, though we imagine the marginal benefit of that data vs. SMBG was fairly minimal in
the non-insulin-treated population. We continue to hope for further assessment of CGM in type 2 patients,
though we imagine the big clinical impact in non-insulin users will come from real-time CGM. Harkening
back to Dr. Bob Vigersky's trial of CGM in non-insulin-using type 2s, episodic short term use of real-time
CGM did drive a significant and lasting A1c benefit.

▪ The study randomized 35 NIT type 2 patients in sub-optimal control (A1c 7.5-9.0%) to
either SMBG 1-3 times/day or CGM for six months. Patients met with study staff at six-week
intervals to review SMBG or CGM results from the prior six days. Therapy changes were based upon
standardized treatment algorithms.

▪ Within each group, glycemic control improved, though differences between the
groups were not statistically significant. In the CGM group, A1c improved from 7.7% at
baseline to 6.9% at 90 days; this decline was maintained at 180 days. The SMBG group saw a
reduction in A1c from 8.2% to 7.2% at 90 days, though there was a bit of a rebound at 180 days (A1c:
7.5%). None of these differences were statistically significant.
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Company Updates

GLOOKO PARTNERS WITH INSULET, DEXCOM, AND MEDTRONIC

▪ Glooko announced pump and CGM integration partnerships with Dexcom and Insulet.
The next generation Glooko platform (iPhone/Android apps and a web dashboard) will roll out this
summer (super fast!) and include access to both Dexcom CGM and Insulet OmniPod pump data.
The news was not a major surprise, as the March news of Glooko's $16.5 million in funding first
announced CGM/pump integration plans (as a reminder, Medtronic was a first-time investor in the
Series B round). Still, it is great from a patient and clinician perspective, since downloading
continues to be a hassle for many. Our detailed report has some screenshots of the new dashboards,
which look excellent. Patients will be able to download OmniPod and Dexcom data to Glooko via a
micro-to-micro USB OTG cable on Android devices, and providers will be able to download in the
clinic using a Glooko kiosk; Dexcom Share receiver users will also be able to send their data straight
to Glooko's platform seamlessly via Apple's HealthKit.

▪ As expected following its investment in March, Medtronic and Glooko also announced
a data partnership during ADA. The move is a notable one, as Medtronic data has historically
sat in its proprietary CareLink system. There is no timing on when Medtronic data will be able to
download to Glooko. We're glad to see Medtronic opening up to sharing its data, something
naysayers in the past didn't think was possible. For Medtronic, this news continues a slew of new
partnerships in the new Service and Solutions business (led by powerhouse Annette Bruls),
including the acquisition of Diabeter (April) and a partnership with IBM's Watson Health (April).

▪ These announcements add to Glooko's impressive device compatibility with 30+ BGMs,
popular activity trackers, and blood pressure and weight measurement devices.

MEDTRONIC ANNOUNCES MINIMED CONNECT FOR REMOTE MONITORING PUMP/CGM
DATA

Medtronic announced FDA Clearance of MiniMed Connect, a keychain device that sends pump/CGM data
via Bluetooth to a smartphone app and enables remote monitoring for caregivers - see a picture here.
Launch is slated for this fall for MiniMed 530G and Revel users; it will be $199 (cash pay), and interested
users can sign up to be notified at www.medtronicdiabetes.com/minimed-connect (strong marketing out of
the gate: "Pump and CGM data on your mobile device?"). Initially, the MiniMed Connect paired smartphone
app will only be available on Apple's iOS, though Medtronic announced a separate partnership with
Samsung (see below) to build out an Android version and apps optimized for Samsung devices. MiniMed
Connect allows caregivers to remotely monitor patients on any product with an internet connection via a
web display, a nice device-agnostic approach (similar to the Nightscout setup). Caregivers can also receive
text messages for uncleared pump alarms or when sensor glucose levels are too high or too low - we
imagine parents will absolutely love this.

▪ The MiniMed Connect form factor looked excellent in the Exhibit Hall - the tiny device is
about the size of a car key fob, rechargeable via USB, and will receive the data from the pump via RF
and send it to the nearby phone via Bluetooth.

▪ Data will also go to CareLink automatically (CGM data every five minutes, pump data daily),
saving HCPs downloading hassle.

▪ While Medtronic has recently lagged behind Dexcom on the connectivity front, this
gives the company a more competitive offering to Dexcom's Share Receiver and
associated Share system. [However, Dexcom will again move ahead of Medtronic by the end of
year, if Gen 5 is approved as expected. Medtronic's similar Guardian Mobile system is still in a
pivotal trial, expected to wrap up in July.]
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Digital Health

DiabetesMine D-Data Exchange

DIABETES & THE INTERNET OF THINGS...SENSORS, WEARABLES, SHAREABLE DATA:
WHERE IS IT ALL GOING?

Sonny Vu (Founder, Misfit, San Francisco, CA)

Mr. Sonny Vu gave the opening keynote, sharing fantastic insights from AgaMatrix and Misfit on product
design and digital health. We learned loads from this talk, especially the "Turnaround test" (is something so
useful and compelling that you would run home to get it if you forgot it?"); wearables 1.0 vs. 2.0 (we are
moving into the latter); what the ideal product design looks like ("combines Harvard Medical School and
Playskool" - clinically useful and an amazing, delightful user interface); and where wearables/digital health
need to go (passive data acquisition; insights and timely feedback; clinical effectiveness; reimbursable). On
the latter, Mr. Vu concluded that feedback is the hardest, but also the area with the most potential to change
behavior. [We especially hope to see much better feedback in diabetes, since current devices don't share
encouragement or positivity - e.g., 258 mg/dl vs. "Great job! You're on a 10-day streak of testing before
lunch!"]

▪ Mr. Vu highlighted the key decades that have revolutionized computing, noting that
we're now in the "Internet of Things" era: 1980s (PC), 1990s (Internet), 2000s (mobile/
social), and 2010s (internet of things). The latter encompasses wearable devices, smart home
devices, etc.

▪ Back when AgaMatrix was developing the iBGStar, the company applied the
"Turnaround Test" to the design process: "If you're halfway to work and realize you forgot
____ at home, would you turn around to go get it?" The answer is "yes" for indispensable things like
keys, wallet, and cell phone. Passing this test is much harder, however, for things like a glucose
meter. AgaMatrix came up with the idea to physically attach the meter directly to the phone, thereby
passing the turnaround test. Brilliant! It was fascinating to learn that the company thought about a
Bluetooth version of the meter, but deliberately chose not to. "We had to attach the meter to the
thing people actually value." [Of course, once Apple changed the iPhone plug-in to the lightning
adaptor, the iBGStar needed a clunky adaptor that really killed the form factor.]

◦ "Most wearables right now don't pass the turnaround test." For instance, if you
forget your activity tracker at home, it's unlikely you're going to go back and get it. Mr. Vu
Proposed two hacks:

◦ Hack #1: Make the device so you don't have to turn around. For
instance, an activity tracker that doesn't require charging, is easy to use, and you
wear all the time (e.g., Misfit's Shine) - that way, you don't forget it in the first
place.

◦ Hack #2: Be everywhere in life. For instance, build the sensors into the
phone or home, have glucose meters spread throughout your life.

◦ We love the idea of the turnaround test as a metric for diabetes products - "Is
something so useful and so compelling that it becomes indispensable to be without it?" We
believe CGM may be at this point for some current 24/7 users, though it is clearly not there
for those not on CGM.

▪ Wearables are currently in transition from Gen 1.0 to Gen 2.0. Gen 1.0 wearables have
been plastic, bulky, not that attractive, and focused on measuring things (activity, sleep heart rate).
Gen 2 wearables have better materials (metal, leather, ceramic), require less/no charging, and are
designed to be worn for months and life-focused. These next-gen products will bring broader use
cases like safety, identification, and controls (emergency monitoring, lock, login, payment, gestures,
controlling house functions like lights and air conditioning).
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▪ Why is the internet of things space interesting? Sensors can provide unprecedented
data and insights. Great wearable products will give better data continuity, volume, and diversity.
That translates into better algorithms and valuable insights.

▪ What moves us to change behavior? Rewards, connection (with other people), sex, thrill, and
play. This framework reminded us of why it's so incredibly hard to change behavior in diabetes/
obesity - often, approaches hit none of the above.

▪ Why do people wear things? - aesthetics, fashion "(it makes me look good); comfort/protection
("it makes me feel safe"); brand/tribe association ("it makes me feel cool, like I belong"). Wearing
something to simply gather more data is often a secondary purpose.

▪ Where do digital health and wearables need to go?

◦ Passive data acquisition: "Nothing you have to remember to carry around or do."
Wearables and other ambient sensing solutions will need to provide insights, not j

◦ Insights and timely feedback. Instead of just charts and graphs, tell people stuff they
need to know. Mr. Vu characterized feedback as the most difficult and the most important.

◦ Clinical effectiveness demonstrated in trials and some acceptance by HCPs.

◦ Reimbursable: a reasonable pathway.

◦ Finite: When can I delete your app?

▪ "It's not the customer's job to know what they want. That's the difficult work we have
to do...It's about anthropology, it's not about focus groups." Mr. Vu shared learnings from
AgaMatrix, where the team interviewed hundreds of people with diabetes. "We hardly learned
anything. People just told us what we wanted to hear. We got sick of asking people what they
wanted. 'How would you design your glucose meter?' People would answer, 'Less blood, make it
faster. Make it a better experience.'"

◦ What proved most useful was sending people home with disposable cameras
to take pictures of their real experience with diabetes. This resulted in tons of
ideas on improving BGM case design (simply making a larger zipper), better lancing
designs, better strip vial designs, etc. Mr. Vu called these areas "unbelievably untapped," in
part because they are "unbelievably unprofitable to tap." He longed for some company to
simply bite the bullet and just innovate in these important areas.

Questions and Answers

Dr. Aaron Kowalski (JDRF, New York, NY): Today, what are you doing to tease out what
customers want?

A: For activity trackers, we read Amazon.com reviews. There were 5,000 reviews for Fitbit and Jawbone. We
came up with the top five gripes and just said, "We're going to solve them." Waterproof, super durable, doesn't
make you look like a dork, and is comfortable. It worked.

Symposium: Novel Technologies for Behavior Change

PATIENT PERCEPTIONS OF TECHNOLOGIES FOR BEHAVIOR CHANGE

Sean Oser, MD (Pennsylvania State University, Hershey, PA)

Dr. Sean Oser gave a compelling lecture on behavior change, using example cases to describe where we
have been and where we are going when it comes to using diabetes technology for motivation. Dr. Oser
opened by highlighting the potential for smartphone technology to lead the way, noting that about one in
five people have no other means of Internet access. Indeed, he suggested that patients are increasingly using
smartphones to search for information about health conditions and that improving the accessibility to
information via mobile devices could serve as a driver of change. Dr. Oser was also high on the potential of
CGM as a motivational tool, noting that the promise of immediate feedback is a stronger driver of change
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than the distant threats that are typically used (e.g., fear of complications). He emphasized that users of
both technologies, especially school-aged children, crave "normalcy" and that invisible technologies (e.g.,
smartphone apps, CGM data available on a smartphone) are generally more effective at motivating
behavior change than conspicuous devices. That said, Dr. Oser acknowledged that the information gleaned
from technologies must be meaningful in order to be adopted. As an example, he compared the difference
between A1c and estimated average glucose to the difference between steps and calories gathered from
fitness trackers - tracking the number of steps one takes in a day is often less meaningful to users than the
number of calories burned by taking those steps. With this in mind, Dr. Oser predicted that the field will
continue to move toward smartphone technologies and discrete wearables to encourage behavior change in
diabetes in the future.

Questions and Answers

Q: What do you see as the major challenges behind using these upcoming smartwatch
technologies?

A: One of the biggest challenges is cost. The watches are expensive. Some watches, like the Pebble Watch,
have become less expensive, but they are not cheap. Overall though, I'd say the barriers are coming down.
With Nightscout, for example, the setup was very complex and only the very motivated patients and parents
used it. As it became more commercial [through Dexcom Share], it became better, much easier to set up and
more usable.

Q: Do we have evidence that these devices increase engagement?

A: This is the type of data that industry would like especially. We would like it in the clinical world as well, but
I'm not aware of data that exists.

GAMIFICATION AND USING HEALTH INFORMATION TECHNOLOGY TO ENGAGE
PATIENTS IN THEIR CARE

Peter Adolfsson, MD (University of Gothenburg, Sweden)

Dr. Peter Adolfsson presented on the potential health benefits of "gamification," emphasizing that humans
tend to learn most effectively through interactivity. Dr. Adolfsson substantiated this claim by incorporating
games into his presentation, entertaining the audience by "playing" some of the tools found online that
encourage interactive learning about diabetes. The titles he showcased included: (i) Equalize, which teaches
about the effects of insulin, carbohydrates, and physical activity on blood glucose levels; and (ii)
Dependency, which features similar education on more adult themes, such as alcohol, driving and
ketoacidosis. Dr. Adolfsson also reviewed a host of literature on gamification, concluding that mobile apps
are often lacking in quality assurance and scientific evaluation - he noted that fewer than 10 out of 30,000
mobile applications are actually validated. When thinking about successful game design, Dr. Adolfsson
stressed the importance of incorporating providers in the development process, noting that their perspective
is critical to adapting the technology to the end users: patients! In conclusion, he reminded the audience that
mobile phone interventions have been shown to have positive effects in terms of both A1c and self-care - he
argued that though there is less evidence for gamification, he believes these platforms will provide similar
health benefits. For now, we appreciated his effort to bring more attention to this area, though continue to
believe that clinical evidence is needed to substantiate these claims. We know of at least two companies
working on gamification - mySugr (diabetes logging app) and Mango Health (medication adherence, not
specific to diabetes).

Questions and Answers

Q: How do you address problems like resistance from patients, who often claim they don't
have time to download their CGM data and analyze it because there is always something else
going on?

A: This is diabetes for me. It is coaching. What I do, more or less, is that I look at what is interesting for that
individual. If it is playing football, I talk about football and the importance of having good glycemic index for
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the sport. It isn't about the values on the meter; it is about real life. We have to think about the barriers. It is a
struggle but you have to keep on. Sometimes I feel like a person with a lot of keys. I'm trying all of them, but
when I have the right key and hit the right angle, it is such a moment. It is hard work.

[Editor's Note: We would wholeheartedly argue with the genesis of this question, which assumes patients
should download their CGMs and just aren't motivated to do it. From our view, (i) CGM downloads are still
too hard for most to interpret, requiring high effort and deep knowledge of diabetes physiology to tease out
patterns and actionable changes; (ii) patients get more benefit from using the CGM in real-time, somewhat
attenuating the need for retrospective downloading; (iii) patients with diabetes already spend a lot of time on
diabetes, and data downloading is not mission critical; (iv) data downloading is zero fun and often makes
patients feel very negative/apprehensive. We imagine a world where all the data goes to the cloud
automatically, is analyzed by smart algorithms, and gives patients timely feedback in positive, empowering
terms they can understand.]

SOCIAL MEDIA - THE LATEST AND GREATEST TECHNOLOGY FOR PROMOTING DIABETES
HEALTH

Joyce Lee, MD, MPH (University of Michigan, Ann Arbor, MI)

Dr. Joyce Lee gave an excellent summary of the value of social media in diabetes, reiterating many of the
gems from her DTM 2014 talk Though engaging in the online community has risks, Dr. Lee emphasized the
opportunities for patients and healthcare providers to participate and learn from social media - from
learning about design issues/flaws in diabetes technology to advocating as a community for individuals
with diabetes to witnessing the incredible creativity and hacking capabilities of fellow patients. On the
latter, she cited the Nightscout/"CGM in the Cloud" Facebook group as a prime example of the power of the
diabetes online community to use technology to drive progress and provide patient-oriented solutions. Dr.
Lee also took time to acknowledge the widely held misconception - in her view - that social media is a tool
reserved for adolescent populations. Though there is impressive penetration in those < 18 years of age - 71%
use Facebook; 52% use Instagram; 41% use Snapchat, 33% use Twitter - she stressed that social media has a
wide range of target users. We always appreciate hearing from Dr. Lee, who is a great advocate for
patients with diabetes.

▪ Dr. Lee acknowledged that there is still skepticism about the value of social media. She
cited a recent survey of adolescent patients with diabetes, who when asked about the value of social
media, largely responded that, "This is not real research." Dr. Lee suggested that underappreciated
stigma that surrounds social media must be addressed before patients and providers will use these
tools.

▪ Dr. Lee argued that the visual interactivity of social media can be more effective in
reaching patients relative to other forms of instruction (e.g., oral, written). She drew an
analogy to smoking cessation efforts, where visual depictions of lung cancer were successfully
utilized to convey the consequences of smoking. She suggested that a similar strategy might be
powerful in diabetes to convey the consequences of poor glycemic control or pervasiveness of
diabetes stigma.

▪ Dr. Lee shared multiple reasons why social media is useful in diabetes:

◦ Keep abreast of real-time diabetes technology issues.

◦ To troubleshoot technology issues.

◦ To learn how diabetes tech works in the real world.

◦ To learn about design issues/flaws in diabetes technology.

◦ To learn about a patient designed future of mobile technology (e.g., Doug Kantor's
Databetes).

◦ To witness the incredible creativity and hacking capabilities (e.g., Nightscout project/
#WeAreNotWaiting/CGM in the Cloud; Dana Lewis' DIY Artificial Pancreas).
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◦ To advocate as a community for individuals with diabetes (e.g., Strip Safely).

◦ To connect our patients and families with online communities.

◦ To engage in live customer support ("we can better use this in healthcare.")

◦ To facilitate population tracking and rare disease research

Questions and Answers

Comment: There's a good example of patient engagement in the UK, where the diabetes
community has self-organized around @OurDiabetes for weekly Twitter chats.

CLINICIAN-DERIVED MOBILE TECHNOLOGIES/SYSTEMS FOR THEIR PATIENTS

Monica Peek, MD (University of Chicago, Chicago, IL)

Dr. Monica Peek presented the results of an interactive text message study intervention for patients with
type 2 diabetes. The text message program (n=18) was a involved daily medication reminder, daily or semi-
weekly questions about medication adherence, a weekly question about foot care, and appointment
reminders for clinic visits. Findings suggested that there were high rates of use and patient satisfaction - the
average self-efficacy scores prior to the intervention was 14.0, which rose to 18.8 during the study and was
maintained at 17.8 post-intervention. In terms of glycemic control, A1c for patients in the program dropped
from 7.9% to 7.2%, reductions that were maintained at three- and six-month follow-ups. Dr. Peek also noted
that there were average net saving per patient to the healthcare system of ~$437 (~$30,000 saved by the
program over 6 months!). Overall, we were impressed by the findings, though the outstanding questions
remain scaling the program and whether the results would translate to all patients (not just those "super-
motivated"). There is also a question of integrating such mobile programs into clinics, as Dr. Peek noted that
the ultimate goal is to have patients' self-care data accessible for physicians to increase the efficiency of
appointments.

▪ Dr. Peek noted that providers see patients no more than two hours a year whereas
patients spend ~5,000 hours in their homes and communities engaging in self-care.
She emphasized that successful diabetes management is contingent on what patients can do for
themselves at home and in the community. She stressed that patients need to feel fully empowered
to manage diabetes and that providers need to be able to check in and evaluate progress.

▪ This pilot program (n=18) sought to assess the efficacy of a new, interactive text-
messaging program targeted to African-American patients with type 2 diabetes. The
intervention involved a daily medication reminder, daily or semi-weekly questions about medication
adherence, a weekly question about foot care, and appointment reminders for visits related to
diabetes care. It also included weekly calls for four weeks by certified diabetes educators to follow up
on intervention adherence. These messages were delivered through text messages rather than a
smartphone app, to address the known digital divide and lack of smartphone adoption in the
population. Patients were able to pick the time, frequency, and content of messaging when they
signed up.

▪ In a series of focus group and semi-structured interviews completed after the study,
patients described becoming more aware of their diabetes and more in control of their
illness. The messages reinforced the patients' success in taking care of their diabetes, either explicit
feedback from a message ("great job") or indirectly through evidence that the text messages were
improving their health. Patients acknowledged an increased awareness of their personal risk of
complications and of the relationship between self-care activities and diabetes outcomes. Dr. Peek
noted that an unanticipated outcome was an increase in feelings of caring and support despite the
lack of human interaction - indeed, some patients even described the automated text messaging as a
friend or social group.

Questions and Answers
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Q: One challenge is how to scale this program and make it sustainable. Any future plans for
improvements?

A: An issue has been scale. We found that our second-generation system has been fairly efficient for hospital
staff, thanks to more automated technology. The trick has been that we have a closed system and know all of
the endocrinologists and providers we are working with. If we did not have a closed system, this would be
more challenging. We have also had conversations with Medicaid about enrolling more people and expanding
in scope to other disease processes.

Q: This is what patients want. The patients I work with have been asking for text support. It
will be interesting to see if this texting can be made secure and confidential.

A: That was huge for us. We did not want to scare providers by having them deal with thousands of texts. We
ensured everything was confidential and used secured servers. One other aspect of confidentiality was that
messages needed to be worded in such a way that they would not be embarrassing if someone other than the
patient saw the text message on the patient's phone.

Symposium: The Future Is Now - Leveraging Information Technology to Improve Diabetes
Outcomes

DESIGN OF EFFECTVE DIABETES CLINICAL DECISION SUPPORT SYSTEMS FOR PATIENTS
AND PRIMARY CARE PROVIDERS

Patrick O'Connor, MD (Health Partners Institute for Education and Research, Bloomington,
MN)

Dr. Patrick O' Connor outlined important characteristics of clinical decision support systems for patients
and primary care providers using the Cardiovascular Wizard (CVW) as a case study. The CVW turns health
data into clinical recommendations based on pre-programmed clinical rules that are displayed for both the
provider and patient using interfaces designed to improve efficiency. Dr. O'Conner stressed that the CVW is
a powerful care-coordination tool that updates patients' personalized care plans at every visit and can be
used by all care team members. Looking ahead, Dr. O' Connor noted that the current challenge is to figure
out ways to remotely and securely access patients' mobile health data. We appreciate the idea of looking to
other therapeutic areas and wonder how learnings from CVW could be leveraged in diabetes.

▪ Dr. O' Connor stressed that ideal clinical-decision support systems do not negatively
impact office workflow - anecdotally, we often hear providers complain that such systems add
more burden than benefit. In the ideal scenario, Dr. O'Conner stressed that only nurses would have
to input relevant information into the electronic record system and would easily be able to send that
information to a web service. In a matter of minutes, standardized algorithms could be applied and
the information sent back to the clinic for the physician and patients to review. Since nurses carry
the responsibility of inputting the information, Dr. O'Conner suggested that doctors can presumably
continue working without significant delays. Ultimately, we imagine connected devices and sensors
will enable this data to go straight to the cloud, eliminating the need for most manual entry.

▪ Dr. O'Conner emphasized that the patient and physician interfaces are very different.
While both interfaces convey critical information, the displays are tailored to the population
receiving the data. For physicians, the information is presented as a series of numbers, whereas
patients receive the same information as easily understandable graphics.

Questions and Answers

Q: Do you ever notice providers bypassing prompts since they can become white noise over
time? How can we avoid that and make sure that does not happen?

A: One of the ways to avoid that is to not deal with providers at all. The nurses do the majority of information
input and then present the results to physicians. The nurses are instructed that the right time to use this
program is about 80% of the time. It does depend on the context in which the patient is seeing the physician.
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We also provide a feedback tab allowing physicians to tell us how like the decision-support system . I think
that really helps too.

Q: From a payer and provider point of view, does implementing your system save money?

A: Yes. We did an analysis that is published to show that the cost per QUALY gained is hundreds of dollars
rather than thousands. However, that was at a small-scale demo. The fact that this is so scalable would
probably mean that you would save more.

Q: Could your system be used as a benchmark?

A: You know, I suppose it could. The patient populations are different though. The populations we are
working with are in Minnesota and North Dakota. Like I said, everyone in Minnesota is above average. So I
don't know that you can set a benchmark against that population.

Q: There are issues with development. If you have the perfect diabetes app, how do you
recommend integrating that information?

A: We are working on that. In our test cases, we have blood pressure monitors and glucose monitors and that
information goes to the cloud. Now we need to figure out how we can get that information to go from the
cloud into the web service. That will ensure that the patient information is thorough. The point is that
information from remote glucose monitors and blood pressure monitors should be able to be integrated. That
is where we need to go next.

SOCIAL MEDIA

Amy Tenderich, MA (DiabetesMine, San Francisco, CA)

Ms. Amy Tenderich provided an impressively comprehensive overview of the various types of social media
used by the diabetes online community. Drawing on her ten years of experience in the field, Ms. Tenderich
noted how perceptions of social media have changed in the past decade - she recalled that she was asked
what a blog was at her first ADA (!) vs. a world now in which social media is ubiquitous. Aside from
Facebook and Twitter, Ms. Tenderich stressed that valuable social media also includes personal blogs,
online forums, and support communities. All of these forums, in her opinion, help patients share the burden
of the disease with others and can provide an avenue for owning the disease more fully, especially
discussing topics that are taboo with providers. Ms. Tenderich highlighted the work of San Francisco-based
diabetes market research company, dQ&A, in connecting patients directly to the FDA last November.
Ultimately, she stressed that even though the jury is still out on the value of social media in people with
diabetes, simply giving patients pharmacotherapy and "a set of instruction is not enough." Patients, in her
view, need a community to connect with - amen!

Questions and Answers

Q: What is the benefit of providers connecting on social media? What about the fear of
regulation?

A: Pharmaceutical companies found that getting involved in social media was originally difficult because of
issues with regulation. However, doctors should definitely look around. If you are a pediatric endocrinologist
and you know your patients are active on Facebook or Twitter, ask them what sites or accounts they follow
and take a look to find out the real issues that they are talking about. I would encourage you to go there
yourself and see what patients are talking about, what they are advocating for. You can search by the specific
type of diabetes, the location, the gender, and find things you'd never heard about in the clinic.

Q: How can we use social medial to promote medical practice?

A: If you are talking about building a practice, it takes different tools. You could use LinkedIn. This would
have to be a longer discussion, but I'm glad you are thinking this way.
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Symposium: Using Technology for Better Outcomes (Supported by the Leona M. and Harry B.
Helmsley Charitable Trust)

USING TECHNOLOGY FOR PATIENT ENGAGEMENT AND EDUCATION

Chandra Osborn, PhD, MPH (Vanderbilt University School of Medicine, Nashville, TN)

Dr. Chandra Osborn delivered one of the more candid talks we have heard addressing the challenges of
doing technology-based intervention research, her solutions, and a call for greater transparency among
researchers in this area. Throughout Dr. Osborn's process of developing "Diabetes MAP" - a website
intervention to improve glycemic control and medication adherence for adults with type 2 diabetes - she has
encountered many roadblocks, including the slow pace of academic research, the need for creative and
comprehensive development teams, and the need for institutional change. Her main solutions to combat
these difficulties included using quick iterations that integrate patient consumer feedback and integrating
her team's coordination, development, and design talents with her knowledge of what will have the greatest
clinical impact. Additionally, she called for institutional changes in academia, such as more readily hiring
developers, technical project managers, and graphic designers at a pay-grade more comparable to what
they would be paid elsewhere. She concluded by urging other researchers to discuss, publish, and talk about
their personal roadblocks and the tools they have used to further the discussion on improving the pace and
value of research on patient-facing technologies.

▪ Dr. Osborn remarked that researchers doing technology-based intervention work
should focus on the process over the product. She commended academia for being so focused
on the product but stressed that the world of technology research requires a fast turnaround time -
going back, she said that she would plan her website with a pen and paper rather than fancy
software. The process will lead to the product.

▪ Dr. Osborn explained that her academic institution's regulations and setup have not
been conducive for her to hire appropriately and for her team to work efficiently. For
example, her institution pays developers a significantly lower salary than they would receive
elsewhere because they don't have a PhD, MD, or years of research experience. Additionally, because
of university regulations, Dr. Osborn's developer couldn't use the software he already owned. She
has also found that university work spaces have not been conducive to creative brainstorming or
team efficiency - she and her team have found other work spaces with white boards and post-its to
become more efficient. She also noted that using the newest communication technologies (including
Slate) has improved her team's efficiency and cut down on email (a goal for all of us).

▪ Dr. Osborn's research has taken eight years, during which time seven generations of
the iPhone have come out, the iPad has launched, and the Android platform has come
out. She argued that for technologies to be relevant to the patient, this process needs to speed up.

▪ Dr. Osborn also encouraged researchers to work with designers to figure out what
patients want and what will engage them most, in terms of color, organization, and other
website use.

▪ We were excited to hear a researcher speak from firsthand experience about these
important challenges - we agree that there is a mismatch between the typical pace of academic
research and technological innovation, and that academic research will need to speed up in order to
bring technological interventions to patients in a timely manner. We commend Dr. Osborn for her
candor and look forward to hearing other speakers follow in her footsteps.

Questions and Answers

Q: Instead of using a graphic designer, a technology coordinator, and a whole team, why don't
you work with the industry?

A: That is also a model. I am doing that with a few of my projects. There are tradeoffs, as you would expect.
There are the tech transfer trade-offs, for example, what becomes intellectual property. There are also
concerns about the challenges surrounding collaborations. Investigators have reached out about commercial
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entities and have said they are excited because they have experience working with researchers. We are new,
and we are still evolving, so it may turn into what you are describing. People are still figuring it out.

Symposium: Big Data - Using What We Have to Improve the Health Care We Deliver

THE DIABETES COLLABORATIVE REGISTRY - A BOLD INITIATIVE TO HARNESS REAL-
WORLD EVIDENCE AND IMPROVE THE QUALITY OF DIABETES CARE WORLDWIDE

Mikhail Kosiborod, MD (Saint Luke's Mid America Heart Institute, Kansas City, MO)

Dr. Mikhail Kosiborod argued that we need real world diabetes data in order to (i) describe real world
practice, (ii) describe outcomes of care, (iii) document changes over time, and (iv) to generate novel
hypotheses and strategies that can be tested in clinical trials. Diabetes registries already exist on the
country level, via EMRs, via integrated health systems, and even on a global scale (i.e. AZ's DISCOVER
registry). He and his collaborators are now building thediabetesregistry.org, the first clinical registry
aimed at tracking and improving the quality of diabetes and cardiometabolic care. Built on the PINNACLE
registry, it is an outpatient registry covering 3500 providers at 930 office locations. It has access to 20
million records from 5 million patient lives and represents a collaboration between AstraZeneca, AACE,
ADA, Boehringer Ingelheim, the American College of Cardiology, and the American College of Physicians.
Thus far, the organization has developed a data collection form and performance measures/metrics. It
continues to grow in terms of membership (it has 134 newly contracted practices and expects to have 3.5
million records by 2020) and expects initial data in late 2015.

Questions and Answers

Q: When you have a registry like this can you follow patients as they move along from the
practice?

A: Tracking patients is a major challenge. If a patient leaves their provider and goes to a provider who is not in
the registry there is not much we can do about it. It is definitely a shortcoming. As long as the patient
continues to be in the practice, it's ok. One thing we're working on actively is trying to link with other data
resources in the US like CMS so that we get longer-term outcomes. It's not a perfect solution to every question
but it's a good start.

Q: As it is now, do you have a linkage to mortality data?

A: We can have linkage to mortality data but only if patients are in a CMS program.

Q: What is the vision for patient generated data? Diabetes is a data intensive disease.

A: Patient generated data can mean different things. It can mean patient reported outcomes, which are hard
to get out of the EMR. We can also get supplemental data collection through side projects but doing that for
millions of patients is difficult. We are looking at ways to supplement the data we are looking at in the EMR.
Another task is mobile data, and we might ultimately be able to incorporate some of that. The field is nascent.

Oral Presentations: Interventions to Reduce Diabetes Burden in Diverse Care Settings

EFFECTS OF A MULTIFACETED HEALTH SYSTEM INTERVENTION ON CARDIOMETABOLIC
RISK PROFILES IN PATIENTS WITH DIABETES: THE CARRS TRIAL

Kavita Singh (All India Institute of Medical Sciences, New Delhi, India)

Ms. Kavita Singh summarized the findings of the CARRS trial, a randomized controlled study that aimed to
assess if adding a multifaceted intervention (non-physician care coordinators to promote patient adherence
+ clinical decision-support software to enhance physician responsiveness) to usual diabetes care was
associated with better cardiometabolic profiles in patients with diabetes. The study enrolled 1,146 high-risk
patients (A1c ≥ 8.0% and either systolic blood pressure ≥ 140 mmHg or LDL-cholesterol ≥ 130 mg/dl) at ten
sites in India and Pakistan to receive either the multifaceted intervention (n=575) or usual care (n=571). At
the trial's end (~28 months), results indicated that a higher proportion of intervention group patients
achieved multiple risk factor and metabolic goals compared to usual care participants: 15% vs. 5% achieved
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multiple risk factor control; 20% vs. 10% met A1c goals, and 49% vs. 39% met blood pressure goals
(Baseline A1c: 9.9%). Compared to usual care, patients in the intervention arm also reported better quality
of life p=0.01). These results provide evidence-based support for incorporating care coordinators and
clinical decision-support software to provide a low-cost approach to improve cardiometabolic risks and
quality of life. Considering the high-risk and low-income populations in India and Pakistan, we wonder
about the program's cost and ability to scale. It seems like much of the benefit came from the trial effect of
care coordinators, which sound impossible to scale based on all the things they did during the trial (see
below).

▪ Non-physician care coordinators helped patients schedule appointments, provided
motivational interviewing, and delivered diabetes self-care education. The coordinators
documented all patient visits and information discussed into an electronic health record, which
generated a diabetes management plan and a summary of the last three clinic visits. Providers were
able to review these plans and either accept or edit the care plans. It is great to see that these tighter
feedback loops were validated by the positive outcomes of this study - this is an area we really
believe digital health can affect.

▪ Ms. Singh noted a few limitations in this study: (i) this was a complex multifactorial
intervention, so the results do not account for individual effects of care coordinators or clinical
decision support software; (ii) some providers ran into issues with clinical support prompts, leading
intermediate visit lab values to be hidden and thus increasing the likelihood of providers rejecting
the prompts. The study did have advantages of a standardized protocol, recruiting at both public and
private hospital sites, low-cost features (e.g., recommendations for generic medications in the
clinical prompts), and built-in formal cost-effectiveness analysis and process evaluation.

Questions and Answers

Q: Who were the care coordinators in this study and how often do they talk with people?

A: Our qualifications for care coordinators were ten years of formal education plus two years in terms of social
work experience. Most of our coordinators had nutrition or dietitian backgrounds with a few with BSc
background. Depending on the risk profile of patients, we recommended three monthly visits. Depending on
other risk factors like smoking, depression, etc., we would increase the number of recommended visits.

Dr. Monica Peek (University of Chicago, IL): Could you speak to the fidelity of physicians
clicking accepting the decision support prompts and what actions this actually translated into
within the clinics?

A: We have yet to analyze the follow-up actions of physician-accepted prompts.

Oral Presentations: The Clinical Impact of Advances in Continuous Glucose Monitoring

FEASIBILITY OF A PATIENT-CENTERED SMARTPHONE BASED DIABETES CARE SYSTEM: A
PILOT SYSTEM

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

Dr. Eun Ky-Kim presented the results of a single-arm study aimed to test the feasibility of a patient-centered
smartphone-based diabetes care system (PSDCS) for patients with type 2 diabetes. The PSDCS consisted of a
Bluetooth-connected glucometer, digital food diary, and a wearable physical activity monitoring device (all
linked to a single app) that provided patients with personalized feedback based on their own health data.
Following the 12-week intervention, findings indicated that A1c (7.7% vs. 7.1%, p= 0.0002) and fasting
plasma glucose levels (141 mg/dl vs. 120 mg/dl, p= 0.005) decreased significantly from baseline. As
expected, the frequency of glucose monitoring correlated with the magnitude of A1c reduction (p= 0.003).
There were also no severe adverse events reported. Dr. Kim concluded that the PSDCS resulted in significant
glycemic improvements with a minimal safety profile and, thus, advocated for a randomized control trial to
substantiate these findings in the future. We would love to see that too, since the trial and approach does
sound promising.
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▪ The PSDCS is currently part of an ongoing long-term, randomized control trial at
Seoul National University Hospital (ClinicalTrials.gov Identifier: NCT02451631). The
design of this 24-week study closely follows that of the 12-week pilot. The trial is currently recruiting
and estimated completion is March 2016.

Questions and Answers

Q: When you put patients on a totally new device, you lower their A1c by 0.5% to 0.75% for six
months just because of the device. As a result, you don't want to run a smartphone against
nothing, so you have to figure out what sort of device to give to the other group. This shouldn't
be a trial of a device vs. no device. You need to compare two devices and run the trial for at
least a year.

A: Yes, that is a very good point. In the present study that we are now running, we are providing some
smartphone-based education programs to the control group. The difference between the control group and
the study group is the use of our specific application.

Oral Presentations: Making a Difference with Behavioral Science

REMOTELY-DELIVERED BEHAVIORAL HEALTH INTERVENTIONS SIGNIFICANTLY
REDUCES DEPRESSION, STRESS, AND ANXIETY IN DIABETES

Reena Pande, MD (AbilTo, Boston, MA)

Dr. Reena Pande summarized the findings of a retrospective, observational study of 392 consecutive
graduates of AbilTo's Diabetes program, an 8-week, 16-session program targeted to patients with diabetes
at high risk for depression, stress, or anxiety. The intervention consisted of weekly cognitive behavioral
therapy delivered by a trained therapist along with regular consultations by a behavioral health coach.
Notably, the study found significant reductions in depression, anxiety, and stress scores across all patients
(p<0.001). Among those with elevated scores at baseline, Dr. Pande highlighted that depression scores
declined nearly 50% and that 64% of patients saw depression scores return to a normal range - quite
impressive. Dr. Pande concluded that technology has the potential to enhance (not replace!) person-to-
person care and that it can be successfully harnessed for high risk populations. From a patient perspective,
we would certainly emphasize the importance of thinking about diabetes distress. The felt burden of living
with a demanding disease and felt lack of support can often make diabetes overwhelming, and this is a
chronically understudied area.

▪ As background, the New York-based startup AbilTo aims to optimize patient outcomes
by helping individuals with chronic disease change behavior and manage the
depression that often accompanies a diagnosis. The company utilizes remote care delivered
via Skype and phone calls to speed recovery from medical events ranging from heart disease to the
birth of a child to diabetes. The psychosocial side of diabetes care is outside the expertise of many
care providers, and we appreciate AbilTo's effort to address this need.

▪ Dr. Pande opened her lecture with a telling statement: "We are good at telling patients
what to do … what we don't do well is help them figure out how to do these things." Dr.
Pande stressed that the failure to focus on coping strategies prevents patients from meeting self-
management goals, resulting in a vicious cycle between diabetes and depression. Notably, she
estimated that there was a 2x risk of depression in people with diabetes and that diabetes and
depression together raise the cost of care ~4x. (We would note that estimates of the risk of
depression in patients with diabetes vary widely - as noted recently by behavioral psychology guru
Dr. Bill Polonsky - though her commentary certainly raises notable food for thought.)

Questions and Answers

Q: How do you get reimbursed for this?

A: We partner with health plans, to get reimbursement. We have partnered with Aetna, and Aetna covers
around 12-14% of patients but we are trying to convince others providers to join us.
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Q: What happens after eight weeks? Are you doing follow-ups?

A: We have done some follow-ups at 6 months. They are anecdotal, but what we found was that while some
patients fall off the wagon, a very good number maintain the benefits seen at the end of eight weeks. We are
adding booster programs that will be 3-4 weeks long that will provide continuing therapy. The program is
scheduled for eight weeks on purpose so that it is goal-oriented.

Q: What about the distinction between clinical depression vs. depression-like symptoms?

A: Our program is not necessary for people with clinical depression, but we unpack this behavioral approach
to help those who don't necessarily have that diagnosis. You don't need to be clinically depressed to benefit
from the approach.

USING SOCIAL MEDIA CROWDSOURCED DATA FOR DIABETES PATIENT-CENTERED
OUTCOMES RESEARCH

Marcia Testa PhD (Harvard Chan School of Public Health, Cambridge, MA)

Dr. Marcia Testa summarized the findings of a feasibility study that attempted to use social networks to
facilitate patient-centered outcomes research (PCOR). She noted that the goal of PCOR is to let patients'
voices be heard in contrast to typical studies that collect feedback in a "structured and artificial" manner. As
such, this trial retrospectively tracked and coded comments from 125 members of the diabetes online
community (78% type 2 diabetes patients; 22% type 1) in order to broadly assess patient concerns
regarding their care. Major concerns among type 1 and type 2 patients saw some overlap, but also differed
in substantial ways: type 2 members' concerns centered around diet and meals (16%), medications (15%),
and glycemic control (12%) while type 1 responses called out the use of insulin pumps (19%) and anxiety,
glycemic control, use of CGM, and hypoglycemia (each 11%) as their biggest worries. Dr. Testa concluded
that crowdsourced observational studies can feasibly complement traditional group methods for soliciting
patient feedback and input. San Francisco-based market research firm, dQ&A, has been collecting this type
of rigorous feedback on several thousand type 1 and type 2 patients for years - please contact Richard Wood
for more information.

▪ Major themes of type 1 and type 2 online posts:

Type 1 Type 2

Insulin pumps (19%) Diet and meals (16%)

Anxiety, glycemic control, use of CGM,

hypoglycemia, symptoms (11% each)

Medications (15%)

Depression, support (7%) Glycemic control (12%);

Complications, daily living, and exercise (4% each) Diagnoses and complications (7% each)

Exercise (6%)

SMBG testing and HbA1c (4% each)

Symptoms, healthcare, and daily living (3% each)

Anxiety, comorbidities, hypoglycemia, insulin

pumps, smoking, and support (2% each)

CGM, insurance, pre-diabetes, pregnancy,

supplements, and weight loss (1% each)
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FULLY-AUTOMATED ONLINE DIABETES PREVENTION PROGRAM, ALIVE-PD, IS
EFFECTIVE IN LOWERING HBA1C, GLUCOSE, AND WEIGHT

Gladys Block, PhD (Berkeley School of Public Health, CA)

Dr. Gladys Block presented results from a randomized controlled trial evaluating the efficacy of Alive-PD,
an online intervention program aimed at individuals at high risk of developing diabetes. It was developed
by her company, TurnAround Health, a division of NutritionQuest, with NIH funding. The fully-automated,
one-year program is algorithm-driven and features weekly contact, individualized web pages, tailored
small goal setting, automated phone counseling and coaching, social support, reminders, and a point
system to sustain engagement. This study involved patients (n=340) diagnosed with prediabetes based on
fasting glucose (FG) or A1c, who were randomized to begin the Alive-PD program immediately (the
intervention group) or after a six-month delay (control group). At six months, compared to the control
group, the intervention group had lower FG (p<0.001), A1c (p<0.001), and body weight (p<0.001). Dr.
Block also emphasized the program's impressive retention and engagement in the intervention group -
participants engaged in the program for an average of 17 out of the 24 weeks and completed an average of
1.5 goals per week, and 71% were still participating in the program in the sixth month. While these statistics
are impressive, we do wonder if the program would achieve the same success rates outside of a clinical trial
setting. The results of the study indicate that online programs such as Alive-PD have the potential to address
the challenge of scaling up behavioral intervention - Omada Health has already demonstrated some success
in this area with its online diabetes prevention program. Dr. Block also pointed out that 68.5% of the study
population was male, which is unusual in behavioral interventions. She hypothesized that the fully-
automated, online nature of this program may hold greater appeal for men than traditional, meeting-based
intervention programs.

Questions and Answers

Q: I'm impressed by the number of men you have [in the study]. What do you know about the
population? That was really amazing.

A: This was a large medical facility so it had the normal amount of men and women. They were recruited
through an EHR so we didn't pre-select for men or anything like that. I wonder if maybe this kind of system is
more appealing to men because it doesn't involve going to a meeting and talking, it involves going to a
computer or something like that? That's the only thing that I can think of.

Company Updates

GLOOKO PARTNERS WITH INSULET, DEXCOM, AND MEDTRONIC

▪ Glooko announced pump and CGM integration partnerships with Dexcom and Insulet.
The next generation Glooko platform (iPhone/Android apps and a web dashboard) will roll out this
summer (super fast!) and include access to both Dexcom CGM and Insulet OmniPod pump data.
The news was not a major surprise, as the March news of Glooko's $16.5 million in funding first
announced CGM/pump integration plans (as a reminder, Medtronic was a first-time investor in the
Series B round). Still, it is great from a patient and clinician perspective, since downloading
continues to be a hassle for many. Our detailed report has some screenshots of the new dashboards,
which look excellent. Patients will be able to download OmniPod and Dexcom data to Glooko via a
micro-to-micro USB OTG cable on Android devices, and providers will be able to download in the
clinic using a Glooko kiosk; Dexcom Share receiver users will also be able to send their data straight
to Glooko's platform seamlessly via Apple's HealthKit.

▪ As expected following its investment in March, Medtronic and Glooko also announced
a data partnership during ADA. The move is a notable one, as Medtronic data has historically
sat in its proprietary CareLink system. There is no timing on when Medtronic data will be able to
download to Glooko. We're glad to see Medtronic opening up to sharing its data, something
naysayers in the past didn't think was possible. For Medtronic, this news continues a slew of new
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partnerships in the new Service and Solutions business (led by powerhouse Annette Bruls),
including the acquisition of Diabeter (April) and a partnership with IBM's Watson Health (April).

▪ These announcements add to Glooko's impressive device compatibility with 30+ BGMs,
popular activity trackers, and blood pressure and weight measurement devices.

MEDTRONIC ANNOUNCES MINIMED CONNECT FOR REMOTE MONITORING PUMP/CGM
DATA

Medtronic announced FDA Clearance of MiniMed Connect, a keychain device that sends pump/CGM data
via Bluetooth to a smartphone app and enables remote monitoring for caregivers - see a picture here.
Launch is slated for this fall for MiniMed 530G and Revel users; it will be $199 (cash pay), and interested
users can sign up to be notified at www.medtronicdiabetes.com/minimed-connect (strong marketing out of
the gate: "Pump and CGM data on your mobile device?"). Initially, the MiniMed Connect paired smartphone
app will only be available on Apple's iOS, though Medtronic announced a separate partnership with
Samsung (see below) to build out an Android version and apps optimized for Samsung devices. MiniMed
Connect allows caregivers to remotely monitor patients on any product with an internet connection via a
web display, a nice device-agnostic approach (similar to the Nightscout setup). Caregivers can also receive
text messages for uncleared pump alarms or when sensor glucose levels are too high or too low - we
imagine parents will absolutely love this.

▪ The MiniMed Connect form factor looked excellent in the Exhibit Hall - the tiny device is
about the size of a car key fob, rechargeable via USB, and will receive the data from the pump via RF
and send it to the nearby phone via Bluetooth.

▪ Data will also go to CareLink automatically (CGM data every five minutes, pump data daily),
saving HCPs downloading hassle.

▪ While Medtronic has recently lagged behind Dexcom on the connectivity front, this
gives the company a more competitive offering to Dexcom's Share Receiver and
associated Share system. [However, Dexcom will again move ahead of Medtronic by the end of
year, if Gen 5 is approved as expected. Medtronic's similar Guardian Mobile system is still in a
pivotal trial, expected to wrap up in July.]

MEDTRONIC PARTNERS WITH SAMSUNG

Medtronic also partnered with Samsung to develop future solutions that will enable remote viewing of
diabetes data and integrating mobile/wearable devices into diabetes management systems. The initial focus
of the partnership is an Android app for MiniMed Connect (see above) and software optimized for use on
Samsung devices; the partnership is expected to be much broader over time. The press release points out
that "close to 80% of mobile phone users utilize the Android operating system globally" - that's a more
dominant share than we had realized. We'd note that Samsung also partnered with WellDoc in November,
meaning this news continues the tech giant's move into healthcare and diabetes.

Obesity and Prediabetes Care

Oral Presentations: ADA President's Oral Session

HUMAN MESENCHYMAL STEM CELLS FROM OFFSPRING OF OBESE MOTHERS HAVE
INCREASED ADIPOGENESIS AND EVIDENCE FOR INSULIN RESISTANCE: THE HEALTHY
START STUDY (381-OR)

Kristen Boyle, PhD (University of Colorado, Aurora, CO)

Results from the Healthy Start Study presented by Dr. Kristen Boyle showed that mesenchymal stem cells
(MSC's) derived from umbilical cord tissue of babies born to obese mothers (Ob MSC's) exhibited increased
adipogenesis and decreased myogenesis in culture. Prior to differentiation, Ob MSC's expressed two-fold
greater levels of CD13, a cell surface marker linked with increased adipogenesis (p<0.05). Additionally,
once these Ob MSC's were differentiated to myocytes, they also exhibited greater lipid content and lower
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levels of the glucose transporter GLUT4, suggesting a programmed risk for insulin resistance that may be
under epigenetic control. However, as pointed out during Q&A, these preliminary results cannot be can't be
solely attributed to epigenetics since this was only an observational study. Yet we think these results still
paint a cautionary tale regarding the impact of maternal obesity on offspring risk for metabolic disease
later in life.

▪ As background on the Healthy Start Study, MSCs were cultured from term (39.9 ± 0.2 wk)
infants born to obese mothers (Ob MSC, n=12; pre-pregnancy BMI = 35 kg/m ) or to normal weight2

mothers (NW MSC, n=12; pre-pregnancy BMI = 21 kg/m ). MSC's were then differentiated to either2

adipocytes or myocytes for 21 days and protein markers of adipogenesis or myogenesis were
measured. Lipid accumulation was assessed via staining with Oil Red O (ORO).

▪ Notably, when differentiated to adipocytes, Ob MSCs expressed 50% more PPARγ
protein content than NW MSCs (p<0.05), supporting the hypothesis that MSCs from
babies born to obese mothers would exhibit increased adipogenesis. When the MSCs
were differentiated to myocytes, there were no differences in myosin heavy chain (MHC) content,
but ORO staining indicated a 50% higher lipid content in the Ob MSCs (p<0.05).

▪ Additionally, in a subset of subjects (n=4-5/group), researchers observed lower mRNA
content of methylation/demethylation enzymes in Ob MSCs. Specifically, DNA
methyltransferase 1 was reduced by 35% (p=0.06) in and lysine-specific demethylase 6Ab by 40%
(p<0.05) in Ob-MSCs. Furthermore, Ob MSC's exhibited 60% lower mRNA content of the glucose
transporter GLUT4 (p<0.05), which was inversely correlated with pre-pregnancy BMI (r = 0.52,2

p<0.05). These preliminary results may suggest Dr. Boyle highlighted this greater lipid content and
reduced GLUT4 in myogenic Ob MSC's as evidence to support an epigenetic risk for insulin
resistance in Ob-MSCs.

Questions and Answers

Q: All fatty acids are not equal. Did you look at the fatty acid milieu of mothers during
pregnancy, i.e. saturated vs. unsaturated?

A: No, we have not looked at that.

Q: Since this is an observational study with no intervention, it seems the nature vs. nurture
question is still unresolved. Could you speak on this?

A: Yes, that is correct, we don't know whether the differences we observed are strictly genetic in nature or due
to environmental exposures of obesity in the womb that would alter the epigenetics of the cells.

Q: Have you compared adipocyte size and adiponectin levels?

A: No we have not, but that is on our agenda as well.

Oral Presentations: Latest Mechanistic Studies of Obesity and Weight Loss in Humans

GLP-1 MIMETICS COMBINED WITH LEUCINE-BASED AMINO ACID INFUSION: A NOVEL
CONSERVATIVE APPROACH FOR PRESURGICAL WEIGHT LOSS IN EXTREME OBESE
PATIENTS (164-OR)

Christine Stier, MD (Sana Klinikum Offenbach, Frankfurt, Germany)

Dr. Christine Stier presented the results of a small observational study examining the efficacy of daily
combination leucine-based branched-chain amino acid infusion, Novo Nordisk's Victoza (liraglutide 1.8
mg), and a low-calorie diet as a pre-surgical weight loss treatment in patients with extreme obesity (BMI
>65 kg/m ). In the study, 20 patients treated with the combination therapy were compared with a2

retrospective analysis of 28 patients treated with the standard six-month intragastric balloon prior to
surgery. Median weight loss in the amino acid infusion/liraglutide-treated group was 26.1 kg (57.5 lbs) over
a median course of 21 days (baseline 229 kg [505 lbs]) vs. 21.6 kg (47.5 lbs) over a median course of 217 days
(baseline 227 kg [500 lbs]) in the intragastric balloon-treated group (p<0.001). Dr. Stier noted that while
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only a third of patients in the SCALE trial showed BMI >40 mg/kg , weight loss in the SCALE trial of Novo2

Nordisk's Saxenda (liraglutide 3.0 mg) and low calorie diet alone produced 8.4 kg (18.5 lbs) weight loss,
showing there may be some beneficial cross effect of the leucine-based amino acid infusion evidenced in this
study. She also hypothesized there may be a synergistic effect between the two drugs. While certainly a
small study and in need of better comparator groups, this may be hypothesis-generating for new uses of
leucine therapy. As a reminder, NuSirt is currently exploring the use of combination leucine/metformin for
type 2 diabetes (phase 2) and leucine/PDE5 inhibitor for NASH (see recently published positive preclinical
results) - we are very interested in seeing results with leucine, given as a naturally occurring amino acid the
therapy will likely face fewer regulatory hurdles.

▪ In extremely obese patients (BMI >65 kg/m ), presurgical weight loss prior to2

bariatric surgery may be necessary to reduce intra-abdominal volume and allow for
operability with laparoscopic technique. The current standard in Germany, the intragastric
balloon, requires long-term use with an additional delay following explantation prior to surgery. Dr.
Stier hoped to use combination medical therapy to improve upon this delay; based on its direct
effects on adipocytes and ability to induce postprandial leptin, she hypothesized that leucine, when
used in combination with liraglutide, could produce rapid weight loss.

▪ In this study, 20 patients treated with daily combination leucine-based branched-
chain amino acid infusion, 1.8 mg liraglutide, and a low-calorie diet (800 kcal/day)
were compared with a retrospective analysis of 28 patients treated with the standard
six-month intragastric balloon. Patients treated with the infusion were hospitalized to receive
the treatment. Baseline median weight, median BMI, age, and gender were similar in both groups.

▪ Median weight loss in the amino acid infusion/liraglutide-treated group was 26.1 kg
(57.5 lbs) over a median course of 21.1 days (baseline 229 kg [505 lbs]) vs. 21.6 kg (47.5
lbs) over a median course of 217 days (baseline 227 kg [500 lbs]) in the intragastric
balloon-treated group (p<0.001). At surgery, Dr. Stier suggested her impression was of
reduction in liver volume. There was no time delay between the presurgical infusion treatment and
surgery required, which Dr. Stier indicated would mean less chance for weight regain.

Questions and Answers

Q: So do you think the effects on the liver is due to GLP-1 treatment or is it leucine?

A: I think it's leucine. But I think there is an additional effect. Normally if we do a surgery on patients with
this high of a BMI, the liver is much different.

Oral Presentations: Recent Advances in Diabetic Macrovascular Disease

THE LONG-TERM EFFECTS OF INTENSIVE LIFESTYLE INTERVENTION ON
CARDIOVASCULAR RISK FACTORS IN PATIENTS WITH DIABETES IN A REAL-WORLD
CLINICAL PRACTICE: A 5-YEAR LONGITUDINAL STUDY (58-OR)

Osama Hamdy, MD, PhD (Joslin Diabetes Center, Boston, MA)

Dr. Osama Hamdy presented the results of a study evaluating the impact of weight regain vs. weight
maintenance on cardiovascular risk factors following an intensive lifestyle intervention, Why WAIT. Noting
that weight loss through lifestyle intervention is typically followed by weight regain or sustained weight
loss, Dr. Hamdy and his group aimed to evaluate the effects of weight regain vs. sustained weight loss. In
the study, 129 participants with type 2 diabetes and obesity were enrolled in the Why WAIT 12-week
intensive lifestyle intervention program. Participants were divided between those who failed to maintain >
7% weight loss at one year vs. those who maintained > 7% weight loss at one year; both groups were then
followed to five years. In the failed group, A1c and triglyceride levels were the first to deteriorate following
weight regain, while HDL and LDL improvements were maintained at five years. In contrast, the
maintaining group was able to sustain declines in A1c and benefits to the lipid profile. Beyond the study
results, Dr. Hamdy emphasized the differential focus on strength training in Why WAIT vs. the Look
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AHEAD program. These findings continue to strengthen the need to better understand the importance of
weight maintenance over simply losing weight.

▪ This study aimed to assess the long-term impact of sustained weight loss compared
with weight regain on the pattern of change in cardiovascular risk factors. One hundred
and twenty-nine patients with type 2 diabetes and obesity were enrolled in the Why WAIT 12-week
intensive lifestyle intervention program. Patients were divided between those who failed to maintain
>7% weight loss at one year vs. those who maintained >7% weight loss (47.3% vs. 52.7% of patients)
and then followed for five years. Overall, the cohort lost an average of 23.8 lbs (11 kg) (-9.7%) and
maintained 16.2 lbs (7 kg) weight loss (-6.4%) at five years. Patients in the failed group had 8.4 lbs (4
kg) (-3.5%) weight loss vs. 23.1 lbs (11 kg) in the maintaining group (-9.0%) at five years.

▪ In the failed group, A1c declined from 7.5% to 6.7% at 12 weeks but increased to 7.7% at
one year and 8.0% at five years vs. 7.4% to 6.4% at 12 weeks and then 6.8% at one year
and 7.3% at five years in the maintaining group. The failed group was able to maintain
declines in LDL and increases in HDL despite weight regain at five years, with no change in blood
pressure and worsening of triglyceride levels from baseline. In contrast, the weight-maintaining
group maintained improvements in the lipid profile across five years with lower blood pressure
maintained for 18 months prior to return to baseline.

▪ Dr. Hamdy concluded that people with diabetes may be able to maintain >7% weight
loss at five years, with lasting benefits to A1c and lipid profile and transient benefits to
blood pressure. Weight regain, in contrast, is associated with worsening of A1c and triglyceride
levels though with maintained improvements in other lipid levels.

Questions and Answers

Q: During the follow-up period, was there a maintenance program?

A: In real clinical practice, you cannot apply a strong protocol. So we recommended once a month to meet a
group. Many of them didn't show up; some showed up for a longer duration.

Q: These data obviously indicate that cardiovascular risk factors improved, so that's
encouraging. Compared to Look AHEAD, one of the things seems to be the exercise level and
type of exercise. Do you have a measure of fitness? Is it possible that fitness contributed more
than weight loss?

A: That's a very good point. We have been asking that in comparison with Look AHEAD. The major difference
is fitness measured in the study improved significantly for those who followed the program. The model was
higher protein and higher strength exercise and maintained muscle mass. Muscle mass that was maintained
longer had a better impact.

Q: Could rising triglyceride levels predict weight regain?

A: That is the pattern; with more carbs and intake, you see that first.

Posters

EARLY WEIGHT LOSS RESPONDERS TO LIRAGLUTIDE 3.0 MG IN THE SCALE OBESITY
AND PREDIABETES TRIAL ACHIEVE GREATER REVERSAL OF PREDIABETES THAN
PLACEBO (2229-P)

J Wilding, M Bluher, K Hermansen, F Greenway, K Fujioka, B Claudius, A Le Lay, D Lau

This post-hoc analysis examined weight loss and rates of prediabetes reversal in 'early responder'
individuals who received liraglutide 3.0 mg (Novo Nordisk's Saxenda) vs. placebo in the SCALE Obesity and
Prediabetes trial. This analysis was restricted to participants who had prediabetes (ADA 2010 criteria),
were early responders (defined as > 4% weight loss after 16 weeks), and achieved > 5% weight loss after 56
weeks (n=879). Participants treated with liraglutide achieved greater weight loss after 56 weeks and had
higher rates of reversal of prediabetes compared to placebo. Frequency of all adverse events was similar
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between the liraglutide and placebo groups, but participants receiving liraglutide had a higher frequency of
gastrointestinal adverse events, hepatobiliary disorders, and gallbladder disorders. With a stopping rule in
place to stop treatment in non-responders, we think that post-hoc analyses of this sort are valuable to gain a
better understanding of what to expect with responders to the new obesity drug. Further to that, reversal of
prediabetes, and thereby, prevention of type 2 diabetes is very encouraging, and this is a huge unmet need
that needs to be addressed.

▪ The analysis encompassed 879 participants in the SCALE trial: 765 (50.1%) in the
liraglutide group and 114 (15.1%) in the placebo group; 486 of these participants (431 in the
liraglutide group and 55 in the placebo group) achieved > 10% weight loss.

▪ Baseline characteristics for participants in the different treatment groups and weight
loss categories were similar. Of those that attained > 5% weight loss at week 56, both the
liraglutide and placebo groups had a mean baseline age of 48.5 years. Mean BMI was 38.6 kg/m for2

the liraglutide group and 39.4 kg/m for the placebo group. Of those that attained > 10% weight loss2

at week 56, mean baseline age was 48.0 years for the liraglutide group and 50.2 years for the placebo
group. Mean BMI was 38.6 kg/m for the liraglutide group and 39.4 kg/m for the placebo group.22

▪ Early responders with prediabetes experienced greater weight loss and higher rates of
prediabetes reversal with liraglutide vs. placebo. Absolute mean weight loss from baseline in
early responders with prediabetes who achieved > 5% weight loss at week 56 was 12.8 kg (28.2 lbs)
with liraglutide and 11.4 kg (25.1 lbs) with placebo. Among those who achieved > 10% weight loss at
week 56, absolute mean weight loss was 16.7 kg (36.8 lbs) with liraglutide and 15.3 kg (33.7 lbs) with
placebo. The proportion of participants experiencing reversal of prediabetes was also greater with
liraglutide vs. placebo: 76.9% vs. 46.5% for those achieving > 5% weight loss and 82.8% vs. 58.2%
for those achieving > 10% weight loss.

▪ The overall frequency of adverse events was similar between treatment groups, but
the liraglutide group experienced a higher frequency of gastrointestinal adverse
events and hepatobiliary and gallbladder disorders. The frequency of adverse events was
similar between those receiving liraglutide and placebo (92.7% vs. 93.0%). Participants receiving
liraglutide experienced more gastrointestinal adverse events (68.4% vs. 47.4%), hepatobiliary
disorders (3.7% vs. 1.8%), and gallbladder disorders (3.3% vs. 0.9%). Results were similar when
restricted to only participants who experienced > 10% weight loss. However, it was noted that the
gastrointestinal adverse events were consistent with the known transient side effects of liraglutide.

LIRAGLUTIDE 3.0 MG EFFICACY AND SAFETY BY BASELINE BMI IN THE SCALE DIABETES
TRIAL: POST-HOC ANALYSIS (307-LB)

V Aroda, J Rosenstock, J Hemmingsson, M Davies, T Skjoth, B Claudius, H Bays

A post-hoc analysis of the SCALE Diabetes trial found that Novo Nordisk's Saxenda's (liraglutide 3.0 mg), in
conjunction with diet and exercise, had consistent efficacy (both in terms of weight loss and associated
metabolic effects) and safety across BMI subgroups. These results are particularly notable due to Novo
Nordisk's strategy to focus on the more severely obese who have a BMI ≥35 kg/m2. As a reminder, the
phase 3 SCALE Diabetes trial randomized 846 adults 2:1:1 to 56 weeks of liraglutide 3.0 mg, 1.8 mg, or
placebo in addition to diet and exercise. This post-hoc analysis compared the efficacy and safety for
participants on liraglutide 3.0 mg depending on if their baseline BMI was below or ≥35 kg/m2. The agent's
efficacy was independent of baseline BMI subgroup, including measures of placebo-adjusted weight loss
(p=0.95), percentage of patients experiencing ≥5% and >10% weight loss (p≤0.73), waist circumference
reduction (p=0.39), systolic blood pressure reduction (p=0.56), A1c reduction (p=0.53), and percentage of
patients reaching an A1c <7.0% (p=0.33). We are curious if the A1c reduction was influenced by patient's
baseline A1c. Improvement in Impact of Weight on Quality of Life-Lite physical function score almost
reached statistical significance (p=0.053) for being more dramatic in people with a baseline BMI ≥35 kg/
m2: people with a baseline BMI ≥35 kg/m2 had an improvement of 18.0 points (baseline=55.7; vs. placebo
improvement of 8.5 from 60.1), while people with a baseline BMI <35 kg/m2 had an improvement of 12.1
points (baseline=75.2; vs. placebo improvement of 9.4 from 77.9). Similarly, the incidence of adverse events
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was "broadly comparable" across the two BMI subgroups though p-values were not provided for this set of
analyses. The overall adverse event rate was 93.7% for people in the <35 kg/m2 subgroup (vs. 81.1% for
placebo) and 92.2% for people in the ≥35 kg/m2 subgroup (vs. 87.8% for placebo).

Symposium: The National Diabetes Education Program (NDEP) Symposium - Guiding
Principles for the Care of People With or at Risk for Diabetes

USING "GUIDING PRINCIPLES": PREVENTING TYPE 2 DIABETES - PROGRESS ON
IMPLEMENTATION OF THE NATIONAL DIABETES PREVENTION PROGRAM

Ann Albright, PhD (Centers for Disease Control and Prevention, Atlanta, GA)

CDC's Dr. Ann Albright focused on NDEP's second guiding principle: managing prediabetes preventing type
2 diabetes. She began by providing an overview of the National Diabetes Prevention Program (NDPP) and
its progress. She began by highlighting that since the DPP, many translational studies have worked on
scaling interventions for diabetes prevention, focusing on efficiency and distribution in addition to efficacy.
Dr. Albright then outlined the NDPP and enthusiastically shared a "personal invitation" to all attendees to
partner, calling the NDPP a framework to "bring us together in critical mass to set up a common set of
metrics to implement lifestyle change for the prevention of diabetes." According to Dr. Albright, the four
components of the NDPP include training (increasing the workforce), a recognition program (assuring
quality), intervention sites (delivering the program), and health marketing (supporting program uptake).
In relation to the NDEP, she pointed out that the NDEP helps the NDPP build organizational capacity and
supplement resources, acting as NDPP's "partner and sister" in this work.

▪ Dr. Albright also provided a summary status of the NDPP, stating that over 600
organizations have been recognized for the program, with programs in all 50 states,
Washington DC, and Guam. She noted that these are being delivered both in-person as well as
through virtual technology - see our coverage of the recent recognition of three digital health
programs. Outside of the virtual programs, about 30,000 participants have been served by the
organizations with impressive average weight loss of 4.6% in participants who attended at least four
sessions, although the pioneer group may be somewhat self-selecting. Dr. Albright also shared that
more than 20 health plans are providing some amount of coverage and that her team is working
diligently on increasing this coverage. We are glad to see the CDC working hard on the payer front as
we believe that the financial infrastructure must be aligned with the goals of prevention for any of
these initiatives to be scalable.

USING "GUIDING PRINCIPLES": OPTIMIZING SELF-MANAGEMENT EDUCATION AND
SUPPORT

Martha Funnell, MS, RN, CDE (University of Michigan, Ann Arbor, MI)

Ms. Martha Funnell walked attendees through best practices on the NDEP's third guiding principle -
optimizing self-management education and support - and provided insights on the evolution and future of
diabetes self-management. She explained the importance of this guiding principle, stressing that "99% [of
diabetes] is self-management" and that patient decision-making greatly impacts outcomes. Ms. Funnell
highlighted that there has been a lot of evidence showing that diabetes self-management education (DMSE)
has been effective in improving clinical and quality of life outcomes at least in the short term in addition to
proving cost-effectiveness in reducing hospitalizations. She emphasized the value of tailoring interventions
to patients' unique preferences and social/cultural environments as well as providing follow-up support.
Looking to how this area has evolved, Ms. Funnell pointed out that DSME has moved from "primarily
didactic interventions" to patient-centered models more focused on behavior change and psychosocial
concerns, not on compliance/adherence as the major outcomes. In addition, she acknowledged the
significant emphasis on technology and noted that while data on technology use in DSME remains mixed,
this increased use has been shown to be useful for self-management support, prevention, communication,
and tracking behaviors. Indeed, we hope that these dynamic changes in DSME bring more attention to this
very needed field as well as bring in additional research and support into identifying how to optimize
patient engagement and improve outcomes and quality of life.
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PANEL DISCUSSION

In this panel discussion, attendees and speakers expressed frustration with the challenges in getting
metformin indicated for prediabetes. In response to a question as to why metformin is not highlighted more
in the NDEP guidelines, the NIDDK's Dr. Judith Fradkin stressed how difficult it has been to discuss the role
of metformin in prediabetes due to the fact that it is not approved for the indication. Acknowledging that the
FDA can only consider applications for new drug indications from the drug's original pharmaceutical
company, she expressed frustration with the misaligned incentives of getting metformin indicated for
prediabetes due to it being a cheap generic drug. She commented that the NIH has tried to get the original
drug sponsor (BMS, now out of diabetes) to go to the FDA with little success and has even struggled to share
data on metformin's benefits due to HMOs' policies on not disseminating information on unapproved drug
indications. On the brighter side, one attendee commented that a citizen interest group is in the works of
drafting a citizen petition to the FDA to more carefully look at the issue. We also believe that patient
advocacy in particular can have an important role in the metformin prediabetes question, as industry and
government do not have the incentives to significantly move forward on this front.

Comment: I wanted to express my thanks to the folks who have drafted the guiding principles.
I write guidelines and a lot of my constituents say that they can't remember them. The NDEP
principles are simple and really good, though. Spread the simplicity throughout the rest of the
government - I'd appreciate it. [Laughter]

Comment: Primary care providers are being forced to use EHRs with 17 things going on. You
have a pre-diabetic and we have 15 minutes, which only gives you enough time to look at one
problem. With Obamacare, insurance companies are required to cover weight loss counseling
under the USPSTF but we still have years without coverage. I'm getting penalized for doing
this kind of work.

Dr. Albright: There are a couple big USPSTF recommendations on obesity counseling and on CVD - they will
go live in 2016. You clearly know well that the USPSTF has great standing but there are no specifics on what
has to be covered. So they can determine what will be in health plans and it comes out as all kinds of stuff.
Some are helpful and some are meaningless. It's not just about the requirement, but it's very unclear what is
being covered and how effective that is. We're working to help change that. Coverage of the NDPP is what
we're pushing to be required and we're trying to make the implementation much more clear.

Q: The DPP shows very good effects of metformin. I'm curious to know as to why metformin is
not approved for prediabetes.

Dr. Albright: There is a group that has just joined together who are trying to attack. Judy Fradkin has been a
big proponent or advocate of that. The tools need to be available. We just want to make sure that we don't say
"forget lifestyle intervention, you can all just use metformin."

Q: So metformin is not in the guideline materials at all?

Dr. Fradkin: It does actually say at the end of the materials. It talks about metformin. The longer we follow the
DPP participants, the more good data that comes out. At ten years, metformin was actually cost-saving - the
medical care of taking care of people with metformin was saving costs. But it's really challenging to get the
word out when we don't have the medication approved. Unfortunately, the law is that FDA can only consider
applications for new drug indications from the original pharmaceutical company and there is just no incentive
with a cheap generic drug for a company to go to the FDA. So we would love to go to the FDA and the NDEP
group would be very happy to provide their data to FDA. But what we hear from the FDA is that it needs to be
the original drug sponsor. We have tried to get the original drug sponsor to go to FDA but we haven't been
successful in that.

For younger people and for women who have had gestational diabetes, metformin is equally as effective
compared to lifestyle intervention. But it's hard to get that out. We have tried to do a translational study on
women with gestational diabetes history. But the HMO refused to allow the investigators to distribute the
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publication that cited benefits of metformin because they said it was their policy not to disseminate
information about unapproved medications. So it has been challenging.

Comment: We have just formed a citizen interest group to write a citizen petition to ask the
FDA to look at the benefits of metformin. We have a small group of us starting to write this
citizen petition that push for adults with prediabetes to be able to take metformin. This is a
long process but this petition should not cost bazillions of dollars that the pharma company
would have to hand out. That's where we're going with lots of encouragement from other
people. It's not to say that metformin is better than lifestyle intervention. But just that it's an
alternative and it has a lot of data behind it.

Dr. Fradkin: And the DPP is continuing to follow the recipients. In the next phase, we're looking at efficacy of
metformin in preventing CVD and cancer. It's a very practical question of when you should start metformin.
We have continued metformin over DPP. The DPP's really set up now to answer a very practical question -
should we start metformin on prediabetes or when there is more impaired glucose control? So getting
information on CVD and cancer will be very important.

Professional Interest Group Discussion: Epidemiology and Statistics

DEFINING PREDIABETES AND ITS CLINICAL CONSEQUENCES - DO WE NEED BETTER
ALIGNMENT?

John Yudkin, MD (University College London, London, UK)

William Cefalu, MD (Pennington Biomedical Research Center, Baton Rouge, LA)

In this discussion, Dr. John Yudkin and Dr. William Cefalu presented a point/counter-point on the need to
treat prediabetes. Dr. Yudkin argued that treating prediabetes with medication will dilute the effectiveness
of treatment, increase costs, and add to workload. He noted that those with prediabetes should be treated
with lifestyle modification alone as the evidence from studies such as DPP demonstrate that such an
approach can delay diabetes onset, but not bring about prevention. Dr. Cefalu pointed to the clinical
implications of prediabetes (i.e. microvascular complications) and the benefits of preventing type 2 diabetes,
stressing that type 2 diabetes is a complicated, heterogeneous disease caused by many different factors.
Thus, he suggested we need more than prevention strategy and noted that lifestyle modification is not
adequate.

▪ With his background as a clinical researcher with an interest in epidemiology, Dr.
Yudkin framed prediabetes as a clinical disease and its progression as a shift of a
variable along a continuum, contrasting the clinician's perspective of categories and cut points
to determine treatment targets. He stated that the benefits of medical interventions for prediabetes
may be overstated, as expanding treatment of prediabetes dilutes the benefits of said treatments.
According to Dr. Yudkin, the DPP and DPPOS studies found that lifestyle modifications may delay
the onset of type 2 diabetes by four years, but did not prevent type 2 diabetes over the long term. In
addition, he showed data demonstrating that metformin may delay the onset by two years in people
with impaired glucose tolerance, but only in the most high-risk patients in this population; he also
noted that it is wrong to assume that other drugs can provide similar outcomes to those of
metformin. In his eyes, using medications to treat prediabetes is essentially just shifting the
definition for type 2 diabetes to a lower threshold, increasing the number of people in need in
medical treatment, thereby diluting the effectiveness of treatment and increasing medical costs.
Further to that, Dr. Yudkin explained how DPP criteria included impaired fasting glucose and
impaired glucose tolerance, while the ADA defines prediabetes as someone with impaired fasting
glucose or impaired glucose tolerance or elevated A1c. Thus notably, approximately four times as
many people were classified as having diabetes as were eligible for the DPP. According to Dr.
Yudkin, while true, it is not realistic to expect every individual with prediabetes to undertake (or
even be able to undertake) the type of aggressive lifestyle intervention tested in the DPP; for these
individuals, drug therapy is a tool that should be considered from the toolbox.

www.closeconcerns.com 238

https://www.closeconcerns.com/knowledgebase/r/8bbce7d5#US_DIABETES_PREVENTION_PROGRAM_5_YEARS_LEGACY_STUDY_IN_US
https://www.closeconcerns.com/knowledgebase/r/e307fb08#Long-Term_Diabetes_Prevention_and_Effect_of_Interventions_on_Glycemia


▪ Dr. Cefalu stressed that we cannot implement only one prevention strategy due to the
heterogeneity of type 2 diabetes. He explained that the pathophysiology is complex, based on
insulin resistance, insulin secretion, post meal glucose, and fasting glucose. Specifically, individuals
with impaired fasting glucose and impaired glucose tolerance are at higher risk of progression than
those with only one. In addition, Dr. Cefalu stated that there are many ways to diagnose diabetes,
including measurements of fasting plasma glucose, A1c, and oral-glucose tolerance test. Thus, he
stressed that we cannot remove the label of prediabetes as we need a way determine which
individuals will progress to type 2 diabetes.

▪ Outside of the speakers' presentations, poll results during the discussion indicated
that attendees seemed to favor prevention of type 2 diabetes through any means
necessary. In the opinion of Close Concerns, we strongly agree that prevention efforts are key in
addressing this growing epidemic; we hope to see further discussions and resources invested into
understanding what optimal ways we can utilize pharmacotherapies and lifestyle intervention, while
ensuring cost-effectiveness and scalability.

Questions and Answers

Comment: I would like to give caution about the DPP. The spirit was to use the lifestyle
intervention but many of the CV risk factors improved. I am just back from China and
prediabetes is booming there. We need to treat more people with complications.

Dr. Yudkin: It would be great if we could expand the cut point of fasting plasma glucose but that would dilute
the effectiveness of the treatment.

Comment: We need to figure out how to improve lifestyle intervention. The problem is getting
incredibly worse but it cannot be at the expense of people not getting the treatment they need.

Dr. Yudkin: I am not arguing against the idea that everyone would benefit from physical activity. My anxiety is
making it a medical condition. If everyone was aware of it and gave it medical interventions, this adds to costs
and adds to work load.

Comment: We have to look at which parameters best predict risk. In the UK, there are studies
starting to look at prevention based on A1c. We label prediabetes as high risk for type 2
diabetes.

Comment: There is no question that lifestyle intervention is good to endorse. You get benefits
on hypertension, dyslipidemia, and type 2 diabetes. The group between 100-110 is a
heterogeneous group. We need a more precise definition of what the high-risk group is.

Dr. Cefalu: I agree with you. We do not know enough in that range. If there is something we can do with the
results we have now, we could make some changes.

Professional Interest Discussion Group: Nutritional Science and Metabolism

WEIGHT LOSS FOR TYPE 2 DIABETES - NICE BUT NECESSARY?

Marion Franz, RD, CDE (Nutrition Concepts by Franz Inc., Minneapolis, MN)

Ms. Marion Franz discussed the role of weight loss interventions as therapy for both overweight/obesity
and type 2 diabetes. In reviewing the various nutritional recommendations and associated clinical data, she
concluded that calorie reduction is a stronger predictor of success rather than specific macronutrient
composition. According to Ms. Franz, nutrition therapy should encourage a healthy eating pattern,
appropriate portion sizes, regular physical activity, and education and support. On the efficacy of
interventions, Ms. Franz showed that within the general public, weight loss interventions can result in some
weight loss (5%-10%) at six months but then plateaus and weight regain occurs due to the many
compensatory mechanisms against weight loss. Although weight loss of 5% is necessary for clinical benefits
(i.e. prevention or delay of type 2 diabetes, reductions in blood pressure, etc.), such weight loss may be
difficult to achieve for people with type 2 diabetes due to a variety of factors, including glucose lowering
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drugs that promote weight gain. In addition, those with insulin deficiency are also less likely to see
improved glycemia with weight loss. Thus, Ms. Franz stressed the need to intervene early with lifestyle
modification counseling and programs before people develop diabetes, as the general public and individuals
with prediabetes are much more likely to have the health benefits associated with modest weight loss. While
it is disappointing to hear the diminished efficacy of weight loss in more advanced diabetes, this
presentation very much emphasizes the need for prevention and early intervention.

Special Lecture: Kelly West Award for Outstanding Achievement in Epidemiology Lecture
(Supported by an Unrestricted Educational Grant from Merck)

TYPE 2 DIABETES - WHY WE ARE WINNING THE BATTLE, BUT LOSING THE WAR

K.M. Venkat Narayan, MD (Emory Global Diabetes Research Center, Atlanta, GA)

After proclaiming that we are winning the battle against diabetes (in terms of improved outcomes for
people with diabetes), Dr. Narayan stated that we are losing the war because of these gains have been
outpaced by the rising incidence and prevalence of type 2 diabetes. Dr. Narayan posited that in order to win
the war, we will need to focus on diabetes prevention and aggressively pursue global collaboration and
research. He explained how type 2 diabetes is a heterogeneous disease, for example classifying those with a
primary defect in insulin action (e.g., Pima Indians) as having "type 2a diabetes," and those with a primary
defect in insulin secretion (e.g., Asian Indians) as having "type 2b diabetes." Given this heterogeneity and
the high burden of disease in areas like South Asia, Dr. Narayan advocated for more research in low-income
and middle-income countries to understand how best to prevent or treat type 2 diabetes among those
specific populations, as current public health recommendations may not be the most appropriate for each
individual phenotype.

▪ Dr. Narayan proclaimed that we are winning the battle against diabetes, as outcomes
among people with diabetes in the United States have improved significantly in the
past few decades. Specifically, 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). Dr. Narayan suggested
that there are three reasons we are winning the battle: increased investment in science, increased
focus on translation and implementation research, and population-level monitoring and reporting.

▪ However, with the rising incidence of diabetes and the increasing overall burden of
disease in the United States and worldwide, Dr. Narayan believes we are losing the
war. In the United States, there was a steady increase in the incidence and prevalence of diabetes
from 1980 to 2012 (Geiss et al., JAMA 2014). As such, though the overall rate of end-stage renal
disease resulting from diabetes has decreased, the overall number of patients with end-stage renal
disease in the United States keeps increasing. Globally, there are already an estimated 387 million
people living with diabetes, and there will likely be (at least) another 205 million by 2035 (according
to the IDF Diabetes Atlas).

▪ Dr. Narayan said that in order to win the war, we will need to emphasize prevention of
type 2 diabetes and pursue aggressive global collaboration and research. In terms of
diabetes prevention, Dr. Narayan believes we need to have a screening policy in place (currently,
nine of 10 people with prediabetes remain undetected), improved infrastructure to provide lifestyle
interventions, and metformin indicated for the treatment of prediabetes. In terms of global
collaboration and research, Dr. Narayan focused mainly on understanding the pathophysiology and
heterogeneity of type 2 diabetes.

▪ He stressed that we need to begin thinking about type 2 diabetes as a heterogeneous
disease. Through collaborative efforts with researchers and clinicians in India and Pakistan, Dr.
Narayan and his colleagues identified two distinct phenotypes, which Dr. Narayan coined as "type 2a
diabetes" and "type 2b diabetes." Type 2a is characterized by decreased insulin action (insulin
resistance); is typically caused by adiposity, physical inactivity, or dietary factors; is best diagnosed
by two-hour glucose; and is best treated initially with lifestyle or metformin. Meanwhile, type 2b is
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characterized by decreased insulin secretion; has causes that remain yet to be fully explored (e.g.,
poor maternal/child nutrition, reduced beta cell mass, lipotoxicity, endocrine disruption); is perhaps
best diagnosed by fasting glucose or 30-minute glucose; and is best treated with secretagogues,
gliptins, or insulin. Dr. Narayan commented that Pima Indians in the US best typify type 2a
diabetes, while Asian Indians best typify type 2b diabetes. He speculated that these two populations
are at the extremes, and that there may be other diabetes phenotypes in between.

▪ Given the heterogeneity of type 2 diabetes, Dr. Narayan emphasized that more
research must be conducted in low-income and middle-income countries to
understand how best to prevent or treat type 2 diabetes among those populations. Dr.
Narayan pointed out the disconnect between disease burden and scientific productivity - though
South Asia bears a high proportion of the overall diabetes disease burden, far fewer scientific
publications have come out of the region than other areas of the world. He cautioned that by
ignoring some of the regions where the burden of disease is high, we are probably missing huge
scientific opportunities to come up with breakthroughs. As it stands, when we make public health
recommendations based largely off of North American and European data, they may not apply
directly to large parts of the populations in low-income and middle-income countries due to
phenotypic differences.

Diabetes Complications

Oral Presentations: Diabetes - A Mixed Bag

TYPE 2 DIABETES GENETIC RISK AND ALL-CAUSE MORTALITY IN THE UNITED STATES
(152-OR)

Aaron Leong, MD (Massachusetts General Hospital, Boston, MA)

Dr. Aaron Leong presented on the potential relationship between genetic determinants of type 2 diabetes
and all-cause mortality, and whether such a relationship was independent of BMI. The research group used
data from the National Health and Nutrition Examination Survey (NHANES) to model mortality as a
weighted function of 38 risk alleles across three BMI categories (<25, 25-30, ≥30 kg/m ). Although higher2

type 2 diabetes genetic risk was associated with mortality risk independently of BMI (n=6,501, OR 1.04 per
type 2 diabetes risk allele, p=0.05), associations within ethnic groups differed greatly. For example, there
was a negative trend between type 2 diabetes genetic risk and mortality risk in Mexican-Americans, mainly
driven by patients with BMI<25 kg/m (OR 0.91 per type 2 diabetes risk allele, p=0.06). The ambiguity of2

associations between ethnic groups thus prompts the need for studies that target certain population groups,
and indicate that the genetic basis for mortality due to type 2 diabetes likely involves complex interactions
with non-genetic factors related to body weight and ethnicity.

Oral Presentations: Diabetic Nephropathy - Novel Pathways and Interventions

PATHWAYS BETWEEN THE GUT AND KIDNEY - INTERSECTION OF GLP-1 EFFECT AND
RENAL FUNCTION

Jens Christiansen, MD, DMSc (Aarhus University Hospital, Aarhus, Denmark)

Dr. Jens Christiansen connected the pathways between GLP-1 effect, renal function, and effects on blood
pressure. He reminded the audience that renal function and urine analysis are important for measuring
chronic kidney disease (CKD) and for predicting stroke and coronary heart disease (CHD), noting that there
is a frequent concurrence between diabetes and hypertension. Dr. Christiansen explained that long-term
GLP-1 use reduces blood pressure and is associated with significant excretions of sodium. However, in
short-term tests in humans, there were no significant changes in excretion while blood pressure and cardiac
output both increased; these effects were also reversed over the duration of the drug's usage. In addition,
GLP-1 agonists were found to inhibit ANG II post-receptor signaling, resulting in a 20% decrease in ANG II
excretion. However, Dr. Christiansen tempered his talk with caution as he reminded the audience of the
hype associated with TZDs as a reducer of blood pressure that ultimately did not translate into clinical
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benefit in the long run. On the other hand, he noted that GLP-1 agonists' have looked promising in animal
models and that usage has brought a whole host of effects, including the reduction of albuminuria,
fibrogenesis, and inflammation. In conclusion, Dr. Christiansen stated that challenges remain and limit a
fuller understanding of GLP-1 agonists in renal function in people with diabetes as he encouraged for more
long-term studies to focus on nephropathy.

▪ A bit of a plot twist arrived with the results from the ELIXA outcomes trial for Sanofi's
Lyxumia (lixisenatide) - although the primary cardiovascular results were neutral, lixisenatide
did seem to attenuate the gradual rise in albuminuria, although it is hard to know at the moment
how definitive the signal was. We'll be watching this closely.

Questions and Answers

Q: Is the action on the inflammation on fibrogenesis a direct action from metabolism of
GLP-1?

A: I don't think we know that. We've only seen that in animal models - we just don't have the data.

Q: What about DPP-4 inhibitors? Can we achieve same results as GLP-1 through DPP-4
production of GLP-1?

A: The short answer is no. There is only a short increase in GLP-1 at the start of DPP-4 therapy. The benefits
have never been shown in any trials.

Q: It's very difficult to measure ANG II. I'm sure you measured it very well, but could
metabolism of ANG II be enhanced by GLP-1 leading to the result. Did you study this or
speculate?

A: I agree with you, measuring ANG II is not an easy thing. The people we worked with did a good job and you
need to keep in mind that this might be a cul-de-sac as we have no idea of the levels in tissue. In animal
models, however, we have had the same results as in humans. But we still don't know exactly what is going on.

Q: Did you measure AGT in any tests?

A: It did not go down significantly.

Oral Presentation: Strengthening Our Defense Against Diabetic Retinopathy

COMPARATIVE EFFECTIVENESS TRIAL OF AFLIBERCEPT, BEVACIZUMAB, OR
RANIBIZUMAB FOR DIABETIC MACULAR EDEMA (290-OR)

Jennifer Sun, MD, MPH (Joslin Diabetes Center, Harvard Department of Ophthalmology,
Boston, MA)

Dr. Jennifer Sun presented on the results of a randomized clinical trial comparing efficacy and safety data
for three anti-VEGF treatments (aflibercept, bevacizumab, and ranibizumab) at 89 clinic sites. Findings
showed that aflibercept resulted in greater improvement in visual acuity on average. However, aflibercept's
benefits varied by initial visual acuity; as compared with bevacizumab and ranibizumab, aflibercept
showed little difference in visual acuity for patients with mild initial vision loss, but significant
improvement for those with worse levels of initial visual acuity. This is exactly the information needed to
individualize patient therapy, in our view. During Q&A, Dr. Sun noted that although the study did not
directly address cost effectiveness, cost vs. benefit issues may affect how clinicians and patients choose
which anti-VEGF agent to use. She stated that while aflibercept has better outcomes for patients with
worse/severe vision loss, it is also the most expensive of the three anti-VEGF treatments. She explained, "If
one of my patients comes in with significant vision loss and all three medications are available, I would
probably reach for aflibercept because I know it is most likely to provide the most benefit." Specifically, after
one year of intravitreous 1.25 mg bevacizumab, participants (n=218) had an average 10 letter improvement
in visual acuity (via ETDRS Chart), compared to an average 13 letter improvement seen after one year of
2.0 mg aflibercept (n=224) and an average 11 letter improvement seen after one year of 0.3 mg
ranibizumab (n=218). However she added that in communities where aflibercept is not readily available,
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the much cheaper bevacizumab is already commonly prescribed by many physicians ($67 vs. aflibercept's
$1,9761 price tag) and provides full visual improvement in many eyes - even up to 20/20 visual acuity. That
said, bevacizumab, unlike aflibercept and ranibizumab is not FDA approved for the treatment of diabetic
macular edema. Dr. Sun emphasized that a >10 letter improvement in visual acuity, which was shown for a
majority of eyes with each of the anti-VEGF treatments, is a substantial vision gain for patients' quality of
life.

▪ As background, at the 89 sites, one eye each of 660 adults with decreased visual acuity
from diabetic macular edema (DME) was randomly assigned to a standardized
treatment protocol of intravitreous 2.0-mg aflibercept (n=224), 1.25-mg bevacizumab
(n=218), or 0.3-mg ranibizumab (n=218). Study eyes were followed every four weeks with
visual acuity and retinal central subfield thickness measured on optical coherence tomography
(OCT). The primary outcome was change in visual acuity at 1 year, with secondary outcomes
including changes in retinal thickness. Adverse events were recorded and hospital discharge
summaries evaluated at the Network Coordinating Center.

▪ Upon stratifying patients into "good" or "worse" baseline visual acuity, Dr. Sun noted
the increased improvement with aflibercept in comparison to the other anti-VEGF
treatments became more apparent in patients with "worse" baseline visual acuity (20/
50 or worse). After one year of intravitreous treatments, these patients with poorer baseline visual
acuity on aflibercept exhibited an average gain of 19 letters (nearly four lines of vision on the Snellen
chart), as compared to an average improvement of 14 letters (nearly three lines of vision) with
ranibizumab, and an average gain of 12 letters (between two and three lines of vision) with
bevacizumab. In contrast, in patients with "good" baseline visual acuity (20/32 to 20/40), all three
anti-VEGF treatments resulted in "very similar" acuity improvements, each averaging eight letter
gains in visual acuity.

▪ Additionally, aflibercept resulted in the greatest change in optical coherence
tomography retinal central subfield thickness (OCT CST) over one year. Specifically, the
drug resulted in a 169 um reduction in thickness, which correlates with decreased diabetic macular
edema. In comparison, ranibizumab resulted in a 147 um reduction in OCT CST, and bevacizumab
resulted in a 101 um reduction. Upon stratification, in those with "good" baseline visual acuity,
bevacizumab still performed the most poorly (67 um reduction) compared to 119 um reduction for
ranibizumab and 129 um reduction for aflibercept. Similar results were seen in patients with "worse"
baseline visual acuity.

▪ Encouragingly, Dr. Sun noted that adverse events and visual acuity loss were rarely
found in any of the three anti-VEGF treatments groups. Serious adverse events, death, and
hospitalization rates were similar among treatment groups. Significant differences in frequencies of
major cardiovascular events were not identified: 9% of patients experienced any cardiovascular
event, excluding hypertension, in the aflibercept group vs. 9% with bevacizumab and 17% with
ranibizumab.

Questions and Answers

Q: You showed the OTC results stratified by good initial vision vs. poor baseline vision; did you
look at the OTC response based on initial thickness as well?

A: Yes, we did look at baseline thickness and we found that there was an interaction: when we divided eyes
into those with thicker vs. thinner retinas at baseline, aflibercept had an advantage in thicker retinas.

Q: In terms of cost, aflibercept seems to work better if you have a lower baseline, but what are
your suggestions for balancing the cost of this more expensive drug?

A: Cost is one of many considerations we take into account when we treat patients. Physicians will have to
decide on an individual basis how to balance the greater efficacy of aflibercept, particularly for eyes that start
with worse visual acuity, with the much lower cost of a drug like bevacizumab. The good news is that many
eyes can improve to 20/20 visual acuity or better with resolution of diabetic macular edema with
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bevacizumab as well. Thus, using bevacizumab as a first-line agent may be a viable alternative for
communities in which the other medications are not readily available.

Posters

INCIDENCE OF HYPOGLYCEMIA OVERTREATMENT IN THE SHARE REAL LIFE USE
POPULATION (5-LB)

K Nakamura, T Walker, J Leach, L Bohnett, J Valdes, A Balo

This late breaking poster presented the results of a study on the frequency of "rebound hyperglycemia" (
≥180 mg/dl), which results from over treating hypoglycemia with rapid acting carbohydrates - this is very
familiar to many patients and often then results in what Kerri Sparling Morrone of renowned SixUntilMe
blog christened "rage bolusing" many years ago (here's a blog about it from 2005). The Dexcom-sponsored
study identified hypoglycemic events and associated glycemic rises from CGM glucose data stored on the
commercial Dexcom SHARE system - as an aside, this data is going to prove incredibly valuable overTM

time, for analyses like this alone! Out of 1,177 users, over 50,000 hypoglycemic events were identified, with
events more common during the day (8am-8pm) (59%) than at night (8pm-8am) (41%). Of these
hypoglycemic events, rebound hyperglycemia followed within 60 minutes in 18% of participants and
followed within 90 minutes in 26% of participants - this shows that even patients on valuable medical
devices such as CGM still overtreat more often than may have been realized. The study also found that
rebound hyperglycemia within 60 minutes was more common during the day (21%) than at night (13%),
which could be associated with daytime meals compared to nighttime overtreatment.

Special Lecture: President, Health Care, & Education Address

DIABETES CARE AND RESEARCH: WHAT IS THE NEXT FRONTIER?

David Marrero, PhD (Indiana University, Indianapolis, IN)

Dr. David Marrero highlighted the need for increased research into behavioral and mental health aspects of
diabetes to a packed audience. After describing how technologies and treatments have changed in the 39
years since he was diagnosed with diabetes and how he became interested in the intersection of behavioral
health and diabetes, he made a strong case for why this intersection is the next research frontier. He first
noted that diabetes and depression may be linked - people with diabetes are more than twice as likely to face
depression than those without, and people with both diabetes and depression have more severe diabetes
than those with diabetes alone. Moreover, mental illness is the leading cause of disability adjusted life years
lost worldwide and is expected to account for more than half of the projected total economic burden from
noncommunicable chronic diseases over the next two decades. Thus the next research frontier in diabetes
needs to focus on behavioral and mental health, he argued. However, he noted that only 0.9% of National
Institute of Mental Health Grants and 3% of ADA grants explore behavioral/social issues related to
diabetes. Dr. Marrero argued that we need significant increases in funding in this realm, need to increase
the number of highly trained people who address mental health issues related to diabetes, and need more
research into how providers can support patients' emotional needs. To conclude, he announced that the ADA
is collaborating with the American Psychological Association to develop training programs for
psychologists that focus on the unique needs of people with diabetes - this announcement was met with
applause. We are very glad to hear this and also hope that the American Psychological Association fights for
more integrated approaches, along with the ADA and other advocacy organizations.

▪ According to Dr. Marrero, the global cost of mental illness was $2.5 trillion in 2010
and is projected to increase to over $6 trillion by 2030. He stressed that the economic
burden of mental illness is larger than the costs of cardiovascular disease, chronic respiratory
diseases, cancer, and diabetes and that mental illness accounts for a 35% of lost global output.

▪ Dr. Marrero also brought up the FDA's role in addressing these issues by pointing to
the Agency's initiatives for patient input and for improving assessments of patient-
reported outcomes. He discussed how the FDA has initiated a patient-focused drug development
initiative that incorporates patient preferences and outcomes in their review process for drugs and
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devices - see our coverage of the Agency's blog post on this. In addition, Dr. Marrero mentioned that
the FDA has asked the ADA to provide recommendations on assessment techniques for measuring
patient-reported outcomes to better understand how new treatments impact quality of life. In our
eyes, the challenging nature of measuring these outcomes has likely partly contributed to our lack of
understanding of such issues and we are glad to see high-level organizations like the FDA being
proactive on this front.

Meet-the-Expert: Strategies to Address the Problematic Patient with Hypoglycemia

STRATEGIES TO ADDRESS THE PROBLEMATIC PATIENT WITH HYPOGLYCEMIA

Simon Heller, MD (University of Sheffield, Sheffield, UK)

Dr. Simon Heller provided an overview of severe hypoglycemia, including why it happens, the risks in
patients with type 1 and type 2 diabetes, potential technological and educational treatments, and
hypoglycemia unawareness. During Q&A, Dr. Heller provided his hypothesis for why long-duration
diabetes causes hypoglycemia unawareness - years of minor episodes of hypoglycemia lead to damaged
cells in the brain. Turning to actionable steps, Dr. Heller presented results from several studies
demonstrating that technology, such as CGM and pump therapy, can reduce severe hypoglycemic events, as
can a switch to insulin analogs (citing the HypoAna trial showing a reduction with insulin analogs vs.
human insulin), education, and psychological interventions. Dr. Heller remarked that he believes education
is more key (and cheaper) than technology, citing the HypoCOMPaSS trial results demonstrating a similar
reduction in severe hypoglycemia for those using technology vs. those not, with all groups receiving
education. Turning to more intensive therapies, Dr. Heller also briefly presented data demonstrating that
even failed islet cell transplantation can reduce some severe hypoglycemia, and partial and full islet cell
transplantation can provide significant reductions in hypoglycemia - though he also noted that this option is
not widely feasible. Dr. Heller closed his session with his pathway for hypoglycemic problems: (i) identify
potential hypoglycemia unawareness; (ii) work closely with diabetes nurses/dieticians; (iii) provide
structured training in insulin self-management; (iv) put the patient on CGM/pump therapy; (v) address
major psychological barriers; and (vi) consider islet cell transplantation.

Question and Answers

Q: I've noticed more hypoglycemia recently, with several nurses training patients to correct
blood glucose levels with additional insulin doses. How do you deal with a more aggressive
insulin plan?

A: You can get into a pattern of overcorrection, and it turns into chasing a tail. One problem is that we have a
standard correction dose, and we tend to oversimplify; we use a unit of rapid-acting insulin to reduce glucose
by 3 mmol/liter, but we need to look at other information. For example, if glucose levels are going up, one
correction dose is not enough. If it is going down, they should take less than one unit. Patients have to be
warned of consequences and that those varied corrected doses are okay.

Q: You talked about preventing hypoglycemia, but emphasized not letting your patients run
high. That is virtually impossible. How do you tell your patients to do that?

A: It's a compromise. In special cases you have to be cautious - some patients are told to just run their glucose
targets extremely high for a few months. The issue is actually that they could be having hypoglycemia during
the night, even if they are running high during the day. In trying to reverse hypoglycemia, that gives the wrong
message.

Q: Will long-standing patients not on intensive control still experience this unawareness
phenomenon?

A: A long duration of diabetes will cause hypoglycemia - it's not just tight control. My idea is repeated
episodes of hypoglycemia over years probably damage glucose-sensing cells, arguably in the hypothalamus. If
these cells are damaged over the years and unable to initiate normal physiological protection, there's the effect
of long duration due to episodes of hypoglycemia. Add to that the need for intensive control, and you have
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more hypoglycemia. Even with long duration diabetes, you can reverse some unawareness, and islet cells can
help bring back some normal physiology.

Q: Does neuropathy contribute to hypoglycemia unawareness?

A: There is some evidence of a specific effect, however, typically those with neuropathy have a long duration of
diabetes, so it is difficult to separate the two.

Q: As long as low-risk patients are in good glycemic control, what is the frequency of minor
hypoglycemia events that I should avoid?

A: A group of us met to try to answer that question - it's important. In our training program, we have said two
to three episodes a week are fine. I don't know if there's evidence for that. Possibility, those can accumulate
and cause damage. Then, there is the hypoglycemia that all sustain during night that we don't measure, and is
asymptomatic. All values for the number of acceptable minor hypoglycemia events are totally arbitrary, and
there is no evidence to back it up.

Q: What are your thoughts on hypoglycemia and patients retaining a driver's license?

A: In the EU, one needs to have total unawareness to lose a driving license. In my view, the question is asked
the wrong way around. A van driver who had full awareness and didn't test his glucose levels ended up
crashing and killing somebody - he went to jail. Patients need to test their glucose before they drive. Most
patients don't test, which is considerable concern. For a patient with some awareness, if they can be
persuaded to check their blood glucose before driving, I will support the retention of their license, but it varies
a lot in different countries.

Q: What happens when a patient has hypoglycemia unawareness, but completely denies it?

A: We need to work with them. When we put our patients in a group, they understand each other. You're
right, these are huge issues. There's a study on partners of patients, and it's depressing because there are
partners reviving their partners and then their partners deny there's a problem. There is one quote from a
partner saying, I didn't bargain for this when I got married.

Q: What's your view on where the economic discussion should be for patients with type 2
diabetes?

A: Severe hypoglycemia is expensive, and less severe hypoglycemic events are less expensive. The pure
economic argument is always a hard sell. The economic argument is winning - indications for better treatment
and also resetting glycemic goals. Now, trying to make it easier to use more expensive therapies to reduce
severe hypoglycemia.

Q: Do you have experience with structured programs for the pediatric benefit, and at what
age?

A: There is one trial with young adolescents in the UK. Interestingly, it didn't improve A1c. It didn't have an
effect on severe hypoglycemia. There is an urgent need for courses for parents with children who have
diabetes, and I'm unaware of a publication where that has been done. In terms of adolescents, structured
programs on their own are inadequate. We have to combine training with other techniques, such as
psychology and education. One problem with kids, at least in the UK, is that they hate having diabetes, and
will do anything not have it. We need to get to kids early and train them and their parents. We just need the
parents to buy in. This is still in the early days.

Q: How often should people test during the night, and at what time?

A: I have a 3 AM rule, but you won't be surprised that 80% of my patients don't follow it. Where you have
CGM and are taking advantage of that, then you can identify your unawareness throughout the night and take
steps to prevent that. It's horrifying the hours of hypoglycemia that patients sleep through. Where it can be
afforded, CGM is really important if you don't want a 3AM test.
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Symposium: The Impacts of Hypoglycemia in Diabetes (Supported by an Unrestricted
Educational Grant from Merck)

HYPOGLYCEMIC MORBIDITY AND COSTS IN DIABETES

Brian Frier, MD (University of Edinburgh, Edinburgh, UK)

Dr. Brian Frier set the stage for the symposium by providing an overview of the morbidity and costs of
hypoglycemia in diabetes. He emphasized that hypoglycemia has serious acute costs, but equally as costly
are the long-term consequences including chronic syndromes, worsened complications, impaired awareness
of hypoglycemia, and reduced quality of life. Additionally, on a particularly insightful note, he stated that
while the psychosocial effects and fear of hypoglycemia are undoubtedly high, these are "unquantifiable"
outcomes. Furthermore, Dr. Frier described the estimated economic costs as "only the tip of the iceberg"
since most of this cost data comes from hospital emergency room (ER) visits; in actuality, up to 90% of
hypoglycemic events are treated in the community (Donnelly et al. Diabet Med, 2005), thus reframing
economic costs as "a serious underestimate." (We note this is old data and would assume it may well be an
even higher percent treated in the community - but the cost is much larger since the exposure of diabetes is
much greater.) He noted that more worrisome is that very little is known about the long-term costs of
hypoglycemia-related morbidity, describing it as "a gaping black hole" in our knowledge.

▪ Dr. Frier described several "imponderables" that prevent accurate estimates of the
economic costs of severe hypoglycemia. Firstly, measuring the frequency of hypoglycemia is
difficult, particularly for non-severe events as well as events in elderly patients and non-insulin-
treated type 2 diabetes. Secondly, the incidence and cost of hypoglycemic morbidity and its direct
consequences are still unknown. These morbidities include accidents causing injury, vascular events
(cardiac, neurological), and driving and workplace mishaps, as well as the cost of long-term
psychological morbidity (fear of hypoglycemia) with impact on glycemic control and risk of diabetic
complications.

▪ In a National Ambulatory Medical Care Survey in the US from 1993-2005, five million
emergency department visits for hypoglycemia were recorded and 25% resulted in
hospital admission (Ginde et al., Diabetes Care 2008). Dr. Frier expounded on the economic
burden of these hypoglycemia-related ED visits, noting that severe hypoglycemia (SH) costs are
higher when patients are hospitalized; in the UK, a single episode of hypoglycemia in type 1 and type
2 diabetes were 887 pounds and 892 pounds, respectively, compared to 256 pounds and 238 pounds
in an outpatient community setting (Hammer et al., J. Med 2009). Dr. Frier argued for a shift to
treating patients outside of hospitals, where he noted hypoglycemia expenses to be "incredibly
escalated."

Questions and Answers

Q: The last few large randomized controlled trials in type 2 diabetes have shown an
association between severe hypoglycemia and severe cardiac events. However, it's usually
several months after hypoglycemia where we are seeing these severe cardiac events; could you
elaborate on what you think is going on?

A: I don't know if we're looking at months because some of these cardiac events are just a few days after the
event. I believe Dr. Simon Fisher may address this later, but basically hypoglycemia is setting an individual up
to be more susceptible to severe cardiac events. I don't want to pre-empt Simon, but if a patient has lots of
hypoglycemia, then this preconditions the heart. The concept is that various other things are happening like
changes in coagulation and inflammation, which last for a considerable amount of time, thus the days to
weeks delay. We have to change our thinking on hypoglycemia. It is not a short-lived event.
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ARRHYTHMIAS AND MORTALITY ASSOCIATED WITH INSULIN-INDUCED
HYPOGLYCEMIA

Simon Fisher, MD, PhD (University of Utah, Salt Lake City, UT)

Dr. Simon Fisher presented animal model results showing the insulin-induced hypoglycemia effects on
arrhythmias and mortality. He explained the mechanism behind severe hypoglycemia-induced mortality
otherwise known as "dead in bed syndrome": a huge surge in the counter-regulatory sympathoadrenal
response to hypoglycemia causes cardiac arrhythmia and subsequent cardiorespiratory arrest. He noted
that preventing or blunting this counter-regulatory surge could prevent cardiorespiratory arrest causing
mortality. Indeed, Dr. Fisher's group found that providing rats with an alpha/beta blockade before insulin-
induced hypoglycemia completely prevented mortality (n=13) vs. 30% mortality in control with no alpha/
beta blockade (n=12). Furthermore, pre-administration of a beta-blocker specifically prevented mortality
(n=5) vs. 50% mortality with an alpha-blocker (n=6) and 30% mortality in the control group (no blockade,
n=12). Also, paradoxically to the prevailing hypothesis that recurrent hypoglycemia is solely maladaptive
(hypoglycemic unawareness, impaired counter regulation, increased risk of hypoglycemia), Dr. Fisher
argued that it might have some adaptive benefits as well, including preconditioning against severe
hypoglycemia, neuroprotection, preserved cognition, seizure prevention, and most importantly, mortality
benefit. Rat models with recurrent hypoglycemia showed <5% mortality compared to 20% in control and
35% in the diabetes arm without recurrent hypoglycemia model.

▪ Dr. Fisher highlighted "the one slide of data that you need to know" which showed
that adrenergic blockade prevented death due to severe hypoglycemia. Rats given alpha/
beta blockers (n=13) showed 0% mortality vs. 30% mortality in the control group (n=12) (p<0.029).
Mechanistically, their data showed that prolonged rapid heart rate predicted mortality in these rats.
In control groups (without adrenergic blockade), rats that died from severe hypoglycemia exhibited
450 bpm heart rate vs. 340 bpm in rats that survived severe hypoglycemia and 350 bpm in rats at
basal insulin levels. In comparison, all of the rats that received alpha- and beta-blockers survived,
with those undergoing severe hypoglycemia exhibiting heart rates of just 200 bpm. More
specifically, researchers found the alpha/beta blockade reduced cardiac arrhythmias, completely
preventing first, second, and third degree heart blocks. This data was both highly specific (95%) and
sensitive (89%).

▪ By specifically isolating administration of an alpha vs. beta-blocker, results showed
that beta blockade reduced arrhythmias and completely prevented mortality (n=5) vs.
50% mortality with just an alpha-blocker (n=6) and 30% mortality with in controls, i.e. no blockade
(n=12).

▪ Dr. Fisher concluded that adrenergic blockades, specifically administration of a beta-
blocker, prevented the sympathoadrenal response (of norepinephrine and epinephrine),
which is believed to cause cardiac arrhythmias and subsequent cardiac arrest in "dead in bed"
syndrome. Electrocardiogram (ECG) readings of the study's rat models found QTC prolongation and
tachycardia during insulin-induced hypoglycemia, which Dr. Fisher noted was previously found in
human subjects (Frier et al., Diabetes Care 2011). Dr. Fisher's group was able to leverage the use of
an animal model, simulating hypoglycemia levels too low to be studied in human participants in
order to assess what happens after QTC prolongation. Researchers found the QTC prolongation was
followed by premature ventricular contractions (PVCs) and subsequent first, second, and third
degree heart blocks, the latter of which is associated with mortality in rats.

▪ Dr. Fisher also proposed that recurrent moderate hypoglycemia could have the
benefit of inducing a blunted sympathoadrenal response, thus resulting in fewer
cardiac arrhythmias and decreased mortality. Diabetic rats in which recurrent moderate
hypoglycemia was induced (n=27) were consistently protected (<5% mortality after severe
hypoglycemia) vs. 35% mortality in the diabetic rats without recurrent hypoglycemia and 20%
mortality in the control group with no background diabetes (n=123). Rats with recurrent moderate
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hypoglycemia had limited damage to memory and learning areas of the brain after 90 minutes of
severe hypoglycemia compared to euglycemic controls (Puente et al., Diabetes, 2010).

Questions and Answers

Q: Was there any way you could measure if pre-treatment with alpha/beta blockade improved
hypoglycemia awareness?

A: As you can imagine, it was very difficult to assess hypoglycemia awareness in our rat model. We gave the
rats questionnaires but they refused to fill them out [audience laughter].

HYPOGLYCEMIA MORTALITY IN DIABETES

Philip Cryer, MD (Washington University in St. Louis, St. Louis, MO)

Addressing a packed audience, the great Dr. Philip Cryer reviewed hypoglycemia mortality in type 1 and
type 2 diabetes. He emphasized that, while there is an association between the occurrence of hypoglycemia
and death, this does not establish that hypoglycemia was the cause of all, or even any, of the deaths. Dr.
Cryer reviewed evidence from randomized controlled trials (including the NICE-SUGAR and ACCORD
trials), highlighting that increased mortality has been reported during intensive therapy compared with less
intensive, glucose-lowering therapy in ICU patients and in patients with type 2 diabetes. Recent estimates
suggest that anywhere from 4% to 10% of deaths of people with type 1 diabetes were due to hypoglycemia.
Dr. Cryer emphasized that there is an iatrogenic hypoglycemia mortality rate in both type 1 and type 2
diabetes. In addition, he outlined the implications of hypoglycemic mortality, emphasizing the goal to aim
for the lowest A1c value that does not cause severe hypoglycemia and that preserves awareness of
hypoglycemia with little or no symptoms. He argued that this should be done by accounting for the patient's
degree of endogenous insulin deficiency and drug treatment, keeping in mind that the greatest risk of
hypoglycemia is in those with type 1 diabetes and on insulin/sulfonylurea/glinide treatment. Dr. Cryer then
turned to a discussion of hypoglycemia-associated autonomic failure (HAAF), which occurs when iatrogenic
hypoglycemia reduces sympathoadrenal and symptomatic responses to the same level of hypoglycemia that
follows. He concluded by arguing that HAAF is both maladaptive and adaptive, in that it is associated with
an increased risk of severe hypoglycemia during intensive glycemic treatment but also has evidence from
rat models showing reduced frequency of death during hypoglycemia following previous exposure to
recurrent moderate hypoglycemia, a model of HAAF.

Symposium: Emerging Topics in Diabetic Kidney Disease

GLOBAL BURDEN - AGING POPULATIONS AND RISING FREQUENCIES OF KIDNEY
DISEASE

Tazeen Jafar, MD, MPH (Duke-NUS Graduate Medical School Singapore, Singapore)

In a timely talk on the global burden of kidney disease, Dr. Tazeen Jafar stressed that kidney disease is a
widespread, cost-intensive morbidity. Globally, chronic kidney disease (CKD) (Stage 3-5) prevalence is 7%
and the expected number of patients with CKD is 300 million. CKD prevalence rates are high across all
regions, and especially high in Southeast Asia and Europe. Although the disease burden is very high, many
individuals living in middle- and low-income countries are unable to afford the high costs of dialysis. Dr.
Jafar argued that kidney transplantation is a more cost-effective solution compared to dialysis; however,
the limited numbers of kidney donors available make this option unviable for many. Dr. Jafar concluded her
presentation with a call to action, for inclusion of CKD in the public health agenda with population-wide
programs for prevention of CKD. These efforts will include screening for CKD among high-risk individuals
such as those with diabetes and hypertension and prompt institution of multifactorial therapy for
preventing cardiovascular disease and progressive CKD. She also encouraged the audience for more
research on novel therapeutic targets as well as on nontraditional pathways on the link between CKD and
cardiovascular disease (i.e. fluid overdose, anemia).

Q: Are there any global difference in dialysis outcomes that we can learn about?
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A: Access to dialysis has been poor. Survival on dialysis is also suboptimal. The median survival for people on
dialysis really depends on age and comorbidities. For individuals aged 44-64, it is about 4.4 years. In Japan, it
is much better. We know life expectancy is better. Many theories have been advanced as to why this is the
case. One hypothesis is that people in Japan have a reduced sub-clinic arthrosclerosis burden. Also, access to
dialysis is better in Japan and they have the greatest number of nephrologists per capita there also. The
Japanese also have the best fistula access placement rates. Timely placement is really important for patients.

Symposium: The Eyes Are Windows to the Soul - Improving Care and Quality of Life for
Patients with Vision Loss

OUT WITH THE OLD AND IN WITH THE NEW - EMERGING THERAPIES FOR DIABETIC
MACULAR EDEMA

Lloyd Paul Aiello, MD, PhD (Joslin Diabetes Center, Boston, MA)

Dr. Lloyd Paul Aiello reviewed the history of therapies for diabetic macular edema (DME), highlighting how
far treatments have advanced since the mid-twentieth century. Specifically, Dr. Aiello pointed to vascular
endothelial growth factor's (VEGF) discovery in the 1990s as a key turning point in shifting the clinical
paradigm, as VEGF is an important factor to look at for mediating diabetic retinopathy and DME. Dr.
Aiello cited RIDE/RISE pooled data and other studies funded by the Diabetic Retinopathy Clinical Research
Network, which led to the approval of two anti-VEGF agents (Roche/Genentech's Lucentis [ranibizumab]
and Regeneron's Eylea [aflibercept]) and use of a third (Genentech's Avastin [bevacizumab]) for the
treatment of DME causing vision impairment - we note the third is not approved for DME but is used off-
label as it is much cheaper. Challenges associated with these drugs include the fact that Avastin is not FDA-
approved for intraocular use, the high costs of these drugs, and the need for multiple visits and injections.
However, Dr. Aiello also pointed to these treatment options' many benefits including low complication
rates, minimal side effects, and the reduced need for laser treatment. Looking forward, Dr. Aiello
emphasized the need for predictive biomarkers to help individualize future treatment, specifically pointing
to the potential impact of the adaptive optics scanning laser ophthalmoscopy (which can remove over 90%
of optical aberrations) as it is currently being used to look at the association between microaneurysms and
predictive biomarkers.

Questions and Answers

Q: Do you know of other factors that determine who is going to get diabetic macular edema vs.
diabetic retinopathy?

A: Many people have been looking at this for a long time. There are clearly genetic components, but it is not
simple. Clearly genes, predisposition, and environmental factors all play a role. There is a lot of good work
going on to determine who gets the disease and who doesn't.

Symposium: Cardiovascular Disease Risk Factor Management in Type 2 Diabetes Mellitus
(Supported by BI & Lilly)

CARDIOVASCULAR RISK FACTOR MANAGEMENT IN DIABETES - WHERE ARE WE IN 2015?

Sherita Golden, MD (Johns Hopkins University School of Medicine, Baltimore, MD)

Dr. Sherita Golden began her presentation with a widely known observation that people with diabetes are
at a higher risk of cardiovascular disease from a large meta-analysis of over 100 prospective
cardiovascular disease studies in people with diabetes. She introduced the ABCs of diabetes care towards
CVD prevention, which encompass A1c and aspirin, blood pressure, and cholesterol. However, she
demonstrated that meta-analyses of large-scale trials demonstrated that A1c reduction and aspirin
treatment produced no significant reduction in CVD incidence. In addition, strict blood pressure control and
LDL cholesterol reduction by pharmaceuticals only proved effective for high-risk patients. Lastly, she
addressed the matter of obesity (or what she called the "culprit" of diabetes) by comparing several meta-
analyses of varying methods for obesity control. Of all the methods, more invasive surgeries have the most
dramatic effects on glycemic control as well as weight reduction. However, in today's diabetes marketplace,
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patients place a premium on the effect of the therapy on weight, but Dr. Golden noted that this consideration
must also be balanced with cost and insurance coverage.

▪ Dr. Golden asked a provocative question after reviewing the conclusions of ACCORD
and VADT: did the studies focus on the right subgroups? She noted that there is a trend of
increasing diabetes incidence among older adults, women, and ethnic minorities, especially Latino
and African-American groups. A meta-analysis of over 100 prospective studies evaluating
cardiovascular disease determined that patients with diabetes have an increased risk of vascular
disease. In addition, the ACCORD and VADT studies found that groups with A1c, blood pressure, or
cholesterol reduction found no corresponding reduction in the incidence of any CVD endpoint. In
referring back to the increasing incidence of diabetes in specific groups, she then inquired whether
these studies focused on the correct subgroups of patients.

▪ Dr. Golden outlined the ABCs of diabetes care as potential components of preventing
cardiovascular disease. She discussed the "A", or A1c, by stating that tight glycemic control at
A1c levels <7% resulted in no significant reduction of cardiovascular (ACCORD, VADT trials) and
could even be associated with an increase in cardiovascular mortality (Look AHEAD trial). For the
"B", blood pressure, she noted that the ADA recommends a target of <140/90 mmHg as a target
endpoint, though recently lowered the target to <130/80 mmHg for younger patients. She reminded
attendees that the ACCORD study found an increase in overall complications associated with more
intensive blood pressure management. Regarding the "C", cholesterol, she summarized recent ADA
and ACC/AHA recommendations that shifted the focus from numeric target-based statin therapy to
overall risk stratification.

▪ In the final component of the talk, she addressed the role of obesity as the "culprit" of
diabetes and the efficacy of interventions targeting obesity. She raised the findings of
the Look AHEAD study, pointing out that increased physical activity (~180 minutes per week) led to
the primary endpoint of significant weight reduction, but no significant difference in the incidence
of cardiovascular disease after 9.5 years (n=5,145). However, she also pointed to a meta-analysis of
22,000 bariatric procedures, in which the most invasive procedures resulted in the most dramatic
weight loss and remission of diabetes. In particular, one study demonstrated that adjustable gastric
binding resulted in 73% diabetes remission in the intervention group vs. 13% in medical treatment
arm (n=60, baseline BMI = 30-40 kg/m , p<0.05). Furthermore, the treatment group experienced2

significant differences in weight reduction, fasting plasma glucose, and A1c.

GLYCEMIC CONTROL IN TYPE 2 DIABETES

Deborah Wexler, MD (Massachusetts General Hospital, Boston, MA)

Dr. Deborah Wexler began her talk by emphasizing the urgency of macrovascular complications as the
greatest cause of mortality in people with type 2 diabetes. She reviewed DCCT and UKPDS results that
indicated a curvilinear relationship between cardiovascular disease (CVD) event rates and A1c levels, with a
dramatic increase after an A1c of 7%. Despite the indication that A1c management improves CVD outcomes,
the ACCORD study (n=10,251) comparing A1c targets of 6% to 7.5% led to an overall increase in all-cause
mortality, with the cause unclear, as well as a threefold increase in hypoglycemic events, and a twofold
increase in weight gain. According to Dr. Wexler, other contemporaneous studies of intensive glycemic
control such as the ACCORD study (which achieved a 6.5% A1c in the intensive group and a 7.5% A1c in the
control group) and the VADT study (which achieved a 6.9% A1c in the intensive group and a 8.4% A1c in the
control group) showed no benefit or harm within the duration of the randomized portions of the studies. The
balance of evidence indicates that intensive glycemic control to lower A1c below 7% had no harmful effects,
but did not provide any reduction in risk for cardiovascular disease over the duration of the trials (all less
than five years).

▪ Over a 17-year follow-up period from the DCCT/EDIC studies of individuals with type 1
diabetes, intensive control achieving an A1c of 7% compared to 9% in controls reduced
the risk of major cardiovascular adverse events by 50% (p=0.018). In addition, the
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UKPDS study of people with type 2 diabetes supported the notion that intensive therapy provides
relatively higher benefits in CVD prevention though in a nod to cardiovascular outcome trials
ongoing now - it took quite awhile to get to this point of proof and this makes the three to five year
timelines seem far too short (even given that UKPDS was patients more recently diagnosed). In
UKPDS, over 20 years of follow-up, the intensive therapy group of sulfonylurea and insulin use had
a 15% cumulative risk ratio for myocardial infarction, less than half of the 33% risk ratio for the
standard care group on metformin (p=0.005). These findings thus support the hypothesis that
intensive therapy may provide a beneficial effect towards reducing CVD risk - we assume the
metformin group had a higher A1c and poorer control overall.

▪ In the ADVANCE-ON study data released in October 2014, intensive care did not show
any improvement in CVD outcomes in comparison to standard care (n=1140, p>0.05).
The initial baseline A1c of 7.5% improved but then regressed back to 7.5% during the follow-up
period. Despite the neutral effect on CVD outcomes (at least for that time period), the intensive care
group did show a significant benefit in end-stage renal disease (ESRD) outcomes vs. standard care
(p=0.007). However, the incidence of ESRD itself was very rare, with 29 cases in the intensive group
vs. 53 in the standard care group.

▪ Dr. Wexler called the late-breaking news the report of the longer term-follow up of the
VADT trial, which showed reductions in cardiovascular outcomes over almost 10
years of total follow up. Since the benefit of intensive glycemic control on CVD accrues over
years, Dr. Wexler noted that further analyses of these cohorts, particularly from the ACCORDION
observational follow up of the ACCORD cohort, may reveal additional information. The means of
achieving glycemic targets, for example, may have a significant effect due to their effects on weight
gain and hyperglycemia as well as off-target drug effects - it would be useful to know more about
this.

Symposium: Diabetic Dyslipidemia - Where's the Action in 2015?

THE TYPICAL DIABETIC DYSLIPIDEMIA PRESENTS A PLETHORA OF DRUG TARGETS FOR
REDUCING ATHEROSCLEROSIS

Marshall Elam, MD, PhD (University of Tennessee Heath Science Center, Memphis, TN)

Dr. Marshall Elam presented several exciting drug targets for reducing atherosclerosis in patients with
diabetic dyslipidemia, focusing on LDL concentration, hyperglycemia, and triglyceride rich lipoproteins as
potential treatment targets. Consistent with current treatment guidelines, Dr. Elam recommended the use of
moderate to high intensity statins to lower LDL concentrations for type 2 diabetes patients over the age of
forty. Using the IMPROVE-IT trial as evidence, he also indicated that the use of ezetimibe (a cholesterol
absorption inhibitor) in combination with background statin therapy may reduce the risk of cardiovascular
events in patients with pre-existing cardiovascular disease. As for hyperglycemia, although Dr. Elam did
not discuss ways to reduce hyperglycemia, he did suggest that glycemic control reduces triglyceride levels
by decreasing new lipid synthesis and VLDL. Even so, Dr. Elam took note that although individual trials of
intensive glycemic control have failed to show reduced cardiovascular disease (CVD) events, a long-term
post trial follow-up of The Veterans Affairs Diabetes Trial reported a 17% lower rate of primary CVD events.
Dr. Elam concluded his presentation with evidence that fenofibric acid in combination with rosuvastatin
increases HDL concentrations and lowers both triglyceride and LDL concentrations; however, the data are
mixed as to whether fibrate therapy reduces CVD risk.

▪ Dr. Elam reviewed the characteristics of diabetic dyslipidemia, which include
increased triglyceride-rich lipoproteins, decreased HDL concentration, and altered
compositions of triglyceride-rich LDL. According to him, experimental evidence demonstrates
a mechanistic link between diabetic dyslipidemia and cardiovascular disease. Most notably, the
altered LDL composition in patients with diabetic dyslipidemia results in an increase of small, dense
LDL particles that are more likely to be absorbed by the arterial wall and become oxidized.
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Furthermore, these particles are thought to be somewhat more atherogenic than normal LDL
particles.

Symposium: Are We Putting Ourselves Out of a Job? The Changing Epidemiology of Type 2
Diabetes and Its Complications

TRENDS IN MACROVASCULAR DISEASE

Edward Gregg, PhD (Centers for Disease Control and Prevention, Atlanta, GA)

The renowned Dr. Edward Gregg discussed the trends in diabetes-related complications and interventional
needs. He focused on five outcomes to get a spectrum of complications for which there is reasonable data
over time, including acute myocardial infarction (AMI), stroke, lower-extremity amputation, hyperglycemic
death, and end stage renal disease (ESRD). While rates of myocardial infarction (MI) and stroke have
decreased in people with diabetes, ESRD rates have not. We would note that due to the sheer absolute
increase in people with diabetes, we hope that the research and advocacy communities continue to work
hard on much greater reduction in complications. We are so glad for the slew of CVOTs ongoing in terms of
safety data being amassed - on the other hand, now that a number of researchers have generated enough
safety data, we have many more questions about efficacy - do any of the new compounds help prevent CVD
or renal disease? This information seems vital to have from a public health perspective, particularly when
the agents go generic, although most trials end relatively early and do not have even passive follow up data
collection to learn what happens to patients. Notably, individuals aged 20-44 years have experienced the
greatest relative increase in diabetes, but have the smallest improvements in care and risk factors. The
future implications of this are unknown but are concerning as these individuals will have many years lived
with diabetes and its related complications.

▪ The absolute difference in rates of MI and stroke has decreased between people with
and without diabetes between 1990 and 2010. Further, the relative risk (RR) of MI has
decreased from 3.8 in 1990 to 1.8 in 2010, and the RR of stroke has decreased from 3.1 to 1.5. In this
time, there has also been a decrease in the rates of amputation and hyperglycemic death, but rates of
ESRD have only mildly decreased. We are very glad to hear most of this as improvement. But
relatively speaking, the sheer number of people with these complications has increased so
extensively due to the magnitude of exposure - this is depressing, indeed, and should require greater
intensity of focus.

▪ Dr. Gregg demonstrated that the millennial generation has had the largest increase in
diabetes but the smallest improvement in diabetes-related complications. Individuals
born between 1980 and 2000 have the highest levels of obesity and type 2 diabetes ever, but they are
experiencing the smallest improvements in cardiovascular events (AMI, stoke, in-hospital death).
This was surprising and disconcerting to learn. Rates of these complications has increased in
individuals aged 45-64 years between 1990 and 2010, but have decreased in those aged 65-74 years.

▪ While it appears that there have been improvements in MI and stroke, there are still
many concerns for the epidemiology and prevention of diabetes. Specifically, it is
important to define success in rate reductions appropriately - while MI and stroke have decreased in
older adults, younger adults are still at risk. In addition, the increase in the number of life years
exposed to complications is concerning because we have more people spending more time with
diabetes. Diversification of complications is also leading to fewer healthy years for those with
diabetes than those without. Notably, the new generation of individuals with diabetes is yet to be
defined and the millennial generation is experiencing increased rates of obesity and diabetes, more
so than has been seen in past. This population will be living with diabetes and potentially its
complications longer than previous generations and we do not currently know what their
complications will look like over the long term. Lastly, averages are obscuring important variations,
especially with regard to geographic variations in cardiovascular health in the US.

Questions and Answers

www.closeconcerns.com 253



Q: It is misleading to present something as a fact and then footnote that it may be biased.

A: We have to acknowledge that the biases are there. We have tried to do a sensitivity analysis but we do have
to make some big assumptions. I would suggest that they don't change our conclusions.

TRENDS IN MICROVASCULAR DISEASE

Katherine Tuttle, MD (University of Washington, Spokane, WA)

Dr. Katherine Tuttle focused this talk on the increasing rates of chronic kidney disease (CKD), which are
largely driven by the increasing rate of diabetes. Importantly, and depressingly, end stage renal disease
(ESRD) prevalence rates attributed to diabetic kidney disease (DKD) are also increasing despite stabilizing
or improving incidence rates. While there have been reductions in myocardial infarction, stroke, and
amputations, these trends have not been seen with CKD and ESRD. Importantly, diabetes and CKD also
increase the risk of diabetes-related complications, such as retinopathy (10-fold increase), glaucoma (1.5
fold increase), lower extremity ulceration (5-fold increase), and amputation (2-fold increase). Thus, Dr.
Tuttle stressed the urgent need for novel therapies to treat CKD. We have high hopes on this front for
Invokana and salute J&J for undertaking massive trials to investigate whether the drug is renal protective.

Questions and Answers

Q: One of the most sobering things about diabetic nephropathy is that only 50% of patients
with DKD know that they have DKD. If you look at stage 3, only 10% know they have it. This is
distressing as we are asking patients to take medications for something that they are not
aware of. We need to do more to educate our patients about kidney disease. I recognize that a
lot of people may not tell their patients about DKD but we should.

A: I agree. Awareness and detection lead to intervention.

Symposium: The Skinny on Fat in the Islets

LIPOTOXICITY AND BETA CELL DYSFUNCTION IN TYPE 2 DIABETES - INTERVENTIONAL
STRATEGIES

Kieren Mather, MD (Indiana University, Indianapolis, IN)

Dr. Kieren Mather reviewed literature on the effect of fatty acids on beta cell function, which suggests that
elevated fatty acid uptake is associated with reduced beta cell function. While fatty acids are a normal
component of diet, under conditions of excess, they can be toxic to beta cells and lead to dysfunction and
apoptosis. Regarding potential interventions, Dr. Mather pointed to approaches that improve beta cell
function including pioglitazone and weight loss interventions. However, much remains to be defined in
regards to the contributions of lipotoxicity to beta-cell dysfunction and treatment options that can lead to
successful restoration of beta cell function. We are excited to see the results of the RISE consortium, and
which interventions may lead to improvements of beta cell function.

▪ Dr. Mather explained how pioglitazone may lead to improvements in beta-cell
function, pointing to findings of the ACT NOW study. In this study, patients were
randomized to pioglitazone 45 mg/day or placebo, and were observed for 2.4 years; over this time,
45 patients in the placebo group and 15 in the pioglitazone group developed type 2 diabetes
(p<0.0001). In the pioglitazone group, 48% achieved normal glucose tolerance vs. 28% in the
placebo group (p<0.005), with individuals achieving normal glucose tolerance experiencing the
greatest improvements in beta cell function, and thereby insulin sensitivity. In addition, Dr. Mather
cited a 2013 article by Dr. Ralph DeFronzo (University of Texas Health Science Center, San Antonio,
TX), which demonstrated that pioglitazone had the ability to improve beta cell function in
individuals with impaired glucose tolerance who progressed to normal glucose tolerance.

▪ In addition, Dr. Mather mentioned the Restoring Insulin Secretion (RISE)
Consortium's Beta Cell Restoration Through Fat Mitigation (BetaFat) study as one to look
forward to in evaluating the effect of weight loss on beta cell function. The study, which is
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currently enrolling, will evaluate if weight loss achieved through gastric banding will be superior
to treatment with metformin in preserving or restoring pancreatic beta cell function in people with
prediabetes or mild type 2 diabetes. Overall though, Dr. Mather noted that any weight loss
interventions (lifestyle modification, pharmacologic, or surgical approaches) may also improve beta
cell function.

Questions and Answers

Q: Do you have data on the lipotoxicity on alpha cells or glucagon release?

A: I could not find any of these data.

Q: What are the effects on lipotoxicity on GLP-1 function on beta cells?

A: I have not seen any data to that effect.

Symposium: JOINT ADA/EASD Symposium - What Drives the Relationship Between Diabetes
and Cancer?

EVIDENCE LINKING DIABETES AND CANCER - METABOLIC PLAYERS AND EFFECTS OF
DIABETES TREATMENT

Andrew Renehan, PhD (University of Manchester, Manchester, UK)

Dr. Andrew Renehan kicked off this symposium by providing a broad overview of the link between diabetes
and cancer mortality, concluding that any association between the two at this point is "spurious" and an
extrapolation of data. Instead, he cautioned the audience to wait for long-term results (>10 years of data)
before making any meaningful conclusions. He did provide some insight into a new European research
group currently in the works to study this association; as of now 19 different partners are involved and will
explore the link between diabetes and cancer. This consortium will focus on five integrated work areas: (i)
excess weight, diabetes, and cancer risk/survival; (ii) dysglycemia, diabetes, and cancer risk; (iii) diabetes
drug treatment and cancer risk; (iv) the impact of diabetes on cancer survivorship; and (v) the burden of
the diseases.

▪ Dr. Renehan also reviewed his recent paper just accepted by Carcinogenesis,
assessing relationship between human insulin, super-mitogenic insulin (X10), and
IGF-I on IGF-IR and IR expression in 17 human adenocarcinomas. Results found that
ligand mitogenic potency, relative to human insulin, increased with increasing cell-specific IGF-IR/
IR ratio. Dr. Renehan translated these results as a potential framework for the in vitro evaluation of
cancer-relevant bio-assays for comparisons of insulin analogs. He noted were the effects of insulin
analogs beyond 10 years on tumor subtypes was still unanswered.

▪ Dr. Renehan closed his presentation by posing a striking, hypothetical question to the
audience: With improvements in diabetes care and concurrent decrease in cardiovascular
mortality, will cancer-related mortality be the "next sticking point" for diabetes drug development?

Questions and Answers

Q: In the literature, it seems glucose is getting the short shift. Strictly controlled glucose
showed no effect on cancer mortality, but this seemed to contradict basic science research that
shows tumors growing better in high glucose environments. Can you explain this?

A: Yes, that point was a deliberate contraindication trying to illustrate the dichotomy happening. You're
absolutely right; there is a lot of lab data that shows that. One of the work packages in the consortium will
look at this.

Q: In context of your slides showing the influence of IGF-1 receptors to insulin receptor ratio,
glargine, and mitogens on cancer risk, how much do you think we should be looking at IGF in
terms of bioavailability?
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A: Great question, the bioavailability of IGF-1 is very hard to measure. I'll have to talk to you about that later
on.

Q: Is there any dialogue between the Diabetes and Cancer Research Consortium (DCRC) and
the European Medicines Agency?

A: Yes, but there should be more.

Corporate Symposium: Avoiding "Loss of Chance" (Sponsored by Genentech)

IMPROVING THE SCREENING, TREATMENT AND REFERRAL OF PATIENTS WITH
DIABETIC RETINOPATHY

Vivian Fonseca, MD (Tulane University, New Orleans, LA)

Dr. Vivian Fonseca, one of the truly great all-time endocrinologists ever, introduced the symposium, which
continued the theme of high-tech and interactive corporate symposia. He began by eliciting a series of
questions about the audience's demographics, fields of expertise, and initial decision-making in response to
signs of retinopathy. The audience consisted mostly of MDs, making up nearly half of the attendees.
Although the symposium attendance was low, Dr. Fonseca remained engaged in the event and tailored his
introduction to the target audience. He conceded his limited knowledge about diabetic macular edema,
stating that he would refer his patients to the ophthalmologist when his patients developed retinopathy.
With this concession, he introduced the specialists that would present at this symposium. We think
Genentech was very lucky to have Dr. Fonseca introduce this meeting.

Sangeeta Kashyap, MD (Cleveland Clinic, Cleveland, OH)

Dr. Sangeeta Kashyap began her presentation by emphasizing the high incidence of retinopathy in people
with diabetes with relatively longer durations after initial diagnosis. About one in four people with diabetes
develop retinopathy (we have actually heard much higher ranges over a lifetime), and this complication is
one of the most common and indiscernible sources of visual impairment. People with type 1 diabetes have a
higher incidence of retinopathy while type 2 diabetes patients have a lower incidence that increases with
insulin use. Due to the subtlety of this complication and the lack of knowledge on the patient side,
retinopathy remains one of the most challenging issues to address in people with diabetes for a long time. In
her presentation, Dr. Kashyap reviewed the incidence and effects of retinopathy, and addressed the
standard guidelines for interventions. Most notably, she discussed the results of a study at the Cleveland
Clinic assessing the efficacy of a telemedicine intervention in addressing diabetic retinopathy, which
demonstrated that this form of intervention may not only be cost effective but can also successfully result in
referrals to specialist care. In a study of 1935 VA patients, this telemedicine approach determined that 24%
of the patients had abnormal retinal photographs, with more than 40% having non-macular diabetic
retinopathy. Telemedicine supervisors then directed the patients to specialists, and the percentage of
agreement between retinal screening via telemedicine and ophthalmic examination for all diagnoses was an
impressive 90% with a sensitivity of 74%. These findings follow the recent theme on using telemedicine as a
promising new approach in detecting early diagnoses and reducing cost.

Jennifer Sun, MD (Joslin Diabetes Center, Boston, MA)

Dr. Jennifer Sun discussed the role of imaging as a key to determining the risk of retinopathy progression,
in addition to its role as a diagnostic tool. She began by reviewing the methodology behind color fundus
photography, fluorescein angiography, and optical coherence tomography for the room of primarily non-
ophthalmologist healthcare professionals. She also reviewed the current Early Treatment Diabetic
Retinopathy Study's (ETDRS) recommended standard protocol for color fundus photography, which
involves capturing seven images of the eye, for a total ~90 degree view of the retina or about 30% of the
entire surface. However, new ultra wide field imaging technology now produces images showing 200
degrees of the retina, or about 82% of the retinal surface. Dr. Sun emphasized the significance of this
difference and suggested that, in about 10% of eyes, imaging of peripheral lesions might have indicated
more severe retinopathy than results from traditional imaging. She then provided compelling evidence that
imaging peripheral lesions may give a better indicator of risk than the traditional method. In a four-year
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study, 35% of eyes with predominantly peripheral lesions had diabetic retinopathy that worsened by two
steps or more while only 11% of those without predominantly peripheral lesions did the same.

Rishi Singh, MD (Cleveland Clinic, Cleveland, OH)

Dr. Rishi Singh reviewed the availability of treatment options for retinopathy, incorporating a historical
perspective into the approaches to this debilitating complication. Most notably, Dr. Singh presented findings
form studies on the comparative efficacies of three different anti-VEGF drugs towards improving visual
acuity. In the overall cohort, the study found that there was no significant difference in the drugs
aflibercept, bevacizumab, and ranibizumab in improving mean acuity letter score (n=660, p>0.05).
However, in groups with a baseline visual acuity of 20/50 or worse, aflibercept showed a significantly
greater improvement in mean change of visual acuity letter score. Despite concerns of safety risks such as
infection, Dr. Singh expressed that infection rates were remarkably low, and continuing best practices will
lower these rates even more. In sum, Dr. Singh expressed that anti-VEGF agents are the most effective
approaches to improving retinopathy as well as visual acuity.

Questions and Answers

Q: What is the optimal dose of fenofibrate? Why would you choose fenofibrate over TZD?

Dr. Kashyap: Most of the studies have looked at 160 mg. I would say 160 mg is sufficient. With TZDs, you see
an increase in macular edema. Fibrates are favorable and protective but there are other options to lower TGs
and improve glucose control.

Q: Do you use much ultra-wide fields today? Do you need that?

Dr. Sun: I do use ultrawide field imaging in my clinic. At this point in time, standard use of ultrawide field
imaging is not yet the evidence-based standard of care, since only preliminary, single center studies are
available. Nonetheless, at Joslin we have transitioned to using ultra-wide fields because you can evaluate the
retinal periphery so much more effectively. The high costs of these instruments may be prohibitive for some
clinics, but hopefully the technology will continue to become more affordable and available over time.

Q: Is there a dose for these anti-VEGF antibodies? Do you struggle over giving more than is
necessary?

Dr. Singh: I've had situations where we've given higher doses for some patients. The challenge with this
disease range is not the same. There's lots of variability and so we choose the dose that we think is most
effective for all patients.

Q: You alluded that retinopathy is more difficult to detect. What makes the eye so different?

Dr. Kashyap: Vascular disease is not all the same. This is the same issue with heart disease and peripheral
vascular disease. Patients who don't even know they have diabetes experience neuropathy, but this is not the
case with retinopathy.

Q: How do you dilate the eye remotely for telemedicine? Do you need to?

Dr. Sun: You don't necessarily have to dilate the eye for telemedicine initiatives. The technology of fundus
cameras has become so much better. Now, many cameras including the ultrawide field cameras have the
ability to take a good quality retinal photo through an undilated pupil very rapidly. We use this technology in
the Joslin Vision Network, the telemedicine arm of the Joslin clinic.

Q: Are there any indications to limit anticoagulation therapy in favor of treating retinopathy?

Dr. Sun: You shouldn't limit anticoagulation therapy for patients who need it for other reasons. Pick the heart
over the eye.

www.closeconcerns.com 257



Treatment Algorithms and Strategies

Oral Presentations: Effective Strategies for Overcoming Barriers in Self-Management

MOST INFLUENTIAL FACTORS DETERMINING PATIENT PREFERENCES FOR TYPE 2
DIABETES TREATMENT

Kelly Bell, PharmD (AstraZeneca, Fort Washington, PA)

Dr. Kelly Bell presented the results of an online, adaptive, conjoint survey (n=167 adult patients with type 2
diabetes) assessing treatment attributes that are most influential in patient preferences for type 2 diabetes
therapies. Notably, convenience (regimen/dosing and timing) was found to be the most influential attribute,
with the highest mean importance rating (11%) relative to other attributes and the highest percentage of
patients considering it most important (35%). In descending ranking, the other top five most important
attributes were:

▪ Risk of diarrhea (importance rating: 10%; 22% of patients rating it most important),

▪ Weight change (importance rating: 10%; 16% of patients rating it most important),

▪ Risk of hypoglycemia (importance rating: 9%; 16% of patients rating it most important) and

▪ Treatment efficacy (importance rating: 9%; 8% of patients rating it most important).

We were interested to see that risk of hypoglycemia and treatment efficacy, were the least influential of the
top five attributes. Serious but rare side effects (e.g. cardiovascular effects, hepatic effects, lactic acidosis,
and pancreatitis in descending importance, respectively) were deemed less important as well. Dr. Bell
suggested that patient preferences tended to highlight those factors with a greater potential to impact
everyday function and routine than those with serious but rare side effects. While these adverse effects are
obvious and important considerations in drug development, these results underscore the need to prioritize
treatments that minimally disrupt patients' daily routines. Such drug optimization may help improve
medication adherence and disease outcomes.

▪ In order of descending importance, the complete rankings of attributes were
convenience, diarrhea, weight change, hypoglycemia, efficacy, nausea, urinary tract
infection, genital infection, malignancy, cardiovascular effects, hepatic effects, lactic
acidosis, and pancreatitis. Convenience, defined as a combination of regimen dosing and
timing, was twice as important as the risk of malignancy.

▪ Notably, patients that had experience with injectable treatments or insulin did not
rank convenience as a top five attribute. The revised top rankings for this subgroup were
diarrhea, weight change, hypoglycemia, efficacy, and nausea, with convenience ranked slightly
behind nausea. Dr. Bell hypothesized that these patients' acceptance of needle use may have
minimized the influence of treatment convenience.

▪ The study enrolled 192 adults with type 2 diabetes living in the US; 167 of those
patients completed an online adaptive conjoint (ACA) survey and were included in
analysis. Mean age was 58 years (SD 11.6), 55% were female, 84% were white, and 57% had a
college degree or higher. The ACA design of the survey learns patient preferences and narrows/
adapts based on responses, which minimized respondent fatigue and allowed more efficient testing
in a single setting. Respondents chose between hypothetical treatments with different attributes.
Attributes included efficacy (improvement in A1c), risk of 12 different side effects, and dosing
convenience (dosing mode, timing). Sawtooth Software and least-squares and Bayes regression were
used to calculate importance ratings.

▪ Dr. Bell acknowledged several limitations with the study design, particularly that the
study population might not accurately represent the entirety of diabetes patients in
the US. Study recruitment was web-based and thus assumed computer access and online survey
familiarity. Additionally, the majority of respondents were Caucasian (84%) and college educated
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(57%). Given the socioeconomic disparities among patients with type 2 diabetes, this skewed study
population should not to be understated. Dr. Bell also noted that data for the online survey was
taken from product labels; thus, attributes more prominently advertised on such labels might have
inflated importance.

Questions and Answers

Q: Did you include cost as a treatment attribute?

A: No, we did not include cost in our survey. However, the study designers did discuss including it, but
decided against it for a couple of reasons. We felt that given cost preference, patient preference was generally
predictable. Secondly, cost is a polarizing issue, and we wanted to exclude that from patient preference
results.

Q: How did you frame questions for lactic acidosis or pancreatitis in terms of terminology?

A: We described these risks then asked the respondents the acceptability question: How acceptable is that
risk?" We used patient friendly language and also did cognitive testing before giving the survey.

Q: It didn't surprise me at all that convenience was ranked the most important. However, I do
wonder about this methodology. How do you account for the fatigue in weighing importance
in scenarios like treatment A vs. B and making sensible decisions by the end of the survey?

A: The adaptive design of the survey hopefully cut down on patient burden, because the survey is "learning"
with each response. Each question is based on preferences identified in the questions before.

Q: We find that our patients of different ethnicities have different beliefs about medications.
Do you have plans for this study with different ethnicities?

A: Yes, that's a great point, and in future studies, it will be beneficial to understand preferences across
different ethnicities.

Posters

PHYSICIAN-PATIENT COMMUNICATION AT PRESCRIPTION OF AN ADDITIONAL ORAL
AGENT FOR TYPE 2 DIABETES: LINK BETWEEN CONVERSATION ELEMENTS, PHYSICIAN
EMPATHY, AND PATIENT OUTCOMES - INSIGHTS FROM THE GLOBAL INTRODIA STUDY
(63-LB)

M Capehorn, A Belton, S Down, A Alzaid, V Gamerman, F Nagel, J Lee, S Edelman, W Polonsky

The IntroDia study evaluated patient-physician communication during the early treatment of type 2
diabetes. In this subset of the larger study, the authors studied patients (n=4,235) with type 2 diabetes who
had an "add-on" conversation with their physician: a discussion where another pill to treat diabetes was
added to their first medication, or a different pill containing a combination of two diabetes medications was
started. Patient experiences, perceived physician communication quality, and patient reported psychosocial
status and self-care behavior were assessed. An exploratory factor analysis was used to group-classify
patient-perceived conversation elements into "encouraging," "collaborative, and "discouraging" categories,
and a structural equation model was used to investigate the relationship between conversation elements,
perceived physician communication quality, and reported outcomes. Overall, perceived physician
communication quality was positively associated with encouraging and collaborative conversation
elements, and negatively associated with discouraging elements. Perceived physician communication
quality was also associated with less diabetes emotional stress, greater well-being, and improved self-care.
In general, add-on conversation elements associated with better physician communication quality occurred
more frequently than those associated with poorer communication quality. Yet, almost 50% of patients
reported discouraging conversation elements. These findings point to the importance of honed patient-
doctor communication in improving outcomes.

▪ This subset of the IntroDia study assessed patient experiences with patient-doctor
communication during the "add-on" conversation. Communication was assessed via a
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patient experience questionnaire, an eight-item document asking about the perceived quality of
physician communication, and several patient reported outcomes scales related to psychosocial
status and self-care behavior. An exploratory factor analysis was used to group conversation
elements into "discouraging," (e.g., "told me that I needed more medication because I had failed to
take good enough care of myself") "collaborative," (e.g., "encouraged me to ask him/her questions")
and "encouraging" (e.g., "told me that the new medication would help me to control my diabetes")
categories. A structural equation model was then applied to investigate the association between
conversation elements, perceived physician communication quality, and patient-reported outcomes.

▪ Perceived physician communication quality was positively associated with
encouraging (beta = +1.252, p < 0.001) and collaborative (beta = +1.206, p <0.001)
conversation factors, and was negatively associated with discouraging factors (beta =
-0.895, p <0.001). Additionally, perceived physician communication quality at add-on was
associated with less emotional distress (beta = -0.391, p < 0.001), greater well-being (beta = +0.542,
p <0.001), and better self-care (including diet [beta = +0.561, p <0.001)] and exercise [beta =
+0.932, p <0.001)], and medication taking (beta = +0.763, p < 0.001)).

NETWORK META-ANALYSIS OF DIABETES DRUG CLASSES AS ADD-ON TO METFORMIN
FOR T2D (1200-P)

M Orme, K Bell, P Dhankhar

In this AstraZeneca-funded study, Dr. Michelle Orme and colleagues conducted a network meta-analysis of
randomized controlled trials of various therapies added on to metformin in patients with type 2 diabetes.
The study included 12 yearlong trials, most of which were head-to-head comparisons between a
sulfonylurea and a single newer agent; results were pooled by drug class (TZDs, GLP-1 receptor agonists,
DPP-4 inhibitors, and SGLT-2 inhibitors) and presented relative to sulfonylureas. Patients included in the
analysis had mean age 57 years, A1c 7.9%, weight 88 kg (194 lbs), diabetes duration 6.1 years; and 46%
were female. By the random-effects analysis, relative to sulfonylureas, statistically significant A1c difference
was seen only with GLP-1 receptor agonists (0.44%), statistically significant differences in weight were seen
with SGLT-2 inhibitors (-4.7 kg [10.3 lbs]), GLP-1 receptor agonists (-4.1 kg [8.2 lbs]), and DPP-4 inhibitors
(-2.0 kg [-4.4 lbs]), statistically significant changes in systolic blood pressure were seen only with SGLT-2
inhibitors (-5.0 mm Hg), and statistically significant decreases in hypoglycemia risk were seen with all the
non-sulfonylurea agents that had 52-week data included in the study. Relative rates of side effects besides
hypoglycemia were not reported. All in all, this study showcases the known disadvantages of sulfonylureas
and the advantages of newer agents, though the results are directionally interesting as best, given the study
design and methodology.

▪ Between-study heterogeneity was "moderate," suggesting that the 12 trials differed
among each other in ways that were not captured in the model (e.g., patient
characteristics, study design). Also, the quality assessment noted a few potential sources of bias. One
study was open-label and measured hypoglycemia by patient self-report (Pratley et al.). Five studies
reported outcomes per protocol, meaning that those results might not have appropriately addressed
patients who dropped out due to a treatment's side effects or lack of efficacy (Ferrannini et al.,
Filozof and Gautier, Goke et al., Nauck et al., Pratley et al.). Results were reported by drug class,
which involved pooling different agents and in some cases different dosages (see list of trials below).
The specifics of this process were not described in the poster.

▪ Relative to sulfonylureas, statistically significant differences were seen in A1c only
with GLP-1 receptor agonists; in weight with GLP-1 receptor agonists, SGLT-2
inhibitors, and DPP-4 inhibitors; and in systolic blood pressure only with SGLT-2
inhibitors (see table). The absolute risk of hypoglycemia within 52 weeks was highest with
sulfonylureas (26.5%), low with SGLT-2 inhibitors (2.7%), DPP-4 inhibitors (3.2%), and TZDs
(3.2%), and unavailable with GLP-1 receptor agonists. Given the reported heterogeneity among the
studies, in our limited space we present results from the random-effects model of the network meta-
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analysis, and not from the fixed-effects model. The authors reported that the random-effects model
generally fitted the clinical data better than the fixed-effects model.

SU vs.

placebo

GLP-1ra

vs. SU

SGLT-2i

vs. SU

DPP-4i

vs. SU

TZD vs.

SU

A1c change, 52 wks (%) -0.6 -0.4* -0.1 0.1 0.0

Weight change,52 wks (lbs) 4.2* -9.0* -10.3* -4.4* 0.2

Systolic BP change, 52 wks (mm Hg) 1.9 -3.8 -5.0* -2.9 N/A

Hypoglycemia odds ratio, 52 wks - N/A 0.1* 0.1* 0.1*

* indicates statistical significance based on the 95% credible interval. N/A indicates that 52-week data
were not available.

▪ This network meta-analysis included 12 yearlong controlled trials of adults with type 2
diabetes who had A1c >6.5% while on metformin, randomized to receive one of the
following: sulfonylurea, TZD, DPP-4 inhibitor, GLP-1 receptor agonist, SGLT-2 inhibitor, or placebo.
To meet inclusion criteria, the trials needed to report at least one of the following outcomes at 52
weeks: mean change from baseline A1c, weight, or systolic blood pressure, or proportion and
number of patients with at least one hypoglycemic episode. Studies were drawn from papers that
had been published as of 2014, and/or had been presented at ADA or EASD in 2013 or 2014.

◦ Network meta-analysis, a technique for analyzing multiple interventions in
the same disease state, allows researchers to pool past trials and compare therapies
even when direct comparisons are rare or non-existent. The 12 trials included in this
network meta-analysis are briefly described below. They included 10 studies of
sulfonylureas, 7 of DPP-4 inhibitors, 3 studies of SGLT-2 inhibitors, 1 of a GLP-1 receptor
agonist, and 1 of a thiazolidinedione.

◦ Bailey et al., Lancet 2010. Dapagliflozin 5 mg or 10 mg vs. placebo. (The original trial
also included dapagliflozin 2.5 mg; this dosage was not included in the poster's figure
representing the network meta-analysis.)

◦ Nauck et al., Diabetes Care 2011. Dapagliflozin (87% of patients on maximum dose of
10 mg) vs. glipizide (73% on maximum dose of 20 mg). (The original trial included a small
minority of patients on dapagliflozin 2.5 mg; this dosage was not included in the poster's
figure representing the network meta-analysis.)

◦ Cefalu et al., Lancet 2013. Canagliflozin 100 mg or 300 mg vs. glimepiride 6 mg or 8
mg.

◦ Riddlestrale et al., Lancet Diabetes Endocrinol 2013. Empagliflozin 25 mg vs.
glimepiride 1-4 mg.

◦ Del Prato et al., Diabetes Obes Metab 2014. Alogliptin 25 mg vs. glipizide 5-20 mg.
(Original trial also included alogliptin 12.5 mg; this dosage was not included in the poster's
figure representing the network meta-analysis.)

◦ Gallwitz et al., Lancet 2012. Linagliptin 5 mg vs. glimepiride 1-4 mg.

◦ Goke et al., Int J Pract 2010. Saxagliptin 5 mg vs. glipizide 5-20 mg.

◦ Ferrannini et al., Diabetes Obes Metab 2009. Vildagliptin 100 mg (50 mg twice
daily) vs. glimepiride up to 6 mg (mean daily dose 4.5 mg).

◦ Filozof and Gautier, Diabet Med 2010. Vildagliptin 100 mg (50 mg twice daily) vs.
gliclazide up to 320 mg.

◦ Nauck et al., Diabetes Obes Metab 2007. Sitagliptin 100 mg vs. glipizide 5-20 mg.
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◦ Pratley et al., Int J Clin Pract 2011. Liraglutide 1.2 mg or 1.8 mg vs. sitagliptin 100
mg.

◦ Matthews et al., Diabetes Metab Res Rev 2005. Pioglitazone 30 mg or 45 mg vs.
gliclazide up to 320 mg.

▪ Patients included in the analysis had mean age 57 years, A1c 7.9%, weight 88 kg (194
lbs), diabetes duration 6.1 years; 46% were female. The authors reported that the 12 trials in
the analysis were broadly similar with regard to inclusion criteria and demographic data. Metformin
dosage was ≥1.5 g / day in all studies except for the one conducted by Matthews and colleagues, in
which metformin dosage varied from 0.5 to 2.5 g / day.

Professional Interest Discussion Group: Clinical Endocrinology, Health Care Delivery, and
Public Health

INNOVATIVE DIABETES CARE DELIVERY MODELS

Robert Gabbay, MD, PhD (Harvard Medical School, Boston, MA)

Dr. Robert Gabbay discussed the Affordable Care Act's likely impact on diabetes care, touching upon how
the increasing focus on value - via the move away from fee-for-service medicine and toward bundled
payments and ACOs - should bring about greater focus on prevention and outpatient care. Dr. Gabbay
noted that diabetes is an area with great potential for cost savings due to the high current costs of
hospitalizations and complications and suggested that it can be the "vanguard disease" for healthcare
delivery changes. In addition, he highlighted that as diabetes has developed and spread, the field has moved
toward self-management education, team-based care, and patient-centered medical homes. The session also
featured significant discussion among attendees as Dr. Gabbay encouraged input from various providers in
the audience. Several themes that emerged included the need to understand how to best measure value/
quality, how to better integrate efforts with payers and employers, diabetes drugs' poor cost-effectiveness,
and the need to expand the role of other providers in primary care (i.e. CDEs, social workers, etc.). Please
see below for some quotable quotes:

▪ "If payment reimbursement is going to change to focus on value, how do you measure value/quality?
People are not that interested in measuring quality. We just measure A1c. There is a real problem in
measuring quality and I don't see it being addressed."

▪ "I'd love to see more thoughts on incorporating behavioral therapy and support into the
reimbursement model because it's not working right now."

▪ "How can we vertically and horizontally integrate our efforts with payers' efforts and employers'
efforts and address it all in a systematic manner? We don't really have a healthcare system. We have
a bunch of competing industries trying to do something and no one has quite figured it out."

▪ "There is a real problem with patients affording insulin. We need to make sure medications are
affordable."

▪ "We need to teach other providers in primary care how to manage diabetes."

▪ "We need new roles for diabetes educators. There needs to be more focus on behavior changes and
less on knowledge. Less DSME, more DSMS."

▪ "It should be all about focusing on the highest-risk individuals. That's where we're going to get the
biggest bang for the buck."

Meet the Experts: Similarities and Differences Between ADA and AHA Lipid Guidelines

SIMILARITIES AND DIFFERENCES BETWEEN ADA AND AHA LIPID GUIDELINES

Robert Eckel, MD (University of Colorado, Aurora, CO)

Dr. Robert Eckel reviewed the similarities and differences between the 2013 ACC/AHA lipid guidelines and
the 2015 ADA Lipid guidelines. Dr. Eckel has been a staunch defender of the former for some time, so we
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were not surprised to hear him echo his praise from last year's ADA. Notably, both sets of guidelines have
been somewhat controversial as they significantly de-emphasize LDL cholesterol targets for many patients.
Dr. Eckel acknowledged that LDL targets in clinical practice may be very useful, but there just haven't been
trials conducted to prove that. In fact, he encouraged providers to value a patient-centered approach over
strict adherence the guidelines, assuming there is good reason for the deviation. As a reminder, the AACE
did release a statement declining to endorse the ACC/AHA guidelines as a result of the absence of LDL
targets and we wonder whether a similar statement is coming in response to the ADA's document. On key
differences between the guidelines, Dr. Eckel pointed to three changes: (i) different recommended rates of
follow up to monitor adherence (3-12 months [ACC/AHA] vs. 12-24 months [ADA]); (ii) the ADA's
recommendation of intensive lifestyle modification and glucose control in patients with increased
triglycerides or decreased HDL cholesterol (left out of the ACC/AHA document); and (iii) the ACC/AHA's use
of a risk calculator (which the ADA believes has limited utility since diabetes, by nature, confers an
increased risk for cardiovascular disease). In sum, we did not feel he took a stand championing one
guideline over the other, but seemed pleased with the progress and encouraged the use of either to support
diabetes management.

Questions and Answers

Q: AHA guidelines are a great analysis of the evidence and dropping the LDL target was
correct. However, since the AHA guidelines were published, there is some new evidence (e.g.,
PCSK9 drugs) that show remarkable evidence of improvements in LDL cholesterol. While
these trials were not developed to show outcomes, we are seeing them. How will the AHA react
to these data?

A: The ACC/AHA are organizing a new group to develop updated guidelines. The cholesterol guidelines will be
updated. How generalized are the trials? I would be cautious on the benefits of PCSK9 inhibitors. We are
seeing a great reduction in LDL. There is an upcoming FDA advisory committee meeting where we will be
hearing about many of the PCSK9 studies.

Meet the Expert Session: Management of Hyperglycemia in Type 2 Diabetes (Supported by BI)

MANAGEMENT OF HYPERGLYCEMIA IN TYPE 2 DIABETES

Silvio Inzucchi, MD (Yale University, New Haven, CT)

Dr. Silvio Inzucchi reviewed the recently updated ADA/EASD position statement on type 2 diabetes
management and shared tips to help clinicians translate the fairly broad guidelines into clinical decisions.
He highlighted the two most significant changes to the position statement since its last iteration in 2012: the
full inclusion of SGLT-2 inhibitors and the addition of GLP-1 agonist/basal insulin combination therapy as
an alternative to MDI (both very welcome additions in our view). Dr. Inzucchi then shared the "five Ps" that
he uses as criteria to determine which therapies are best for specific patients: pathophysiology, potency,
precautions, pluses, and practicalities. However, he acknowledged that in some cases the "sixth P" - price -
trumps most other considerations. As Dr. David Matthews (Oxford Centre for Diabetes, Endocrinology &
Metabolism, Oxford, UK) noted in brief remarks before the Q&A session, designating any one of these
criteria as the main consideration can significantly narrow the suggested treatment algorithm and make it
a more tangible guide for clinicians. During Q&A, Dr. Inzucchi also pushed back to some extent against the
strategy of using aggressive therapy early on in the hopes of preserving beta cell function, suggesting that
there is not enough evidence about the effects of existing therapies on beta cell function to rely on that as a
guiding principle.

Questions and Answers

Q: The thing that worries me is that by the time diabetes is diagnosed, 50% of beta cells have
lost their function. Every year counts, and we have studies to prove that earlier intensive
treatment produces beneficial effects later. So why is the A1c target so important? Why is it
not the progression of the disease?
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Dr. David Matthews (Oxford Centre for Diabetes, Endocrinology & Metabolism, Oxford, UK): UKPDS is our
main evidence base. The data about 50% beta cell failure comes from UKPDS, which itself demonstrated that
A1c was the best surrogate we've got in terms of preventing microvascular complications, so we do
concentrate on it. I agree that we want to minimize pathology and maybe monitor it, but that's what you have
trials for. We can say A1c is a good surrogate, that we can reduce the incidence of retinopathy on the basis of
lowering A1c, and that maintaining a difference between the control and intervention groups gave that
benefit. They were really considerable benefits in microvascular complications like nephropathy and
especially retinopathy - all of these, you can read it in the papers, have relationships with A1c. It's not a bad
surrogate, and that's why we concentrate on it. If you're just looking in the eyes, you don't know what that
means.

Q: There was no mention of chronic infections and the costs of doing blood tests for them?

Dr. Silvio Inzucchi (Yale University, New Haven, CT): The cost of blood tests is part of the practicalities. If all
else is equal, I'd rather use a drug that won't induce hypoglycemia and require blood glucose monitoring, but
it's not just about that. To go back to the last question, it's not just about beta cell dysfunction because we
don't have evidence in terms of strategies for that. Maybe the TZDs are better, but beta cell preservation is still
one of the holy grails of diabetes treatment. We don't have evidence to use that adequately as a guide.

Q: My basic objection to these guidelines is that the time spent on healthy eating and weight
control is just the time it takes to say those words. The lack of us meeting those goals is the
reason behind the failure to stem the tide of diabetes. The fact that people don't eat healthily,
are gaining weight, and don't practice physical activity is why this multiplicity of medications
will never do anything.

Dr. Matthews: That's an astonishingly important point and allows us to actually say that the whole
background of this is on the basis of healthy eating, diabetes education, and physical activity. People will say
once you've got diabetes, just slam people on metformin. If you go to the UKPDS results and look at the
change before people were randomized when everyone was on healthy eating and weight control, they lost a
huge amount of weight and their fasting plasma glucose came crashing down. It's astonishing data that
underlines the important point that we must talk about this in terms of lifestyle. If I give someone a tablet,
they go away thinking, "I have diabetes but now I have a tablet." They think it's the same as hypertension. I
have a tablet, and I no longer have hypertension. It's not the same. You have to talk about smoking, eating,
weight control, about the whole raft of lifestyle issues. That includes talking to the person who is feeding the
person in front of you. It's no good talking to a guy who eats what he's given by his wife.

Dr. Inzucchi: Everything in the algorithm is on the background of nutrition. The ADA has its own position
statement on medical nutrition therapy.

Q: You mentioned starting with insulin with an A1c >9% up front. We see few studies done in
populations with a high baseline. I've noticed a change over the years toward using basal
insulin and a GLP-1 agonist rather than basal/bolus or biphasic insulin. If you saw a patient
with 15 years of diabetes and an A1c of 14%, would you go toward basal insulin/GLP-1 agonist
therapy or basal/bolus?

Dr. Inzucchi: I would need to know more about what happened in the first 14 years. The basal insulin/GLP-1
agonist approach tends to work better in more recently diagnosed patients, but if people have moved along
and beta cell function declines - from a safety standpoint - I would at least initially get them under control
with basal and prandial insulin. I wouldn't take the risk that the GLP-1 agonist won't be effective. But there
are plenty of studies showing that it is as effective.

Q: If you have a newly diagnosed patient with type 2 diabetes, you don't have to use insulin in
most of them. Most people have enough beta cell function left that if you treat with a
maximum-dose sulfonylurea, you'll get a good response and can avoid insulin. To start insulin
takes a lot of resources on the patient's and the provider's part.
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Dr. Matthews: I wouldn't disagree that we wouldn't normally want insulin. But our evidence bases are UKPDS
and ORIGIN, which both did use insulin, and it was effective. It doesn't mean we need to use it.

Dr. Inzucchi: In your hands, that's a great treatment but this guideline is also used in primary care circles. We
see people come to the ER with a blood glucose of 450 mg/dl and they're put on metformin and referred to an
endocrinologist, and they get an appointment in four months and they're uncontrolled until then. We know
insulin works. We don't know if other combinations work in every patient. In your hands or another
endocrinologist's hands, it is an effective therapy and with good follow-up, it will work in most cases, and you
can transition to insulin if not.

Q: Do you think you're applying the results of ADVANCE and ADVANCE-ON in this position
statement? That clearly showed some sulfonylureas are better than others.

Dr. Matthews: That wasn't a comparative trial between sulfonylureas. The reality is that ADVANCE and
ADVANCE-ON used glipizide slow release. Most people recognized that some were more likely to produce
more hypoglycemia, so they tended to move away from those. We don't properly have any long outcomes
trials between sulfonylureas, and it would be interesting to see if there was a difference in weight gain and
hypoglycemia. Remember that in those trials, control of glycemia was very slow in ADVANCE, in marked
contrast to ACCORD. I accept that maybe using sulfonylureas as a generic term is not a brilliant way to think,
but we don't have head to head trials to answer the question. Clinical experience shows that glyburide is likely
to give some people hypoglycemia, so we need to be careful. Nevertheless, it's cheap and for some countries
it's a lifesaver to have. Gliclazide is more expensive.

Q: Why not advocate for head to head trials in the position statement?

Dr. Matthews: There are all kinds of things we could have advocated for. It wasn't meant to be a political
polemic. We left that to you.

Q: In my experience I have seen that it makes a difference whether treatment is beta cell-based
or not.

Dr. Matthews: That's a good point. Silvio made that point about the Japanese guidelines. The whole point of
the position statement is that this isn't a recipe. You have to engage the brain in collaboration with patients.
That was the whole point of producing a position statement, not a guideline. We're not telling you what to do.
We give you options and you have to put your brain in gear. Otherwise we don't need to come to ADA. If we
can look this up on the computer, then we don't need to come or need a medical degree. That's why we need
wisdom.

Q: With the combination of GLP-1 agonists and long-acting insulin, many patients have
primary resistance or develop secondary resistance over the first several years. If you start the
two drugs at the same time, not sequentially, how do you judge if the GLP-1 agonist is not
redundant?

Dr. Inzucchi: We're not recommending starting them in all patients simultaneously. With uncontrolled
hyperglycemia, my personal preference is to use basal and prandial insulin. It is an option to use a GLP-1
agonist. That's not entirely evidence based, but it stems from at least six clinical trials that have demonstrated
that the addition of a GLP-1 agonist to unsuccessful basal insulin is as good as basal/bolus. But for the specific
circumstance of uncontrolled hyperglycemia, that's a fair point.

Q: When you talk about efficacy, there are different kinds of efficacy. Should we modify our
thinking when looking at studies of new drugs showing, for example, that a GLP-1 agonist is
more efficacious than a sulfonylurea? That's important in terms of price and regulatory
factors.

Dr. Matthews: Costs and efficacy are crucial. We're not suggesting efficacy is the same for all the drugs. If you
look at the detailed position statement, it includes more on efficacy. We need to make those decisions.
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Symposium: Treatment of Risk Factors in Women to Prevent Cardiovascular Disease

MANAGEMENT OF GLYCEMIA

Anne Peters, MD (USC Keck School of Medicine, Los Angeles, CA)

In the middle of a session dedicated to the improvement of cardiovascular risk factors like hypertension and
dyslipidemia, Dr. Anne Peters took the podium to bring the focus back to improving glucose control, which
she is confident can improve cardiovascular risk if done correctly. Dr. Peters has discussed euglycemic
ketoacidosis with SGLT-2 inhibitors in nearly every speaking appearance over the past few months, and
today was no exception - her take was balanced and (we thought) appropriately cautious. We also
appreciated her overview of the array of diabetes drugs from a women's health point of view.

▪ Dr. Peters suggested that her experience with euglycemic DKA has involved women
disproportionately, as she has more women than men taking the drugs off label for
type 1 diabetes - she suggested this might be the case because the weight loss and reduced insulin
dosage associated with SGLT-2 inhibitors may have heightened appeal for women. Although at
earlier stages of this developing issue Dr. Peters has stated that type 1 diabetes patients should hold
off on initiating SGLT-2 inhibitor therapy off label, this time around she suggested that they can be
used with extreme caution, at lower doses, and with frequent ketone monitoring. Dr. Peters was lead
author on a recent series of case reports on euglycemic ketoacidosis published in Diabetes Care, the
first major publication we've seen on this issue.

▪ Dr. Peters presented a concise overview of a few issues of relevance to women and
how diabetes drugs can impact them:

Condition Consideration

Gynecological / PCOS
▪ Metformin may have particular benefit

▪ SGLT-2 inhibitors increase risk of genital mycotic infections

Bone Health
▪ TZDs, SGLT-2 inhibitors may impact bone

Longer Life Expectancy
▪ Targets may need to be tighter for longer

▪ Financial considerations may become more significant with

age

Role as Caregiver
▪ Hypoglycemia and complex regimens are especially

problematic

"Vanity"
▪ Weight concerns, injection site reactions, and hardware are a

greater burden

Eating Disorders, Depression,

Anxiety
▪ May make diabetes more difficult to manage

Satellite Event

BEYOND CARB COUNTING SYMPOSIUM

The Joslin Diabetes Center hosted its first Beyond Carb Counting Symposium to discuss the impact of fats
and proteins in meals on insulin dosing, as well as the clinical application of this data. Crucial takeaways
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from the meeting were that the extent to which fats and proteins (in high levels) raise blood glucose varies
significantly both between and within individuals, and that there are currently no widely accepted
guidelines on how to alter insulin dosing for fats and proteins; although several presenters did comment
that splitting boluses works well, the exact split in insulin and time delay is variable. [Adam has personally
found that a temporary increase in basal rate (e.g., 130% for four hours) can generally deal with high-fat
and high protein meals.] A broader, more clinical-focused question was to what extent patients should be
expected to count proteins and fats in conjunction with carbs; the general consensus was to introduce fat
and protein's impact on insulin only if patients are curious and already capable of counting carbs correctly.
[That's no small feat, considering almost no human can count carbs accurately based on looking at plate of
food - even dietitians widely disagree!].The meeting concluded by looking at apps that could help with
insulin dosing on meals, including Nutshell, Tidepool's mobile app for improving mealtime dosing (The
basic premise - What did I do last time I ate this and what happened to my blood glucose as a result?). We
also saw a prototype clinical version of Nutshell, which allows clinicians to download CGM, insulin, and
food type data and filter numerous variables (for example, blood glucose impact, cuisine type, and carbs, to
name a few) to easily identify patterns between foods, food types, and cuisine. That would represent a
powerful data bank, although this app is still very much in the prototype phase. [As a reminder, Tidepool's
Blip rolls out this summer, though we've not heard timing on Nutshell. We do not believe it would need an
FDA submission.] We were excited to see attention on this incredibly important topic: Carb counting is
difficult for many patients, and the need to alter insulin dosing algorithms for meals with different fat and
protein content can be incredibly challenging. For those eventually using automated insulin delivery, this
will not be a major worry (as Ed Damiano says - "Diabetes without numbers"); but honing in on clinical
best practices for protein/fat bolusing will help a vast array of MDI patients. We're glad to see Joslin
working on it!

Corporate Symposia: Patient-Centered Management of Type 2 Diabetes - A Focus on the Newer
Antihyperglycemic Agents (Sponsored by AstraZeneca)

CASE PRESENTATION AND DISCUSSION: PATIENT CENTERED MANAGEMENT OF TYPE 2
DIABETES WITH CARDIOVASCULAR DISEASE

Jay Shubrook, DO (Touro University California, Vallejo, CA)

In a joint lecture and patient presentation, Dr. Shubrook discussed glycemic management in patients with
both type 2 diabetes and cardiovascular disease. He first touched upon evidence about the cardiovascular
effects of newer antihyperglycemic agents, noting that available data is generally reassuring about the
cardiovascular profiles of GLP-1 agonists, SGLT-2 inhibitors, and DPP-4 inhibitors. However, DPP-4
inhibitors have been associated with increased hospitalization due to hospitalization for heart failure. He
then touched upon the cardiovascular risks of hypoglycemia, noting that it can precipitate fatal
arrhythmias - luckily the hypoglycemia risks of GLP-1 agonists, DPP-4 inhibitors, and SGLT-2 inhibitors
are low unless they are combined with sulfonylureas or insulin. Dr. Shulbrook concluded the lecture portion
of his presentation by reminding the audience that patients who suffer from both type 2 diabetes and
cardiovascular disease often take many pills and thus may benefit from fixed-dose combinations of novel
agents. He then drove his points home by role playing an office visit with one of his patients who suffered
from repeated hypoglycemia and thus was a good candidate for novel agents that are associated with less
hypoglycemia.

▪ Aside from an association of DPP-4 inhibitors with increased hospitalization due to
heart failure, studies presented thus far been reassuring about the cardiovascular
profiles of GLP-1 agonists, SGLT-2 inhibitors, and DPP-4 inhibitors. Available clinical
trial data indicates no increased risk of CV events with SGLT2 inhibitors or GLP-1 receptor agonists.
While DPP-4 inhibitor use is not associated with an increased risk of all-cause mortality, CV
mortality, MI, or stroke, saxagliptin has been associated with increased hospitalization due to heart
failure. Of note, long-term CV outcomes trials are still underway for GLP-1 agonists, DPP-4
inhibitors, and SGLT-2 inhibitors. In terms of other cardiovascular risk parameters, DPP-4
inhibitors are associated with reductions in total cholesterol and HDL, and GLP-1 agonists are
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associated with modest reductions in LDL, total cholesterol, and triglycerides. Interestingly, modest
increases in LDL are seen with all SGLT-2s, but canagliflozin and empagliflozin are associated with
HDL increases. Significant reductions in systolic and diastolic pressure are seen with GLP-1 and
SGLT-2 use.

▪ Hypoglycemia can precipitate fatal arrhythmias in patients with cardiovascular
disease. Profound sinus bradycardia, atrial fibrillation, supraventricular tachycardia, and
ventricular tachycardia are associated with hypoglycemia, possibly mediated by hypokalemia.
According to Dr. Shubrook, the incidence of hypoglycemia is low with newer agents such as DPP-4
inhibitors, SGLT-2 inhibitors, or GLP-1 agonists. However, if these agents are combined with
sulfonylureas or insulin, the risks of hypoglycemia go up.

▪ Fixed dose combination agents may be helpful for patients who manage both diabetes
and cardiovascular disease. These patients often taken numerous pills in addition to their
diabetes medications, and combining agents may reduce the burden of managing disease.

CASE PRESENTATION AND DISCUSSION: PATIENT CENTERED MANAGEMENT OF TYPE 2
DIABETES WITH OBESITY

Debbie Hinnen, APRN, CDE (Touro University California, Vallejo, CA)

Dr. Debbie Hinnen discussed some takeaways following a presentation of a case:

▪ Weight loss is associated with short and long term benefits in people with type 2
diabetes. According to Ms. Hinnen, a weight loss of 10-20 pounds is where mortality drops the
most. However, as shown by the LOOK AHEAD study, even small amounts of weight loss can have
practical benefits for physical and mental health. Once a patient has experienced 4-7% weight loss,
dose reduction of diabetes medications can be considered. Providers can discontinue one agent with
7-14% weight loss and discontinue insulin with 11% weight loss.

▪ GLP-1 agonists are associated with an 8-10 pound weight reduction. Their benefits
persist even when combined with insulin or metformin + a sulfonylurea. SGLT-2
inhibitors are associated with modest weight loss, and their beneficial effect on weight persists even
when added to sulfonylureas or insulin. DPP-4 inhibitors are weight neutral. Notably, newer
antihyperglycemics are also associated with reductions in fat mass.

▪ Providers should set realistic expectations for their patients about weight loss
associated with newer agents. Not everyone loses weight, and not everyone loses the same
amount of weight. Providers should also encourage patients on SGLT-2 inhibitors to stay well
hydrated. Patients who are starting GLP-1 agonists should eat smaller meal portions during the first
several weeks to avoid gastrointestinal symptoms.

CURRENT RECOMMENDATIONS FOR PATIENT-CENTERED MANAGEMENT OF T2DM

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

Dr. Luigi Meneghini outlined guidelines for tailoring care to patients with type 2 diabetes. He stressed that
there are a number of considerations that providers must keep in mind as they aim to individualize care: (i)
preferred route (oral vs. injection); (ii) dosing; (iii) weight effects; (iv) hypoglycemia; and (v) secondary
complications. Dr. Meneghini noted that patient-centered care is dependent on shared decision-making
between the provider and patient, a process clinical proven to reduce patient anxiety. In conclusion, he
encouraged providers to think sensitively about their patients - providing a sense of trust and caring - to
allow for freer dialogue both in and outside of the clinic.
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Corporate Symposium: A Patient-Centered Approach - Treatment Intensification and HbA1c
Management (Sponsored by Lilly/BI)

TREATMENT INTENSIFICATION AND HBA1C MANAGEMENT

Carol Wysham, MD (University of Washington School of Medicine, Seattle, WA), Mark Stolar,
MD (Northwestern University Feinberg School of Medicine, Chicago, IL), Davida Kruger, MSN
(Henry Ford Health System, Detroit, MI)

The engaging Dr. Carol Wysham, Dr. Mark Stolar, and Ms. Davida Kruger shared the stage to review best
practices for the intensification of anti-hyperglycemic regimens and coordination of care. The presentations
were tailored to healthcare providers, covering example patient cases and interactive questions. The
highlight of the event came from Ms. Kruger, who encouraged attendees to incorporate the recently released
position statement on diabetes self-management education presented at this year's ADA into their clinical
practice. She praised the position statement as a "really nice guideline for step-by-step approaches for
diabetes education." Dr. Stolar discussed the intensification of anti-hyperglycemic treatment, beginning his
presentation tongue-in-cheek, "I only have 20 minutes to break you of the old pharmacological approach,
but I am going to do it." He warned that making pharmacological decisions based on A1c alone is often
"shortsighted" and instead urged providers to "forget the numbers" and assess patients holistically.
Additionally, in providing color on why a patient wouldn't use a combination GLP-1 receptor agonist and
SGLT-2 inhibitor, Dr. Stolar joked that he hoped the patient had bought lottery tickets, referencing the
combo's currently hefty price tag. Rather than depending on drugs alone to manage type 2 diabetes
successfully, he posed diet and exercise changes as feasible options for "combo therapy."

▪ The hot-off-the-press joint ADA/AADE/AND position statement on diabetes self-
management education was published online on June 5. Ms. Kruger highlighted the
position statement's focus on diabetes education throughout a patient's lifetime, not just at
diagnosis. The statement also advocates for clear communication between members of a healthcare
team, which Ms. Kruger cited as one of the biggest changes in the thinking around diabetes care
since she started practicing - namely, that everyone who interacts with a patient should have a
component of education, not just the diabetes educator.

▪ Regarding intensification of type 2 diabetes treatment, Dr. Stolar disclosed, "I've got
news for you. Drugs are not the answer." While newer classes utilize novel mechanisms of
actions that tackle the multifaceted pathogenesis of type 2 diabetes - referencing Dr. Ralph
DeFronzo's (University of Texas health Science Center, San Antonia, TX) "ominous octet" - Dr.
Stolar suggested that monotherapy cannot be standalone solutions. He commented, "despite ten
different classes of drugs, we've only improved A1c marginally in the past decade." In his view, to
manage type 2 diabetes successfully, providers will need to assess diet and exercise changes as well.

▪ However, as the patient case examples elucidated, not all patients are capable of
lifestyle changes due to existing comorbidities (e.g. plantar fasciitis, chronic back problems,
inability to cook). This underscored the need for continued diabetes self-management education.
Ms. Kruger noted that some patients were diagnosed 15 years ago, that they are not the same
patients they were at diagnosis, and that "neither is the face of diabetes" (referring to advancements
in pharmacotherapies, devices, and bariatric surgery). Additionally, she advocated for educators to
address all the barriers to care, such as stigma surrounding insulin injection in type 2 patients and
socioeconomic factors contributing to medication non-adherence.

▪ Dr. Wysham stressed the optimization of coordinated care, noting that, "We can't do it
all as providers." She emphasized the necessity of a multidisciplinary team with a focus on
patient preferences. Importantly, she noted that providers must remember that "patients are living
in a larger ecosystem" with a host of complex factors that are both helping and derailing them.
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PANEL DISCUSSION

Q: In the first case study, how would you avoid the financial toxicity of a GLP-1 agonist +
SGLT-2 inhibitor combination? You already explained money was tight for Susie. Why not use
a sulfonylurea?

Ms. Kruger: Well, I would never give a sulfonylurea, because I think it is toxic and it won't get her to where
she needs to be. You have to work with insurance. She can get two years of an SGLT-2 inhibitor for free, so I'd
play that card. Then she could get a GLP-1 agonist for at least two years for $25/month, so I'd use that card
too. I don't believe she should lose the benefit of quality drugs because of cost at this point.

Dr. Wysham: I would encourage her to go on basal insulin if she wasn't already. We know that if you start
early, you can get stability of beta cell function.

Q: What would you recommend as a first injectable prescription if a patient has no weight
issues?

Dr. Stolar: If there are no weight issues, then the problem is one of compromised insulin capacity. I would
assess postprandials, and if modest, then I'd prescribe a GLP-1 agonist. If there were significant postprandial
excursions, then I would start thinking about that plus a basal insulin.

Q: How do you recommend your fellows to learn dietary advice? Do you have a formal training
for them?

Dr. Stolar: Actually, since I run a fellows education program, I know that most programs don't have formal
education in diabetes education and nutrition. It's something that all programs should have, but all not
actually possess.

Dr. Stolar: For practitioners, it's a system-based barrier. Systematizing diabetes education is the only way we
can make this efficient.

Q: How safe are SGLT-2 inhibitors during Ramadan? Also, I practice is Dubai where the
temperature is extremely hot, how do you factor this in when prescribing an SGLT-2?

Dr. Stolar: SGLT-2 inhibitors shouldn't be an issue during fasting since you're filtering less glucose. However
if a patient is on both an SGLT-2 inhibitor and metformin while fasting, then this might be a concern. Though
I cannot specifically speak to your situation, if my patients have constant outside exposure, for example a
construction worker in the sun all day, then I probably wouldn't use an SGLT-2 inhibitor.

Q: In the literature, what is the A1c reduction you've seen related to diabetes education as the
first or only therapy?

Dr. Wysham: We saw at AACE this year a >1% decrease, but I have also seen a 0.5-0.6% reduction previously.
Almost all well-run studies in large populations have shown an improvement in A1c.

Ms. Kruger: I think it also depends on what is going on in the patient's environment. Some patients switch
from real soda to sugar free or stop drinking high-sugar juices. They have an "aha moment" where they don't
want to see those blood sugar levels spike after each time they drink a soda or juice.

Q: Can you speak to the lack of the addition of a combination SGLT-2 inhibitor and GLP-1
agonist in the recent ADA position statement?

Dr. Wysham: You are correct. There are no clear well-designed studies that show the clear benefit of this
combination. We only have the CANVAS study looking at DPP-4 inhibitors vs. GLP-1 agonists, and it showed
the same benefit in A1c reduction. Adding an SGLT-2 inhibitor on top of insulin can have an additive effect.
So yes, you're correct, but it's just lack of evidence not of lack of safety.

Dr. Stolar: It is an important physiological discussion though, because agents that potently suppress glucagon
will be more effective. It doesn't appear to have that benefit though.

Dr. Wysham: If you think about the majority of those subjects in CANVAS, insulin was not the only therapy.
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Q: Can you elaborate on using fixed-dose combination DPP-4 inhibitors and SGLT-2 inhibitors
in the case studies?

Ms. Kruger: The patient in our case study could definitely do that. It was early enough in her treatment; that
would be perfect for her actually.

Dr. Stolar: With the right coupon, that would be a good option.

Q: What about bariatric surgery?

Ms. Kruger: The patient would be a little early for that. Still, I'm in support of bariatric surgery for the right
patients with the right support and education.

Dr. Wysham: I use the ADA recommendations for bariatric surgery of a BMI > 35 kg/m with consideration2

down to a BMI of 30 kg/m . If BMI > 40 kg/m , then I actually push for bariatric surgery sooner rather than22

later.

Q: How common is depression among your patients with diabetes? Do you screen and, if so,
what do you do upon diagnosis?

Ms. Kruger: We have an annual screenings that asks two or three questions with the possibility of a further
questionnaire or referral. I personally ask my patients regularly about depression, especially when they seem
stressed. I try to get them over for counseling and I'm comfortable writing an antidepressant as well.

Dr. Wysham: The study on depression in patients with diabetes that was just reported at this meeting showed
that medication was only slightly more effective than lifestyle therapy. Just slightly. I am a big fan of
recommending just 10 minutes of exercise daily; that has been shown to double mental health benefits.
Exercise has been as effective as cognitive therapy. It depends on therapy, but we do need to involve lifestyle
considerations.

Q: Have you ever seen any patients that don't respond to metformin?

Dr. Stolar: Yes, lean diabetics may not respond to metformin because the issue is insulin secretion.

Dr. Wysham: Dr. Ralph DeFronzo's study found significantly less efficacy of metformin in Asian populations,
especially in the Japanese population that had lower beta cell function. Metformin's effect on preventing
diabetes was equal to lifestyle in a subset of patients. Those individuals had BMI > 35 kg/m and age < 602

years. Those > 60 years old had much less of a benefit. I think it speaks to what you're expressing. There is
likely a dose response.

Q: How often would vitamin B12 be prescribed in these patients on metformin?

Dr. Wysham: About one-third of patients on chronic metformin developed insufficient B12 levels. There are
some case reports of worsened neuropathy. I'm not sure if B12 levels were actually measured in those reports.

Q: Can you elaborate on the diabetic ketoacidosis events found in SGLT-2 use in type 1
patients?

Dr. Wysham: Very few details were provided in the report. We know some of those patients who developed
DKA had type 2 diabetes, but almost all of those had a clear trigger like trauma, surgery, or gastrointestinal
illness. Dr. Julio Rosenstock did a wonderful job of presenting data on SGLT-2 inhibitors at this year's ADA.
This has been supplemented by data collected by Dr. Anne Peters and Dr. John Buse that showed that DKA
events were largely in type 1 patients. I make sure my patients are educated on how to check ketones. I also
tell them not to restrict carbohydrates too heavily. For patients with type 2 diabetes already on basal-bolus
insulins, I check c-peptide levels to ensure I'm truly dealing with type 2 before starting SGLT-2 inhibitor
therapy.

Dr. Stolar: If any of my patients have unexplained nausea and vomiting, then I ask this too. A lot of those
patients who developed DKA were euglycemic.

Ms. Kruger: Overall, I think we should be very cautious with using SGLT-2 inhibitors in type 1 diabetes, and
we should wait for outcome trials. If we see 20 patients now who develop DKA, then we need to figure out
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where it's coming from and why. However, this is mostly type 1 diabetes and maybe a couple patients with
type 2, perhaps because they were beta cell deficient.

Corporate Symposium: Turning Words into Action in Type 2 Diabetes (Sponsored by
AstraZeneca)

WELCOME AND INTRODUCTION

Stefano Del Prato, MD (University of Pisa, Italy)

Dr. Stefano Del Prato introduced the Control to Goal workshop for treating type 2 diabetes. He listed four
goals for the meeting: (i) to identify educational needs in diabetes care and improve clinical management
and outcomes; (ii) to provide practical guidance and materials to meet those educational objectives; (iii) to
combine global knowledge with regional insights from expert faculty; and (iv) to support other groups and
societies in achieving their objectives. For context, he noted that the Global Partnership for Effective
Diabetes Management Control to Goal program was started ten years ago to educate providers through e-
learning, publications, and interactive case studies. He offered optimism that attendees would come away
from this symposium with a fuller understanding of individualized strategies for early and safe glycemic
control and fewer gaps in their knowledge about new drugs and therapies.

THE PATIENT-CENTRIC APPROACH TO TYPE 2 DIABETES

Stefano Del Prato, MD (University of Pisa, Pisa, Italy)

Dr. Stefano Del Prato provided background on the need to individualize therapy and shared his thoughts on
how to better personalize treatment in the future. He opened by pointing to the recent explosion of type 2
diabetes therapeutic options, noting that this toolbox can play an important role in treating the
heterogeneous patient population. Dr. Del Prato then reviewed several intervention trials (including the
UKPDS, VADT, and STENO-2 studies) pushing for earlier intervention in diabetes. Specifically, he
emphasized that the more advanced the diabetes, the less the therapies can improve microvascular and
macrovascular complications; and he explained that both macrovascular and microvascular complications
share the common background of oxidative stress. Dr. Del Prato encouraged providers to not be too
glucocentric and used the example of different glycemic targets to evaluate the patient's "ABCD" - age, body
weight, complications, and diabetes duration - to understand how to personalize treatment and goals.
Notably, he also discussed results of a survey of 244 diabetologists, highlighting the wide range of opinions
and preferences of "world experts" on what determines an A1c target. Looking forward, Dr. Del Prato
pushed for providers to move away from being "doctor-centered" to "patient-centered." He suggested
genetics and biomarkers as ways the field can make this easier, although he pointed out that the genetics
are very complex and biomarkers might be more accessible.

WHICH TREATMENTS ARE AVAILABLE TO USE?

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

Dr. Clifford Bailey provided a review of the different drugs currently available. After introducing the ADA/
EASD 2015 position statement, he walked attendees through the mechanisms and pros and cons of many
therapies including: metformin, sulfonylureas (SFUs) and meglitinides, TZDs, acarbose, incretin-based
therapies, SGLT-2 inhibitors, and insulin. He noted that SFUs tend to show initial A1c benefits but that these
fall off over time, and TZDs and SFUs often lead to weight gain. Dr. Bailey supported the use of combination
therapies and stated that single tablet "fixed-dose" combinations with metformin can help reduce the risk of
losing adherence with greater pill burden. Ultimately, Dr. Bailey ended on a relatively disappointing note,
stating that glycemic control is often inadequate, as current therapies do not fully address insulin resistance
and beta-cell failure and selecting patient-appropriate treatment remains very challenging - see similar
sentiments from Dr. Claresa Levetan (Chestnut Hill Hospital, Philadelphia, PA) at AACE earlier this year.
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INSULIN THERAPY FOR THOSE WITH TYPE 2 DIABETES

Lawrence Blonde, MD (Oschner Medical Center, New Orleans, LA)

Dr. Lawrence Blonde walked attendees through the various options for insulin therapy in type 2 diabetes. In
discussing how to optimally individualize therapy, he examined the combination of basal insulin and GLP-1
agonists. Regarding which one should come as the first injectable agent, Dr. Blonde noted that starting with
a GLP-1 agonist brings the potential benefits of having less weight gain and hypoglycemia, likely due to the
lower need for insulin. In addition, he stressed that insulin therapy needs to emulate physiologic insulin
secretion, pointing to the advantages of various insulin analogs such as rapid-acting, short-acting, and
intermediate-acting formulations. In the situation when the fasting plasma glucose is at goal but the A1c is
elevated, Dr. Blonde noted that it is useful to target the post-prandial glucose with premixed insulin, injected
rapid-acting analogs, and MannKind's Afrezza.

LIFESTYLE INTERVENTIONS FOR IMPROVED GLYCEMIC CONTROL

Edward Horton, MD (Joslin Diabetes Center, Boston, MA) and Lawrence Blonde, MD
(Ochsner Medical Center, New Orleans, LA)

Dr. Edward Horton discussed his approach to individualizing care for patients with diabetes, with a focus
on convincing patients to eat a healthy diet and establish an exercise routine. He noted that many studies
have shown that early intense interventions in prediabetes and early in diabetes progression show long-
term cardiovascular risk reductions. Given that ~26 million people have diabetes and ~79 million live with
prediabetes, he stressed that self-management and lifestyle interventions are key solutions to this growing
problem. He cited the Look AHEAD study, which demonstrated that intense lifestyle intervention can
significantly improve cardiovascular risk factors and increase weight loss. He then handed the stage to his
peer, Dr. Lawrence Blonde, to discuss a particular thorny issue: adherence to lifestyle interventions. For
context, Dr. Blonde noted that in New Orleans, his hometown, a BMI of 30 is the norm. Notably, he stressed
that this is NOT because tools for lifestyle intervention do not exist - instead, he attributed the trend to the
lack of tools geared to motivate patients. As a solution, he mentioned several online programs that can
make healthy choices easier, such as: (i) Diabetes HealthSense which provides a host of resources to
patients; and (ii) MyFitnessPal. Anecdotally, Dr. Blonde suggested from personal experience - as someone
who has managed weight issues in his life - that food diaries/calculators can work well in reducing and
keeping off weight. Indeed, we would agree that motivation remains a key question when thinking about
lifestyle intervention and, though some have certainly seen success with these tools, we would suggest that
more thinking on the behavioral front is needed to truly tap into the psychology of lifestyle intervention.

TAILORING TREAMENT TO THE INDIVIDUAL

Clifford Bailey, PhD (Aston University, Birmingham, UK) and Edward Horton, MD (Joslin
Diabetes Center, Boston, MA)

Echoing previous conversations from the evening, Drs. Edward Horton and Clifford Bailey suggested that
motivating patients to follow lifestyle programs is one of the stiffest challenges for healthcare providers.
They suggested that much can be done through education, though environmental change is also sorely
needed - especially with respect to the obesity epidemic, we heard multiple suggestions that there needs to be
greater urgency around ecosystem change. We certainly agree! Also on obesity, Dr. Horton discussed the
strength of BMI as a reasonable measurement of weight - drawing attention to the correlation between BMI
and health outcomes - though noted that it is very worthwhile to look at other methods. Notably, we also
heard some musing on studies that found very mild protective effects from being overweight for type 2
diabetes. Hmmm … we hope to hear more moving forward.

PANEL DISCUSSION

Dr. Lawrence Blonde (Oschner Medical Center, New Orleans, LA): In your list of
combinations, you didn't have DPP-4 inhibitor/SGLT-2 inhibitor combinations. In this
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country, single-pill combination therapies are now available and others are being submitted.
Would you make comments on that?

Dr. Clifford Bailey (Aston University, Birmingham, UK): I have to submit slides for CME evaluation, so that's
why I can't put something on there that's not approved. These combinations can be considered for add-on to
metformin. We can look at two additional modes of action: (i) potentiating glucose-induced secretion and
suppressing glucagon, which we can do with DPP-4 inhibitors; and (ii) getting rid of excess glucose with
SGLT-2 inhibition, which is particularly useful for overweight people and reduces glucose toxicity and
problems with hypertension. So this is an ideal opportunity for triple therapy. There is evidence here also with
IDegLira for additive efficacy. Metformin, DPP-4 inhibitors, and SGLT-2 inhibitors can produce quite
substantial reductions in glucose, particularly those with high levels of hyperglycemia that can't be controlled
with metformin. I hope combinations of different acting glucose-lowering agents will be of valuable use.

Dr. Blonde: It's important to consider single-pill combos, which are underused.

Dr. Bailey: Very much so. Going back in time, single-pill combos were thought of as okay for hypertension,
but now three or more multiple modes could be seen as additive in hypertension. Where we are now is two or
three in diabetes, but we need to see these as additive.

Q: What about the risk of DKA with SGLT-2 inhibitors?

Dr. Bailey: There are now 20 cases of ketoacidosis with SGLT-2 inhibitors reported to FDA. Bearing in mind,
we would not expect to see this association in type 2 diabetes patients. We don't have individual case studies
to look at yet. Possibly, these will be type 1 or type 1.5 patients. I think there is likelihood that when you've got
an opportunity to reduce insulin levels, or if patients will be taken off of insulin, then there is a risk of
increased fatty acid release and then ketoacidosis. At the same time, you have a reduction in volume. It is
quite possible that these are hyperglycemic hyperosmolar individuals, but with only modest hyperglycemia as
the SGLT-2 inhibitors take effect, who then don't have quite enough insulin. Provided you keep insulin going
in these patients in trials we didn't see this, so I wouldn't expect it if insulin levels are maintained.

It also appears that dehydration plays a role. It's still to be seen which of those reported cases with DKA had
type 1. Those with type 2 in the case study were seemingly borderline insulin secretion, and became
dehydrated due to SGLT-2 inhibitors.

Dr. Del Prato: There is no 100% safe drug - think about hypertensive drugs or drugs for heart disease. That's
why we need to learn more and more.

Q: How about heart failure in DPP-4 inhibitors? We're still using these drugs and I'm
interested in your position.

Dr. Bailey: We'll start with EXAMINE and SAVOR, and we'll hear about TECOS in three days. These trials
were designed for regulatory requirements - to show that in a large population with high CVD risk, there was
not an increased risk of accentuating CVD or death. In these trials, we may see that one particular parameter,
in this case, hospitalization due to heart failure, may be increased. This was significant in just one of the
studies and there was a trend towards it in another. Overall though, the benefits, which were seen, outweighed
the risks. The intent here was not to see a difference in glycemic control but just to establish that in a high-risk
population, that this therapy would not have an adverse effect. So the trials actually showed what they were
designed to show and we'll see what TECOS shows.

But there's a temptation to pick on one item that may be negative and forget about all of the outcomes that
were positive. If we eliminate that agent because of that one negative potential, then we'll have to use
something else. But then you'll see all of the others have their little problems as well. I often think the negative
is taken out of context. In this case, the absolute risk is very small.

Dr. Del Prato: Heart failure is still an open problem in diabetes - we do not have clear evidence of any drugs
that can be used safely in patients with heart failure. This is becoming an area of great interest. What has been
reported in outcome trials such as SAVOR-TIMI is an increase in hospitalization for HF with no increase in
mortality. There is no granted safe group for drugs. We have to weigh good and bad as they all can be
susceptible to side effects.
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Dr. Del Prato: How's the FDA dealing with CVD from rosiglitazone?

Dr. Bailey: In 2007, it was suggested that there was an increased risk of MI with rosiglitazone. By 2008, the
drug went into REMS in the USA and was discontinued in Europe. The RECORD study continued and looked
at cardiovascular risk in detail. This analysis was followed by another in 2010 that looked at the longer term,
and there was not as much risk. The RECORD study was reanalyzed in three different ways and did not show
an increase in CV outcomes with rosiglitazone. It has come off of REMS restrictions for use but mud sticks - it
will probably not re-establish itself and pioglitazone continues in use but it is evident that there is a bone
fracture risk, particularly in older ladies, and there's the heart failure issue. Overall, the usage of these agents
is starting to decrease because of those barriers and factors.

Q: How about SGLT-2 inhibitors and CVD protection?

Dr. Del Prato: We do not yet have results from outcomes trials. There is some potential for cardiovascular
protection but only outcomes trials specifically designed to test this effect will give a final answer.

Dr. Blonde: The first trial with empagliflozin should be available later this year.

Dr. Del Prato: This study is going to answer the questions it's designed for. So do not expect major superiority
from results that are aiming to satisfy safety regulatory requests. Don't get depressed if you don't see a
reduction in cardiovascular events. The studies are simply not designed for that.

Product Theaters

SHIFTING THE CLINICAL INERTIA PARADIGM: A PROACTIVE AND INDIVIDUAL
APPROACH (SPONSORED BY ASTRAZENECA)

Ralph DeFronzo, MD (University of Texas Health Sciences Center, San Antonio, TX)

Speaking to a packed product theater, Dr. Ralph DeFronzo forcefully argued for earlier initiation of
combination therapy for diabetes. He reminded the audience that type 2 diabetes is a chronic and
progressive disease characterized by his "ominous octet" of metabolic dysregulation, stressing that patients
with diabetes have lost 50% of their beta cell mass by the time of diagnosis. He used UKPDS data to suggest
that monotherapy will not adequately control diabetic patients and argued that our current "treat to fail"
strategy for diabetes is misguided in light of the known relationships between the degree and duration of
hyperglycemia and the likelihood of developing complications. Instead, he suggested that we should initiate
multi-agent glucose control therapy earlier in the course of disease. Indeed, Dr. DeFronzo feels that the
recently published AACE algorithm best embodies this perspective because it recommends intervention with
two medications if a patient's A1c is between 7.5%-9% or if a patient with an A1c <7.5% has not performed
well on monotherapy. Regarding the ADA's newly published treatment algorithm, he feels that it is logical
in spirit but is in practice given both that patients do not reliably follow-up every three months and that
there is such significant inertia to starting new agents. Dr. DeFronzo concluded his argument by citing a
2015 study by his group published in Diabetes, Obesity, and Metabolism, which showed the A1c benefits of
intensive triple therapy as compared to traditional stepwise therapy intensification in drug naïve patients
with type 2 diabetes.

Policy and Education

Press Conference: ADA, AADE, and AND

POSITION STATEMENT ON DIABETES SELF-MANAGEMENT EDUCATION AND SUPPORT

Margaret Powers, PhD, RD, CDE (International Diabetes Center at Park Nicollet, St. Louis
Park, MN), Melinda Maryniuk, RD, CDE (Joslin Diabetes Center, Boston, MA), Martha
Funnell, RN, CDE (University of Michigan, Ann Arbor, MI), and Joan Bardsley, MBA, RN, CDE
(Medstar Health Research Institute, Hyattsville, MD)

Dr. Powers, Ms. Maryniuk, Ms. Funnell, and Ms. Bardsley discussed a joint position statement on Diabetes
Self-Management Education and Support released by the ADA, AADE, and AND today, published
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concurrently in Diabetes Care, The Diabetes Educator, and the Journal of the Academy of Nutrition and
Dietetics. The group reviewed the goals of the statement, which aims to provide a simplified guideline that
clinicians can use to refer patients to diabetes education, to understand what should be covered in a session,
and to determine how the education should be delivered. Notably, the presenters highlighted that less than
7% of people with diabetes are actually referred to diabetes education and presented the guidelines with the
hope that they would help increase referrals moving forward, allowing more patients to receive the
demonstrated benefits of diabetes education.

▪ The group reinforced the need for these guidelines, noting that less than 7% of
patients with diabetes are referred to a formal diabetes education program. They
highlighted the demonstrated benefits of diabetes education to outcomes, including declines in A1c,
reduction in the onset and advancement of complications, improvement in lifestyle behaviors, and
enhanced cost efficacy through reduced hospital admissions and readmissions. Despite these
benefits, they felt limited referrals stemmed from confusion on when diabetes education is needed
and what is actually provided.

▪ The joint position statement aims to reduce confusion regarding when diabetes
education is needed, what should be included in sessions, and how education should
be delivered. The statement emphasizes four critical time periods for adults with type 2 diabetes,
including diagnosis, the annual visit, when complicating factors arise, and during transitions of care.
Overall, the statement underscores the importance of patient-centered education, with a focus on
information sharing and psychosocial and behavioral support as opposed to lecture-based didactics.

▪ The group concluded by noting that diabetes education and support are needed
throughout a patient's lifetime but also must be adaptable to meet changing needs
over time. While Medicare provides coverage for diabetes education, the group noted that the
current coverage model is outdated and they hoped these guidelines could help propel change for
more consistent and continued coverage moving forward.

◦ For more on the complexities of Medicare and access to educators, see our
recent Closer Look coverage of the Access to Quality Diabetes Education Act of
2015.

Questions and Answers

Q: Let's say the physician does refer a patient to the educator. What are you going to teach
them early on? Just how to take their metformin and medications?

Dr. Powers: I think it's not really clear to clinicians what happens in the whole process. When beginning this
project, an endocrinologist said to me, "Don't you think clinicians believe they already do diabetes education?"
Physician notes always say, "Counseled patient on diabetes." Our challenge was to delineate what was
diabetes education. The front part of the guideline has four critical times for referral, and the backside has a
checklist of what will be covered. For instance, we noted that education includes discussion of specific food
plans. It provides more specifics about how to buy certain foods, how to prepare them, and how they should
be proportioned. I may even make a recommendation about medications.

Ms. Bardsley: We rely on the AADE self-care behaviors. A key piece of it is not just teaching diet and glucose
monitoring; it's assessing the patient, who they are, and where they're coming from. If medications worked
perfectly, all patients would be in perfect control, and we know that's not the case. A real cornerstone is
figuring out what's driving them, not just medication and diet.

Ms. Funnell: We can also make those cultural adaptions: What's your day like? When would exercise fit in?
Diabetes is really managed by the person. People often make decisions based on inaccurate information as
opposed to when they can look at a blood sugar and decide what to do next. We can help them look at those
numbers and make those day-in and day-out decisions.

Q: I would like to know to more about who is doing the education and also about costs.
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Ms. Maryniuk: There is a broad role to the diabetes educator. There are certified advanced trained educators,
but that's not the sole domain. We recognize community health workers, associate diabetes educators, and
educators without particular credentials. In terms of cost, we did address the evidence for cost savings in the
inpatient area via reduced readmissions. We did not talk about how much it costs, but we do reference where
that is talked about more.

Ms. Bardsley: It is a reimbursable benefit under Medicare. Even though it is reimbursed, people aren't using
the benefit that's there. Medicare covers 10 hours in the first year, and in addition will cover medical nutrition
therapy. It is covered just with limited use.

Dr. Powers: In ACOs, we do contribute to outcomes, so we will contribute to quality measures and contribute
to the bottom line. With the ACOs, more are looking at the benefit we're having to overall quality of care.

Q: Where do we go from here? The statement will be published, but how does that trickle
down to the information given to front line clinicians and specialists?

Ms. Bardsley: As an association, we at the AADE have worked with our colleagues in other groups. This paper
was actually sent to those groups prior to publication. These groups said this is exactly what we need - we'll
continue to work with them.

Dr. Powers: The ADA is developing a slide set that can be used to present on this topic. We have it such that
the two figures can be downloaded from the ADA website. We would love to see it presented at ground
rounds, lunch and learns, etc. People need to start talking about it.

Q: The Medicare benefit is so outdated. Do you see this paper propelling change?

Ms. Bardsley: From your mouth to God's ears. For clarity even though Medicare covers education, it is not
enough. It has been this way for a while now, and we would love this to contribute to change.

Ms. Funnell: We know people with diabetes need ongoing support for education, and we'd like to see that
covered.

Q: Aren't people too busy already? Why would they come to hours of education on top of their
medical visits?

Ms. Maryniuk: We don't want that stereotype - 10 hours of lectures! We want education to be patient-
centered. We want it personalized. We want the educator to hear the patient out, hear how busy they are, and
adapt to their needs.

Ms. Funnell: If I'm 65, I might have four chronic diseases. My educator job is to help put that whole picture
together. Patients often have multiple specialists, but no one to help put the big picture together.

Q: If we were to get all people educated, how would that change medication use?

Dr. Powers: I think it would advance the titration of medications. I know when we see people in our center
that we are much more aggressive than in primary care centers. People come to us frustrated that they're on
the same regimen and it's not working. They don't have guidelines to make those decisions. We help the
patient identify if their regimen is working or not and whether it's food or activities or stress that's affecting
them. There will likely be more medication use.

Oral Presentations: Cost-Effectiveness of Managing Diabetes and Related Complications

THE TOLL OF DIABETES IN THE UNITED STATES, 2009-2012

Man Yee (Mallory) Leung, PhD (Washington University in St. Louis, St. Louis, MO)

Dr. Mallory Leung provided a comprehensive overview of the economic burden of diabetes and obesity in
the US. Citing ADA data, she noted the staggering total cost of diabetes in 2012 (~$245 billion), an increase
of 41% from 2007. As such, this study aimed to analyze in more detail the life-years lost and healthcare costs
associated with diabetes for the general US population using nationally representative data from various
sources from 2009-2012 - see below for specific methodology. Findings indicated that the average life-years
lost with diabetes was greater for females than for males and greater for African Americans relative to
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Caucasians - specifically, the average years lost was 5.0 for white females, 5.2 for black females, 4.6 for
white males, and 4.8 for black males. Unsurprisingly, results also showed that life-years lost tended
increase with the degree of obesity, though costs demonstrated an inverted U-shape across BMI categories
for most age-gender-race groups with peaks at Class II obese. Dr. Leung did not expound upon this
interesting trend, though we wonder whether the U-shape is a result of provider uncertainty and hesitation
in aggressively treating these not-severely obese patients that ultimately delays treatment and results in
increased financial burdens long-term. Overall, we appreciated Dr. Leung's reminder of the twin burdens of
diabetes and obesity. This fact, though, is becoming quite widely appreciated - in our view, what the field
still desperately needs is a solutions-oriented integrated set of approaches that moves beyond identifying
the problem and toward identifying a solution.

Questions and Answers

Q: What variables affected the life-years lost or the cost differences?

A: For this analysis, we did not look at those components. However, that is a very good suggestion.

HEALTH ECONOMIC IMPACT OF HYPOGLYCEMIA IN A GLOBAL POPULATION OF
PATIENTS WITH INSULIN-TREATED DIABETES

Ronnie Aronson, MD (LMC Diabetes and Endocrinology, Toronto, Canada)

A data-driven lecture from Dr. Ronnie Aronson summarized results from the Hypoglycemia Assessment
Tool study, a six-month retrospective and one-month prospective study of hypoglycemic events in 27,585
patients in 24 countries. During an initial visit, the study asked patients with both type 1 and type 2 diabetes
to complete a retrospective questionnaire on severe hypoglycemic events in the previous six months.
Following enrollment, patients kept track of their hypoglycemic events in a diary for a prospective 28-day
period before completing another questionnaire at the follow-up visit. Findings suggested that there are
significant economic impacts of hypoglycemia in the month following an episode, which include direct
economic consequences such as:

▪ An increased frequency of SMBG: 70% of type 1 patients reported an increase, and 61% of type 2s.

▪ An increased hospitalization rate: 2.1% of type 1s, and 3.4% of type 2s; and

▪ Increased medical contact: 3.8% of type 1s, and 6.8% of type 2s.

Indirect economic impacts included:

▪ The loss of productivity due to absence from work or school (3.9% of type 1s reported absence;
6.2% of type 2s).

The study also found significant regional variations in the economic impact of hypoglycemia:

▪ Hospital admissions were higher in Latin America (5.2% of type 1s and 6.8% of type 2s) vs. the
global population (2.1% and 3.4% globally);

▪ Medical contact was higher in southeast Asia (5.7% of type 1s and 12.6% of type 2s) vs. the global
population (3.8% and 6.8%); and

▪ Frequency of SMBG was lower in southeast Asia (53.2% of type 1s and 37.5% of type 2s) vs. the
global population (69.7 and 60.9%).

Ultimately, Dr. Aronson concluded that the economic impact of hypoglycemia is significant and pointed out
that the burden of cost may fall on the healthcare system or on the patients themselves, depending on
country. We would agree that the burden of hypoglycemia still needs to be better understood - especially in
the eyes of payers (the differences in data from ADA 2014 and 2015 alone are part of the black box we're
trying to figure out) - and are hopeful that Dr. Aronson's effort to raise the level of conversation will bring
needed dialogue on this front.

Questions and Answers
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Q: Did you consider that the type of person who tests more might be the type of person who
tends to have hypoglycemic events?

A: These were additional tests that people did after a hypoglycemia event.

Q: I don't think you indicated anywhere, but who sponsored this study?

A: The study was sponsored by Novo Nordisk.

Comment: I'm just shaking my head regarding all that hypoglycemia, not just severe
hypoglycemia. You're telling us that thousands of patients were admitted to the hospital and
were taking two days off of work for a single episode of hypoglycemia. I've been taking insulin
for 57 years and I just cannot believe this. It just doesn't have face validity.

A: I would say I had a same reaction myself, but the data was rigorously documented. I've seen the study
myself. The question of validity is there. We went back to clinics in Canada and looked at what we were
finding as doctors asked questions of patients, which was different from the study. I think the difference is
that patients are far more willing to admit to hypoglycemia, severe hypoglycemia, and hospitalizations in an
anonymous survey. What we've since done in our clinics is use a medical assistant or medical scribe to record
the incidents of hypoglycemia and severe hypoglycemia and we found that it doesn't get quite that high, but
it's much higher than patients were telling their physicians.

Comment: Maybe for future analysis, you might want to break out what you've got on the
screen here out into severe hypoglycemia vs. non-severe hypoglycemia.

A: In the manuscripts, they've definitely done that.

Q: I'm wondering if you've hypothesized why there is a difference between the type 1 and type
2 diabetes populations and if it's possible that patients with type 1 diabetes have received more
education.

A: I would simply hypothesize that type 1 patients are a bit more accustomed to having frequent
hypoglycemia, so they're less likely to react excessively to it. Your second comment is very germane in that
patients with type 1 diabetes generally have more frequent access to diabetes education programs and are
more likely than type 2 patients to be connected to specialist.

PENNY-WISE, POUND-FOOLISH: ASSOCIATION BETWEEN MEDICATION ADHERENCE,
OUT-OF-POCKET EXPENSES, AND HEALTH CARE COSTS IN MEDICARE PATIENTS WITH
TYPE 2 DIABETES (262-OR)

Joanna MacEwan, PhD (Precision Health Economics, Oakland, CA)

Dr. Joanna MacEwan summarized the findings of a retrospective study that sought to examine the
association between out-of-pocket health care spending and medication adherence. She opened her
presentation by contextualizing the problem, suggesting that such programs have been thought to
inadvertently result in higher medical expenditures and increase the risk of medical complications. As such,
this study looked at a large, random sample of Medicare beneficiaries (12,305 patient-year) with type 2
diabetes and compared the proportion of days covered (PDC) over the first 12-month window of
observation with out-of-pocket spending and total annual spending. Findings indicated that increased
adherence was associated with decreased total and medical costs-although the most adherent (10th decile)
patients had higher pharmacy costs compared with the least adherent (1st decile) patients ($4,839 vs.
$3,046), these patients also had much lower total expenditures ($12,531 vs. $24,468) and medical
expenditures ($7,692 vs. $21,421). Dr. MacEwan also stressed that greater out-of-pocket spending was
associated with lower adherence, as well as with higher total and medical expenditures. Ultimately, these
data serve as a strong reminder that as patient costs increase, adherence to medications is likely to
decrease- a completely logical reality that we wish were more often acknowledged (again, now having this
data will help). That said, we also wonder what additional lurking variables may be playing a role (e.g.,
Medicare plan type; patients with higher healthcare costs might have a lower capacity to pay for them, etc.)
and believe further studies are needed to fully flesh this relationship out.
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▪ We would note that while this analysis was focused on patients with diabetes, the cost evaluation
was not specific to diabetes medications. We wonder whether this approach may be partially
responsible for the paradoxical results and would love to see subgroup analyses of how spending
was distributed across diabetes vs. comorbid conditions. After all, one might hypothesize that less
adherent patients may suffer from faster disease progression, which in turn leads to the greater
medical expenditures seen in this study. We'd love to see greater discussion on this front.

Questions and Answers

Q: How should people use this information?

A: This study was geared toward a broader audience of policy makers, payers, and clinicians.

Q: Do you think it is possible for patients who have high healthcare needs to have a lower
capacity to pay for their healthcare needs and therefore have lower adherence?

A: There is a possibility that there is some feedback. This analysis cannot target that, so additional research is
needed.

Q: Patients have some discretion as to what Medicare Plan they pick. Some cover more costs
than others. Did you look at the different Medicare plans?

A: In future research, we plan to look at how plan generosity affects adherence.

Q: A lot of these type 2 diabetes patients have other diseases. How can you correctly isolate the
costs directly to type 2 diabetes?

A: We are not. We did not try to identify type 2 diabetes costs specifically.

Oral Presentations: Effective Strategies for Overcoming Barriers in Self-Management

IMPACT OF COLLABORATIVE CARE ON TREATMENT SATISFACTION AND DIABETES
DISTRESS: A PROSPECTIVE, RANDOMIZED, CONTROLLED STUDY

Melanie Siaw (National University of Singapore, Singapore)

Ms. Melanie Siaw presented the results from a prospective, randomized controlled study investigating the
effect of a collaborative care treatment model on patient satisfaction and diabetes distress. The study
randomized 356 adults with type 2 diabetes to receive either collaborative care (where a team of health
professionals including pharmacists, nurses, dieticians, and podiatrists cared for patients) vs. standard
care (where physicians served as the sole providers of care). Following six-months of treatment, patients in
the intervention arm showed significant improvements in treatment satisfaction and diabetes distress -
specifically, patients in the intervention arm showed an improvement in Diabetes Treatment Satisfaction
Questionnaire scores (p < 0.0001) vs. the control arm that did not (p = 0.11) and showed a greater
improvement in their Problem Areas in Diabetes Scale score (p < 0.0001). Both groups were matched at
baseline. We do not find the results particularly surprising considering that much literature has suggested
that diabetes is better managed through a collaborative care model - that said, we think the RCT approach
will certainly be valuable in corroborating the value of this model. Ultimately, we believe the bigger
question is whether healthcare organizations have the resources (e.g., financial) to hire such a team, as we
continue to hear in conversations with providers that such organizations are simply strapped for cash.

▪ We would note that 25% of the study participants in the intervention arm dropped out
compared with just 2% in the usual care arm, a fact not fully addressed by Ms. Siaw.
From a patient perspective, we wonder if the perceived hassle of meeting with additional team
members was not seen as worth the perceived benefit. Other limitations of this study include the
length (e.g., only 6 months - no long-term outcomes) and that other aspects of diabetes were not
evaluated, including health status and quality of life.

▪ Both groups were well matched at baseline. The mean age (intervention arm: 59 years vs.
control arm: 60 years), diabetes duration (intervention arm: 12 years, control arm: 13 years), and
A1c (intervention arm: 8.4%; control arm: 8.4%) were similar.

www.closeconcerns.com 280



IMPROVING GLYCEMIA IN PRIMARY CARE: A MODEL INTEGRATING DIABETES
EDUCATION INTO PRACTICE

Linda Siminerio, PhD (University of Pittsburgh, Pittsburgh, PA)

The renowned Dr. Linda Siminerio presented the results from a feasibility study that sought to introduce
more comprehensive diabetes self-management education (DSME) in the primary care setting. Dr.
Siminerio opened her presentation by noting that that 90% of diabetes management is delivered in primary
care, but that DSME is largely underutilized in this setting. As such, in the study, three certified diabetes
educator were introduced to practices in urban, suburban, and underserved communities, respectively.
Using electronic medical records, educators identified patients (n=141) with type 2 diabetes in need of
education and worked collaboratively with physicians to arrange clinical visits and develop treatment
plans. Notably, findings demonstrated significant improvements in A1c three to six months post-
intervention though these were only sustained at nine to 12 months in the worst controlled population - for
detailed analysis, see below. In the overall population, there were also significant improvements in
triglycerides and total cholesterol levels from baseline to 12 months post-intervention. Dr. Siminerio added
that anecdotal reports from providers also hinted at better communication between patients and providers
and improved quality of care. Ultimately, Dr. Siminerio concluded by suggesting that further research is
needed to know the longer-term effects on maintenance of glycemic control, costs, and access - we would
certainly agree! We believe there is a need for greater provider and payer appreciation of the value of
diabetes education and appreciate Dr. Siminerio's effort to add to this growing dialogue.

▪ Findings demonstrated significant improvements in A1c for all subgroups population
over 3-6 months though these were only sustained at 9-12 months in the worst
controlled population. For patients with a baseline A1c < 7% (n=30), A1c levels were maintained
< 7% at 3-6 months post-education, but increased significantly by 9-12 months (p < 0.05). For
patients with a baseline A1c between 7.0-9.0% (n=41), A1c was reduced significantly at 3-6 months
post-education (p < 0.01), though trended upward at 9-12 months. For patients with a baseline A1c
> 9.0% (n=40), A1c was significantly reduced at 3-6 months post-education (p < 0.001), which was
sustained at 9-12 months (p < 0.001).

Questions and Answers:

Q: Did the certified diabetes educators provide care through group or individual sessions? Did
you include newly diagnosed patients that had never received DSME before?

A: They had the opportunity to have group sessions, but most were individual. This was because, in the
offices, we did not often have the space to do a group program. So, that was a challenge. We haven't teased out
which folks came, and we will do more work now that the DSME Position Statement [which came online
Friday, June 5] is available, which gives an algorithm describing the most critical times to provide education.
We will use that to proactively identify our patients and test it.

Q: We tried to use DSME in our practice ad found that even in patients with A1cs > 9.0%, it did
not work because they were not compliant. I think that maybe it's the newcomers that are
most motivated for change and that they might benefit more. My question is how often were
these patients were seen?

A: I was lucky to be part of the group that worked on the position statement, and I think all patients with
diabetes need education. Certainly there will be patients that have multiple problems and who are unable to
reach glycemic goals, but every patient deserves the right to education. It will be interesting to see which
patients continue with education. For us, this process was collaborative. Some patients only wanted one visit
to cover a specific skill and others felt they needed many visits. We didn't feel that we wanted to be
prescriptive. I think the number of times they are seen should be something that is determined with the
patient.

Q: Were these visits incorporated into the visit with the primary care provider or was it a
separate visit?
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A: We don't have enough educators for them to be in the practice every day. There was communication
between the practice and educators. For some practices with high volume, the educators may have been there
once a week, sometimes once every other week. The beauty of it is that the providers were very supportive.
They encouraged patients to make appointments with educators, which was critically important.

Q: For those patients with an A1c > 9%, do you have any data that diabetes distress was
reduced by the intervention?

A: We have not done this in this particular group, but we have done other studies using telemedicine with our
educators, endocrinologists, and primary care providers and have shown significant reduction in diabetes
distress. I think it's the collaboration and support.

Q: I serve a population that is underinsured and often exceeds the 10 hours for education that
is covered. How do you feel about incorporating the education in shared medical visits?

A: I think it is a wonderful opportunity. Those rules were made up, and we had no evidence for the cut-off of
10 hours. Almost no one I know goes through 10 sessions in the first year. But, let's say they did … I don't
know anyone with diabetes who doesn't qualify for more hours. If I give someone some extra time and they
put me in jail for Medicare fraud, then I'll be on the front page of the New York Times saying, "Can you
believe this?"

WHAT DOES THE AFFORDABLE CARE ACT'S FOCUS ON QUALITY MEAN FOR MY
DIABETES PRACTICE? THE EFFECT OF ONLINE CME AND NEED FOR FURTHER
EDUCATION

Amy Larkin, PharmD (MedScape Education, New York, NY)

Dr. Amy Larkin summarized her investigation of primary care provider's (PCPs) and endocrinologist's
knowledge of the type 2 diabetes services covered under the ACA and the ability of an online CME to
improve this understanding. For context, she explained that the CME consisted of a three question pre-test
that was followed by a panel of lectures from Dr. Zachary Bloomgarden (Mount Sinai, New York, NY), Dr.
George Grunberger (Grunberger Diabetes Institute, Bloomfield Hills, MI), and Ms. Catherine Carver (Joslin
Diabetes Center, Boston, MA) and a three question post-test (the same questions as the pre-test). The three
questions covered were: (i) whether diabetes self-management training is a covered benefit under the ACA;
(ii) the implications of a high deductible plan; and (iii) what preventative benefits are under the ACA. The
CME's three-question pre-test identified a large knowledge gap among both PCPs and endocrinologist - only
4% of endocrinologists and 5% of PCPs got all three questions correct. While the CME did improve
providers' understanding of the ACA's impact on coverage - 22% of PCPs and 43% of endocrinologists got all
three questions correct on the post-test - we'd still note that these are disappointing numbers across the
board. It's hard to imagine how fewer than 50% of providers were still unable to answer the three questions
after receiving education specifically geared to answer the test - perhaps the numbers speak to the
complexity of the ACA or the complexity of the CME itself? We're unclear … On a positive note, 30- to 60-day
follow-up with a smaller sample of the participants found relatively good retention of the CME's lessons. In
conclusion, Dr. Larkin stressed that there are significant knowledge gaps in PCP's and endocrinologist's
understanding of ACA covered benefits (we agree!) and suggested that CMEs can help fill this gap (we're
not so sure based on these findings!). We will look forward to further data from MedScape this fall that Dr.
Larkin suggested would show more convincing evidence of the benefits of CMEs in actually improving
patient outcomes.

Questions and Answers

Q: Are you involved in other CME activities?

A: MedScape is doing a lot of activities on type 2 diabetes. We have multiple pages worth of resources focused
on improving the care of type 2 diabetes. This fall we hope to show that CME can improve provider knowledge
and patient outcomes.
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Oral Presentations: Interventions to Reduce Diabetes Burden in Diverse Care Settings

CHANGES IN HEALTH CARE EXPENDITURES AFTER PARTICIPATION IN A DIABETES
PREVENTION PROGRAM OFFERED NATIONALLY BY YMCA OF THE USA: THE NEXT-D
STUDY

Ronald Ackermann, MD (Feinberg School of Medicine, Chicago, IL)

Dr. Ronald Ackermann presented positive results on the changes in healthcare expenditures from
participation in the YMCA's Diabetes Prevention Program (YDP). YDP is the YMCA's translation of the DPP,
which has partnered with UnitedHealthcare (UHC) since 2009 to provide the program free of charge to
commercial health plan enrollees with an A1c of 5.7%-6.4%. This quasi-experimental study compared 2,040
YDP participants to 9,140 matched non-participating UHC enrollees and used data from UHC enrollment
and billing data along with the program's tracking database to capture all YDP exposure and weight data.
The findings showed that from 2009-2012, 73% of participants attended at least nine visits and 30%
achieved ≥5% weight loss, with a mean weight loss of 3.6% per person. According to Dr. Ackermann, UHC's
costs to offer YDP was $234 per person; compared to matched enrollees, reductions in mean total
healthcare expenditures for YDP participants were $74 at one year, $205 at two years, and $195 at three
years, with a total cost savings of $364 per person over three years. While weight loss maintenance beyond
three years remains unknown, we find these results promising and look forward to longer-term studies.

Questions and Answers

Q: Do you have any data on glycemic markers?

A: We do, but we don't have them to present today. This data is from billing databases. United has contracts
with lab vendors so they have results on these other outcomes. So we have results of A1c and cholesterol and
other metabolic tests. But we haven't yet analyzed it.

Q: How many started on medications and have you looked at those outcomes vs. others?

A: We haven't looked at that. There has been analysis of metformin use of the same health plans as United.
There is overall low use of metformin in the prediabetes population at this stage. It's unlikely to affect more
than one or two people in the sample. We haven't yet analyzed those questions but it's a good question.

RESULTS FROM NEXT-D: DOES A DISEASE SPECIFIC HEALTH PLAN REDUCE INCIDENT
DIABETES DEVELOPMENT AMONG A NATIONAL SAMPLE OF WORKING-AGE ADULTS
WITH PREDIABETES?

Tannaz Moin, MD (UCLA, Los Angeles, CA)

Dr. Tannaz Moin presented data on the reduced incidence of diabetes in people with prediabetes
participating in the Diabetes Health Plan (DHP), a disease specific health plan that reduces cost-sharing for
lifestyle interventions and metformin therapy for patients with prediabetes and diabetes. This retrospective,
intent-to-treat analysis used insurance claim and laboratory data from employer groups contracted with
UnitedHealthcare between 2009 and 2013, following 1,538 DHP participants with prediabetes and 10,427
control participants with prediabetes. The results found that over three years, 26% of DHP participants
transitioned to diabetes while 36% of control participants transitioned to diabetes. Once adjusted for several
variables (i.e. gender, age, race/ethnicity, etc.), the main results showed that positive DHP status reduced
the probability of transitioning to diabetes by 7.6% compared to non-DHP status. Dr. Moin thus concluded
that health insurance benefit designs that reduce cost sharing for preventive care, lifestyle modifications,
and metformin for those with known prediabetes may prevent or delay development of diabetes. As our
payer environment shifts, Dr. Moin suggested that a better understanding of how to optimize health
insurance designs will be critical to "beat prediabetes and win the war."

Questions and Answers

Q: A previous study showed weight reduction with diabetes prevention. This shows reduction
in the incidence of diabetes. Was there weight reduction in the DHP as well?
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A: This is based on claims data so we don't have actual weight or BMI measurements to compare.

Q: Taking metformin would also reduce diabetes incidence. In England, we give prediabetes
patients metformin.

A: Yes, a recently published study in Annals of Internal Medicine actually looked at this. We think the rates
are actually pretty low. Across all groups, only about 3.7% of patients with prediabetes were prescribed
metformin. In people with higher risk, higher BMIs, or a history of gestational diabetes, it was about 7.8% - so
slightly higher but nowhere near where we need it to be.

Oral Presentations: Effective Strategies for Overcoming Barriers in Self-Management

REDESIGNING PRIMARY CARE TO OVERCOME CLINICAL INERTIA AND IMPROVE
OUTCOMES (208-OR)

Janice Zgibor, RPh, PhD (University of Pittsburgh, Pittsburgh, PA)

Dr. Janice Zgibor presented on the results of a cluster randomized controlled trial in 15 non-academic
primary care practices, which found that utilizing certified diabetes educators (CDEs) and evidence-based
diabetes management protocols (DMP) compared to usual care practices improved diabetes management
outcomes. Notably, patients in the DMP group (n=175) exhibited a statistically significant 1% reduction in
A1c (from 8.8% at baseline to 7.8% after 12 months, p<0.0001) compared to the usual care (UC) arm (n=55),
which exhibited a statistically non-significant increase in A1c from 8.2% to 8.3% after 12 months (p=0.76).
Additionally, reduction in LDL-C levels in the DMP arm was significant (105 mg/dl at baseline to 88 mg/dl
after 12 months, p=0.07) vs. non-significant reduction in UC arm (100 mg/dl to 89.6 mg/dl, p=0.43).
Furthermore, in multiple sub-analyses of the study population (patients with baseline A1c ≥8%, BP ≥140/80
mmHg, and LDL-C ≥100mg/dl), a greater percentage of patients in the DMP group began a new
medication or had their therapy intensified. Dr. Zgibor concluded that these study results provide evidence
for expanded roles of CDEs in primary care settings. This diabetes care delivery model may offer a more
effective approach for intensifying diabetes management, especially for those patients in which timely
interventions are often missed during primary care visits.

▪ Preliminary results of sub-analyses of DMP group patients showed that patients with a
baseline A1c ≥8%, 70% began a new medication or had their therapy intensified.
Additionally, 11% had a new insulin start, while 66% had a dose increase. If BP ≥140/80mmHg, 78%
of patients had their medication intensified and 44% began a new medication while the remainder
had a dosage increase. If LDL-C ≥100mg/dl, 70% of patients had medication intensified; of these,
30% began a new medication, 20% changed statins and 40% had a dosage increase.

▪ While study results support the incorporation of CDEs into primary care workflow,
Dr. Zgibor noted that some barriers - most notably funding for dissemination and
sustainability - remain problematic. However, she noted that ADA and AADE recognition for
DSME provides a mechanism for reimbursement, but providers will need to buy into this model in
order to see successful integration. Encouragingly, she specified that the CDEs and protocol in this
study were "well-accepted" by DMP clinic physicians and staff. Alternative solutions that were
proposed included training office nurses to implement or alert the provider, pooling primary care
practice resources to share a CDE, or connecting CDEs to Electronic Health Record (EHR) systems
to trigger alerts for diabetes treatment intensification.

▪ The study was a cluster randomized controlled trial in 15 non-academic primary care
practices that were randomized to either DMP or usual care (UC). The DMP arm clinics
integrated CDEs and the REMEDIES 4D protocols into systematized diabetes care, focusing on
patient-centered therapies, appropriate A1c levels, comorbidities, hypoglycemia risk, cost, patient
lifestyle, and psychosocial support systems. All follow-up and care changes via the CDEs were
documented in the EHR system. CDEs could also order medication changes and labs in the EHR,
which physicians would subsequently approve or deny.
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▪ Clinics randomized into the DMP arm recruited 175 patients while practices
randomized to usual care recruited 65 patients. When asked about this discrepancy, Dr.
Zgibor hypothesized (but noted there was no study measurement of this) that DMP clinics were
more enthusiastic about patient recruitment. Patient participants could either be referred by
physicians or self-referred (by seeing fliers in offices). Eligibility criteria included type 2 diabetes
diagnosis of at least one year and an A1c ≥7% or LDL-C ≥100 mg/dl or BP ≥140/80 mmHg. In total,
240 participants were enrolled (mean age: 61 years; 50% male; 83% Caucasian).

Questions and Answers

Q: Was everything the diabetes educator did documented in the EHR system?

A: Yes, anything the CDE performed or went over with the patient was documented in the EHR, including
assessments and intensifications of treatment. Our EHR system was EPIC.

Q: Were your CDEs prescribers? If not, did that cause a significant delay in prescriptions?

A: No, they were not licensed to prescribe medications; they were CDEs with RN licensure. According to our
state licensure, they wrote prescriptions and lab orders; in EPIC, you can "pend orders" where physicians
could evaluate what nurse recommended what and then approve or ask questions about the prescription. And
no, that did not cause a delay as the physicians usually approved the orders the same or next day.

Q: Why was the control arm so small compared to the protocol arm?

A: We had 175 in the protocol arm and 65 in the control (usual care) arm that actually consented to participate
in the study. I believe the reason for that - though we don't have any evidence for this - is that the doctors,
nurses, and staff pushed recruitment a little more in the clinics in the intervention arm. Also, the CDE was
physically present in these practices, serving as a reminder to referrals. In contrast, the control practices only
had the CDE physically in-clinic once per month.

Q: Was there any consideration of including RDs (registered dieticians) as CDEs? Secondly,
were the CDEs billing?

A: We did not have RDs serve as CDEs, but there was no conscious effort on that, it was just who we were able
to hire. And the CDEs were not billing since this was a research study. However, we are working on a
dissemination model that will include billing for services like this. We also have a separate system in about 42
primary care sites for CDEs to bill in primary care.

Posters

PATIENT RESPONSES TO INTERIM DATA FROM CARDIOVASCULAR OUTCOMES TRIALS:
RESULTS FROM AN ONLINE PATIENT SURVEY (929-P)

MV Venkat, RS Wood, V Iyengar, N Naushad, EE Regier, AS Brown, P Younge, LS Rotenstein,
KL Close

This poster - our very own from dQ&A, Close Concerns, and The diaTribe Foundation - examined how the
interim disclosure of data from an ongoing cardiovascular outcomes trial (CVOT) could impact the
behavior of patients enrolled in the trial, potentially biasing the results and damaging the study's integrity.
This was a full poster version of data first presented at an FDA Hearing in August on the confidentiality of
interim data from CVOTs. The online patient survey, run by the diabetes research company dQ&A, was
completed by 1,213 type 2 diabetes patients willing to participate in clinical trials and at self-reported high
CV risk. Respondents were described a hypothetical CVOT still in progress and were randomized to receive
a description of increased or decreased CV risk based with the drug being tested based on an interim
analysis. In both cases, the data package was sufficient for the drug to be approved. In the increased risk
scenario, 26% of respondents stated that they would leave the trial immediately, with an additional 44% of
patients stating that they would consider leaving the trial. In the case of reduced CV risk, 14% of patients
would leave the trial immediately (many to pursue the newly approved therapy directly), with another 29%
of patients considering withdrawal. The results indicate that disclosure of interim data from ongoing
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CVOTs has the power to greatly damage trials' integrity, calling into question the current paradigm for
reviewing new drugs outlined in the 2008 FDA Guidance. It remains to be seen if new means of protecting
interim data confidentiality will prove effective and scalable.

▪ In an open-ended section of the survey that asked respondents for thoughts on the
FDA review procedures for new diabetes therapies, many concerns were raised about
the speed of the process. Other areas of concern (in descending order of frequency) were
inadequate assurance of drug safety, potential for harm from trial participation, dissatisfaction or
distrust of FDA, dissatisfaction or distrust of industry, and the cost of drugs.

CHARACTERIZING THE PRE-HOSPITAL RESPONSE TO DIABETIC EMERGENCIES

R Kaufman

This study used 2011 National Emergency Medical Services Information System Public Release data to
estimate the number of diabetes-related 911 calls received by Emergency Medical Services nationally each
year. Of the 11,317,115 primary 911 responses in the dataset, 916,273 (~3.6%) were estimated to be diabetes-
related, of which 669,270 (~73%) required transport to a hospital. Extrapolating from North Carolina
Office of Emergency Medical Services (NC OEMS) data, the author estimated at least 368,250 (~1.5%)
emergency medical responses annually would be related to hypoglycemia. Noting that about one-third of
diabetes-related hospital transports did not receive intravenous or intramuscular treatments until reaching
the hospital, he suggested that there is a delay in real-world care and underscored the need for increased
training on interventional measures for emergency responders.

▪ This study used 2011 National Emergency Medical Services Information System Public
Release data to estimate the number of diabetes-related 911 calls received by
Emergency Medical Services each year. Runs were deemed diabetes-related if a diabetic
dispatch complaint was used, a diabetic primary or secondary impression was specified, or a
relevant CMS condition code was used. As the dataset only included only 35 states, a 2.22x
multiplier was used to extrapolate the total annual number on a national level. Since the dataset
lacked blood glucose measurements, the NC OEMS dataset was used to differentiate hypoglycemic
and hyperglycemic events (<80 mg/dl hypoglycemic, 80-120 mg/dl normoglycemic, and >120 mg/
dl hyperglycemic). Noting the importance of pre-hospital emergencies in the spectrum of diabetes
care, the author indicated that a better understanding of these calls would provide insight into the
efficacy of patient education and home rescue medications.

▪ Of the 11,317,115 primary 911 responses in the dataset, 916,273 (~3.6%) were estimated
to be diabetes-related. Of these calls, 669,270 (~73%) required transport to a hospital. Invasive
treatments, such as intravenous or intramuscular injections, were not given until reaching the
hospital in 222,991 (~33.3%) of these hospital runs.

▪ Using the NC OEMS data, which consisted of 430,623 emergency runs in total, 41,174
(~9.7%) were diabetes-related, with 16,551 (~40.2%) of these being hypoglycemia-
related. On a national scale, extrapolating this data would mean that 368,250 (~1.5%) emergency
medical responses annually would be related to hypoglycemia. Time-course data indicated
hypoglycemia calls peak at about noon and in the early evening (~5 pm).

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

DIABETES CARE AND RESEARCH - WHAT IS THE NEXT FRONTIER?

David Marrero, PhD (Diabetes Translational Research Center, Indianapolis, IN)

Dr. David Marrero highlighted the need for increased research into behavioral and mental health aspects of
diabetes to a packed audience. After describing how technologies and treatments have changed in the 39
years since he was diagnosed with diabetes and how he became interested in the intersection of behavioral
health and diabetes, he made a strong case for why this intersection is the next research frontier. He first
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noted that diabetes and depression may be linked - people with diabetes are more than twice as likely to face
depression than those without, and people with both diabetes and depression have more severe diabetes
than those with diabetes alone. Moreover, mental illnesses are the leading cause of disability adjusted life
years lost worldwide and mental illness is expected to account for more than half of the projected total
economic burden from noncommunicable chronic diseases over the next two decades. Thus the next research
frontier in diabetes needs to focus on behavioral and mental health, he argued. However, only 0.9% of
National Institute of Mental Health Grants and 3% of ADA grants explore behavioral/social issues related
to diabetes. Dr. Marrero argued that we need significant increases in funding in this realm, need to increase
the number of highly trained people who address mental health issues related to diabetes, and need more
research into how providers can support patients emotional needs'. To conclude, he announced that the ADA
is collaborating with the American Psychological Association to develop training programs for
psychologists that focus on the unique needs of people with diabetes - this announcement was met with
applause.

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

PRESIDENT, MEDICINE & SCIENCE ADDRESS: 75 YEARS OF BATTLING DIABETES - OUR
GLOBAL CHALLENGE

Samuel Dagogo-Jack, MD (University of Tennessee Health Science Center, Memphis, TN)

ADA President, Medicine and Science Dr. Samuel Dagogo-Jack delivered an address preceding the Banting
Award on how the ADA has helped patients with diabetes over the past 75 years, focusing on the three areas
framed in the ADA's mission statement: (i) improving lives; (ii) preventing diabetes; and (iii) finding a cure.
In terms of improving lives, Dr. Dagogo-Jack remarked that the ADA has published many resources - for
both professionals and patients - to help patients manage their diabetes. He also noted that diabetes
prevention is becoming a global requirement as prevalence is increasing around the world - the ADA has
consistently been a global meeting (with 60% international attendance this year, as we understand it).
Finally, although Dr. Dagogo-Jack acknowledged the disappointments in the search for a diabetes cure, he
urged the audience to remember the progress that has been made. Dr. Dagogo-Jack also outlined several of
the challenges the ADA is currently facing, including improving adherence, behavior and motivation;
eliminating disparities; reducing excess CVD morbidity and mortality; preventing type 1 and type 2
diabetes; developing common platforms to enable interoperability of blood glucose meters and test strips;
and, finally, the "epic battle" of unlocking the mystery of the beta cell. We have been very impressed with the
incredible contributions the ADA has already made in diabetes care and commend the organization for its
forward-looking approach.

Professional Interest Discussion Group: Behavioral Medicine and Psychology

IS BEHAVIOR CHANGE POSSIBLE IN OUR HEALTHCARE SYSTEM?

Suzanne Johnson, PhD (Florida State University College, Tallahassee, FL), David Lee
Strasburg (The Lee Strasberg Institute, New York City, NY), Kelly Close, MBA (The diaTribe
Foundation, San Francisco, CA)

Dr. Suzanne Johnson, Mr. David Lee Strasberg, and Ms. Kelly Close joined forces to provide entertaining
perspective on driving toward behavior change in our healthcare system. The major takeaway from the
discussion was that our current medical system does not - and is likely not capable of - supporting rigorous
behavioral interventions that could help provide complete care for patients. All three speakers were in
consensus on this point, suggesting that the greatest diabetes outcomes are achieved when patients are
engaged and correctly use the tools available. They noted that this is particularly challenging as it relies on
thinking about mental health and changing behavior - something humans are not naturally inclined to do
when it requires denying short-term pleasure for long-term health (so crucial for diabetes care!). Overall, it
was refreshing to hear all three speakers take turns on various aspects of behavior change: Dr. Johnson
focused her lecture on a biopsychosocial approach to treat mental and physical health; Ms. Close focused on
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the tough questions in bridging the gap between improving outcomes and current patient tools; and Mr.
Strasberg emphasized the need for physicians to understand the patient experience before expecting
behavior change. Several audience members questioned how to train physicians on mental health and
behavioral change in a field where mental health seems destined to take a backseat. In response, Dr.
Johnson ended the panel on an optimistic note, remarking that she believes the answer may not be in re-
training or shifting of the current paradigm, but starting fresh with new physicians who have been taught
to care about the patient, behaviors, and mental health.

▪ Dr. Johnson framed the session with a look at the current biomedical model of
western medicine, arguing that the framework no longer works for current medical
issues that require examining the mental and physical together. She noted that the
current biomedical model was developed to help treat diseases cured easily with biologics, which
isn't the case for chronic diseases that require consistent patient interaction. She cited that although
80% of patients approach their primary care provider with a mental health concern, only 18% were
treated adequately. Conversely, roughly 80% of patients who sought mental health providers were
treated adequately, but only ~20% of patient did so. Primary care physicians are overloaded as is,
but we believe that creating a more integrated healthcare system where mental health professionals
are seen as part of the treatment paradigm would help relieve some of the burden on providers while
also providing better care for the patient.

▪ Ms. Close spoke on the necessity to strive for "outstanding outcomes" that can come
from current technology and drugs. She acknowledged that behavior change is hard and, as a
result, that solutions must be smart. In her view, we must evaluate behavioral interventions with the
same questions and rigor that we evaluate drugs and technologies. Additionally, Ms. Close
commented that the issue of scalability is particularly concerning - given how much diabetes care
already costs, she noted that innovation will be necessary to build and sustain cost-effective
solutions.

▪ Mr. Strasberg provided a patient perspective on considerations for behavioral
intervention, highlighting the need for providers and innovators to think about how
patient behavior may influence product outcomes. For example, he good-naturedly
discussed his own challenges resisting behaviors that he knows unhealthy (e.g., eating an extra piece
of pie, overbolusing when glucose levels are running high). To combat these behaviors, he
emphasized that product developers must understand patient behaviors if they hope to achieve
better outcomes. He raised concerns about whether industry can adequately address these needs as
incentives do not currently value patient behaviors. He challenged those in the field to spend time
with whom they are serving and "open [their] doors" to develop an intuitive product that can move
the needle in terms of improving patient behavior.

Professional Interest Discussion Group: Professional Interest Group Discussion on
Behavioral Medicine and Psychology

INVESTING IN BEHAVIOR CHANGE - WHAT'S THE RETURN?

Kelly Close, MBA (The diaTribe Foundation, San Francisco, CA)

Ms. Kelly Close spoke on the need to drive toward "outstanding outcomes" with current technology and
drugs, and to evaluate behavioral interventions with the same questions and rigor that we use to evaluate
drugs and technology - behavior change is hard and solutions must be smart. Ms. Close noted that there is
no consensus about how best to spend a hypothetical $10 billion in diabetes care, and she noted that criteria
to evaluate potential solutions should be used across the board to provide the best options to patients. She
commented that the issue of scalability is particularly concerning, as diabetes care already costs so much,
and it is necessary to ensure that innovations are starting to save the system some money. In closing, Ms.
Close emphasized that the diabetes community needs to focus on connecting diabetes outcomes to the tools
we currently have, and to look for tools that will move the field closer to better diabetes care.
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▪ Ms. Close outlined five questions that should be answered for any intervention or
product, including behavioral interventions: (i) How effective is it and how does it compare
to what we have? (ii) Is it safe or does it have side effects? What are the costs to use it? (iii) Who
would this be good for (patients with diabetes are a heterogeneous population)? (iv) How easy is it to
prescribe, teach, and support - what is provider cost? And (v) How much does it cost to deliver - is it
scalable?

PANEL DISCUSSION

Q: I'm a physical therapist by trade. I find myself acting as a bridge between the medical model
and the actual behavior; I work with people who have an amputation. Could you offer some
advice to those of us I call "extenders" - connecting the patients and the health system? I'd like
to invite your perspective on those who deal with type 1 and type 2 diabetes without the benefit
of intact limbs.

Mr. David Lee Strasberg (New York, NY): First of all, thank you. When you talk about challenge, it's
happening to us at the population scale, millions and millions of people. We can't support solutions to it
without a lot of legs on that table. No pun intended - or maybe pun intended. We need a lot of support. I'd
love to just have more of you. That would be one thing, to just have more support. The problem is I don't think
any of us have figured out how we create more of you. How do we fund more of you, how do we get more
integration and appreciation. What you're asking is the question we're wrestling now: Within the system we've
got, how do we do this?

Dr. Suzanne Johnson (Florida State University College, Tallahassee, FL): I don't want the system we've got.
This is a great panel. I am really a believer in integrated care. I really loved your comments. You said you just
want to be understood - that's sort of the point of integrated care, to make sure the patient is actually
understood. [Applause.] I think we have to change the model, or we'll continue to have these problems and
we're going to have more and more people who are going to have amputations. It's just going to keep
happening.

Comment: We find success and hope in those who have lost limbs. I'm excited that we have
found that there is improvement in their health and wellbeing. I would like to help and join
forces. I haven't seen one presentation for those with amputation, one thing about tertiary
prevention, and there's a boatload of them. There are big gaps, and I think behavior is the
bottom line. It affects structures, as well - blame the hypothalamus.

Ms. Kelly Close (The diaTribe Foundation, San Francisco, CA): Some of those who I have talked to said they
would spend money on training psychologists and mental health professionals all over about unique
challenges that people with diabetes face. You don't need any training on it because you've already thought
about it and you do understand.

Comment: I need to train my students!

Ms. Close: Absolutely. A lot of the decrease in diabetes healthcare professionals has to do with training.
Raising awareness on that as well is where we need to go.

Q: I was surprised and thankful - I thought the presentation was going to be more about
individual patient motivation but learning about the systems is fantastic and where we should
go. How do we coordinate with things like diaTribe and getting adults with diabetes engaged in
their care and asking them what's important to them?

Ms. Close: I love this question. Part of this is how do you engage people and get them interested in education.
I think it's really, really hard. I think we need to have many more pilots and prototypes and people who are
looking at things and seeing what's working and what isn't working. Maybe the only good thing about it going
like this is it's really scary. I think it's going to start to get the attention of large scale foundations. The Robert
Wood Johnson Foundation just funded $500 million in childhood obesity, so they're thinking about the scope
of the problem. But how can all of us get more education out there to those large foundations? There has
never been a time of wealth creation in the US like what we are looking at right now. I think there is a big
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opportunity to get the attention of some of the large foundations to make them smart about how some of the
smaller interventions on behavior can actually work on a larger scale.

Q: I've been coming to ADA conferences since 2003, and I've never seen a station on
behavioral systems and money and how money flows - spending time on this would be smart.
One thing that struck me is how frustrated I was when I spent 11 years at a large hospital
network before leaving for a startup company. When I was at the hospital, I executed studies,
published results for programs, and we showed that primary care should do different things.
Last year, I realized that the institution was never going to roll these out. When I look at this
big gorilla system with 10,000 employees, they were siloed. Behavior change there is like
concrete because all the billing codes track back to the AMA and subspecialty organizations.
Specialists sit on closed sessions where they create a specialist billing code system and then
add them each year. Then there are other committees of the same people - the fee-for-service
specialists - who set the prices. However, I don't blame them as stakeholders because they are
all fighting for own group. We should set up so that the billing code system maps onto the
problems we have - the whole billing code system is so dysfunctional.

Mr. Strasberg: I think you just volunteered. [Laughter.] Be the change you want to see. We can talk about
billing code. You're right, this is what Dr. Johnson was saying - she doesn't want the system we've got, most of
us are struggling in the system we've got. I think it takes people, motivated people, smart people, committed
people to go and say, "Why not start a two day seminar around this?" Start it.

Ms. Close: A ton of people are disturbed by it and nobody thinks it can change. I've been working full-time in
diabetes since 2002, and I've been hearing about coding and it's the wrong coding and all of that and okay but
who sets that? It's the Congress. But people say people will never change it. It's kind of like the idea of whether
we believe in being a country that subsidizes corn? Do we try to change it? I agree with David that we have to
figure out this whole coordination piece. We don't look at it as if it costs anything - and it does. Figuring out
how to work together is really time consuming, so let's own that so that when we go ask for grants - we can't
act like we're just happy with "thank you." $5000 is like 5000 hours of work. I know it's not easy to just say,
"You know what? Just look in the mirror" but I really agree that us asking "Is anyone else worried about this"
is not all that we can do.

Comment: There's this slide that shows the four horsemen of the apocalypse. One is fee for
service, the other is billing codes, the third is work health insurance, and the fourth is the
consumer having any skin in the game.

Mr. Strasberg: Put it on Twitter. If you get enough hits, you won't even have to pay for your own conference.

Comment: I would love to see a session where we're not beating anybody up but we're saying,
"Isn't this interesting? This system is built like this and people are trying to do what they are
rewarded to do so we get the system that we allowed to be built. In my mind chronic disease is
the challenge of the 21 century. So if we start with that, how we map onto the challenge isst

where we should start.

Dr. Marilyn Ritholz (Joslin Diabetes Center, Boston, MA): I've had type 1 diabetes for 52 years.
I'd like to hear your thoughts on addressing this issue of the whole way the health care
industry now is beginning to talk about patient-centered care. That's become the word, and
now there's patient-centered medical homes. There's this disparity between what the language
is saying and what's being done. I want to know what you thought about that because it seems
like it's just not matching up.

Dr. Johnson: I obviously have a lot of strong feeling on this. I think the problem is if we really are on the verge
of a paradigm shift and if the concept we're actually moving toward is patient-centered integrated care, which
I'm a real advocate for. The question is, are we going to make the shift? I think we need to make this shift, but
the previous speaker was addressing all the reasons there's going to be a lot of resistance and there is
resistance. In other words, we've been doing the biomedical model for more than 100 years; it's very ingrained
and a lot of people make a lot of money this way. They're not going to want to give it up. Part of it is you do
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what you do because that's how you've always done it so part of it is not necessarily malevolent, but the
previous speaker's absolutely right: The way we decide coding in this country is pretty amazing - it's run by
the AMA, it's run by specialists, it's fee-for-service. Nobody's going to want to give this up. I think that people
have done a lot of thinking about this. We've demonstrated that this - collaborative care, all these different
models - is effective. They always say to us, "You have to prove that behavior really makes a difference." I say
that's ridiculous. We have proven that behavior makes a difference, often as well as and often better than
many drugs. I find it amazing that when CMS decided to finally treat obesity - remember they would never
treat obesity - the first thing they decided to pay for was surgery. Why do you think that is? People are totally
steeped in the biomedical model; they can't get out of it. It's not malevolent; it's what they know. I think we
need to advocate. I would argue that we need to get the ADA to advocate for changes in reimbursement policy
so it's more of an integrated care model and we get rid of all this.

Ms. Close: I think it's absurd, the whole AMA. I remember when I first heard that, it was 2002. This is all
health care, so I'm still kind of confused about the AMA. Is it that they're this evil power or something?
Patients have no idea about this. When you look at all of healthcare, and people are starting to use social
media, there are so many patients who could actually help if we knew exactly what to do. This goes back to
coordination. There's also companies like Omada - that's a normal company and they're using peer-to-peer
support. WellDoc is trying to think about telehealth and it's not just with smartphones, it's with flip phones.
Sanofi is using a coach program; they're trying to figure out how to use educators. I don't know, I can imagine
that the AMA is really big and powerful. Let's work with them and show them the amazing change that they
can make.

Q: I'm a nurse, I've been practicing for 25 years. Obviously, if we're all in this room we're
already invested in this. How do we get these people - like the doctors I work with - to have
empathy, to understand that the psychosocial side of this is so imperative. I don't know what
your thoughts are on how to get physician buy-in from the people who are sitting on AMA and
are sitting on the floors and have all those drug companies in their pockets and all those
people.

Q: This is actually a totally related question: How can we partner to change healthcare
training? Because I think that's part of this. We know what you guys are talking about, it's
where we live professionally. But we know not everyone does and we hear from our patients
all the horror stories that they've been exposed to in the medical world. So it's the same thing.

Dr. Korey Hood (Stanford University, Stanford, CA): Let me add one thing to that question: So
you see at the individual level people working with providers, and you think about training of
those people. I guess another part that I'd like to hear from each of the panelists is, should we
even bother with those things or just do something different?

Mr. Strasberg: My day job is to teach actors, that's what I do. Empathy and listening and getting into your
intuition and sort of feeling the person next to you is all a big part of it. When I decided to bring what I know
to the diabetes, I started with doctors. This makes the most sense, right? Instead of talking to an advocate
who's fighting to get their voice out, let me talk to the people who are seeing people everyday. It's really hard.
It's hard to get somebody who has undergone the level of intense training and modeled training with a certain
paradigm in place. I think it's incredibly well delineated what that model is and what you need to do if you've
been up 48 straight hours, it's three in the morning, and somebody comes in; you know exactly how to
respond. I think it's going to be hard to change that. I have some friends who run hospitals and it's hard to go
in and say let's change it around. Some say maybe you just need to start with med students, you have to start
fresh. Maybe we say let's get in on the ground level and I think there is a beginning of interest in that field and
how we should do it. People are starting to see that we can actually note benefit from it.

Dr. Johnson: I think I'm in optimistic mode. I teach medical students and I think its really changing. The
medical school I went to, I went on purpose because it's based on the biopsychosocial model and we really
believe in this, in training the medical students this way. The MCAT next year is going to have as many
behavioral science questions on it as biology questions. There has been a whole movement within the AAMC
to increase medical students' understanding of behavioral science and how absolutely critical it is to manage
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patients. We have very different people going into medicine now. Now, half of our class are women. They're
not going into medicine to make money, they're going into medicine because they care about people. I'm more
optimistic that we can really do that. For all those who work in medical schools, I definitely think you should
take the opportunity to get involved in teaching the next generation of medical students. I think that it will
pay off greatly in the long run.

Ms. Close: I could not agree more. I think that you also have to make it so that medical students actually want
to go into diabetes and obesity given the amazing cost that they have because the incentives are not there right
now. We need to think about allied health and how we can make other levels of healthcare professionals. We
need to say thank you to places like Helmsley Charitable Trust, who are doing amazing fellowship programs
all over the country and improving things on the behavior and other fronts.

Comment: Dr. Johnson, your comment could not have led better into what I wanted to say. We
are right now in an amazing period of opportunity. I'm at an academic medical center, I'm at
Johns Hopkins. Many of us are at academic medical centers. All of us have offices of
transformation. We have offices of population health now. I, too, teach the entire medical
school second-year students in health behaviors and behavior change, this is mandated.
Physicians are on pay for performance, they work to meet those metrics. They have requested
to have behavioral health specialists in our primary care clinics. We fought for it for 10 years
but now they want it because when their patient comes in depressed and they're not sure what
to do about it, and therefore it's going to knock their metrics off the charts and they're not
getting incentives back because patients aren't hitting targets and they don't want to be the
ones trying to counsel those patients. They are now the ones requesting and so people have
already been forced to realize care and be more integrated and systemic in doing so. We also
pay now for integrating care. Insurers are paying for this service and those of us who do bill,
still bill. This is very important and I think this is the right time for all of us in the room to
actually take advantage of what's occurring right now. This is our maybe small window of
opportunity to really go in, volunteer to be the one to teach the medical students if it's not
happening already, because they want them to pass their tests and they're going to be tested on
behavior. It's a start but we're at the window right now.

9 Annual TCOYD/The diaTribe Foundation Forumth

DISCUSSION

John Buse, MD, PhD (University of North Carolina, Durham, NC), James Gavin, MD, PhD
(Emory University, Atlanta, GA), Aaron Kowalski, MD (JDRF, New York, NY), and Andrew
Boulton, MD (President, EASD, Manchester, UK), Steve Edelman, MD (Founder and Director,
TCOYD, Del Mar, CA), Kelly Close, MBA (Director, The diaTribe Foundation, San Francisco,
CA)

The 9th Annual TCOYD/The diaTribe Foundation forum welcomed almost 400 attendees to the beautiful
Seaport Boston Hotel where an impressive panel of leaders - Dr. John Buse, Dr. James Gavin , Dr. Aaron
Kowalski, and Dr. Andrew Boulton - shared their opinions on the most exciting presentations at ADA, the
potential for combination therapies to improve glycemic control, access to care and patient motivation, and
the challenges that face technologies such as CGM and the artificial pancreas. Dr. Steve Edelman and our
very own Kelly Close co-moderated the panel and emphasized the importance of collaboration between all
players in the field including patients, providers, and researchers. As is tradition, Dr. Edelman showed a
short video, this year to emphasize that both patients and doctors can be "good" and "bad," and both can
affect patient outcomes - this is an absolutely hysterical six minutes. This year's forum could not have
happened without the generous support of company sponsors and the ongoing support from the Helmsley
Charitable Trust. Specifically, we would like to give a special thanks to the "Best-in-class" sponsors
AstraZeneca and Intarcia; the "First-in-class" sponsors Janssen, Merck, NuSirt, Pfizer, and Sanofi; the
"Supporting" sponsors Bayer HealthCare, BD, Boehringer Ingelheim, Dexcom, GI Dynamics, Lilly, Livongo
Health, OmniPod, Tandem Diabetes Care; the "Forum" sponsors Bigfoot Biomedical, Biodel, LyfeBulb,
Medtronic, Profil. Please find our selection of some notable quotes, below.
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Notable Quotes

▪ Dr. Kowalski: "There is a fundamental problem in diabetes about this term adherence…What is the
ROI for doing something?...I have never met a person without diabetes using a pump just for kicks."

▪ Dr. Gavin: "In the past we have been invited to address the complexity of [type 2 diabetes] with one
drug, and then another drug, one at a time, which has been very tricky…Now we are getting new
tools such as combination therapies that will attack multiple mechanisms at one time."

▪ Dr. Gavin: My concern about the question is, all diabetes drugs are by design and intention glucose
lowering drugs. Now the demands are increasing and we want cardioprotection and renal-
protection. Those are legitimate demands, but I am not so sure that is what diabetes drugs are
designed or supposed to do. I would like to offer that the counter view is that we demonstrate with
extreme rigor that they don't have any cardiovascular harm or renal risk.

▪ Dr. Boulton: "Access to care is key; I work in the US and the UK, and I've seen differences…I don't
see neuropathic adults because we're screening for the foot, yet when I come to Miami I see it all the
time because people just can't afford care."

▪ On which not-yet-approved technology has the best potential:

◦ Dr. Buse: "The bionic pancreas - we'll see this in 2018."

◦ Dr. Gavin: "I am really interested in ITCA-650, the mini-osmotic pump. I think it will do a
lot for lifestyle management and it will really be a type 2 diabetes game changer."

◦ Dr. Kowalski: "Insulin alone [closed loop] systems will be the first systems that
significantly improve glycemic control and reduce burden."

Symposium: The National Diabetes Education Program (NDEP) Symposium - Guiding
Principles for the Care of People With or at Risk for Diabetes

USING "GUIDING PRINCIPLES": MOVING TOWARD PATIENT-CENTERED DIABETES CARE

Linda Siminerio, PhD, RN (University of Pittsburgh, Pittsburgh, PA)

Dr. Linda Siminerio discussed several guiding principles to consider when providing patient care; however,
she paid particular attention to the principles of patient-physician rapport, communication, and
collaboration. In a study published in 2013 by the journal Obesity, researchers found that primary care
providers demonstrated less emotional rapport with overweight and obese patients than for normal weight
patients. According to Dr. Siminerio, these findings raise concern that low levels of emotional rapport may
diminish adherence and the effectiveness of counseling in helping patients lose weight. As it relates to
diabetes, Dr. Siminerio presented a study published in 2012 in the journal Academic Medicine that suggests
that patients of physicians with high empathy scores as compared to those with low scores were more likely
to have better glycemic control and a lower rate of acute complications.

▪ Dr. Siminerio stressed that since many patients are unequipped to make critical
health decisions alone, steps must be taken to ensure effective physician-patient
communication. According to Dr. Siminerio, one in three Americans has low health literacy, with
the prevalence even greater in older people, non-whites, immigrants, and low-income individuals.
Importantly, low health literacy is associated with poor health outcomes and a greater burden on the
healthcare system. Thus, Dr. Siminerio suggested several actionable options to address these issues:
(i) use plain language, preferably language using less than two syllables; (ii) explain medical terms;
and (iii) ask open-ended questions (i.e. "what questions do you have?" rather than "do you have any
questions?"). As Dr. Siminerio suggested to attendees, the NDEP website has several free
publications for providers to access more information about health literacy and how to implement
these principles in their practice.
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MOVING FORWARD - FUTURE DIRECTIONS FOR THE NDEP

Joanne Gallivan, RD (NIH, Bethesda, MD)

Ms. Joanne Gallivan presented on the ways in which the NDEP is reducing the burden of diabetes and
prediabetes by facilitating the adoption of proven approaches to prevent or delay the onset of diabetes and
its complications. The NDEP's approach involves the creation and dissemination of tools to elicit behavior
change and improve diabetes management in the clinical setting. All of the materials created by NDEP are
reviewed for readability and provided at no cost to patients or providers.

▪ NDEP is working with partners, like AADE, to provide resources for behavior change.
HealthSense, a newly created online library of resources, supports patients through relatable videos
of how real people manage their diabetes on a day-to-day basis. The NDEP is also currently looking
for partners to promote their medication adherence resources site.

▪ On the clinical front, NDEP is working with partners such as the American College of
Physicians (ACP) to incorporate their materials into various training modules.
Furthermore, the NDEP provides support for several clinical trials through the provision of
educational materials as part of the intervention.

Symposium: Novel Clinical Interventions in Therapy That Impact the Management of Diabetes

PSYCHOSOCIAL AND BEHAVIORAL RESEARCH: DEPRESSION, DISTRESS, AND GLYCEMIA

Mary de Groot, PhD (Indiana University, Indianapolis, Indiana)

Dr. Mary de Groot offered an overview of her presentation in nine simple words: "It's an exciting time for
depression research in diabetes." Dr. de Groot stressed that psychosocial research has rarely gotten as much
airtime at ADA as it did in 2015 and commended the organizers for keeping the human factors so top of
mind - we would certainly agree! Dr. de Groot then spent the majority of her talk discussing her selection of
three of this year's most pivotal Diabetes Care papers on the psychosocial aspects of the disease: (i) the risks
of psychiatric disorders and suicide attempts in children and adolescents with type 1 diabetes (Butwicka et
al.); (ii) the association between depressive symptoms and systemic inflammation in people with type 2
diabetes (Laake et al.); and (iii) cognitive behavioral therapy versus sertraline in patients with depression
and poorly controlled diabetes (Petrak et al.). Below, we summarize the key background, methodology, and
takeaways from all three studies.

▪ The purpose of Butwicka et al. (2014) was to assess the risk of psychiatric disorders
and suicide attempts in children with type 1 diabetes and their healthy siblings. Dr. de
Groot noted that no previous studies had assessed these rates in siblings.

◦ Design: This population-based study investigated individuals born in Sweden between
1973 and 2009. Children with type 1 diabetes (n = 17,122) and their healthy siblings (n =
18,847) were identified and followed until their 18th birthday. Their risk of psychiatric
disorders was compared with that of matched control subjects.

◦ Results: The risk of psychiatric morbidity in children with type 1 diabetes compared with
the general population was tripled six months after the onset of diabetes (HR 3.0 [95% CI
2.7-3.4]) and doubled during the entire study period (HR 2.1 [95% CI 2.0-2.2]). Results
also showed an increased risk of suicide attempts (HR 1.7 [95% CI 1.4-2.0]) and an
increased risk of psychiatric disorders.

◦ Conclusions: These findings seem to suggest that children with type 1 diabetes are at
higher risk of psychiatric disorders than the general population, a trend that seems to be a
result of the disease rather than familial etiology. In light of these findings, we believe
considerably more comprehensive mental health surveillance in children with type 1
diabetes is warranted, especially in recently diagnosed children.

www.closeconcerns.com 294

http://www.ncbi.nlm.nih.gov/pubmed/25650362
http://www.ncbi.nlm.nih.gov/pubmed/25650362
http://www.ncbi.nlm.nih.gov/pubmed/24842983
http://care.diabetesjournals.org/content/38/5/767
http://www.ncbi.nlm.nih.gov/pubmed/25650362


▪ The goal of Laake et al. (2014) was to study whether higher depressive symptom
scores in newly diagnosed type 2 diabetes patients were associated with higher
concentrations of inflammatory markers.

◦ Design: Adults with newly diagnosed type 2 diabetes (n=1,790) recruited from primary
care were assessed for twelve markers of inflammation and depressive symptoms. The
association between each inflammatory marker and depressive symptom score was
estimated by multiple linear regression.

◦ Results and Conclusions: C-reactive protein (p < 0.001), IL-1 receptor antagonist (p <
0.001), monocyte chemotactic protein-1 (p = 0.001), white blood cell count (p < 0.001),
and triglyceride levels (p < 0.001) were all associated with depressive symptoms. Dr. de
Groot suggested that increased inflammation may contribute to the development of
depressive symptoms in patients with type 2 diabetes and increase the risk of
complications in this population.

▪ Dr. de Groot stressed that Petrak et al. (2014) represented the first-ever head-to-head
comparison of the long-term efficacy of diabetes-specific cognitive behavioral group
therapy along with an anti-depression medication, sertraline, in patients with
diabetes and depression.

◦ Design: This randomized control trial compared long-term of cognitive behavioral
therapy vs. sertraline therapy in 251 patients with type 1 or 2 diabetes (baseline A1c: 9.3%)
and major depression at 70 secondary care centers across Germany. After 12 weeks,
treatment responders were enrolled in the 1-year study phase where behavioral therapy
patients and sertraline patients received treatment for 52 weeks.

◦ Results and Conclusions: Findings indicated that only 46% of patients responded to
either antidepressant treatments and were included in the one-year study phase. At the
one-year follow-up, there were no differences in glycemic control (A1c change: −0.27; 95%
CI: [−0.62 - 0.08]) while depression improved in both groups - notably, there was a
significant advantage for sertraline in terms of depression (Hamilton Depression Rating
Scale change: −2.59; 95% CI: [1.15 - 4.04]). Dr. de Groot concluded that single treatments
are insufficient to treat diabetes patients with depression and poor glycemic control and
advocated for a more multifactorial approach to treating the comorbid conditions.

EPIDEMIOLOGY: OBESITY, CLINICAL PHENOTYPING, AND COSTS

Frank Hu, MD, PhD (Harvard TH Chan School of Public Health, Boston, MA)

Dr. Frank Hu presented his selection of the three "best" epidemiology papers in Diabetes Care in 2014. His
selection included: (i) Youth overweight and metabolic disturbances in predicting carotid intima-media
thickness, type 2 diabetes, and metabolic syndrome in adulthood: the Cardiovascular Risk in Young Finns
study (Koskinen et al.); (ii) The Lifetime Cost of Diabetes and Its Implications for Diabetes Prevention (Zhuo
et al.); and (iii) Optimum BMI Cut Points to Screen Asian Americans for Type 2 Diabetes (Araneta et al.).
Below, we summarize the key background, methodology, and takeaways from all three studies.

▪ The purpose of Koskinen et al. (2014) was to assess cardiovascular risk and metabolic
complications in adulthood in subjects with or without overweight and metabolic
disturbances (i.e., elevated blood pressure, glucose, triglycerides, low HDL
cholesterol, and high LDL cholesterol) as youth.

◦ Design: The study used data from the population-based Cardiovascular Risk in Young
Finns Study (n=1,617, 9-24 years of age at baseline who were followed up 21-25 years later)
to assess the utility of four age- and sex-specific youth phenotypes (group I: normal weight,
no metabolic disturbances; group II: normal weight, one or more metabolic disturbances;
group III: overweight/obese, no metabolic disturbances; group IV: overweight/obese, one
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or more metabolic disturbances) in predicting adult high carotid intima-media thickness
(IMT), type 2 diabetes, and metabolic syndrome.

◦ Results: Patients in groups II, III, and IV were at increased risk for developing metabolic
syndrome and had greater intima-media thickness in adulthood compared with those in
the control group. Patients in groups III and IV were at increased risk of the development
of type 2 diabetes compared with those in groups I and II.

◦ Conclusions: Based on these findings, the researchers concluded that while metabolic
risk factors associated with overweight increase the patient's future risk for metabolic
syndrome, type 2 diabetes, and increased intima-media thickness, overweight in isolation
is also a risk factor.

▪ The purpose of Zhuo et al. (2014) was to study the cost implications of diabetes
prevention.

◦ Design: Medical expenditures were estimated from the age of diagnosis to the diagnosis
of death using data from the 2006-2009 Medical Expenditure Panel and the 2005-2008
National Health Interview Surveys. Costs were analyzed by sex, age at diagnosis, and
diabetes duration.

◦ Results: Younger age at diagnosis and female sex - though, notably, not diabetes duration
- were correlated with higher lifetime excess medical spending. Discounted excess lifetime
medical spending for people with diabetes was:

◦ $124,600 ($211,400 if not discounted) when patients were diagnosed by age 40.

◦ $91,200 ($135,600 if not discounted), when patients were diagnosed between
ages 40-50.

◦ $53,800 ($70,200 if not discounted) when patients were diagnosed between ages
50-60.

◦ $35,900 ($43,900 if not discounted) when patients were diagnosed between ages
60-65.

◦ Conclusion: The findings suggest that diabetes is associated with substantially higher
lifetime medical expenditures despite lower life expectancy and underscore the importance
of primary prevention for diabetes and obesity. As Dr. Hu noted, "prevention not only
saves lives, it saves money."

▪ The goal of Araneta et al. (2014) was to determine a more practical BMI cut point for
identifying Asian adults with undiagnosed type 2 diabetes. As Dr. Hu noted, Asian
Americans tend to develop type 2 diabetes at lower BMI levels - however, these patients often do not
undergo diagnostic testing for diabetes because the currently recommended BMI screening cut point
of ≥25 kg/m is inappropriate for their leaner phenotypes.2

◦ Design: Data was consolidated from four population- and community-based studies: the
Mediators of Atherosclerosis in South Asians Living in America study, the North Kohala
Study, the Seattle Japanese American Community Diabetes Study, and the University of
California San Diego Filipino Health Study (n=1,663 participants, ages ≥45 years, without
a prior diabetes diagnosis). Optimal BMI cut points were evaluated using several criteria.
Clinical tests included a two-hour 75-gram oral glucose tolerance test, BMI, and A1c.

◦ Results and Conclusions: Findings suggested that screening to BMI ≥25 kg/m would2

miss 36% of Asian Americans with type 2 diabetes. Specifically, in patients with BMI ≥25
kg/m , sensitivity (64%) was quite low though at BMI ≥23 kg/m , sensitivity increased22

significantly (85%). Ultimately, Dr. Hu suggested that screening to BMI ≥25 kg/m is2

inadequate in this population and that a lower cutoff may help miss fewer cases. Notably,
the new ADA Standards of Medical Care recently lowered the threshold to 25 kg/m2 - an
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important move in the right direction - and we hope to see further nuanced research to
identify how we can most optimally target these other ethnic populations.

Symposium: Are We Putting Ourselves out of a Job? The Changing Epidemiology of Type 2
Diabetes and Its Complications

WHAT DOES THE FUTURE HOLD? FORECASTING TRENDS IN DIABETES

Elbert Huang, MD (University of Chicago, Chicago, IL)

Dr. Elbert Huang provided a rationale for and history of studies that have forecasted trends in diabetes. In
opening his presentation, he first explained the importance of forecasting work, noting that projections help
us understand the extent of problems and better design public health interventions and policies. He noted
that prior attempts to forecast the diabetes population all projected massive increases, though still
massively underestimated the actual changes - many did not see the incidence skyrocketing from the 1990s
to 2006. On forecasting on costs and complications, Dr. Huang commented that while coming declines in
complications may reduce costs, other conditions (e.g., coronary heart failure, cancer, dementia) may
become more prominent while a larger aging diabetes population will need more chronic care. He reminded
the audience that both unanticipated and anticipated demographic shifts - scientific discoveries (e.g., the
completion of clinical trials), technological advances (e.g., electronic health records, real-time monitoring),
and policies such as the Affordable Care Act - will significantly impact trends in coming years. In
conclusion, Dr. Huang noted that while past forecasts have not been quite on-target, there is good reason to
expect the demand for diabetes care (especially for older patients) to outstrip the supply. He stressed that
innovations in prevention and targeted patient care (managing on a population level, individualizing care,
and utilizing multidisciplinary teams) will be key to addressing this imbalance moving forward.

Questions and Answers

Q: How do models incorporate the changing ethnicity of the diabetes population?

A: One embarrassing point about these models is that they are ethnically off-target. Any funders out there ..
we need to do these models better and include many more ethnic groups such as the Chinese, South Asians,
Indians, Latinos, and more.

THE CHANGING TYPE 2 DIABETES POPULATION

Naveed Sattar MD, PhD (University of Glasgow, Glasgow, UK)

"Is the type 2 diabetes population changing?" Dr. Naveed Sattar, a leading diabetes-focused cardiologist,
candidly answered his talk's central question in his first slide. Yes, in his view, the population is changing,
which brings both good and bad news. He noted that better glycemic control has led to an increase life
expectancy, though as a result, many more people are aging with the disease. He also raised concerns about
the rise of type 2 diabetes in young and adolescent populations. Overall, he suggested that prevention is not
receiving sufficient attention and advocated for more research and care for elderly patients with rising
levels of comorbidities and increasing potential to suffer cognitive decline. He concluded by looking
internationally at ethnic factors that will shape the future of type 2 diabetes across the globe, noting that
South Asian, Chinese and African American populations are at a significantly higher risk to develop
diabetes than Caucasians are.

▪ Dr. Sattar compared and contrasted the decreasing rate of cardiovascular death with
the increase in the prevalence of diabetes. He noted that we have seen decreases in
cholesterol (down 30mg/dl), smoking (falling from 20% to 15%), and systolic blood pressure (down
5 mmHg) across all ethnicities, though we now have double the number of patients diagnosed with
type 2 diabetes. He attributed the disparity partially to the difference in cost and simplicity in
prescribing glucose-lowering drugs vs. statins/blood-pressure-lowering drugs. He delivered a
stirring call to action and we appreciate his effort to raise the level of conversation surrounding
access.
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▪ Dr. Sattar also attributed the decline in diabetes mortality to earlier diagnosis and
better management of diabetes. Indeed, we loved his underlying reminder - well-managed
diabetes is the number one cause of NOTHING!

Questions and Answers

Q: What are the clinical implications of treating patients early? Not necessarily in terms of
prescribing drugs earlier, but just considering the length of the disease.

A: If you develop type 2 the age of 40 and you have higher BMI, you have a fast progression. It's a much more
difficult intervention. Prevention, prevention, prevention, it's bloody important! We have to hit them hard.
The number one option is lifestyle change, if possible. We need to keep glycemia low. There is less "bang for
the buck" if you address it later. Doing it earlier avoids complications.

Q: The majority of patients with diabetes live in low-income countries. What about cases of
type 2 diabetes in places like India or China?

A: We are actually writing a review on South Asians now. In some parts of the world where there is cheap
access to statins, etc., we see a drop in mortality. However, it's a challenge in South Asia and China, and they
are getting diabetes young. This exposes them hyperglycemia early, and we need to treat this early.

Q: We have done studies in Sweden and BMI to show that the incidence of diabetes is not
increasing. It's been totally flat over last 20-30 years.

A: Yes, I don't understand that. I've seen the studies. The rate of diabetes has plateaued. I think it's an issue of
diagnostics, but I'd be surprised if diabetes is not increasing in the population.

TRENDS IN HEALTH CARE UTILIZATION

Kasia Lipska, MD (Yale University School of Medicine, New Haven, CT)

Dr. Kasia Lipska provided a comprehensive overview of big-picture trends in healthcare utilization and
outcomes. She juxtaposed the increase in outpatient visits and diabetes drug classes with the rise in cases of
hypoglycemia requiring hospitalization and only modest improvement in A1c over the past decade and a
half. Specifically, she noted that outpatient visits have increased 20% from 2005 to 2010 across all patients,
while diabetes drugs have "exploded" from two to 12 classes. From a patient perspective, she stressed the
importance of having options - we certainly agree! As a result of these improvements in care, Dr. Lipska
noted encouragingly that diabetes-related hospital visits fell 32% between 1999 and 2011 and that visits due
to hyperglycemia dropped by 32%. However, she acknowledged that hospital visits caused by hypoglycemia
have increased 12% in that same period, suggesting that there is still much room for improvement. Dr.
Lipska concluded by discussing concerning financial trends in healthcare, pointing to the rapid increase in
prescription drug costs and the fact that diabetes healthcare costs doubled between 1987 to 2011. She
specifically called out rise in unit price for analog insulin, suggesting a need for improved access to care.

▪ As a reminder, Dr. Lipska published an op-ed in the New York Times titled "When
Diabetes Treatment Goes Too Far" in January 2015. The article recommends less aggressive
treatment for many older patients with diabetes. See our coverage of the piece for more.

Questions and Answers

Q: How much of the rise in diabetes drug costs is attributable to unsustainable increases in
insulin costs?

A: There is an increase on all prescription diabetes medication, not just insulin. There was a moderate
increase in insulin cost. The graph showed that total spending increased the cost of all drugs, but also that the
unit price has increased dramatically. These are all happening.

Q: Do you think that looking at age groups will change our understanding of spending, since
older patients tend to spend more?
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A: I don't think anyone has looked at different age groups. We know that older patients utilize medical
services more often and that there are more prescriptions for patients that are older.

Q: Can you give an estimate of the cost of patient non-adherence?

A: I personally cannot but it could play a great, great role. We know the primary rates of non-adherences are
very high, and there is a lot of potential to improve outcomes by improving adherence.

Q: Do glycemic drugs play a role in the reduction of cardiovascular mortality?

A: There is a modest contribution to cardiovascular death-rate reduction. I think the reduction is
multifactorial: increased statin use, decreased smoking,, etc. It's not just glycemic drugs that are making a
difference, as they are fairly cardiovascular neutral.

Q: What is your opinion on quality measurement?

A: As a healthcare system, we are moving toward quality measurements and looking at outcomes beyond A1c.
There could be new measures. The ones we've developed with CMS are risk standardized to look at
measurements and outcome. Measurements are important in the face of increased spending and maximizing
the output of that spending.

Symposium: Innovations in Diabetes Education - What Works and for Whom?

INVOLVING FAMILIES IN DIABETES SELF-MANAGEMENT EDUCATION AND SUPPORT

Ann-Marie Rosland, MD (University of Michigan Internal Medicine, Ann Arbor, MI)

Dr. Ann-Marie Rosland presented compelling evidence for involving families in self-management education
and support. She opened by stressing that family members have unique qualities to be effective supporters:
frequent and ongoing contact with the patient with diabetes, shared cultural values, and pre-existing and
intimate relationships. Dr. Rosland shared that ~60% of adults polled are "potential and willing" caregivers
for chronically ill adults, presenting a hugely untapped resource. However, alluding to data from the
DAWN2 study, Dr. Rosland emphasized that 40% of family members admit that they are frustrated that
they don't know how to best help and that 25% have a high diabetes distress score. She reviewed evidence-
based approaches for family social support, including: (i) setting specific, measureable goals; (ii) engaging
in positive and supportive communication; and (iii) problem-solving together. Dr. Rosland concluded with
evidence presented at this year's ADA from the Diabetes Support Project, which enrolled 268 participants in
a three-arm trial that compared two sessions of individual Diabetes Self-Management Education (DSME),
to ten sessions of individual DSME, to ten sessions of couples DSME. While the mean A1c decreased
significantly in all arms, the couples' arm was most effective for patients in poor control (baseline A1c:
7.5%-9.5%) and for the overall weight-loss outcome, reinforcing - in her view - the importance of family
support in improving outcomes. From a patient perspective, we can certainly attest to the value of family
support and would absolutely agree that the care and assistance of a such community can make diabetes
management that much less burdensome.

CARING FOR THE PATIENT WHO DOESN'T SEEM TO CARE

Bill Polonsky, PhD (University of California San Diego, San Diego, CA)

Behavior psych guru Dr. Bill Polonsky delivered an outstanding lecture to a p-a-c-k-e-d lecture hall on a
topic that he admitted might seem "a little ill-defined" - poor medication adherence. Dr. Polonsky raised the
discouraging fact that healthcare providers are more likely to attribute poor adherence in their patients to
personal failings on the patient's part (poor self-discipline, a lack of willpower) as opposed to psychosocial
barriers (financial problems, stress) (Polonsky et al., Journal of Diabetes 2015). He emphasized that the real
reason patients might not seem to care is because they have yet to be convinced that self-care really matters
or that it is urgent -beliefs that are a provider's responsibility to dispel. Indeed, Dr. Polonsky noted that
patients are often willing and able to follow prescribed medication regimens when they come to the
conclusion that the perceived benefits outweigh the perceived negatives. As such, Dr. Polonsky highlighted
four strategies to consider as a provider: (i) approach all patients with the perspective that they would
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prefer to live long, healthy lives and that it is the provider's job to identity and remove obstacles; (ii) make
urgency visible through the use of personalized metabolic data; (iii) make potential benefits visible by
providing a message of hope that complications are much less likely with good care (e.g., well-managed
diabetes is the number one cause of NOTHING!); and (iv) make positive actions visible. Drawing from both
anecdotal and literature-based examples, Dr. Polonsky stressed that all four strategies have been associated
with striking improvements in glycemic control and advocated for providers to think more sympathetically
- addressing worries, clarifying misconceptions, and providing a sense of trust and caring - to allow issues
of poor medication adherence to be better understood. As always, we loved Dr. Polonsky's patient-focused
message and applaud his effort to raise the level of conversation on this front.

Symposium: A New World for Diabetes Education

DAWN2 - IMPLICATIONS FOR DIABETES EDUCATION

Linda Siminerio, PhD (University of Pittsburg, Pittsburg, PA)

Dr. Linda Siminerio began her talk by explaining that the DAWN2 (Diabetes Attitudes, Wishes, and Needs)
study "changed the way we think about diabetes and illuminated so many things [that] changed how we
traditionally approached it." She then reviewed the results of DAWN2, emphasizing the demonstrated
positive impact that education can have on diabetes management and the desire for additional diabetes
educational training among patients, providers, and families. As a reminder, DAWN2 was a questionnaire-
based study conducted in 17 countries that sought to assess potential barriers and facilitators of successful
management of diabetes among people with diabetes and their family members and healthcare providers.
The results underscored the impact of diabetes on patients' quality of life, the burden it places on families
and caregivers, and the importance of active patient involvement and psychosocial support for successful
management of the disease.

▪ DAWN2 surveyed 15,438 individuals in 17 countries, including 1368 individuals with type 1
diabetes, 7228 people with type 2 diabetes, 2057 family members, 2066 primary care physicians
or general practitioners, 1350 diabetes specialists, 827 nurses, and 542 dietitians.

▪ Focusing on the importance of education, Dr. Siminerio noted that 72% of family
members in the survey found education to be very valuable (though participation was low).
Strikingly, nearly 60% of healthcare providers stated that they wanted psychological training, while
only 20% had received it.

▪ The results from DAWN2 helped lead to a joint position statement on diabetes self-
management education from the ADA, AADE, and Academy of Nutrition and Dietetics.
The statement highlights four critical times when the need for diabetes education should be assessed
(at diagnosis, on an annual basis, with the arrival of new complicating factors, and during
transitions of care), and it provides guidelines for providers on how to integrate appropriate
education into routine care. While reviewing the statement, Dr. Siminerio focused in particular on
the role of primary care physicians in providing education for patients with type 2 diabetes.

Symposium: The Global Diabetes Pandemic - Insights from High Diabetes Prevalence Regions

INDIA

Viswanathan Mohan, MD, PhD (Madras Diabetes Research Foundation, Madras, India)

Dr. Viswanathan Mohan provided a striking overview of the burden of diabetes in India. For context, he
opened his lecture by reminding attendees of the huge prevalence of diabetes in his country - close 12% of the
entire Indian population and closer to 20% in urban centers. In the city of Chennai, specifically, he cited that
an astonishing one in four members of the population has diabetes - not to mention a vast portion with
prediabetes. Dr. Mohan offered a bleak look into the future as well, noting that recent trends have seen
diabetes moving from urban, older, and more wealthy populations to poorer, younger, and more rural
populations. In his eyes, the Indian system is not at all prepared for the impending costs, considering both:
(i) that 80% of people pay out of pocket for healthcare; and (ii) that Southeast Asians move from
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prediabetes to diabetes in ten years, only second to Pima Indians in conversion rates. He believed that
prevention was the only effective way to stem the tide and offered some optimism in citing that ~52% of
cases of diabetes in India could be prevented by better diet and exercise. Of course, these cultural factors
(e.g., food, stigma surrounding exercise) represent huge hurdles in and of themselves. That said, Dr. Mohan
has seen impressive success with screening programs both for diabetes and complications and applaud his
effort to generate dialogue on this front.

MIDDLE EAST

Noor Al Busaidi, MD (Oman Diabetes Association, Muscat, Oman)

Dr. Noor B Al Busaidi opened her lecture with a striking admission: across the Middle East, both high- and
low-income populations are facing a "diabetes crisis." Dr. Busaidi cited many troubling trends in the region
where: (i) over 75% of women get insufficient exercise; (ii) smoking is quite common; and (iii) obesity rates
are high among both the young and old. In speaking of the challenges in the region, Dr. Busaidi was quick to
reference issues of education, noting that patients and providers often lack concrete diabetes awareness. As
a result, complications are rising across the Middle East that, in her words, are "bankrupting Saudi
Arabia." She noted that there has been some response by governments, though there is little investment in
training in primary care providers or on patient follow-up - two critical pieces to the puzzle in her view. The
system, as she currently sees it, is far too siloed and needs an overhaul if it is to address the gaps in
education and engagement that exist at all levels of the healthcare system. Her words brought the stark
reality of diabetes care in the Middle East to light, and we appreciated the call to action and reminder of the
significant work that remains to be done.

DIABETES IN PARADISE: THE PACIFIC AND INDIAN OCEAN

Paul Zimmet, MD, PhD (Baker IDI Heart and Diabetes Institute, Melbourne, Australia)

Dr. Paul Zimmet provided a disheartening summary of the status of diabetes in the Southern Hemisphere.
Below, we bring you some of the most notable stats from a whirlwind lecture:

▪ Indigenous Australians have one of the highest rates of diabetes in the world and the highest rates
of end-stage renal death.

▪ The town of Alice Springs, Australia has the largest number of renal dialysis units per capita in the
Southern Hemisphere.

▪ In the Indian Ocean, the country of Mauritius has been a predictor of the global diabetes epidemic,
with its multiethnic population of African, Chinese, and South Asians seeing a 62% increase in
diabetes from 1987 to 2009.

▪ There are only two places in the Pacific where there was a drop in diabetes rates in the recent past:
(i) Nauru, where the drop is diabetes rate was linked with the exhaustion of the island's guano
mines and thus the collapse of its economy; and (ii) [in jest] an island off Papua New Guinea
where the studied population was forced off the island when a volcano destroyed it.

He advocated for more research on epigenetics to understand what causes diabetes and suggested that the
link between outbreaks of diabetes in areas 30-40 years after severe famines are the type of trends that
need to be explored.

BRAZIL

Maria Ines Schmidt, MD, PhD (Universidade Federal do Rio Grande, Porto Alegre, Brazil)

Dr. Maria Schmidt opened her talk by noting that Brazil, by absolute numbers, has the fourth largest
population with diabetes of any country across the globe. Dishearteningly, she noted that there has been a
22% increase in the rate of diabetes over the past ten years (per the self-reported VIGITEL study) and
attributed much of this change to earlier diagnoses. That said, she juxtaposed this disappointment with the
note that Brazil's national health system has taken strides to respond to these rising diabetes rates in recent
years, endorsing newer target goals and ensuring that insulin, metformin, and SFUs are covered by the
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health system. Ultimately, she seemed cautiously optimistic about the future - relative to the current status,
of course - though advocated for more dialogue and education in the Brazilian population.

Symposium: Fifty Years of Diabetes Research and Treatment

FIFTY YEARS OF DIABETES TREATMENT

Fred Whitehouse, MD (Henry Ford Hospital, Detroit, MI)

Respected endocrinologist Dr. Fred Whitehouse used his 50 years of diabetes expertise and experience to
contextualize the past five decades of diabetes care for a packed audience. He offered an inspirational
message, expounding on his lifelong vision to ensure that lives that are "free of diabetes and all its burdens."
While the disease is not yet cured, he acknowledged how far we have come in lessening the burden on
patients. Dr. Whitehouse was especially optimistic on the future of pharmacotherapy, suggesting that if
clinicians are given the tools they will "finish the job." Indeed, he noted that the field has come a long ways
in its thinking about the disease as a whole, recalling that even in the early 1990s, there was a ongoing
debate on the value of having a good A1c. Given how long it took to reframe that misconception, Dr.
Whitehouse advocated for patience as we wait for the next big thing. Ultimately, considering how
unrealistically expectations have been set (we have heard for the past couple decades that a "cure is five to
ten years away" - we do note that it's been decades since Kelly or many others that she knows have heard
this), it was inspiring to hear Dr. Whitehouse's unfaltering enthusiasm for the future. We certainly believe
that the NEXT fifty years of treatment will only bring bigger and better things.

Questions and Answers

Q: Did the DCCT look at exercise preventing or slowing down the effects of complications?

A: Many people were exercising and were active physically. Those who were athletes needed less insulin and
were much more insulin sensitive.

Q: Can you give us an update on the law to update Medicare to provide CGMs and how the ADA
can get involved?

A: The strength of the ADA in its true form arrived in late 60s and early 70s when it became a voluntary
health organization. Prior to that it was a professional organization. My first conference was in Chicago, and it
only took up the grand ballroom of the hotel. Now look at where it is! The strength of the ADA is in the people
with diabetes and their supporters.

SEVENTY-EIGHT YEARS OF TREATMENT AS A PATIENT

M. Kathryn Ham (Brookline, MA)

In a fascinating and inspiring speech, 75-year Joslin Medalist Ms. Kathryn Ham shared her life story,
taking the audience back to when she was diagnosed with diabetes at the age of eight in rural Canada.
Judging from the "oohs and aahs" in the audience, we were not alone in our awe at her willpower and
determination, from beginning treatment on a starvation diet to injecting insulin with 26-gage needles. Her
story was also one of hope, instilled at an early age that has allowed her - in her view - to live a life far
longer than originally predicted and to overcome warnings of infertility. Her pride was quite evidence,
though she noted that it was only late in life that she realized she had "control" over her diabetes - a stirring
reminder of the self-doubt that can accompany a diagnosis. She concluded by reflecting that she was "not
perfect," but that had tried as best she could and could not have made it with the support of many who had
helped her throughout her life. An inspirational story, indeed, and one that made us reflect on the
importance of support and how grateful we are as patients for those who help us (family, doctors, nurses,
researchers...) each and every day.
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Symposium: ADA Diabetes Care Symposium - Novel Clinical Interventions in Therapy That
Impact the Management of Diabetes

DIABETES CARE "PROFILES IN PROGRESS" - RECOGNIZING PIONEERS IN CLINICAL
DIABETES RESEARCH

William Cefalu, MD (Louisiana State University Health School of Medicine, Baton Rouge, LA)

Dr. William Cefalu introduced the "Profiles in Progress" as a new initiative to recognize individual
researchers and providers in diabetes whose contributions or discoveries have significantly changed the
landscape of the field. He awarded the following recipients: Drs. Samuel Rahbar, George Eisenbarth,
Gerald Reaven, Oscar Crofford, Saul Genuth, and James Gavin - certainly a very worthy list! As we
understand it, this list was also published concurrently in Diabetes Care.

Satellite Event

ADA PATHWAYS SYMPOSIUM

At a closed session Friday morning, some of the most esteemed figures in research and industry gathered to
celebrate the recipients of the ADA's Pathways to Stop Diabetes grants. While the confidential nature of the
presentations means we can't go into specifics about the presentations we saw, our overwhelming takeaway
was how successful the ADA has been in identifying the rising stars of diabetes research. It's still very early
days for the researchers - the five 2014 recipients are only a year into what in multiple cases could be at
least a decade's worth of work, and the six 2015 recipients are only just starting to put their grants to use -
but it's not hard to see why the ADA stresses that this grant is about investing in the people, not the projects.
These are very likely tomorrow's leading communicators and ambassadors for diabetes research, and the
early results are promising indeed, particularly given the quantity - and the intelligence - of the ADA's
support.

▪ We were struck by how engaged the high-power audience (from both science and
industry) was with the ideas presented by the award recipients. The Q&A sessions
featured not just complex technical queries about where next the awardees' research could go but
also big-picture questions about more fundamental science; this was a room where a group of young
researchers, many still relatively new to diabetes research, were considered crucial shapers of
thought, which was precisely the point. Chatter at various tables accompanied several Q&A sessions
as attendees discussed the presentations they had just seen. In these interactions, we saw a
microcosm of what the ADA is attempting to do with the Pathways program, as the contours of the
diabetes discourse reshape around these innovative thinkers.

▪ More broadly, we were impressed by the program's underlying philosophy. As ADA
President (Medicine & Science) Dr. Samuel Dagogo-Jack, (University of Tennessee Health Science
Center, Memphis) noted in his opening address, the central real-world problem that the field of
diabetes research faces is that the major traditional sources of research support are in decline,
leaving an ever-shrinking funding pie to be divided between researchers. As he put it, this situation
means that both funders and potential recipients tend to default into paths of least resistance,
seizing upon research projects with clearly defined, readily achievable goals. This is the path to
incrementalism, and while good science can absolutely still happen in this context - albeit with a loss
of some of the best talent to less frustrating areas - it's far less likely for revolutionary science to
occur. In short, researchers need programs that support work that looks beyond the horizon. The
ADA is essentially betting that what will eventually be 100 very well-funded, well-supported
revolutionary thinkers stand a better shot of redefining how we think about diabetes than 100,000
marginally funded, marginally supported incremental thinkers. It's all well and good to say that our
current approach to thinking about and funding diabetes research is inadequate to the task of
finding a cure for this massively complex, deadly disease, but the ADA took the very necessary step
of putting in place a program to provide an alternative.
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▪ By empowering the Pathway Award recipients to think beyond the standard
parameters of diabetes science, the ADA is hoping to find that revolutionary
alternative. This, in part, means recognizing what other fields from genetics and bioengineering to
cellular biology and computer science have to tell us about diabetes; one powerful way to redress the
ongoing brain drain of young diabetes specialists may well be to recognize how much young
researchers in other fields could contribute, and all that's needed is the proper connection to be
made. That speaks more broadly to what we find so fascinating about Pathways: As immensely
exciting as the work of the six 2015 recipients and their five 2014 counterparts is, there's potentially
even more to be gained in the long run from how this program could reshape the approach to
diabetes research. Even if none of the 11 recipients' research ultimately bears fruit - and based on
what we saw, that's not a bet we'd make - that shift in thinking could still represent an immense
legacy for Pathways.

Generic Drugs

Oral Presentations: Diabetes - A Mixed Bag

DURABILITY OF SECOND-LINE ORAL GLUCOSE-LOWERING THERAPY IN TYPE 2
DIABETES: RESULTS OF A LARGE UK COHORT STUDY (150-OR)

Jil Mamza (University of Nottingham, Nottingham, UK)

Mr. Jil Mamza presented results from a large (n=23,090), retrospective, database study of the durability
and efficacy over five years of metformin dual therapy with a sulfonylurea (SFU), thiazolidinediones
(TZDs), or DPP-4 inhibitor. Given the UK's guidelines for sulfonylureas to usually be used as second line to
metformin, the majority of patients were on a sulfonylurea second line (n=15,508; vs. 3,080 on a DPP-4
inhibitor and 1,482 on a TZD). Mr. Mamza found that second line use of a TZD was associated with the most
durable glycemic response, followed by a sulfonylurea, and then a DPP-4 inhibitor. In terms of efficacy,
second line addition of a SFU had the best rate of A1c goal attainment, followed by a TZD, and then a DPP-4
inhibitor. Though the measured patient demographics across these three groups were not statistically
significantly different, we think it is important to note the likely possibility that type of patients placed on
each of these drugs likely varies in a manner unmeasured in this study. This is even more likely given the
need for UK providers to justify their decision to go against the guidelines and use a DPP-4 inhibitor or TZD
instead of a sulfonylurea second line, though Mr. Mamza noted small differences in the groups' variability
during Q&A. We also would be curious in the durability and efficacy data for new agents, like GLP-1
agonists and SGLT-2 inhibitors, which were unfortunately excluded from this study (we suspect due to small
sample sizes).

▪ The best known existing study on the durability of different agents was the ADOPT
trial, which compared metformin, SFUs and TZDs. In those results, TZDs also won as the
most durable agent, with SFUs showing the strongest initial efficacy but the worst durability.

▪ The study utilized data from the UK General Practices, sourced via the Health
Improvement Network (THIN) database. The study initially included 23,090 people with type
2 diabetes over 18 years old who had a second line glucose-lowering therapy added to their
metformin and were subsequently followed for five years. Participants (n=3,020) were excluded if
the second line agent was not a DPP-4 inhibitor, sulfonylurea, or TZD, leaving 20,070 people in the
study. Of these, 15,508 were on sulfonylurea (plus metformin), 3,080 were on a DPP-4 inhibitor,
and 1,482 were on a TZD. The significantly higher prescription of sulfonylureas second line to
metformin is consistent with the UK guidelines. Mr. Mamza noted that demographics across
treatment groups were not statistically significant between all groups - though A1c and BMI were
almost significant in the weighted analysis. We note that given the UK's guidelines, it is likely HCPs
saw some characteristic in patients placed on either a DPP-4 inhibitor or a TZD that made them a
poor candidate for a sulfonylurea, and that this characteristic may not have been captured in basic
demographic measurements.
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Baseline
variable

Met + SU Met + DPP4 Met + TZD Std. diff
(unweighted)

Std. diff
(propensity
weighted)

Age (yrs),

mean

59.8 57.2 56.8 0.20 0.03

Male, % 59% 57% 59% 0.03 0.02

A1c 9.1% 8.6% 8.6% 0.24 0.05

BMI 31.1 33.8 33.3 0.41 0.05

GFR 73.4 75.7 74.7 0.13 0.02

Diabetes

Duration

2.8 3.4 3.0 0.17 0.01

▪ The dual therapy of metformin with a TZD had significantly (p<0.001) better
durability than that with a sulfonylurea or a DPP-4 inhibitor. The percentages below refer
to the proportion of participants who showed dual therapy failure (treatment substitution or
intensification with a third glucose-lowering drug at A1c >7.5%).

Time passed Met + SFU Met + DPP4 Met + TZD

Two years 26% 38% 12%

Five years ~25% ~70% ~50%

▪ Factors predicting earlier failure of dual therapy on any agent were led by use of a
lipid lowering therapy, usually a statin (adjusted HR=1.57). Other significant risk factors
included being female (adjusted HR = 1.38), current smoking status (adjusted HR = 1.07), diabetes
duration (adjusted HR = 1.07), and A1c (adjusted HR = 1.02).

▪ SFUs second line to metformin had the best rate of A1c goal attainment, followed by
TZDs, and then DPP-4 inhibitors. Sadly, goal achievement was quite low for all dual therapies
studied.

A1c goal Met + SFU Met + DPP4 Met + TZD

<6.5% 12% 2% 7%

6.5%-7% 9% 0% 3%

▪ Mr. Mamza noted that TZDs were associated with weight gain (~3 kg) over five years;
SFUs were weight neutral (this was surprising); and DPP-4 inhibitors were associated
with weight loss (~3 kg or 6.6 pounds). We wish similar information had been given on
hypoglycemia.

Questions and Answers

Q: This is a retrospective study so bias is an inherent problem. Could you share with us what
you think some of the biases might have been and how you dealt with them?

A: Misclassification, which was accounted for by excluding patients taking any other therapy to ensure that
only the treated group was followed. In terms of why a treatment would be stopped or interchanged - we only
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looked at A1c. There also was missing information, which we tried to account for. We did a sensitivity analysis
that suggested the missing data had no impact.

Q: Clearly, sulfonylureas are very much the second line treatment in the UK. So those going
onto TZDs or DPP4s might be very different. How do you think about that?

A: We used inversed probability analysis to look into this. We used a balance score of 10% to see if there is
uniformity in treatment groups. Most variables attained balance so there was not much difference in the
variables between the groups.

Oral Presentations: New Insights Into the Effects of Oral Agents

EFFECT OF METFORMIN ON CARDIOVASCULAR RISK FACTORS IN OVERWEIGHT AND
OBESE ADOLESCENTS WITH TYPE 1 DIABETES (9-OR)

Kristen Nadeau, MD (University of Colorado, Denver, CO)

Dr. Kristen Nadeau presented a second set of results from a trial studying metformin in overweight/obese
adolescents with type 1 diabetes - we were somewhat crestfallen when primary results presented at ENDO
showed no significant impact on A1c after 26 weeks (both groups rose 0.2% from a baseline of 8.8%). Dr.
Nadeau's presentation focused on metformin's impact on cardiovascular risk factors beyond A1c; results
here did yield some improvements, although they were generally modest. Metformin led to statistically
significant improvements in BMI percentile (between-group difference of 1.4%) and daily insulin dose
(between-group difference of 0.08 U/kg/day from a baseline of 1.1 U/kg/day). Interestingly, some of the
marginal improvements seen in the trial were only statistically significant in males, including change in
body fat, waist circumference, and LDL. Dr. Nadeau suggested that the parallel improvements in insulin
dose and adiposity suggest that metformin is improving insulin resistance. There were definitely signs of
potential CV risk benefits in this study, and Dr. Nadeau's group is working on further studies including
clamp trials to examine changes in insulin sensitivity and endothelial function. However, based on these
results (in the context of the high <2000 mg metformin dose used) the benefits are likely to be modest, at
least in a short-term timeframe (<1 year). We wouldn't rule out a long-term benefit, but proving it may
require follow up well into adulthood.

Questions and Answers

Q: You showed the average effects, but what was the effect in people who responded best?

A: Some of the heterogeneity in some of the studies may result from who comes into the study initially. In
some of the earlier meta-analyses, the people entering with higher A1cs at baseline had greater A1c
reductions. Male sex did appear to be a predictor of response in our study. Another thing we could look at is
another baseline marker like initial insulin dose.

Q: Has this study changed your practice?

A: These are evidence that we need further study, but they have not yet changed my clinical practice. The
ultimate question is whether metformin improves cardiovascular mortality and prevents events. We need
longer term studies and studies following people to adult to know if it's clinically beneficial.

SULPHONYLUREAS ARE NOT ASSOCIATED WITH INCREASED MORTALITY: META-
ANALYSIS AND TRIAL SEQUENTIAL ANALYSIS OF RANDOMIZED CLINICAL TRIALS
(16-OR)

Dimitris Rados, MD (Hospital de Clinic de Porto Alegro, Porto Alegro, Brazil)

Dr. Dimitris Rados presented data on a systematic review that evaluated the safety of sulfonylureas. This
review conducted a meta-analysis and trial sequential analysis of 47 randomized controlled trials
(n=37,650) evaluating glyburide, glibenclamide, gliclazide, and glipizide in the treatment of type 2 diabetes.
Findings showed that sulfonylureas are not associated with increased total (OR 1.12, 95% CI 0.96 to 1.30) or
increased cardiovascular mortality (OR 1.12, 95% CI 0.87 to 1.42). There was also no increased risk of
myocardial infarction (OR 0.92, 95% CI 0.76 to 1.12) or stroke (OR 1.16, 95% CI 0.81 to 1.66). However, the
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results found that glipizide was the only sulfonylurea associated with increased risk for total and
cardiovascular mortality. These findings add onto a relatively mixed body of literature, which includes an
article published earlier this year concluding that sulfonylureas are associated with greater mortality than
thiazolidinediones. The validity of this study was also questioned since a similar meta-analysis found that
sulfonylureas did increase the risk of total and cardiovascular mortality. Thus, these varying results suggest
that additional research needs to be done to determine the cardiovascular safety of this class of drugs.

Symposium: Molecular Mechanisms of Metformin Action

METFORMIN SUPPRESSES HEPATIC GLUCONEOGENESIS BY INHIBITING
MITOCHONDRIAL GLYCEROPHOSPHATE DEHYDROGENASE

Gerald Shulman, MD, PhD (Yale University, New Haven, CT)

Dr. Gerald Shulman reviewed results from his group's study published in Nature (see our previous coverage
of the results). The paper suggests that inhibition of mGPD is the main mechanism behind metformin's
effects on hepatic glucose production. In rats, treatment with metformin led to an acute increase in the
cytosolic redox state, a decrease in the mitochondrial redox state, and an increase in plasma lactate and
glycerol (implying that lactate and glycerol were not being converted to glucose) in addition to the expected
effects decreasing plasma glucose levels and inhibiting hepatic glucose production. More importantly he
showed that antisense oligonucleotide knockdown of hepatic mitochondrial glycerophosphate
dehydrogenase in rats resulted in a phenotype akin to chronic metformin treatment, and abrogated
metformin-mediated increases in cytosolic redox state, decreases in plasma glucose concentrations, and
inhibition of endogenous glucose production. These findings were replicated in whole-body mitochondrial
glycerophosphate dehydrogenase knockout mice. He also found that metformin inhibited purified
recombinant human mGPD activity, showing non-competitive kinetics with a Ki of ~55 micromolar. The
findings suggest that mGPD could be a promising target for new therapies to treat type 2 diabetes, though
we'd note that other mechanisms related to metformin's action in the gut have also shown potential - e.g.,
trials of NewMet.

Exhibit Hall and Investor Updates

Exhibit Hall - Devices

BD

BD's bright orange and blue signage caught our eye from across the exhibit hall. We were hoping the booth
would give us our first glimpse of the company's recently FDA-cleared first-generation insulin infusion set -
but alas, it was not there. However, the set's physical absence did not prevent roughly half of the booth from
focusing on recent data showing the new efficacy and reduced flow set interruptions. Copies of three BD
posters (1071-P, 1085-P, 1088-P) occupied a long white table along one side of the booth that sat below a
large-scale mural of a swimmer along with the caption: "Consistent insulin delivery … it matters to her."
Indeed, "it matters" seemed to be the tagline-de-jour, posted all over the booth (e.g., ease of us, it matters;
needle length, it matters, etc.) whether specific to the infusion set or to the company's lipohypertrophy demo
that occupied the booth's center. Per usual, BD's "Lipo Larry" dummy was spread out on an examination
table, inviting attendees to feel the lipohypertrophy on Larry. BD did not share too much more on the
pipeline front but did alert us to an event planned for EASD 2015 ("Optimizing Insulin Pump Therapy" -
Monday, September 14, 2:30 - 5:00 PM) that will look at infusion set failures and silent occlusions in detail.

DEXCOM

Dexcom's very open booth could be seen at the far end of the exhibit hall, given the revolving neon cloud sign
proclaiming, "Transforming Diabetes Management." Though the footprint of Dexcom's booth felt larger, the
rep assured us it was the more open, airy design. As expected, the exhibit focused on the new Dexcom G4
Platinum Share Receiver and paired iPhone and Apple Watch apps - a can't-miss statue displayed larger-
than-life versions of each, while glass cases flanking the booth showed the real things up close. There was no
mention of Gen 5 in the booth, which is currently at FDA. A highlight of the marketing was new T1D
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Exchange stratifying A1c in the registry by type of therapy. The results were highly notable for Dexcom,
suggesting very little difference in A1c between CGM+MDI vs. CGM+Pump users: 7.9% vs. 7.8% (<13 years),
8.0% vs. 8.1% (13-26 years), and 7.2% vs. 7.2% (>26 years). Certainly, the data counters the common
perception (to Dexcom's frustration) that CGM should only be added onto a pump (i.e., it's valuable in MDI
users too). We believe the company's DiaMond study (n=338, 24 months, testing CGM in MDI users), if
successful, will put this to rest.

FREEDOM MEDITECH

Freedom Meditech hosted a small booth right across from the exhibit hall food court to showcase their
CLEARPATH DS-120 device. Aimed primarily at optometry offices, the CLEARPATH DS-120 uses
autofluorescence to measure the accumulation of advanced glycation end-products (AGEs) in the eye and
compares it to a chart of fluorescence vs. age prediction. The chart includes curves for the 90 , 80 , and 50ththth

percentile fluorescence levels at each age for easy interpretation. For more on the DS-120, read our coverage
of a live demonstration we attended at DTM 2013. The company representative at the booth emphasized that
autofluorescence can predict diabetes incidence up to seven years before other complications occur. Visitors
to Freedom Meditech's booth could get their eye screened and each person's results were added to a physical
fluorescence vs. age prediction ratio chart over the course of the conference. The test itself is non-invasive and
takes less than a minute (most of which involved focusing the lens - the screen itself takes only six seconds).
The representative pointed out that all but two conference-goers who screened in the 90 percentile alreadyth

knew they had diabetes, but many who screened at the 80 percentile may have never had their A1c checkedth

before because they did not have any other risk factors.

INSULET

In the far corner of the hall, Insulet had two booths (oddly separated in the middle by Tandem's booth, but
notably next to Dexcom's booth), one devoted to the OmniPod and another devoted to new data partnerships
with Tidepool (announced in September) and Glooko (announced this week). Off to the corner of the
OmniPod booth was a tiny table demoing the new touchscreen, Bluetooth-enabled PDM (as expected) - this
could not have had less fanfare, and we actually had to ask the reps or we would have completely missed it.
[Presumably it had to be hidden since it is not FDA cleared.] The new PDM was very much positioned as a
"prototype" in "market research" phase, though it looked fairly polished. The overall design is a definite
upgrade from the current device: a ~25% larger screen area, an ~33% reduction in thickness, a touchscreen
interface, a rechargeable battery (last four days, 1-2 hr charge), Bluetooth capabilities, and plans to build
an OmniPod app that interacts with apps from Dexcom and Glooko. It retains the integrated Abbott
FreeStyle Lite BGM. We were not allowed to take a picture of it, but it definitely achieves the more-
consumer-electronic, less-medical-device look that Insulet is going for. The touchscreen technology itself
was a bit underwhelming, as it requires a fairly hard press or swipe and is far less responsive than modern
smartphones or even Tandem's t:slim. There were a few very odd user interface choices as well (e.g., the
extended bolus checkbox is way too close to the carb entry form). The rep said the plan is still to file a 510(k)
clearance for the new PDM by the end of the year.

J&J/ANIMAS

Animas' presence occupied just a corner of J&J's sprawling real estate in the center of the exhibit hall. Under
circular navy paneling, Animas' logo drew attendees to a small demo table where friendly representatives
were very willing to provide a demo of the Animas Vibe integrated with Dexcom's G4 Platinum CGM. Reps
were quick to stress that the product remains the only CGM-integrated pump with Dexcom currently on the
market - a clear attempt to distinguish the Vibe from Tandem's coming CGM-integrated offering (still under
FDA review, though a launch is expected in 2H15). Animas apparently hopes to differentiate the product on
the basis of "quality" - as reps noted, "[our customers] get access to the best CGM and the best pump." They
proudly displayed the recently published results of an accuracy study (Capurro et al.; presented in a poster
at ATTD 2015), which show improved dose accuracy, precision, and speed of delivery of the Vibe relative to
Tandem's t:slim and Insulet's second-gen OmniPod pumps. We still are not totally sure that the results are
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clinically meaningful (accuracy down to the thousandths place) - as one engineer has joked with us, "We
precisely deliver inaccurate amounts of insulin."

J&J/LIFESCAN

LifeScan has come out with strong marketing intent at ADA 2015. The brand launched a new brand slogan -
"Every Touch is a step forward" - and the OneTouch signage occupied almost one-third of J&J's real estate
(the most attention the segment has gotten in recent memory!). OneTouch's new marketing campaign
specifically aims to capitalize on the common association between "colors and numbers." As we've seen in
the OneTouch product line (VerioIQ, VerioSync), the meters have color indicators that accompany glucose
readouts - red for hypoglycemia, green for in-range, blue for hyperglycemia - that anecdotally have been
popular among patients and providers. A large touchscreen in a corner of the booth was dedicated to
building these associations for booth-goers through a neat video and interactive game, challenging
attendees to place falling glucose numbers into appropriate bins based on red, blue, and green colors (much
more difficult than it sounds!). Overall, we were glad to see LifeScan investing heavily in a booth in light of
absences from Bayer, Roche, and Abbott - certainly, Invokana is probably contributing some of this, given
J&J's device challenges in the US over the last two years.

MEDTRONIC

Medtronic's bustling booth displayed the newly approved MiniMed Connect device under glass - this
product and clearance were just announced yesterday, and we have included that coverage below. We were
most pleased to see that keychain device is as small as we had pictured it, and Medtronic seems to have done
a really great job making it as minimally burdensome as possible (perhaps the only better solution would
have been a skin that fits over the pump, but that's a tall order). Interestingly, the MiniMed 640G/670G
pump platform was placed under glass right next to a non-operating Samsung (Android) phone - this made
us wonder whether this pump will have built-in Bluetooth. The international section of the booth showed off
the MiniMed 640G - see our detailed write-up from ATTD 2015 - and a flanking TV screen highlighted
recent announcements with DreaMed (acquired MD Logic algorithm), Diabeter (acquired Netherlands-
based clinic), IBM's Watson Health (leveraging Big Data and cognitive computing), Glooko (aggregating
diabetes data and making it more meaningful), and Samsung (remote viewing of diabetes data and
integrating mobile/wearable devices).

▪ On the first day of ADA, Medtronic announced FDA Clearance of MiniMed Connect, a
keychain device that sends pump/CGM data via Bluetooth to a smartphone app and
enables remote monitoring for caregivers - see a picture here. Launch is slated for this fall
for MiniMed 530G and Revel users; it will be $199 (cash pay), and interested users can sign up to be
notified at www.medtronicdiabetes.com/minimed-connect (strong marketing out of the gate: "Pump
and CGM data on your mobile device?"). Initially, the MiniMed Connect paired smartphone app will
only be available on Apple's iOS, though Medtronic announced a separate partnership today with
Samsung (see below) to build out an Android version and apps optimized for Samsung devices.
MiniMed Connect allows caregivers to remotely monitor patients on any product with an internet
connection via a web display, a nice device-agnostic approach (similar to what the Nightscout
setup). Caregivers can also receive text messages for uncleared pump alarms or when sensor glucose
levels are too high or too low - we imagine parents will absolutely love this. The MiniMed Connect
form factor looks solid - the tiny device is about the size of a car key fob, rechargeable via USB, and
will receive the data from the pump via RF and send it to the nearby phone via Bluetooth. Data will
also go to CareLink automatically (CGM data every five minutes, pump data daily), saving HCPs
downloading hassle. While Medtronic has recently lagged behind Dexcom on the connectivity front,
this gives the company a more competitive offering to Dexcom's Share Receiver and associated
Share system. [However, Dexcom will again move ahead of Medtronic by the end of year, if Gen 5 is
approved as expected. Medtronic's similar Guardian Mobile system is still in a pivotal trial, expected
to wrap up in July.] We give major kudos to the FDA, to Dexcom, and to the Nightscout community
for getting secondary display of CGM data downclassified - that enabled a very rapid review of
MiniMed Connect.

www.closeconcerns.com 309

https://www.closeconcerns.com/knowledgebase/r/d30c7ecf#Corporate_Symposium:_Advanced_Hypoglycemia_Protection_in_Action_Sponsored_by_Medtronic
http://phoenix.corporate-ir.net/phoenix.zhtml?c=251324&p=irol-newsArticle&ID=2056803
http://www.medtronicdiabetes.com/res/img/minimed-connect/minimed-connect-why.png
http://www.medtronicdiabetes.com/res/img/minimed-connect/minimed-connect-why.png
http://www.medtronicdiabetes.com/treatment-and-products/minimed-connect
https://www.clinicaltrials.gov/ct2/show/NCT02246582?term=NCT02246582&rank=1


NEUROMETRIX

Quell's booth proudly displayed its new FDA-approved, consumer-friendly version of NeuroMetrix's Sensus
pain treatment technology. The company has come out with empowering marketing - "The future of pain
relief is wearable" - and prominent signage displayed the sleek and stylish Quell device that "recently"
began shipping to consumers. According to representatives, the company's current challenge is actually
meeting significant demand, which is available via Quell's website and through a provider's office. As a
reminder, we first got our hands on the calf worn device at CES 2015, designed with IDEO (!) and were
quite impressed by the thought that went into it. Representatives were unable to share whether the growing
patient base includes a significant portion of patients with diabetes, though the company is in the process of
consolidating metrics. (Quell is broadly indicated for "chronic pain," as opposed to diabetic neuropathy
specifically.)

SAN MEDITECH

It was a surprise to see this Chinese CGM company in the exhibit hall, boasting a Bluetooth-enabled,
glucose-oxidase CGM. Apparently, it has shown a 13% MARD in a small (n=26) study, though the rep
admitted it was mostly in type 2 diabetes and they had no hypoglycemia data (i.e., not a very robust trial).
The company is going through the Chinese regulatory process now and hopes to launch next year in China
with a product targeting type 2 diabetes. A seven-day sensor is expected to cost just $10, and the plan is for
a reusable body-worn transmitter to last six months. San Meditech is looking for a US partner to bring the
technology stateside. We were intrigued by the potential, though believe there is a lot to prove on the R&D,
manufacturing, regulatory, and product fronts.

TANDEM

Tandem's characteristic wood and glass booth showcased the company's newly approved t:flex, 480-unit
pump. A rep confirmed its now shipping to patients, right on par with management's forecasts - great to see
the company hitting its timelines on the manufacturing and launch fronts. There weren't any new updates
on the t:slim, though a rep mentioned the company's t:simulator marketing app is now available on both
Android and iPhone.

Exhibit Hall - Diabetes Drugs

ASTRAZENECA

AZ made its presence known in the exhibit hall with an expansive booth showcasing its major products
(Bydureon [exenatide once weekly], Farxiga [dapagliflozin], and Onglyza [saxagliptin]) on a bright magenta
carpet. While there was nothing surprising on the product front, the company won the award for most
interactive exhibit in our book, as each of the three products had an associated Wii-like game demonstrating
its mechanism of action - we found virtually punching cartoon DPP-4 enzymes to be an excellent stress
reliever! The booth also featured a corner with a full-sized food truck advertising AZ's Fit2Me diabetes
support program, an entire international section reflecting the high international representation at this
conference (60% of attendees as we understand it), and a section dedicated to clinical science. For those still
looking for more, the company also posted a smaller booth across the hall advertising "the Battling A1c
Challenge," where we tried our hands at a tough pop quiz on diabetes pathophysiology.

BI / LILLY

The BI/Lilly booth has evolved significantly over the past year with the approval of both their SGLT-2
inhibitor Jardiance and the first-in-class SGLT-2/DPP-4 dual inhibitor Glyxambi (empagliflozin/linagliptin).
The exuberant purple Tradjenta (linagliptin) display no longer takes center stage, instead replaced by a
calming purple and aqua colored carpet scheme. Large rectangular screens provided safety and efficacy data
for Tradjenta (DPP-4 inhibitor), Jentadueto (DPP-4 inhibitor/metformin), Jardiance (SGLT-2 empagliflozin),
and Glyxambi (SGLT-2/DPP-4 dual inhibitor). This was the first major exhibit hall at which we've seen
Glyxambi, and it was a clear focus of the booth. On display was a pair of endearing statues - Pixar-esque
construction workers, one with a magenta pick and another with an aqua shovel ("complementary tools")
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working together to dig a hole ("lower A1c") as a metaphor for the dual complementary actions of
empagliflozin and linagliptin. The Glyxambi logo is a horizontal infinity symbol, half aqua, half magenta, each
half representing each of the drug's components. The booth also featured the standard espresso and
comfortable white, sugar-cube-like couches. When asked about the recent reports of DKA associated with
SGLT-2 inhibitors, sales representatives took us back to the medical information desk where they signed us
up to receive e-mail updates from the post-marketing monitoring program. So far, we were told, the most up-
do-date data they have is from post-hoc analyses of phase 3 trials showing that only one case of DKA was
observed in patients on Jardiance compared to five on placebo.

GSK

As with its booths at other recent meetings, GSK's booth was white, clean, and fairly sparse in terms of
displays and messaging for Tanzeum (albiglutide). The main new addition came in the form of screens
showing the new direct-to-consumer campaign featuring a purple fuzzy mascot emblazoned with the words
"once weekly." We wonder how effective the more sparse booths are, although GSK's decision to price
Tanzeum at a meaningful discount vs. other GLP-1 agonists means that it may not have to rely as much on
advertising.

INTARCIA

This was Intarcia's first booth appearance at ADA and, as far as we can remember, it's first major booth
appearance at major meeting. Split by a dividing wall, the half facing the rest of the exhibit hall was brightly lit
and centered around two plastic demo models where representatives were demonstrating the remarkably
quick insertion procedure for the ITCA-650 osmotic exenatide mini-pump. When we swung by, the ongoing
demo had drawn a small crowd, although much of that particular group was composed of corporate exhibitors
(allow us to use this observation to shamelessly segue to a mention of Intarcia's recent $300 million round of
financing following multiple multi-million-dollar financing rounds in the past two years). An animation on a
large screen and a revolving display case with the sleek ITCA-650 pump gave the booth a particularly cool
look. The flip side of the booth was for medical affairs.

J&J / JANSSEN

As at most conferences over the past year, the majority of J&J's plush white booth (along with the sides of a
number of conference shuttle buses) was devoted to Invokana (canagliflozin), although the LifeScan/Animas
divisions had more of a substantial presence than on many recent occasions. As in J&J's booth at AACE last
month, Invokamet (canagliflozin/metformin) received essentially equal billing to standalone Invokana, which
we suspect may represent an attempt to compete with companies that have SGLT-2 inhibitor/DPP-4 inhibitor
fixed-dose combinations. J&J management confirmed during the company's recent Pharmaceutical Business
Review that the company does not consider pursuing such a combination to be the best use of its resources -
this calculus makes sense, as J&J would be at least third to market and would need to invest in a partnership
since it does not have a DPP-4 inhibitor in its portfolio.

LILLY

The large booth radiated out from a central circular lounge, where attendees could get espresso beverages. A
large set of banners along the wall of this area represented Lilly's non-product-specific programs, such as the
Disney collaboration, "Drive to Stop Diabetes" (NASCAR), Journey Awards program, and the Camp Care
Package program that provides insulin and educational supplies to children with diabetes. One corner of the
booth was dedicated to the very newly approved Humalog 200 units/ml (U200) KwikPen. A representative
characterized the product's key advantages as reduced injection volume and fewer pen changes. We were
expecting a big coming out party for Trulicity (dulaglutide), but in this regard we were a bit let down. The
new, particularly patient-friendly once-weekly GLP-1 agonist had messaging that was very close to what we
have seen at other exhibit halls over the past few months, with only a few display cases and one wall with
clinical data. When we walked by, this part of the booth was not getting much attention. Humulin U500 -
which Dr. Irl Hirsch (University of Washington, Seattle, WA) highlighted yesterday as a product that has
exploded in price over recent years - continued to enjoy a branding makeover, with a woman stuck inside a
large insulin syringe. Notably, Lilly's alliance products with BI were also featured in Lilly's booth. Tradjenta
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(linagliptin) messaging highlighted strong Medicare Part D coverage, Jardiance (empagliflozin) displays
followed the "that speaks to me" branding, and the new first-in-class fixed dose combination Glyxambi
(empagliflozin/linagliptin) was featured most prominently on a large display with two construction worker-
type animated mascots (the "glycemic improvement service").

MERCK

Merck's green-and-white booth took up a significant amount of real estate near the center of the exhibit hall,
as it promoted the Januvia (sitagliptin) franchise. Outside the booth, Merck displayed large flat screen
televisions repeatedly playing a Januvia ad. Once inside the booth, attendees walk through large panels that
"help patients on their journey" from a patient named Sal who is "newly diagnosed" to Sophia who is
"earlier in her diabetes progression" to Anthony who is having "insulin added." Aside from four panels on
Januvia and two panels on Janumet (sitagliptin/metformin), Merck also featured its educational
engagement program, "Journey for Control," which helps connect patients with diabetes educators who
provide personalized type 2 diabetes support. In addition, while not directly relevant to diabetes, the
company also showcased its LDL-lowering drug Zetia (ezetimibe) and vaccine Pneumovax 23
(pneumococcal vaccine polyvalent). The booth offered various resources and activities for attendees (in
addition to its usual froyo station), including a virtual hypoglycemia simulator (complete with full-head
goggles and headphones) and a center to design and create custom patient education resource posters.
Merck's dominance of the DPP-4 inhibitor competition appeared to be reflected in its large, comprehensive,
and bustling booth. We eagerly await Monday's full TECOS results, and with its positive topline results, we
do not doubt that the company will stay on top.

NOVO NORDISK

Novo Nordisk had a sizable footprint in the exhibit hall, with over half of its glossy white booth devoted to
flagship GLP-1 agonist Victoza (liraglutide 1.8 mg) and a substantial portion to basal insulin Levemir (insulin
detemir) - we suspect this booth will look somewhat different at ADA 2016 if Tresiba (insulin degludec)
receives approval within the next year. After seeing the DUAL V data presented this year, we are even more
excited to see Xultophy (insulin degludec/liraglutide) on the exhibit hall, especially since it hit exhibit halls in
Europe as early as last year's EASD. Reps were eager to discuss Victoza's utility at various points in the type 2
diabetes treatment algorithm and provide demonstrations of the pen. Predictably, they were less eager to
discuss the considerations involved in prescribing Victoza for type 2 diabetes vs. Saxenda (liraglutide 3.0 mg)
for obesity - a Victoza rep physically escorted us across the hall to the separate Saxenda booth at the first
mention of the drug's name. We do feel that this sharp distinction between the two products (which comes
primarily from the FDA) will be tricky to maintain in practice, and we suspect that it may work to Saxenda's
disadvantage given the current gap in price and reimbursement. As always, we were thrilled to see members
of the all-diabetes Team Novo Nordisk out in full cycling gear recruiting participants for the ADA 5k (see
pictures of our diaTribe team smiling at the finish line here!).

SANOFI

The company's massive, brightly lit booth was front and center at the main entrance to the exhibit hall from
the convention center lobby. At the two front corners stood massive 3D block displays with the logos for the
new basal insulin Toujeo (insulin glargine U300) and the inhaled insulin Afrezza - they were big enough to
make the standard six-foot insulin pen mockups look surprisingly small by comparison. We were glad that
both of Sanofi's new insulin products received a piece of the emphasis as you approached the booth. Once you
arrived on the booth itself, it became clear that Toujeo received more square footage and attention, although
the presence for Afrezza was definitely a step up from recent meetings like AACE. The booth itself had a
slightly raised platform at the center with surrounding displays on its portfolio of products. It was a
welcoming display and the booth was fairly crowded when we swung by. A program of speakers at the booth
for Saturday featured some familiar names, including Dr. Bruce Bode (Atlanta Diabetes Associates, GA), Dr.
Melissa Magwire (Shawnee Mission Medical Center, Shawnee, KS) and Dr. John Anderson (The Frist Clinic,
Nashville, TN).
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▪ The Toujeo portion of the booth included a series of tall displays boldly spreading the
word that "a new basal insulin has arrived." One of the displays was even holographic.
Representatives were busy presenting Toujeo as a novel product with more stable PK/PD and
hypoglycemia benefits. During demos of the pen and injection process, they highlighted the lower
injection volume. The messaging was largely consistent from what we saw at Sanofi booths at ENDO
and AACE, but the scale of the booth and the efforts to familiarize conference-goers with the new
insulin (which Sanofi hopes to take over Lantus' role as a market leader and gold-standard basal
insulin). As you left the exhibit hall, the stairs even had Toujeo messaging.

▪ Though still not claiming a majority of the booth, the Afrezza section received a
noticeable facelift from ENDO and AACE. A cluster of vertical displays detailed the
instructions for getting patients started on the inhaled insulin and handling dose conversions. The
charts and label information was punctuated by more informal text bubbles with the message "new
there's a new option for your patients." There was also a blown up plastic cross-section of the
interior of the Afrezza inhaler to show how simple the mechanism is. The main new finding was
mention of an Afrezza Coach patient support program - a great way to leverage the support
resources that have already been marshaled for Toujeo Coach and hopefully the beginning of a
patient support program brand. The program provides CDE-led sessions on how to use the inhaler,
emails with tips, and even a carrying case.

▪ Sanofi's other products were found in smaller sections and displays. Lantus and Apidra
were both mentioned, although they understandably were not the central focus.

TAKEDA

This booth - slightly towards one side of the hall but still in the thick of things - had a mix of carpeted and
hardwood floors, a puzzle-piece theme, and even some brightly colored flowers. The messaging for Nesina
(alogliptin) and its fixed dose combinations with pioglitazone and metformin did not stand out particularly
much - the main message was "every piece counts" alongside label information in small print. The obesity
drug Contrave had a small corner of the booth, with a few representatives and a screen discussing the Scale
Down weight management support program.

TYPE 1 DIABETES TRIALNET

Type 1 Diabetes TrialNet posted a table in the nonprofit wing of the exhibit hall with materials on several
ongoing clinical trials for type 1 diabetes prevention or early treatment. As at last year's ADA, the group was
promoting screening opportunities for its Pathway to Prevention study of people at risk for type 1 diabetes. It
also offered materials on a study investigating ATG/GCSF combination therapy in new onset type 1 diabetes -
the presentation of positive preliminary results with this combination was one of the highlights of last year's
ADA in the type 1 diabetes cure arena. The group was also advertising the GLEEVEC study, funded by JDRF,
which is investigating the efficacy of imatinib (Novartis' Gleevec) in slowing beta cell destruction in people
with newly diagnosed type 1 diabetes; Dr. Stephen Gitelman (UCSF, San Francisco, CA) highlighted this as a
promising emerging therapy at last year's ENDO.

Exhibit Hall - Obesity

EISAI

Eisai had a small pop up booth set up near the back of the exhibit hall, solely focusing on the obesity drug
Belviq (lorcaserin) in its usual coral/navy blue/white color scheme. The booth's back wall had three touch
screens, which reps used to guide attendees through Belviq's mechanism of action, clinical data, dosing
information, and patient support. The booth was notably smaller compared to last year's ADA exhibit hall.
The overall obesity presence has appeared to have sharply fallen this year with only Novo Nordisk's Saxenda
(liraglutide 3.0 mg) and Eisai's mini booth representing obesity in the hall. Vivus' Qsymia (phentermine/
topiramate extended-release), which had a relatively modest-sized booth last year, was nowhere to be found
and nor was recently launched (but troubled) Orexigen/Takeda's Contrave (naltrexone/bupropion extended-
release).
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NOVO NORDISK (SAXENDA)

Novo Nordisk had one booth focused exclusively on the recently launched obesity drug Saxenda (liraglutide
3.0 mg). Under a banner with "Saxenda" displayed in purple text, the Saxenda booth was relatively small
(taking up about one-fifth of the real estate of Novo Nordisk's diabetes booth) as reps walked attendees
through Saxenda's information on a half dozen laptops scattered throughout. The promotion material
remained relatively simple with the label and a photo of the pen displayed on the back wall, with a small
medical information booth behind it. Novo Nordisk appeared to make the decision to not add an additional
booth focused on general obesity management like it did at ENDO and AACE; however, its Saxenda booth
alone proved to be the most prominent obesity drug on the exhibit hall, reflecting its emerging potential
power position in the obesity field. As Novo Nordisk moves into and commits to obesity, we believe that the
company can make waves in reviving the slower obesity drug market with its leadership and experience in
diabetes.

Exhibit Hall - PCSK9 Inhibitors

AMGEN

Under floating rings with the text, "Discover PCSK9," Amgen had a medium-sized booth near the center of the
exhibit hall, featuring its PCSK9 inhibitor candidate Repatha (evolocumab). Aside from a coffee bar and
medical information booth, Amgen featured walls and touch screens of Repatha's clinical data as well as TV
animations of the drug's mechanism of action. Another TV screen in the corner of the booth featured Dr.
James Underberg (NYU Langone Medical Center, New York, NY) discussing the high prevalence and health
implications of elevated LDL-C levels alongside the promotion of the website
www.cholesterolneversleeps.com for attendees to visit for more videos. Notably, the booth also had a popular
hands-on game simulating PCSK9 inhibitors' mechanism of action, as attendees could try to throw 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). A pile of
stuffed LDL molecules that failed to stick to the wall's receptors lay in a bucket at the bottom of the wall,
representing the plasma LDL-C levels, thus simulating how less functional PCSK9 can lead to lower plasma
levels. Amgen has indeed significantly invested in its presence at ADA this year with not only its exhibit hall
booth but also a corporate symposium and product theater all focused on PCSK9 inhibitors, although we are
not sure if the level of interest from attendees quite matched these efforts.

SANOFI/REGENERON

Sanofi and Regeneron had their own smaller booth next to Sanofi's main booth near the front of the hall,
solely promoting their PCSK9 inhibitor Praulent (alirocumab). Under hanging blue and white rings, the booth
featured the motto, "PCSK9: A Key Piece in Our Understanding of LDL-C Metabolism." An animation video of
the drug's mechanism of action played on the side, which was also included in flash drives that reps offered to
attendees. Walls of the booth featured information and graphics on relevant prevalence statistics, the risk of
elevated LDL-C levels, and more. A rep informed us that there has seemed to be a relatively wide range of
interest in PCSK9 inhibitors, with some acknowledgement of the drug class' role in diabetes care. If not for
Praulent, many attendees were certainly visiting the booth for its beautiful (and tasty!) Greek yogurt parfait
bar.

Investor Events and Corporate Updates

LILLY DIABETES BUSINESS UPDATE

With six new regulatory approvals over the past year - Trulicity (dulaglutide), the Humalog U200
KwikPen, Jardiance (empagliflozin), Synjardy (empagliflozin/metformin), Glyxambi (empagliflozin/
linagliptin), and Abasaglar (insulin glargine "biosimilar") - there was plenty of ground to cover at Lilly's
annual Diabetes Update at ADA. We were excited to hear Lilly Diabetes President Mr. Enrique Conterno say
that Lilly is very interested in the implications of a closed-loop system in the context of soluble glucagon and
rapid, potentially concentrated insulins (though this was only a brief mention). Some of the news shared
during the update was not fully positive. A review of phase 3 data for the novel basal insulin peglispro
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(BIL), which demonstrated great efficacy but also a number of safety risks, was optimistic but laced with
caution. Additionally, we learned that BI has received an FDA complete response letter for Synjardy in the
US, although it appears minor and should not cause much of a delay. Read on below for a more detailed
overview of the highlights from the update, arranged by topic.

▪ Big-Picture: The presentation began with some big-picture commentary on market dynamics. In
oral drugs, Mr. Conterno noted that growth in SGLT-2 inhibitor share from 1Q13 to 1Q15 (0% to 13%
of NBRx) has come primarily from sulfonylureas (28% to 23%) and metformin (43% to 39%),
whereas DPP-4 inhibitors have remained fairly stable (20% to 19%). We that while may have been
true over past years, as the pool of patients on SFUs shrinks, we think DPP-4 inhibitors may be the
next target for the SGLT-2 inhibitor market.

◦ Looking ahead, management noted that the commercial market will shrink
and Medicare/Medicaid will grow, making for a headwind on prices.

◦ Due to increasingly narrow formularies and other pressures, Mr. Conterno
noted that the net price for Humalog has been roughly constant since 2009.
However, referencing the discussion at the scientific sessions (see our coverage of Dr. Irl
Hirsch's talk on insulin prices on ADA Day #1), Mr. Conterno acknowledged that list prices
for insulin have been going up - Dr. Hirsch pointed out that this has drastically increased
the burden on those paying out-of-pocket.

▪ Peglispro (BIL): Management spoke very positively and optimistically about peglispro, both in
terms of the compelling liver-selective mechanism of action as well as the number of firsts in the
phase 3 program: the first double-blinded studies of two different insulins on this scale, and the first
insulin to show superior A1c reductions vs. the existing gold standard across a range of studies
(especially in the context of less nocturnal hypoglycemia). A substantial part of the peglispro
presentation was dedicated to safety findings (see below). Management ended by reaffirming Lilly's
commitment to developing peglispro.

◦ Safety: Lilly's take on the peglispro safety data was balanced and framed slightly more
optimistically than we have heard elsewhere. On the increase in total hypoglycemia seen in
the type 1 diabetes studies, Lilly's Dr. David Kendall noted that most episodes of
hypoglycemia were associated with recent administration of bolus insulin. Regarding liver
enzyme levels, Dr. Kendall noted that the increase in ALT with peglispro was stable over
time and returned towards baseline after cessation of treatment. He also emphasized that
bilirubin (another measure of liver function) was not different between the groups and that
("perhaps most importantly") there were no cases of Hy's Law or drug-induced liver injury
(DILI). On the significantly greater amount of liver fat seen in insulin-naïve type 2 diabetes
patients on peglispro, Dr. Kendall noted that there was no change from baseline with
peglispro, whereas patients on insulin glargine experienced a decrease from baseline. In
contrast, patients previously treated with basal insulin saw an increase in liver fat from
baseline with peglispro. Lipid changes were less favorable in type 1 diabetes than type 2
diabetes patients.

▪ Trulicity (dulaglutide): Data on the slide deck showed a marked acceleration of the overall GLP-1
agonist class since late 2014, in line with what we have heard in other recent financial presentations.
Management reiterated the point that Lilly wants to use Trulicity to grow the GLP-1 agonist class
rather than simply taking share from other drugs in the class. Trulicity's share of new treatment
starts (NBRx minus switches within the class) is roughly the same as Bydureon's (exenatide; AZ)
share at ~18% (as of early May). NBRx at that time point is still in Bydureon's favor at 23% vs. 13%.
The difference in the two comparisons suggests that Bydureon is more effective at drawing switches
(including from Byetta and the old Bydureon tray), while Trulicity is indeed doing more to grow the
class. A separate IMS data slide showed that Trulicity's post-launch trajectory in Germany has been
stronger than those for existing GLP-1 agonists. Concluding the section on GLP-1 agonists, Mr.
Conterno highlighted the very positive feedback that Lilly has received from patients on Trulicity.
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◦ On the payer front for Trulicity: Management highlighted that although CMS
decisions on Trulicity are not expected to go into effect until 1Q16 and that the company
was not expecting meaningful Part D coverage until then, the company is on track to have
roughly 30% of Part D lives covered (though at non-preferred tiers) by the end of 3Q15.
Changes in commercial coverage will be more fluid, though there will still be a number of
important decisions made in calendar year terms - commercial coverage at the end of 3Q15
is expected to be over 70%.

◦ During Q&A, management shared that Lilly currently has no plans for a once
daily GLP-1 agonist/basal insulin combination. Mr. Conterno noted that a once-
weekly combination would be a different matter, though at this point weekly insulins are
fairly early in development.

▪ Jardiance (empagliflozin) and Glyxambi (empagliflozin/linagliptin): Mr. Conterno noted
that Jardiance's NBRx share stabilized during 1H15 at roughly 12%. Building off that performance,
Glyxambi has built the Jardiance franchise's NBRx share to slightly above 15% as of May 15 . Theseth

data support the idea that SGLT-2/DPP-4 inhibitor fixed-dose combinations (FDCs) are a powerful
tool for differentiation within the increasingly crowded SGLT-2 inhibitor market - J&J is now the
only SGLT-2 inhibitor manufacturer without a DPP-4 inhibitor combo in the works, which could
slightly dampen the Invokana franchise's competitiveness (although it is still clearly the leader of the
class at the moment).

▪ Synjardy (empagliflozin/metformin): Pausing for a moment, Mr. Conterno shared that Lilly/
BI have received an FDA Complete Response Letter (CRL) for Synjardy in the US. Importantly, he
clarified that the data package was not the cause, nor was manufacturing or safety. We would be
curious to know the reasons for the CRL, especially given BI's CRL last year for Jardiance last year
due to manufacturing reasons, but fortunately it appears that the Synjardy CRL will be
straightforward to address: Mr. Conterno expects Synjardy to launch in the US in "coming months."

▪ Humalog U200 KwikPen: This new concentrated rapid-acting insulin is better for patients with
larger daily rapid-acting insulin needs. As with Trulicity, management focused on performance in
Germany, where after roughly two full months on the market the Humalog U200 KwikPen has
achieved 1.7% of the total rapid-acting analog market. The formulation and new pen were approved
by the FDA in late May and were featured on the ADA exhibit hall floor.

▪ Adocia partnership: In his introduction, Mr. Conterno briefly noted that he has been pleased
with the progress from the collaboration with Adocia to develop an ultra-rapid insulin analog.

NOVO NORDISK INVESTOR & ANALYST EVENT

Novo Nordisk held an ADA investor & analyst event highlighting new data presented at the meeting but
including some other pipeline updates as well. Chief Scientific Officer Dr. Mads Thomsen was the ranking
officer on the call, and we enjoyed how deep he and his fellow researchers on the call delved into some
intense science. In a conference that otherwise gave obesity relatively little attention, Novo Nordisk
provided a pragmatic outlook for Saxenda (liraglutide 3.0 mg for obesity), acknowledging that limited
initial formulary access has put a damper on the post-launch upside. Reimbursement will remain by far the
greatest goal for Novo Nordisk on Saxenda, though analyses showing a 2.6x longer time to type 2 diabetes
in SCALE Obesity & Prediabetes may help Saxenda's case. Of course, Xultophy (insulin degludec/liraglutide)
was another focus product, with the impressive DUAL V results (see our GLP-1 agonist report) taking center
stage. Dr. Thomsen mentioned that the company could allocate resources that are freed up when current
CVOTs are completed towards an outcomes study for Xultophy that could potentially demonstrate a real
benefit. Read on below for a topic-by-topic overview of the major updates and highlights from the update.

▪ Xultophy: The company provided more granularity on the thinking behind the regulatory filing
timeline for Xultophy in the US (2H15). Management suggested that Xultophy could have been
submitted in the US along with Tresiba and Ryzodeg, but that it would have meant a triple dossier.
Sequential submissions minimize the chance of complicating matters Strategically, Novo Nordisk

www.closeconcerns.com 316

http://us.boehringer-ingelheim.com/news_events/press_releases/press_release_archive/2014/03-05-14-us-food-and-drug-administration-issues-complete-response-letter-empagliflozin.html
https://www.closeconcerns.com/knowledgebase/r/8c1b914e


thinks the extra time until 2H15 will give Tresiba time to become a more established brand based on
experience elsewhere in the world. As of now, Tresiba stands to receive a regulatory decision later
this year, and Xultophy could be submitted and receive a regulatory decision around a year after that
(2H16). This means that Xultophy will be neck-in-neck with Sanofi's LixiLan (insulin glargine/
lixisenatide) in the US.

◦ In the review of the results from DUAL V, management emphasized the
breadth of Xultophy's benefits, including a composite endpoint analysis showing that
Xultophy helped more than 3x as many patients achieve an A1c <7% without hypoglycemia
or weight gain (39% vs. 12%). Management also highlighted the low (<4%) rates of nausea
seen with Xultophy during the trial.

◦ On pricing, management noted that the level of relative pricing premiums for
GLP-1 agonists vs. insulin is higher in Europe than in the US. This is more a
function of insulin analog prices being higher in the US than Europe. Novo Nordisk does
expect Xultophy to carry some sort of a premium, but management did not disclose what
the premium would be relative to. Because of the complementary action and ability to up-
titrate slowly and reduce knowledge, we could see Novo Nordisk making a case for pricing
that is better than the simple sum of Xultophy's parts.

◦ Excitingly, Dr. Thomsen suggested that Novo Nordisk could consider an
outcomes study for Xultophy that could plausibly show a benefit. Because the
companies other CVOTs are ending in the next year or two, the company would have
resources to allocate towards such a study. There is reason to be optimistic that Xultophy
could have a great shot at demonstrating cardioprotection. Novo Nordisk has seen
increases in fasting C-peptide with liraglutide treatment (a good sign of beta cell health),
and the insulin component of Xultophy could provide a "cushion" that allows beta cells to
recuperate.

◦ Management noted that once-weekly GLP-1 agonist/basal insulin
combinations are an "obvious opportunity" that Novo Nordisk is interested in
pursuing. The company has weekly insulins in phase 1 and of course has injectable
semaglutide in phase 3.

▪ Saxenda: Although the primary slide for Saxenda heralded "encouraging early script
development," the corresponding IMS Health data showed that Saxenda's early script growth is
tracking well below the post-launch script growth for Belviq (lorcaserin), Contrave (naltrexone/
bupropion), and Qsymia (phentermine/topiramate). However management noted that Saxenda has
a higher price tag, meaning margins that are many times higher than those for the other branded
obesity drugs. Currently, the major barrier is limited formulary access and the need for prior
authorizations; management stated frankly that improving reimbursement would be the single
biggest goal regarding Saxenda in the coming months and years.

◦ Reviewing the clinical data, management highlighted that in SCALE Obesity &
Prediabetes, Saxenda led to a 2.6-fold delay in the average time of progression
to diabetes. The number needed to treat in order to prevent one case of diabetes comes
out at around 14. We imagine this data will make a compelling case for payers, although
whether it will be enough to overcome the current >$1,000/month price tag remains to be
seen. An astute analyst asked whether the prevention of prediabetes (assessed by A1c) was
due to improvement in the underlying physiology or the less remarkable glucose lowering
effect of liraglutide. CSO Dr. Mads Thomsen noted that the benefit persisted (although to a
slightly lesser degree) after a 12-week washout, though longer follow up after the cessation
of treatment would provide a more conclusive answer on whether liraglutide treatment
during prediabetes is improving beta cell health. Whatever is going on, he noted, legacy
outcomes trials proved that there is a legacy effect of benefit on outcomes when the onset
of diabetes is delayed.
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◦ Disappointingly, Novo Nordisk speculated that the FDA likely would not let
diabetes prevention make its way onto the label, as the agency has been
conservative when it comes to any mention of diabetes on Saxenda's label in an effort to
draw a sharper distinction vs. Victoza (liraglutide 1.8 mg for type 2 diabetes). Novo
Nordisk will likely at least discuss the matter with the FDA, but the tone from management
was not optimistic. The company believes European regulators will be more open to this
data.

◦ The presentation included some interesting information on the broader
obesity market. IMS Health data up until April 2015 showed that branded obesity
medications are responsible for only around 20% of total scripts in the US vs. generics, but
76% of the value. At least as of April, it appeared that sales for Belviq (lorcaserin) and
Contrave (naltrexone/bupropion) were on the rise, whereas Qsymia (phentermine/
topiramate) was plateauing.

▪ Victoza: On the LEADER cardiovascular outcomes trial, management noted that the trial is
expected to complete in 2Q16 and that the company expects a major CVOT session at next year's
ADA, akin to the massive dedicated sessions that ELIXA and TECOS received this year (ADA has not
actually confirmed this for LEADER but we agree that it is likely).

◦ An analyst suggested that uptake for GSK's Tanzeum (albiglutide) has been
better than expected, driven by lower price. To this, Novo Nordisk management
suggested that Tanzeum's performance has come more at the expense of other weekly
GLP-1 agonists, that the product's relative "lack of efficacy is probably going to make it a
challenging proposition in the long term," and that expectations for the growth of the
franchise are likely limited. Still, in today's competitive payer environment, we would not
downplay the effect of a much lower price on winning over formularies.

▪ Liraglutide in type 1 diabetes: During Q&A, an analyst noted that the results from two non-
Novo Nordisk sponsored studies investigating liraglutide in type 1 diabetes did not show benefits on
A1c. Novo Nordisk CSO Dr. Mads Thomsen suggested that the studies may not have run for long
enough to make the full extent of the benefit clear and that the company is still optimistic that Novo
Nordisk's ADJUNCT trials will be able to show real benefits - results from those trials are arriving
early in 2H15, which would mean the next few months.

▪ Faster-acting insulin aspart: Faster aspart featured prominently in management's prepared
remarks. We were interested to see the company highlight the role of hepatic glucose production's
contribution to postprandial glucose - as far as we know faster aspart does not act preferentially on
the liver, but phase 3 studies have shown equal or greater A1c lowering vs. NovoLog (insulin aspart)
according to topline data.

◦ What is needed for a closed loop? In response to an analyst question, management
discussed the factors needed to get to a successful closed loop system. Novo Nordisk's Dr.
Peter Kurtzhals characterized faster-acting insulin as the primary goal, with liquid-stable
glucagon as a secondary goal, noting that if insulin action were fast-on/fast-off enough
then glucagon would not really be needed. He did mention, however, that Novo Nordisk
hopes to bring a liquid-stable glucagon formulation into the clinical in the "foreseeable
future."

▪ Other indications: Dr. Thomsen noted that early studies suggest a benefit for GLP-1 agonists on
NASH (non alcoholic steatohepatitis; a form of liver disease associated with metabolic disease).

SANOFI IR THEMATIC UPDATE ON DIABETES

Sanofi held a comprehensive diabetes thematic call, with some notable updates across its portfolio and
pipeline. Below we have categorized updates and other highlights by product/topic.
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▪ Lyxumia (lixisenatide): The GLP-1 agonist is on track to be submitted in late July, on the early
side of previous guidance for 3Q15. ELIXA investigator Dr. Matthew Riddle (OHSU, Portland, OR)
provided an overview of the results presented yesterday. The results included a full slide on the
somewhat unexpected modest benefit on urine albumin/creatinine ratio - an intriguing signal. The
presentation also covered results from the GetGoal-Duo 2 study adding Lyxumia to Lantus, showing
22% achieving A1c<7%, no documented symptomatic hypo, and no weight gain (vs. ~10% for Apidra
[insulin glulisine] + Lantus).

▪ LixiLan (insulin glargine/lixisenatide): While the GetGoal-Duo 2 results looked solid, in our
minds, the fixed-ratio combination LixiLan is even more exciting. The presentation deck
emphasized that the combination is supported by two outcomes trials (ORIGIN and now ELIXA).
The product will be offered in the pre-filled SoloStar pen used with Lantus. In line with the most
recent guidance, LixiLan should be filed in the US in 4Q15 and in the EU in 1Q16 - this means that it
could beat Novo Nordisk's Xultophy (insulin degludec/liraglutide) to the US by at least a few
months. This is similar to Sanofi's lead on Toujeo over Novo Nordisk's degludec.

▪ Toujeo (insulin glargine U300): Sanofi has made a major push behind Toujeo and has made
substantial post-launch progress. Currently Toujeo has 73% unrestricted access in commercial
plans, "including some early Tier 2 wins" (around 20%) - this investment and ensuing results are
fairly remarkable, in our view. Already 52% of Medicare Part D lives are covered with contracted
formulary positioning. Cumulative new prescriptions are over 11,500, with an NRx share for Toujeo
+ Lantus in 2Q15 of ~65%-70% (more than double Levemir). Management said that data shows that
endocrinologists are driving starts and switches, with quicker post-launch growth in script writers
among endos compared to other product launches (Trulicity, Tanzeum, Farxiga, Invokana) - we will
be interested to see the revenue numbers and do note that among companies with new product
launches, there seem to be many ways of indicating strength. Indeed, we certainly think it's not all
about market share - market share is an interesting indicator, but to us it's more about whether
enough patients are getting access that need the therapies. And indeed, for some patients who can
use more basic therapies safety, we certainly would encourage that, as Dr. Irl Hirsch suggested
should be done in a talk on insulin pricing on ADA day #1. So far, between primary care and endos,
60% of Toujeo patients are coming from Lantus, 13% from Levemir, and the rest were primarily
insulin naïve - this is interesting in our view since many patients on Lantus are not at goal (some are
not at goal, of course, because they need prandial insulin rather than a different basal). In Europe,
Toujeo was launched in Germany in May, Netherlands and Denmark are slated for June, and other
launches will continue into 2016. We're interested to watch Germany in particular. Toujeo will likely
launch in Canada in 3Q15. In Japan, where it appears the brand name will be Lantus XR (which is
itself interesting), regulatory decisions are expected in mid-2015 and a potential launch is on
schedule for 3Q15.

◦ Notably, Sanofi is initiating an ambitious real-world program of studies for
Toujeo. The three trials will enroll over 4,500 type 2 diabetes patients in Europe and the
US, focusing on insulin-naïve patients as well as those uncontrolled on basal insulin.
Results are expected in 2017, with extended follow-up findings to arrive in 2018. This data
should have particular appeal to payers and could raise the bar for what is needed to secure
the best reimbursement - we hope that the results will include "time in zone" and will offer
some granularity. For example, we'd love to know not just "time in hypoglycemia at night"
but also time in "severe" hypoglcyemia that is considered dangerous (associated with a
hospital stay), time in hypoglcyemia that is less costly though still dangerous (associated
with visiting in the hospital but not staying there), time in hypoglycemia that is associated
with an ambulance or paramedic, time in hypoglycemia that is associated with a glucagon
kit, and time in hypoglcyemia that is mild to moderate and not associated with any overt
cost. In the last category, we wonder what it would take to measure all these costs,
including psychological costs.

www.closeconcerns.com 319

https://www.closeconcerns.com/knowledgebase/r/85943505#Lyxumia_lixisenatide
https://www.closeconcerns.com/knowledgebase/r/289e3ad1#ELIXA_Full_Results
https://www.closeconcerns.com/knowledgebase/r/85943505#LixiLan_insulin_glarginelixisenatide
https://www.closeconcerns.com/knowledgebase/r/65f1e4a5#Changing_Costs_of_Insulin_Therapy_in_the_US


▪ Afrezza: Goals for 2H15 include a direct-to-consumer campaign and rollouts of the Afrezza Coach
patient support program, peer-to-peer education programs, and the new 12-unit cartridge. We got to
preview the DTC program just before ADA and were impressed - this will start six months after the
launch or later in the summer. We love the idea of peer to peer and hope that Sanofi is looking
externally at digital health ideas on this front. Excitingly, new data from the AFFINITY 1 study
showed no increase in hypo resulting from a supplemental dose of Afrezza 90 minutes post-meal -
we are still interested to see clinical data on immediate post-meal dosing. We've heard that Afrezza
is actually so quick in and out of the system that for some patients it may not cover the full duration
of a postprandial glucose excursion. This new data suggests that these patients can take a second
dose safely, though we are unsure at this point whether this will make its way onto the formal label.

▪ SAR425899 (GLP-1/glucagon agonist): Sanofi formally unveiled its phase 1 GLP-1/glucagon
receptor agonist. The company expects comparable glucose control with better weight loss vs. pure
GLP-1 agonists - primate data included in the deck show comparable A1c reduction vs. liraglutide
with substantially more weight loss. A single ascending dose trial was completed in 2014, and a
multiple ascending dose study in health volunteers (subcutaneously injected, once daily) was
initiated in April. If all goes according to plan, SAR425899 could enter phase 2 early next year.

▪ Oral GLP-1: During Q&A, management briefly mentioned that oral GLP-1 is an area that Sanofi
wants to move into, although they have no clinical program internally.

ZEALAND PHARMA ANALYST BREAKFAST

Zealand Pharma hosted an analyst breakfast that featured several updates from senior management on the
company's proprietary and partnered diabetes portfolios. Management emphasized the importance of entry
onto the US market (which represents 73% of the global GLP-1 agonist market) to the future success of
Lyxumia (lixisenatide) and LixiLan (lixisenatide/insulin glargine), both marketed by Sanofi. A US
submission is expected in 3Q15 for Lyxumia and in 4Q15 for LixiLan. Management also highlighted the
recent progress for Zealand's stable glucagon analog ZP4207 while cautioning that many steps remain
before any products will reach the market; submission is expected in 2018 at the earliest for the rescue pen
for severe hypoglycemia, and the mini-dose pen and closed loop programs will require more extensive
development programs. On the company's early-stage pipeline, Zealand confirmed that its phase 1 GLP-1/
glucagon dual agonist ZP2929 is still in active development, as the company is currently in dialogue with
the FDA and conducting exploratory toxicology studies to understand how best to proceed. We also learned
about two new programs in Zealand's preclinical pipeline: a GLP-1/GIP dual agonist that the company
hopes to advance to the clinic "soon" and a GLP-1/gastrin dual agonist (with the potential for disease
modification!) that it intends to partner.

▪ Management emphasized the importance of entry onto the US market to Lyxumia's
future success. Confirming that a US submission is planned in 3Q15, management explained that
the US represents 73% of the global GLP-1 agonist market and that growth has picked up
significantly over the past year. We agree that entering the US market will almost certainly help
bolster Lyxumia's performance, which has been fairly sluggish since the product was launched in
Europe two years ago. Although the GLP-1 agonist field has moved in the direction of longer-acting
once weekly therapies, we think there is a solid niche for shorter-acting agents for patients who need
more help with postprandial glucose.

▪ Zealand also highlighted the enormous opportunity in the US for LixiLan, which will
report phase 3 results in 3Q15. The company believes the product could be appealing either as
the first injectable therapy for type 2 diabetes or as a means to intensify basal insulin; the two
segments combined encompass almost 10 million patients in the US. Zealand confirmed that Sanofi
plans to submit LixiLan in the US in 4Q15 and in Europe early in 2016. We agree that GLP-1
agonist/basal insulin combinations are one of the most exciting new treatment options on the
horizon for type 2 diabetes; we are curious to see how providers and payers will evaluate LixiLan vs.
Novo Nordisk's Xultophy (insulin degludec/liraglutide), which will likely reach the US market at
around the same time.
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▪ Management highlighted the recent progress of Zealand's stable glucagon analog
ZP4207 while cautioning that many steps remain before any products will reach the
market. Phase 1 results for the rescue pen for severe hypoglycemia are still expected by the end of
this month; while management reiterated that the remainder of the clinical development program
should be fairly streamlined, the product will still not be submitted before 2018 due to other factors
like manufacturing and device considerations. Zealand also confirmed our suspicions that the multi-
dose pen for mild to moderate hypoglycemia will require a more extensive toxicology program
lasting at least four to five years. Management pushed back against the suggestion that Zealand
might partner with one of the existing glucagon manufacturers (Lilly or Novo Nordisk) on the rescue
pen (though Novo Nordisk has apparently expressed some interest in the program). However, the
company is pursuing partnership opportunities for ZP4207 as part of a dual-hormone closed loop
system.

▪ Zealand confirmed that its phase 1 GLP-1/glucagon dual agonist ZP2929 is still in
active development. There have been few updates on the formerly BI-partnered compound since
Zealand assumed full responsibility for its development in January 2014. Management stated that
the company remains in dialogue with the FDA and is conducting exploratory toxicology studies to
understand how best to proceed, suggesting to us that early toxicology or other safety results may
have been the cause for BI's departure from the program. As a reminder, BI has selected a new lead
GLP-1/glucagon dual agonist for the partnership that is expected to advance to the clinic in 1Q16.
The two companies also plan to begin preclinical development of an undisclosed peptide in 4Q15
under a separate collaboration focused on cardiometabolic disease.

▪ We learned about two new programs in Zealand's preclinical pipeline: a GLP-1/GIP
dual agonist and a GLP-1/gastrin dual agonist. Management presented preclinical data
showing better glycemic control, fewer GI side effects, and greater weight loss with a GLP-1/GIP
dual agonist compared to liraglutide with the potential for once-weekly dosing. Zealand is currently
working to identify a single lead candidate to move forward into clinical trials "soon." The GLP-1/
gastrin dual agonist, which Zealand plans to partner, is intended to target progressive beta cell
decline in type 2 diabetes and has demonstrated positive effects on pancreatic gene expression,
increases in beta cell mass, and improved glycemic control in animal models. Potential disease
modification? Wow!

Questions and Answers

Q: For ZP4207, what will be the extent and the cost of phase 3 and further trials?

A: For the rescue pen, we need to detail the plans with the FDA, but it's clear that it's not the clinical studies
that require a timeline or cost, it's everything else. It will be a lean clinical program. Part 2 was proof-of-
concept, and that's what phase 3 will be like but with a larger sample. For the multi-dose version, we have to
discuss with the FDA, but it's more complex. For the pen, we need more exploratory studies and a bouquet of
phase 2 studies to explore how to use it, the preferred label, and engage in such discussions. It's a long
program because we need chronic toxicology and you can't do that in less than four to five years. It's just a
fact. It hits our competitors and us. Helmsley finances part of the chronic toxicology studies.

Q: With ZP2929, you showed charts against GLP-1 and it didn't pan out, and now you're
showing the same kind of charges. I don't know if the mouse model is the same, but do you
have models that better predict action in humans?

A: ZP2929 is still in phase 1, so we're not looking for efficacy like in animal models. We're addressing the
challenges, not disregarding it. This is drug development; sometimes there are surprising findings and you
have to face them. Victoza also had challenging times. The preclinical models are pretty predictive, and I
believe the drugs are different from liraglutide. It's a very different concept with less risk of hypoglycemia, and
the biggest question is translation to humans. We will only have the final answer in phase 2.

Q: When will we hear an update on the selection of the pen manufacturer, etc.?
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A: I don't know when we will give an update, but before we enter phase 3 we need the agreements in place. In
the pharma world today, there are many providers of devices that would only require minor modifications to
meet our needs. This will be the focus for the next few years.

Q: What partnering discussions have you had about the early-stage products?

A: This is the first time we've spoken about them.

-- by Melissa An, Adam Brown, Eric Chang, Hannah Deming, Jessica Dong, Helen Gao, Samiul Haque,
Varun Iyengar, Stephanie Kahn, Adam Kraus, Scott Leibrand, Dana Lewis, Hannah Martin, Sarah Odeh,

Emily Regier, Lisa Rotenstein, Joseph Shivers, Mallika Tamboli, Jenny Tan, Tony Thaweethai, Lisa Vance,
Manu Venkat, Maxwell Votey, Alasdair Wilkins, Vincent Wu, Michelle Xie, and Kelly Close
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