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Executive Highlights
▪ ADA's 79th Scientific Sessions took place in San Francisco during the second week of

June, and this report brings to you our full coverage of meeting content on diabetes
therapy, obesity/prediabetes, and big picture topics.

▪ Diabetes therapy: CVOT readouts were bound to steal the show at ADA 2019, and critical
presentations of REWIND (Lilly's GLP-1 Trulicity), CAROLINA (Lilly/BI's DPP-4 Tradjenta vs.
glimepiride), and PIONEER 6 (Novo Nordisk's GLP-1 oral semaglutide) data didn't disappoint.
Each of these stands to meaningfully impact clinical practice, demonstrating cardioprotection with
a GLP-1 in primary prevention, the CV safety of a DPP-4 relative to an SU, and likely
cardioprotection with the first-ever oral GLP-1. We were also treated to a variety of new clinical
trial data, including full results from the phase 3 program for Lilly's URLi (ultra-rapid lispro), the
PIONEER 2 and 4 studies of oral semaglutide vs. Jardiance and Victoza, data from Lilly's 12-week
titration study for GIP/GLP-1 tirzepatide, and new DiRECT data on remission responders and beta
cell recovery. ADA 2019 was also a breakthrough meeting in type 1 prevention, with phase 2
results for teplizumab showing a median 2-year delay in type 1 onset vs. placebo with the
immunotherapy. Renal outcomes and analyses were also strongly featured: A very positive
CREDENCE analysis found consistent renal and CV benefits with Invokana in both the trial's
primary and secondary prevention cohorts, and detailed renal outcomes from DECLARE show
consistent improvements across individual and composite cardiorenal outcomes with Farxiga -
these joined positive renal post-hoc analyses of AWARD VII (Trulicity vs. insulin glargine) and the
EMPA-REG OUTCOME CVOT for Jardiance. Not-to-miss additions in this full report? Make sure
to check out Dr. Dan Drucker's exceptional rundown of the past year in clinical diabetes
developments, as well as Dr. Robert Eckel's thoughts on a cardiometabolic medical specialty - and
a number of other topics of interest at ADA 2019. Under "Adjunct Treatments for Type 1" we've
covered a handful of compelling new posters on the benefits of SGLTs in type 1, and also check out
multiple additions under Award Lectures, including the Banting Medal for Scientific Achievement
awarded to Cambridge's Prof. Stephen O'Rahilly.

This report contains our full coverage of diabetes/obesity therapy (plus some big picture topics) from the
ADA's 79th Scientific Sessions. Talk titles highlighted in yellow denote the presentations and commentary
that we found most notable. Talk titles highlighted in blue represent new coverage that wasn't included in our
daily highlights (day #1, day #2, day #3, day #4, or day #5). Note that some talks may appear in multiple
sections (e.g., content on basal insulin/GLP-1 fixed-ratio combinations appears under the "GLP-1" category as
well as the "insulin" category).

For our full report on diabetes technology, click here.

Our sections proceed as follows (you can navigate through by using our click-able table of contents below):

Themes

GLP-1 Agonists

SGLT Inhibitors

Insulin Therapy

DPP-4 Inhibitors
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Executive Highlights
Themes

Diabetes Therapy

To Primary Prevention and Beyond: Will REWIND Accelerate the Field Toward Earlier
Adoption of Cardioprotective Therapies?
Renal Outcomes: Buzz Around SGLT-2s for CKD Prevention and Treatment Continues to
Grow; Potential Role for GLP-1s and Combination Therapy
What's Coming Down the Pipeline? Oral Semaglutide, Easier Emergency Glucagon, Dual
Agonists, New Insulins, PPAR Agonists and MetAP2 Inhibitors
Type 1 Prevention Efforts Score Breakthrough Win with Teplizumab (First Drug to Delay
Type 1 Diagnosis); Positive Two-Year Low-Dose ATG Results to Drive Further
Investigation; A Role for Liraglutide - Adjunct or Disease Modifying Therapying?
DiRECT, PREVIEW, and D2d Bring Prevention and Remission to the Forefront;
Adherence Remains a Major Barrier; Recent CDC Incidence/Prevalence Paper a Major
Discussion Point Amongst Providers
STENO-2 and GOULD Underscore Benefits of and Need for Widespread CV and Diabetes
Risk Management; Clinical Inertia More Important Than Cost (in the Long-term);
Primary Care a Key Target for Education
Diabetes Garners Significant Visibility through Simultaneous High-impact Data
Publications and Editorials

GLP-1 Agonists
Symposium: Once-Weekly Dulaglutide and Major Cardiovascular Events-Results of the
REWIND Trial

Introduction and Research Question Gilles R Dagenais, MD (Laval University Heart and Lung

Institute, Quebec, Canada)

Background, Design, and Outcomes Rafael Diaz, MD (Estudios Clínicos Latinoamérica, Rosario,

Argentina)

Participants and Follow-Up Matthew Riddle, MD (Oregon Health and Science University, Portland,

OR)

Cardiovascular Outcomes Hertzel Gerstein, MD (McMaster University, Hamilton, Canada)

Renal Outcomes Helen Colhoun, MD (University of Edinburgh, Scotland)
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Safety Jeffrey Probstfield, MD (University of Washington School of Public Health, Seattle, WA)

Summary and Implications Lars Ryden, MD, PhD (Karolinska Institutet, Stockholm, Sweden)

Independent Commentary Sophia Zoungas, PhD (Monash University, Melbourne, Australia)

Key Opinion Leader Thoughts on REWIND

Symposium: Oral Semaglutide-The PIONEER Program Trials

Trial Design and Baseline Characteristics Stephen Bain, MD (Swansea University, UK)

Cardiovascular Outcomes Mansoor Husain, MD (University of Toronto, Canada)

Metabolic and Safety Outcomes Ofri Mosenzon, MD (Hadassah Hebrew University, Israel)

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

Independent Commentary Vivian Fonseca, MD (Tulane University, New Orleans, LA)

Select Questions & Answers

Symposium: Cardiovascular and Renal Protection in Diabetes-Emphasis on SGLT-2
Inhibitors and GLP-1 Receptor Agonists

Cardiovascular Effects of GLP-1 Receptor Agonists-From Basic Mechanisms to Clinical
Data Jens Holst, MD (University of Copenhagen, Denmark)

Mini-Symposium: Cardiovascular Disease in Patients with Diabetes

Controversies in Clinical Implementation-Should the Use of Novel Therapies Be
Conditional on Background Metformin and Baseline A1C? Extended to Lower Risk
Patients? Those with Chronic Kidney Disease? Jean-François Yale MD (McGill University,

Canada)

Oral Presentations: Incretins Marching On

Oral Semaglutide vs. Empagliflozin Added On to Metformin Monotherapy in
Uncontrolled Type 2 Diabetes: PIONEER 2 Eduard Montanya, MD, PhD (University of

Barcelona, Spain)

Oral Semaglutide vs. Liraglutide and Placebo in T2D: PIONEER 4 Richard Pratley, MD

(AdventHealth Translational Research Institute for Diabetes and Metabolism)

Liraglutide for Perioperative Management of Hyperglycemia in Cardiac Surgery Patients
(GLOBE): A Multicenter, Prospective, Superiority Randomized Trial Abraham Hulst, MD

(Amsterdam University Medical Center, Amsterdam, Netherlands)

Efficacy of Efpeglenatide in Patients with Obesity and Prediabetes: A Sub-Analysis of the
BALANCE 205 Study Richard Pratley, MD (Florida Hospital, Orlando, FL)

Oral Presentations: Innovations in Insulin Therapy

DUAL VIII: Significantly Longer Time to Treatment Intensification with Insulin
Degludec/Liraglutide (IDegLira) vs. Insulin Glargine (IGlar U100) in a 104-Week (Wk)
Randomized Trial Mirroring Clinical Practice Vanita Aroda, MD (Brigham and Women's

Hospital, Boston, MA)

LixiLan-G: A Randomized Trial Assessing Switching to iGlarLixi vs. Continuation of Daily
or Weekly GLP-1RA in T2D Inadequately Controlled by a GLP-1RA and OAD(s)

Lawrence Blonde, MD (Oschner Medical Center, New Orleans, LA)

Oral Presentations: New Insights in Diabetic Kidney Disease-Clinical and Experimental
Studies (With State-of-the-Art Lecture and ADA Presidents' Select Abstract Presentation)

Chronic Kidney Disease (CKD) Outcomes with Dulaglutide (DU) vs. Insulin Glargine (IG)
in Type 2 Diabetes (T2D) and Moderate-to-Severe CKD by Albuminuria Status:
AWARD-7 Katherine Tuttle, MD (University of Washington, Seattle, WA)
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Oral Presentations: Diabetes Management and Macrovascular Outcomes

Do GLP-1RA and SGLT2i Reduce Cardiovascular Mortality in African-American Patients
with Type 2 Diabetes? A Meta-Analysis Basem Mishriky, MD (East Carolina University,

Greenville, NC)

Product Theaters

Is GLP-1 Activity Insufficient in T2D? (Sponsored by Novo Nordisk) Vivian Fonseca, MD

(Tulane University, New Orleans, LA)

Getting to Goal - Treatment Options for T2DM Patients with Very High A1c (Sponsored
by Sanofi) Steve Edelman, MD (UCSD, San Diego, CA)

GLP-1 Agonist Poster Highlights

SGLT Inhibitors
Symposium: DECLARE-TIMI 58 Trial

Renal Outcomes Ofri Mosenzon, MD (Hadassah Hebrew University Hospital, Jerusalem, Israel)

Symposium: CREDENCE and CARMELINA-Results from Two Major Clinical Trials in Kidney
and Cardiovascular Disease in Diabetes

CREDENCE-Cardiovascular and Renal Outcomes by Baseline Cardiovascular Disease
Kenneth Mahaffey, MD, PhD (Stanford Center for Clinical Research, Palo Alto, CA)

Symposium: Cardiovascular and Renal Protection in Diabetes-Emphasis on SGLT-2
Inhibitors and GLP-1 Receptor Agonists

Cardiovascular Effects of GLP-1 Receptor Agonists-From Basic Mechanisms to Clinical
Data Jens Holst, MD (University of Copenhagen, Denmark)

Mini-Symposium: Cardiovascular Disease in Patients with Diabetes

Controversies in Clinical Implementation-Should the Use of Novel Therapies Be
Conditional on Background Metformin and Baseline A1C? Extended to Lower Risk
Patients? Those with Chronic Kidney Disease? Jean-François Yale MD (McGill University,

Canada)

Oral Presentations: Effective Diabetes Care-At What Cost?

Renal Outcomes from the DECLARE-TIMI 58 Trial: Quantifying the Health-Care
Implications Philip McEwan, PhD (Health Economics and Outcomes Research Ltd., Cardiff, UK)

Oral Presentations: Expanding Horizons on SGLT Inhibition

Empagliflozin and Cardiorenal Outcomes in Patients with Nonproteinuric Kidney Disease
in the EMPA-REG OUTCOME Trial Silvio Inzucchi, MD (Yale School of Medicine, New Haven, CT)

Empagliflozin Selected Cardiovascular and Safety Outcomes in Routine Care: First
Results from the Empagliflozin Comparative Effectiveness and Safety (EMPRISE) Study

Elisabetta Patorno, MD, DrPH (Brigham and Women's Hospital, Boston, MA)

Oral Presentations: Diabetes Management and Macrovascular Outcomes

Do GLP-1RA and SGLT2i Reduce Cardiovascular Mortality in African-American Patients
with Type 2 Diabetes? A Meta-Analysis Basem Mishriky, MD (East Carolina University,

Greenville, NC)

Product Theaters
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Jardiance (empagliflozin) Tablets: Data from the Comprehensive Clinical Development
Program (Sponsored by Lilly/BI) James R Gavin, III, MD, PhD (Emory University School of

Medicine, Atlanta, GA)

What Can Heart Failure Take from Your Patients with Type 2 Diabetes? (Sponsored by
AstraZeneca) John Anderson, MD (Frisk Clinic, Nashville, TN)

Corporate Symposia

Multidimensional Issues in Type 2 Diabetes - Debates and Discussions Around
Cardiovascular and Renal Outcomes (Sponsored by AstraZeneca) Richard Pratley, MD

(Florida Hospital, Orlando, FL); Lawrence Blonde, MD (Ochsner Medical Center, New Orleans, LA); Serge

Jabbour, MD (Thomas Jefferson University, Philadelphia, PA); Stephen Wiviott, MD (Brigham & Women's

Hospital, Boston, MA)

SGLT Inhibitor Poster Highlights

Insulin Therapy
Oral Presentations: Innovations in Insulin Therapy

Ultra-Rapid Lispro (URLi) Improves Postprandial Glucose (PPG) Control vs. Humalog
(Lispro) in T1D: PRONTO-T1D Study Leslie Klaff, MD, PhD (Rainier Clinical Research Center,

Renton, WA)

Ultra-Rapid Lispro (URLi) Improves Postprandial Glucose (PPG) Control vs. Humalog
(Lispro) in Patients with Type 2 Diabetes (T2D): PRONTO-T2D Thomas Blevins, MD (Texas

Diabetes and Endocrinology, Austin, TX)

DUAL VIII: Significantly Longer Time to Treatment Intensification with Insulin
Degludec/Liraglutide (IDegLira) vs. Insulin Glargine (IGlar U100) in a 104-Week (Wk)
Randomized Trial Mirroring Clinical Practice Vanita Aroda, MD (Brigham and Women's

Hospital, Boston, MA)

Differences in HbA1c-Lowering Effect and Hypoglycemia Risk between Gla-300 and IDeg
According to Renal Function in the BRIGHT Trial Martin Haluzik, MD, PhD (Institute for

Clinical and Experimental Medicine, Prague, Czechia)

LixiLan-G: A Randomized Trial Assessing Switching to iGlarLixi vs. Continuation of Daily
or Weekly GLP-1RA in T2D Inadequately Controlled by a GLP-1RA and OAD(s)

Lawrence Blonde, MD (Oschner Medical Center, New Orleans, LA)

Technosphere Insulin Provides Better Early Postprandial Glucose Control than
Subcutaneous Rapid-Acting Analog David Kendall, MD (MannKind, Westlake Village, CA)

Symposium: The Artificial Pancreas in 2019-First Reports of New, Large-Scale Trials and the
Path Forward

Meeting the Challenge of Post-Meal Glycemic Control-New Generation Insulins for the
Closed-Loop System Eda Cengiz, MD (Yale University, New Haven, CT)

Symposium: Diabetes Management and Macrovascular Outcomes (With Edwin Bierman
Award Lecture)

Impact of Insulin Treatment on Primary Outcomes in Cardiovascular Outcome Trials
Joanna Khatib (Tulane University, New Orleans, LA)

Professional Interest Group Discussion: Improving Transitions in Diabetes Care

The Transition from Outpatient to Inpatient Health Care for Patients with Diabetes
Guillermo Umpierrez, MD (Emory University, Atlanta, GA)

Product Theaters
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Getting to Goal - Treatment Options for T2DM Patients with Very High A1c (Sponsored
by Sanofi) Steve Edelman, MD (UCSD, San Diego, CA)

Considerations When Choosing a Basal Insulin for Your Adult Patients with Diabetes
(Sponsored by Sanofi) John Anderson, MD (The Frist Clinic, Nashville, TN)

Insulin Therapy Poster Highlights

DPP-4 Inhibitors
Symposium: The CAROLINA Trial-First Results of the Cardiovascular Outcomes Trial
Comparing Linagliptin vs. Glimepiride

Introduction and Study Background Julio Rosenstock, MD (Dallas Diabetes Research Center,

Dallas, TX)

Study Design, Statistical Plan, and Baseline Characteristics Mark Espeland, PhD (Wake

Forest School of Medicine, Winston-Salem, NC)

Metabolic and Body Weight Outcomes Steven Kahn, MB, ChB (VA Puget Sound Health Care

system, Seattle, WA)

Cardiovascular, Mortality, and Hospitalization Outcomes Nikolaus Marx, MD (RWTH Aachen

University, Germany)

Adverse Events and Hypoglycemia Analyses Bernard Zinman, MD (Lunenfeld-Tanenbaum

Research Institute, Toronto, Canada)

Clinical Implications for the Cardiologist Darren McGuire, MD (University of Texas Southwestern

Medical Center, Dallas, TX)

Clinical Implications for the Diabetologist Bernard Zinman, MD (Lunenfeld-Tanenbaum Research

Institute, Toronto, Canada)

Independent Commentator Matthew Riddle, MD (Oregon Health and Science University, Portland,

OR)

Symposium: CREDENCE and CARMELINA-Results from Two Major Clinical Trials in Kidney
and Cardiovascular Disease in Diabetes

CARMELINA-New Renal Subanalyses Christoph Wanner, MD (University Hospital of Würzburg,

Germany)

Symposium: Opportunities and Challenges of Real-World Evidence in Diabetes

Assessment of the Effectiveness and Safety of Newly Marketed Therapies for Diabetes in
Real-World Patients Elisabetta Patorno, MD, DrPH (Brigham and Women's Hospital, Boston, MA)

Oral Presentations: Epidemiology of Diabetes Outcomes

Costarting Sitagliptin with Metformin Is Associated with a Lower Likelihood of Disease
Progression in Newly Treated Patients with Type 2 Diabetes Scott Campbell (University of

Alberta, Edmonton, Canada)

DPP-4 Inhibitors Poster Highlights

Novel Therapies
Oral Presentations: Incretins Marching On

Combined GLP-1, Oxyntomodulin, and Peptide YY Improves Glycaemia and Body Weight
in Obesity and Type 2 Diabetes: A Randomized, Single-Blinded Study Tricia Tan, MBChB

(Imperial College London, UK)

Oral Presentations: Hypoglycemia and Technology
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Phase 3 Results for Dasiglucagon as a Fast and Effective Treatment for Severe
Hypoglycemia Thomas Pieber, MD (Medical University of Graz, Austria)

Oral Presentations: New Agents and Strategies

Final Results of a Phase 2, Randomized, Double-Blind, Placebo-Controlled Clinical Trial
of the MetAP2 Inhibitor ZGN-1061 in Patients with Type 2 Diabetes Terri Kim (Zafgen,

Boston, MA)

Nasal Glucagon: A Viable Alternative to Treat Insulin-Induced Hypoglycemia in Japanese
Patients with Type 1 and Type 2 Diabetes Munehide Matsuhisa MD, PhD (University of

Tokushima, Japan)

Efficacy and Safety of Chiglitazar, a Novel PPARα/γ/d Pan-Agonist, in Patients with Type
2 Diabetes: A Randomized, Double-Blind, Placebo-Controlled Phase 3 Superiority Trial
(CMAP) Linong Ji, MD (Peking University People's Hospital, China)

Efficacy and Safety of Chiglitazar vs. Sitagliptin in Patients with Type 2 Diabetes: A
24-Week, Randomized, Double-Blind, Noninferiority Phase 3 Trial (CMAS) Weiping Jia,

MD (Shanghai Jiao Tong University Affiliated Sixth People's Hospital, China)

GPR142 Agonists Increase Glucose-Dependent Insulin Secretion and Differentially
Regulated Hormone Secretion in Preclinical and Phase 1 Studies Edward Pratt, MD (Lilly,

Indianapolis, IN)

Oral Presentations: Insulin Resistance (With State-of-the-Art Lecture)

State-of-the-Art Lecture - Mechanisms of Insulin Signaling and Resistance Alan Saltiel,

PhD (University California San Diego, CA)

Symposium: Adaptive Stress Response Pathways in Insulin Response and Metabolism

Hepatocyte Endoplasmic Reticulum Stress in Insulin Resistance Ira Tabas, MD, PhD

(Columbia University, New York, NY)

Posters

A 12-Week, Randomized, Placebo-Controlled Study Assessing the Efficacy and Safety of
Three Dose-Escalation Algorithms of Tirzepatide, a Novel Dual GIP and GLP-1 Receptor
Agonist, in Patients with Type 2 Diabetes J Frias, M Nauck, J Van, C Benson, R Bray, Z Milicevic,

A Haupt, D Robins

Divergent Hypoglycemic Effects of Hepatic Directed Prandial Insulin: A 6-Month Study
in Type 1 Diabetes Mellitus (T1DM) D Klonoff, B Bode, N Cohen, W Geho, D Muchmore

Award Lectures

Banting Medal for Scientific Achievement - "Treasure Your Exceptions" - Studying
Human Extreme Phenotypes to Illuminate Metabolic Health and Disease Stephen

O'Rahilly, MD (University of Cambridge, UK)

Novel Therapies Poster Highlights

Type 1 "Cure" Therapies and Pathophysiology
Symposium: TrialNet-New Therapeutic Approaches and Insights for Type 1 Diabetes

Anti-CD3 Prevention in Stage 2 Trial Results Kevan C Herold, MD (Yale University, New Haven,

CT)

Low Dose ATG and GCSF in New-Onset Type 1 Diabetes-Two-Year Clinical Trial
Outcomes Michael Haller, MD (University of Florida, Gainesville, FL)

Symposium: Overlap between Autoimmune Diabetes of the Adult and Type 2 Diabetes-
Current Knowledge and Clinical Implications
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Autoimmune Diabetes in Adults-Current Evidence and Controversies Richard David

Leslie, MD (Blizard Institute, Queen Mary University of London, UK)

Symposium: Islet Transplantation Today and Tomorrow

Bio-synthetic Materials for Encapsulation/ Bioengineering Approaches Omid Veiseh, PhD

(Rice University, Houston, TX)

Symposium: Understanding Heterogeneity in Pediatric Diabetes - First Step to Improving
Outcomes

Type 2 Diabetes Factors in the Etiology of Type 1 Diabetes - Implications for Prevention,
Diagnosis, and Treatment Maria J Redondo, MD, PhD (Baylor College of Medicine, Houston, TX)

Joint ADA/ISPAD Symposium: Understanding Heterogeneity in Pediatric Diabetes-First Step
to Improving Outcomes

Heterogeneity in Type 1 Diabetes-Is It a Single Disease? Andrea Steck, MD (University of

Colorado, Aurora, CO)

Mini-Symposium: Screening for Complications in Youth with Type 1 Diabetes-Are We On the
Right Path?

Cost Benefit of Pre-Type 1 Screening-Is It Time to Reevaluate Our Recommendations?
Desmond Schatz, MD (University of Florida, Gainesville, FL)

Oral Presentations: Incretins Marching On

Liraglutide Preserved Insulin Secretion in Adults with Newly Diagnosed Type 1 Diabetes:
The NewLira Trial Thomas Dejgaard, MD, PhD (Steno Diabetes Center, Copenhagen, Denmark)

Oral Presentations: Rare Large-Effect Genetic Variants in Diabetes-From Case Studies to
Populations

Monogenic Diabetes and Beyond Andrew Hattersley, MD (University of Exeter, UK)

Oral Presentations: What's New in Type 1 Diabetes Epidemiology?

A T1D Genetic Risk Score Combined with Clinical Features and Autoantibodies Enables
Accurate Diabetes Classification in a Racial/Ethnically Diverse Population: The Search for
Diabetes in Youth Study Richard Oram, MD, PhD (University of Exeter, UK)

Distinct Growth Phases in Early Life Associated with Risk of Type 1 Diabetes Prodrome:
The TEDDY Study Xiang Liu, PhD (University of South Florida, Tampa, FL)

Oral Presentations: Synergy of the Pancreas, Liver, and Gut in the Control of Glucose
Homeostasis

ADA Presidents' Select Abstract: Characterization of Beta-Cell Function with
Autoantibodies, Islet Pathology, and Genetics after 50 Years of Insulin Dependence

Marc Gregory Yu, MD (Joslin Diabetes Center, Boston, MA)

Oral Presentations: New Insights into Immunomodulatory Therapies and Biomarkers of
Autoimmune Disorder

Differential Depletion and Expansion of Autoreactive CD8+ T-Cell Subsets after Alefacept
Treatment in Type 1 Diabetes S. Alice Long, PhD (Benaroya Research Institute, Seattle, WA)

Efficacy of New-Onset Type 1 Diabetes (T1D) Intervention Trials: Variation in 1-Year
Outcomes Laura Jacobsen, MD (University of Florida, Gainesville, FL)

Oral Presentations: Effects of Exercise on Metabolic Health in Type 2 and Type 1 Diabetes
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Type 1 Diabetes Patients with Residual Beta-Cell Function Display Improved Time in
Euglycemia and Less Glycemic Fluctuation after Exercise Guy Taylor, MSc (Newcastle

University, UK)

Type 1 "Cure" Therapies and Pathophysiology Poster Highlights

Adjunct Treatments for Type 1 Diabetes
Current Issues: SGLT-Inhibitor Adjunctive Therapy in Type 1 Diabetes Mellitus-Is It Worth
It?

Yes-Meaningful Benefits Outweigh the Risks Bruce Perkins, MD (University of Toronto, Canada)

No-Risks Outweigh Limited Benefits David Nathan, MD (Massachusetts General, Boston, MA)

Adjunct Treatments for Type 1 Diabetes Poster Highlights

Treatment Algorithms and Strategies
Symposium: Glycemic Goals and Overtreatment-What's Driving the Debate?

Clinicians Should Aim to Achieve an A1C <7% in Many-The ADA Perspective and
Rebuttal David D'Alessio, MD (Duke University Medical Center, Durham, NC); Timothy Wilt, MD

(Minneapolis VA Center for Care Delivery and Outcomes Research, MN)

Symposium: Diabetic Kidney Disease and Cardiovascular Disease in Diabetes

Heart Failure in Diabetes and Diabetic Kidney Disease - Pathways and Therapeutic
Targets Amanda Vest, MHBS, MPH (Tufts Medical Center, Boston, MA)

Joint ADA/ACC Mini-Symposium-Cardiovascular Disease in Patients with Diabetes

ADA and ACC - Opportunities for Synergy in the Care of Patients with Diabetes Sandeep

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

Oral Presentations: Diabetes Management and Macrovascular Outcomes

Beneficial Impact of Intensified Multifactorial Intervention on Stroke-The Steno-2 Study
Peter Gæde, MD (Slagelse Hospital, Denmark)

Current Issues: Choosing Evidence-Based Therapy for Type 2 Diabetes Mellitus with
Cardiovascular Disease

Type 2 Diabetes Mellitus with "Established" Cardiovascular Disease-Why Would I First
Add an SGLT-2 Inhibitor to Metformin Silvio Inzucchi, MD (Yale University, New Haven, CT)

Type 2 Diabetes Mellitus with "Established" Cardiovascular Disease-Why Would I First
Add a GLP-1 Receptor Agonist to Metformin Tina Vilsbøll, MD (Steno Diabetes Center,

Copenhagen, Denmark)

Corporate Symposia

Residual Cardiovascular Risk in Statin-Treated Patients with Elevated Triglycerides: Now
We Can REDUCE-IT (Sponsored by Amarin) Deepak L. Bhatt, MD (Brigham and Women's

Hospital, Boston, MA)

Treatment Algorithms and Strategies Poster Highlights

Obesity, Prediabetes, and Remission
Symposium: Results and Comparisons from the RISE Clinical Trial-Adult Medication Study

Rationale, Trial Design, Statistical Approach David Ehrmann, MD (The University of Chicago,

IL)

Baseline Characteristics and Primary Outcomes Kieren Mather, MD (Indiana University,

Bloomington, IN)
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Secondary Outcomes Sharon Edelstein, ScM (George Washington University, DC)

Symposium: PREVIEW Study Results-Prevention of Diabetes through Lifestyle Intervention
and Population Studies Around the World

Prevention of Diabetes through Lifestyle Intervention-Results from the Multicenter
PREVIEW Study Ian MacDonald, PhD (University of Nottingham, England)

Symposium: Understanding Heterogeneity in Pediatric Diabetes - First Step to Improving
Outcomes

Type 2 Diabetes Across the Lifespan - Who Is Worse Off, Youth or Adults? Silva

Arslanian, MD (University of Pittsburgh Medical Center, PA)

Symposium: Diabetes Management and Macrovascular Outcomes

Long-Term Effects of Intensive Lifestyle Intervention on Cardiovascular Risk Factors in
Patients with Diabetes in Real-World Clinical Practice: A 10-Year Longitudinal Study

Osama Hamdy, MD, PhD (Joslin Diabetes Center, Boston, MA)

Symposium: Making a Difference in Five Minutes-Interventions in Diabetes for Anyone

Strategies Around Weight Loss in Diabetes David Flomo (University of Regina, Canada)

Symposium: Powerhouse Rules-The Role of the Mitochondrion in Health and Disease

State-of-the-Art Lecture-The Mighty Mitochondrion in the Regulation of Metabolic
Health Orian Shirihai, MD, PhD (University of California Los Angeles, CA)

Symposium: Is Intermuscular Adipose Tissue (IMAT) a Friend or a Foe to Metabolic Health?

Clinical Implications of IMAT in Obesity Bret Goodpaster, PhD (Translational Research Institute

for Metabolism and Diabetes, Orlando, FL)

How Bad Can It Be? Comparing IMAT to Subcutaneous and Visceral Adipose Tissue
Bryan C. Bergman, PhD (University of Colorado Anschutz Medical Campus, Aurora, CO)

Joint ADA/ASMBS Mini-Symposium

Interventional Treatment of Diabetes-The Scientific and Clinical Evidence Regarding
Metabolic Surgery and Implementation into Clinical Practice David D'Alessio, MD (Duke

University, Durham, NC); David E. Cummings, MD (University of Washington, Seattle, WA)

Mini-Symposium: The Vitamin D and Type 2 Diabetes (D2d) Study-A Multicenter
Randomized Controlled Trial for Diabetes Prevention

Outcomes Anastassios Pittas, MD (Tufts, Boston, MA)

Rationale and Study Design; Recruitment, Retention, and Baseline Characteristics
Myrlene Staten, MD (NIDDK, Bethesda, MD); Erin LeBlanc, MD (Kaiser Center for Health Research,

Portland, OR)

Mini-Symposium: Evolving Treatments for Obesity

Medications for Adolescent Obesity Treatment Daniel Hsia, MD (Pennington Biomedical

Research Center, Baton Rouge, LA)

Oral Presentations: Synergy of the Pancreas, Liver, and Gut in the Control of Glucose
Homeostasis

Remission of Type 2 Diabetes for Two Years Is Associated with Full Recovery of Beta-Cell
Functional Mass in the Diabetes Remission Clinical Trial (DiRECT) Roy Taylor, MD

(Newcastle University, UK)

Oral Presentations: Insulin Resistance (With State-of-the-Art Lecture)
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Insulin Resistance in the Liver, but Not Muscle or Adipose, Is Essential for Remission
from Newly Diagnosed Type 2 Diabetes by Short-Term Insulin Intensive Therapy Xuesi

Wan, MD (Sun Yat-sen University, Guangzhou, China)

Oral Presentations: From Obesity to Type 2 Diabetes in Youth - New Insights into
Pathogenesis and Management

Impact of Withdrawal of Interventions in the Restoring Insulin Secretion (RISE) Pediatric
Medication Study Tamara Hannon, MD (Children's Hospital of Pittsburgh, PA)

Oral Presentations: Evaluation of Trends for Diabetes Management Strategies

Primary Care Implementation Study to Increase Diabetes Prevention Program Referrals
Karen Roper, PhD (University of Kentucky, Lexington, KY)

Oral Presentations: The Wide-Ranging Field of Clinical Nutrition Research - From the Role of
Nutrients to How We Eat

Prediabetes Conversion to Normoglycemia is Superior Adding a Low Carbohydrate
Formula Diet to Lifestyle Intervention - A 12-Month Subanalysis of the ACCORH Study

Stephan Martin, MD (West-German Center of Diabetes and Health, Dusseldorf, Germany)

Professional Interest Group Discussion: Exercise in the News-Fact, Fiction, or Fad?

Exercise in the News-Fact, Fiction, or Fad? Jane Reusch, MD (University of Colorado, Denver,

CO); Gretchen Reynolds (New York Times, New York, NY); Wendy Kohrt, PhD (University of Colorado, Aurora,

CO)

Diabetes Complications
Symposium: Longitudinal Outcomes in Youth with Type 2 Diabetes-The TODAY2 Study

Longitudinal Outcomes in Youth with Type 2 Diabetes-The TODAY2 Study Kimberly

Drews, PhD (George Washington University, DC); Lorraine Levitt Katz, MD (Children's Hospital of Philadelphia,

PA); Peter Bjornstad, MD (Children's Hospital Colorado, Aurora, CO); Neil White, MD (Washington University,

St. Louis, MO); Jeanie Tryggestad, MD (University of Oklahoma, Oklahoma City, OK)

Symposium: Diabetes Management and Macrovascular Outcomes

Association Between Hemoglobin A1c and Stroke Risk in Patients with Type 2 Diabetes
Yun Shen, MD, PhD (Pennington Biomedical Research Center, Baton Rouge, LA)

Symposium: Hypoglycemia in Special Circumstances

Exercise Michael Riddell, PhD (York University, Toronto, Canada)

Joint ADA/ASN Symposium-Cardiovascular and Renal Protection in Diabetes-Beyond SGLT2
Inhibitors and GLP-1 Receptor Agonists

Emergence of Novel Mineralocorticoid Receptor Antagonists in the Age of FIGARO and
FIDELIO Peter Rossing, MD (Steno Diabetes Center, Copenhagen, Denmark)

Future Outlook for Diabetic Kidney Disease - Precision Medicine Bringing Novel Agents
into the Spotlight Alice Cheng, MD (University of Toronto, Canada)

Mini-Symposium: Hypoglycemia and Cardiovascular Events: A Causal Relationship?

Hypoglycemia and Cardiovascular Events: A Causal Relationship? David Matthews, MD

(University of Oxford, UK); Thomas Pieber, MD (Medical University of Graz, Austria)

Mini-Symposium: How to Help Your Patients and Bottom Line Using Novel Diabetic
Retinopathy Diagnostic Tools

Early Treatment Diabetic Retinopathy Study Scale - Stages and Treatment - Implications
for Health Care Providers Karl Csaky, MD, PhD (Retina Foundation, Dallas, TX)
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Use of Artificial Intelligence Analysis of Diabetic Retina with Automated Computer
Algorithms and Remote Reading Centers Aaron Lee, MD (University of Washington Medicine,

Seattle, WA)

Oral Presentations: Effective Diabetes Care - At What Cost?

The Burden of Chronic Kidney Disease Progression in Type 2 Diabetes Patients
Lawrence Blonde, MD (Ochsner Medical Center, New Orleans, LA)

Oral Presentation: Epidemiology of Diabetes Outcomes

Novel Biomarkers Predicting Renal Dysfunction in People with Dysglycemia in the
ORIGIN Trial Hertzel Gerstein, MD (McMaster University, Canada)

Microvascular Complications in Latent Autoimmune Diabetes of Adults: Results from the
UKPDS Ernesto Maddaloni, MD (Bio-Medico University of Rome, Italy)

Professional Interest Group Discussion: New Insights and Remaining Challenges in Diabetes
Management and Complications

Recent Resurgence in Selected Complications in Young and Middle-Aged Adults
Edward Gregg, PhD (Imperial College London, UK)

Diabetes Complications Poster Highlights

Policy, Epidemiology, and Education
Symposium: The Environment and Diabetes

Climate Change and Diabetes-Opportunities for Co-Benefits William Dietz, MD, PhD (George

Washington University, Washington, DC)

Symposium: Are Taxes the Solution to the Diabetes Epidemic?

Overview of Food Policy Levers for the Prevention of Obesity and Diabetes Karen Siegel,

PhD (Centers for Disease Control, Atlanta, GA)

Symposium: Language Matters-Improving Communication in Diabetes Care

Strategies to Improve Communication Between Patient and Provider Jane Speight, PhD

(The Australian Centre for Behavioural Research in Diabetes; Diabetes Victoria and Deakin University,

Australia)

Symposium: Precision Medicine in Diabetes Mellitus

The Current State of Precision Medicine in Diabetes Ewan Pearson, MD, PhD (University of

Dundee, Scotland)

Symposium: Too Many Patients, Too Little Time-Streamlining Practice to Care for the Patient
with Diabetes

Too Many Patients, Too Little Time-Streamlining Practice to Care for the Patient with
Diabetes Emmanuel Dalavai, MBA, DBA (Parkland Health, Dallas, TX) and Uma Gunasekaran, MD (UT

Southwestern, Dallas, TX)

Symposium: Too Many Patients, Too Little Time-Streamlining Practice to Care for the Patient
with Diabetes

Models to Meet the Challenge of Diabetes Supply and Demand Linda Siminerio, PhD

(University of Pittsburgh, PA)

Oral Presentations: Links Between Diabetes and Cardiovascular Disease

Use of Guideline-Recommended Risk-Reduction Strategies among Patients with Type 2
Diabetes and Established ASCVD: Insights from Getting to an Improved Understanding
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of Low-Density Lipoprotein Cholesterol and Dyslipidemia Management (GOULD)
Mikhail Kosiborod, MD (Saint Luke's Mid America Heart Institute, Kansas City, MO)

Oral Presentations: Making a Difference in Five Minutes - Interventions in Diabetes for
Anyone (With Richard R. Rubin Award Lecture)

Richard R. Rubin Award Lecture - #DiabetesPsychologyMatters Frank Snoek, PhD (VU

University Medical Center, Amsterdam, The Netherlands)

Overcoming Psychological Insulin Resistance William Polonsky, PhD (Behavioral Diabetes

Institute, San Diego, CA)

Management of Diabetes Burnout Susan Guzman, PhD (Behavioral Diabetes Institute, San Diego,

CA)

Oral Presentations: Teens with Diabetes-Intervention, Assessment, and Understanding

A Randomized Controlled Trial to Improve Self-Monitoring of Blood Glucose among
Youth with Type 1 Julie A. Wagner, PhD (University of Connecticut, Farmington, CT)

Policy, Epidemiology, and Education Poster Highlights

NAFLD/NASH
Oral Presentations: Mechanisms of Hepatic and Extrahepatic Insulin Action in Humans

Pioglitazone Discontinuation in Patients with Nonalcoholic Steatohepatitis (NASH) Is
Associated with Disease Recurrence Fernando Bril, MD (University of Florida, Gainesville, FL)

Oral Presentations: Interventions on Prediabetes/Nonalcoholic Fatty Liver Disease/
Nonalcoholic Steatohepatitis

Effects of Dapagliflozin, an SGLT2 Inhibitor, on Hepatic Steatosis and Fibrosis Evaluated
by Transient Elastography in Patients with Type 2 Diabetes and Nonalcoholic Fatty Liver
Disease Yoshimasa Aso, MD (Dokkyo Medical University, Tochigi, Japan)

Symposium: Nonalcoholic Steatohepatitis (NASH)-The Overlooked Complication of Type 2
Diabetes

NAFLD/NASH Poster Highlights

Award Lectures and Additional Topics
President's Address

President, Health Care & Education Address-It's All about Access! Gretchen Youssef, MS,

RDN, CDE (MedStar Health, Columbia, MD)

Award Lectures

Banting Medal for Scientific Achievement - "Treasure Your Exceptions" - Studying
Human Extreme Phenotypes to Illuminate Metabolic Health and Disease Stephen

O'Rahilly, MD (University of Cambridge, UK)

Outstanding Educator in Diabetes Award Lecture: The Most Important Thing We Give to
People Is Hope - Overcoming Stigma in Diabetes and Obesity Virginia Valentine (Clinica La

Esperanza, Albuquerque, NM)

Kelly West Award Lecture: Improving Outcomes-Translating Epidemiology to Clinical
Trials Elizabeth Mayer-Davis, PhD (The University of North Carolina, Chapel Hill, NC)

Norbert Freinkel Award Lecture: Translating Research on Diabetes and Obesity in
Pregnancy into Prevention Assiamira Ferrara, MD, PhD (Kaiser Permanente Northern California,

Oakland, CA)
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Outstanding Scientific Achievement Award Lecture: Obesity and the Biology of Weight
Regulation Sadaf Farooqi, PhD (University of Cambridge, UK)

Richard R. Rubin Award Lecture - #DiabetesPsychologyMatters Frank Snoek, PhD (VU

University Medical Center, Amsterdam, The Netherlands)

Symposium: Major Advances and Discoveries in Diabetes-The Year in Review

Clinical Advancements in Diabetes over the Past Year Dan Drucker, MD (Lunenfeld-

Tanenbaum Research Institute, Toronto, Canada)

Symposium: Opportunities and Challenges of Real-World Evidence in Diabetes

Assessment of the Effectiveness and Safety of Newly Marketed Therapies for Diabetes in
Real-World Patients Elisabetta Patorno, MD, DrPH (Brigham and Women's Hospital, Boston, MA)

Symposium: Precision Medicine in Diabetes Mellitus

Emerging Precision in Phenotypic Diabetes Classification and Diagnosis and Emerging
Precision in Genotypic Diabetes Classification and Diagnosis Tiinamaija Tuomi, MD

(Helsinki University Hospital, Helsinki Hospital, Finland) and Miriam Udler, MD PhD (Massachusetts General

Hospital, Cambridge, MA)

Mini-Symposium: Current Issues-Rigor and Integrity in Diabetes Research

The Reproducibility Crisis-Realigning Incentives to Restore Scientific Integrity Daniel

Drucker, MD (Mt. Sinai Hospital, Toronto, Canada)

Oral Presentations: New Agents and Strategies

The Effect of 14-Day Atorvastatin Treatment on Postprandial Glucose Metabolism in
Healthy Males - A Link to Why Statin Therapy Increases the Risk of Type 2 Diabetes?

Martin Thomasen, MD (Steno Diabetes Center Copenhagen, Denmark)

Special Seminar: Innovations in Medical Training

Cardiometabolic Medicine-A Call for a New Subspecialty Training Track to Address the
Diabetes Burden Robert Eckel (University of Colorado, Denver, CO)

Corporate Symposia

Amgen Corporate Symposia James Underberg, MD (NYU School of Medicine, New York, NY); Eliot

Brinton, MD (Utah Foundation for Biomedical Research, Salt Lake City, UT)

Exhibit Hall
Diabetes Therapy

Allergan
Amarin
Amgen
AZ
Bayer
BI/Lilly
Genfit
Gubra
Janssen
Merck
Novo Nordisk
nPOD
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Sanofi
TrialNet
Xeris

Themes

Diabetes Therapy

To Primary Prevention and Beyond: Will REWIND Accelerate the Field Toward
Earlier Adoption of Cardioprotective Therapies?

▪ As one of the most highly anticipated readouts at ADA 2019, REWIND results
underscored the potential benefits of earlier, more aggressive intervention in type 2
diabetes. REWIND provided the first concrete evidence that GLP-1-mediated cardioprotection
extends to those without established CVD, with strong consistency on the primary outcome between
the trial's primary (69% of participants) and secondary (31%) prevention cohorts (HR=0.87 on
3-point MACE for both cohorts). Importantly, many consider REWIND to be more applicable to the
general type 2 population than any other previously conducted CVOT, bolstered by a long duration
of follow-up (median 5.4 years), as well as a low baseline A1c (median 7.2%) and large enrollment of
women (46%). KOLs interpreted REWIND results as solidifying a class effect for cardioprotection
(we think this is generally great for the class as it prompts greater understanding and acceptance of
GLP-1 as a class - this is good for patients when HCPs feel they better understand classes), and many
speculated that benefits seen in primary prevention probably extend to other GLP-1s in the class.
Consequently, there's hope that these results may spur clinicians to adopt GLP-1 therapy earlier on
in the progression of type 2 diabetes. University of Glasgow's Dr. Naveed Sattar noted that "this new
evidence will continue to push towards these agents to be used sooner in algorithms and clinical
care" but that cost considerations will still pose a barrier to widespread adoption. Cost
considerations could dissipate, of course - we hope that they will, and we'd certainly think that those
with established heart disease should certainly find it easier to get GLP-1. From our view, patient
and doctor lack of familiarity with the class is a bigger problem - we continue to be amazed how
many HCPs we meet who do not know the GLP-1 or SGLT-2 classes or anything about
cardioprotection; recent research from The diaTribe Foundation and dQ&A supports that patient
education and awareness of CVD and cardioprotective therapies could be improved. UCSF's Dr.
Alice Cheng expressed similar optimism as Dr. Sattar, commenting that she hopes that REWIND
"will shift treatment paradigms to first focus on outcome-based therapies." While we love the idea,
we also believe many payers will take some time until they are investing in primary prevention - we
hope for the sake of patients as well as our economy that this changes. Relatedly, Dr. Subodh Verma
and colleagues penned an editorial accompanying the publication of REWIND results that
advocated for earlier intervention with GLP-1s (and SGLT-2s) in type 2: "If we are to reduce the
burgeoning pump, pipes and filter complications of diabetes, we will need to overcome clinical
inertia, and embrace these disease-modifying therapies early, and preferably in combination. The
REWIND trial makes a strong case in this regard." We're thrilled to see some of the community
moving toward earlier adoption of these treatments as a way to focus on prevention of adverse
cardiovascular and renal outcomes. We also believe patient education must be bolstered - it is also
true that this is a barrier as is patient time with doctors to discuss new and preventive therapies.

▪ Buttressing this point, a new CREDENCE analysis highlighted similar CV and renal
risk reduction in primary and secondary prevention cohorts for SGLT-2 Invokana.
Very encouragingly, and somewhat startlingly, the analysis showed a trend toward greater CV
benefit in the primary prevention group in CREDENCE. On three-point MACE, canagliflozin
treatment was associated with a 32% RRR (HR=0.68, 95% CI: 0.49-0.94) in the primary prevention
group and a 15% RRR (HR=0.85, 95% CI: 0.69-1.06) in the secondary prevention group - quite a big
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difference. A similar trend was also seen on renal outcomes, solidifying a favorable risk/benefit
profile for using canagliflozin in primary prevention groups, both for reducing CV and renal risk. Of
course, we do note that all participants in CREDENCE had macroalbuminuria, which is a known risk
factor for silent ischemic heart disease - some KOLs have pointed this out to argue that
CREDENCE's cohort of those without CVD does not represent a truly primary prevention cohort. Of
course, this does not completely nullify the utility of earlier use of these therapies!

Renal Outcomes: Buzz Around SGLT-2s for CKD Prevention and Treatment
Continues to Grow; Potential Role for GLP-1s and Combination Therapy

▪ ADA 2019 saw an explosion of data focusing on the role of diabetes therapies in
improving renal outcomes. Following enticing secondary endpoint data from CVOTs for
SGLT-2 inhibitors that was topped by last July's field-altering news that J&J's CREDENCE renal
outcomes trial was stopped ~one year early due to overwhelming efficacy, we've seen the diabetes
community (at least the KOLs in greater earnest) start to seriously focus on how newer therapies
may have extra-glucose effects that protect the kidney. This emphasis seemed to grow sharply at
ADA 2019, where new data on GLP-1 agonists and SGLT-2 inhibitors further underscored their
potential in this space.

◦ Exploratory renal results from REWIND helped to solidify thought leader opinion on the
comparative efficacy of GLP-1s and SGLT-2s on renal outcomes. As a reminder, on the
primary composite of new macroalbuminuria, ≥30% fall in eGFR, or progression to renal
replacement, REWIND showed that dulaglutide conferred a significant 15% risk reduction
(HR=0.85, 95% CI: 0.77-0.93, p=0.0004) vs. placebo. This was driven primarily by
reduction in new macroalbuminuria (HR=0.77, 95% CI:0.68-0.87), followed by sustained
eGFR decline (HR=0.89, 95% CI:0.78-1.01, p=0.066), and slightly by a reduction in renal
replacement therapy (HR=0.75, 95% CI:0.39-1.44, p=0.39). Importantly, it appears that
much of the renal benefit seen here was driven by reduction in microalbuminuria, which
some researchers argue is the least important component of renal outcomes. KOL
consensus regarding these results was summarized by Dr. Naveed Sattar, who noted that
"to prevent deterioration on harder renal outcomes, SGLT-2 inhibitors have an advantage
and one imagines that more clinicians are more impressed by the SGLT-2 inhibitor effects
on renal outcomes." Indeed, landmark CREDENCE results for SGLT-2 inhibitor Invokana
have dramatically raised the threshold for excitement over renal data. Nonetheless, we still
view REWIND's data quite positively, especially in light of the lower-risk population vs.
other CVOTs and CREDENCE. It's important to note that no therapies have been approved
for CKD management in nearly 20 years, so there's a desperate unmet need that ideally
could be filled by multiple classes to better suit the diversity of patients with type 2
diabetes. Further, since the SGLT-2 inhibitor and GLP-1 agonist classes operate by such
different mechanisms, we believe there could well be additive or synergistic CV/renal
benefit, on top of additive glycemic benefit though that would need to be studied in bigger
groups than it has been. Currently, only Novo Nordisk has begun dedicated investigation of
a GLP-1 in CKD, with the FLOW renal outcomes trial (n=3,120, up to five years, expected
completion August 2024) for Ozempic (injectable semaglutide). It goes without saying
there will be interest in an oral sema outcomes trial for CKD as well, if this one goes well -
it will be interesting to see if Ozempic CKD outcomes are viewed as generalizable to oral
sema.

◦ Encouraging data for both Janssen's Invokana and AZ's Farxiga were
presented and further build on strong interest in SGLT-2 inhibitors for
improving renal outcomes. A new CREDENCE analysis presented on the last day of
ADA 2019 showed remarkably consistent renal outcomes in both primary and secondary
prevention CVD groups, offering strong evidence for the earlier use of canagliflozin in
these populations and highlighting the robustness of its renal efficacy. We also saw very
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positive in-depth renal outcomes from the DECLARE CVOT for Farxiga, detailing its
potential in CKD prevention and treatment. Also on Farxiga, an economic modeling study
suggested potential for dramatic renal-related healthcare savings with Farxiga ($2.8 billion
in total; $285/patient over four years). We're tremendously excited about the potential
these therapies hold in bending the curve when it comes to renal outcomes, and the
potential cost savings they could generate with broader application - we are concerned,
however, at how payers will interpret these results.

What's Coming Down the Pipeline? Oral Semaglutide, Easier Emergency
Glucagon, Dual Agonists, New Insulins, PPAR Agonists and MetAP2 Inhibitors

▪ A slew of data readouts gave a peek into the future of diabetes pharmacotherapy,
headlined by PIONEER 6 results for oral semaglutide. Without a doubt, the first-ever oral
GLP-1 stole a big part of the show with its significant, 49% relative risk reduction in all-cause
mortality (HR=0.51, 95% CI: 0.31-0.84) - though the small size of the trial seemed to temper the
excitement for some. Currently under regulatory review (in the US, EU, and Canada), it's also one of
the most advanced candidates in the diabetes pipeline at present - but there was much more to be
excited for at ADA 2019. Without a doubt, one of our main takeaways from the ADA is that diabetes
R&D continues to progress, with multiple new classes showing great promise, even though doctors'
offices have multiple problems that are preventing optimal discussions and plans for patients. Still,
first, on the science:

◦ Next-gen glucagons. On day 1, we saw promising data for Lilly's nasal glucagon,
demonstrating non-inferiority to intramuscular glucagon in type 1 and type 2 Japanese
patients, though the recovery time was significantly slower than traditional glucagon.
While presenter Dr. Munehide Matsuhisa contended that this difference was not clinically
relevant in his opinion, we've recently seen Zealand management highlight faster time to
recovery with its dasiglucagon candidate (as compared to nasal glucagon and Xeris' Gvoke
HypoPen) as the key differentiating factor among these three emerging candidates. Indeed,
in the full results presentation for Zealand's phase 3 pivotal results on day 4, we learned
that the calculated, "true time" to recovery (glucose levels were measured discretely, every
2-minutes, so Zealand calculated an estimated time that could fall between 2-minute
segments) was 9 minutes, compared to 10 minutes with Novo Nordisk's reconstituted
glucagon. That said, no head-to-head trial of next-gen candidates have been conducted,
and all of the newer agents, all else equal, represent very clear usability improvements over
current glucagon kits.

◦ Zafgen's MetAP2 inhibitor ZGN-1061. A candidate extolled by Emory's Dr. James
Gavin for its weight, glycemia, and liver benefits, dose dependent reductions in A1c (1.1%
placebo-adjusted) and weight (~5.1 lbs) were found in full phase 2 results from day 1, with
no flattening of the reduction curves at week 12. Perhaps most importantly, no treatment-
related serious adverse events occurred, and there was no elevation in D-dimer
concentrations (a biomarker of thrombosis). ZGN-1061 is currently on clinical hold in the
US because of FDA safety concerns related to thrombosis concerns with Zafgen's previous
MetAP2 inhibitor, beloranib, which was discontinued in 3Q16. On this front, however,
Zafgen just provided an update on this clinical hold, stating that the agency has
acknowledged positive in vitro assays for plasma coagulation and tissue factor expression.
Next up will be an in vivo assay to confirm safety, which Zafgen and FDA are jointly
developing.

◦ Tirzepatide. Along with oral semaglutide, Lilly's GLP-1/GIP dual agonist tirzepatide
seems poised to be the next major advancement in GLP-1 and type 2 diabetes - and
perhaps NASH and obesity - pharmacotherapy, and it remains the only dual agonist in
phase 3. Highly-anticipated phase 2 titration results for the dual agonist showed that high
discontinuation rates for tirzepatide due to adverse events seen in the candidate's main
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phase 2b study could be ameliorated through slower titration, bringing rates down from
25% at the highest dose to <5% across all doses. It was favorable for Lilly to see this
concern mitigated - doctors are too busy to deal with side effects and it's much better for
patients if therapies are as simple as possible to take.

◦ URLi (ultra-rapid insulin lispro). Phase 3 results in both type 1 and type 2 diabetes
for Lilly's next-gen insulin were presented on day 3 to a standing-room-only crowd. In
summary, URLi demonstrated significant improvement over Humalog on postprandial
excursions when dosed pre-meal and was noninferior when dosed 20 minutes after the
meal (prompting Lilly to submit for a post-meal dosing indication, similar to that of Novo
Nordisk's Fiasp). However, there were no differences on A1c. Time in range data wasn't
given, which was disappointing, since no change in A1c could mean multiple things. We'll
be particularly intrigued to hear how thought leaders process these results and how Lilly
positions URLi relative to Humalog (so far, it has only been filed in the EU and Japan,
though US submission is slated for 2019). Thought leaders seem split over Fiasp's added
value vs. current mealtime options: Some feel the advantages it brings over NovoLog are
essentially marginal, while others have identified potential for its use in closed loop
systems due to the molecule's faster PK/PD profile - we'll have to wait and see on the
latter.

◦ Non-TZD PPAR pan-agonist chiglitazar. Developed by Chinese company Chipscreen
Biosciences, the phase 3 candidate demonstrated significant improvements vs. placebo and
non-inferiority to sitagliptin on A1c over 52 weeks, with strong tolerability and safety.
Despite this candidate's promise, we imagine US development is not a priority (or even on
the table), as we're very confident FDA would require a full CVOT. Although tolerability on
multiple fronts may be positive, weight gain is virtually always an issue with PPARs.

Type 1 Prevention Efforts Score Breakthrough Win with Teplizumab (First Drug
to Delay Type 1 Diagnosis); Positive Two-Year Low-Dose ATG Results to Drive
Further Investigation; A Role for Liraglutide - Adjunct or Disease Modifying
Therapying?

▪ After an ADA 2018 that we characterized as "mixed" for the type 1 cure/prevention/
therapy landscape, ADA 2019 saw a major breakthrough in the field with positive
results from the highly-anticipated phase 2 trial of teplizumab in type 1 prevention.
Additionally, we saw new data from TrialNet's study of low dose ATG (+/- GCSSF) in type 1 (positive
two-year results strengthen those presented last year at ADA 2018), contributing to a meeting strong
in terms of emerging research in the field.

◦ Teplizumab made the biggest splash in terms of type 1 data at ADA 2019,
becoming the first drug to show clinical potential in delaying a type 1
diagnosis. Teplizumab treatment was associated with marked reductions on cumulative
diabetes onset (72% vs. 43%, HR=0.41, p=0.006) and time to diagnosis (48 months vs. 24
months) compared to placebo. With these phase 2 results, teplizumab reshapes the
paradigm of pursuit for type 1 prevention, validating the idea that a drug could actually
delay progression for a period of time. Of course, the treatment is not perfect - adverse
events were significantly more common during administration of the treatment, not all
patients in the trial responded strongly, and the patient population studied was very
narrow (e.g., ≥2 autoantibodies) in comparison to all those who might be at risk for type 1.
Further work must try to pinpoint responders and investigate the potential of combination
therapies with teplizumab for further efficacy. Still, it's important to realize the gravity of
these findings in context. We thought that University of Florida's and nPOD Director Dr.
Mark Atkinson described the impact of this data best during a conversation with our team,
calling it "not exactly a homerun" but an important step forward in the field in actually
showing that type 1 prevention is possible. Nonetheless, these results hold the potential to
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significantly impact research priorities in the field and future clinical practice. At ENDO
Fellows 2019, we heard TrialNet's Dr. Carla Greenbaum gush about the potential that
teplizumab could have. Looking ahead, there's still a long road toward commercialization
for teplizumab, for which rights are owned by Provention Bio.

◦ Teplizumab's developmental story underscores the complexity of
trying to develop type 1 therapies. The compound has a mixed history,
colored by positive and neutral results alike and marked by a high-profile phase 3
disappointment in 2010 with Lilly and MacroGenics. We can't applaud the
researchers associated with this project enough for their persistence, belief, and
hard work in driving this therapy forward and advancing the entire field. As
investment in the type 1 field increases - 2018 saw major players in Novo Nordisk
and Lilly make significant investments in type 1 cures - we hope that lessons from
teplizumab's winding story underscores the non-linearity of type 1 research
progress.

◦ We also saw positive data on low-dose ATG in new-onset type 1. In the TrialNet
sponsored study, on the primary outcome measure of preserved C-peptide after two years
(measured by mean mixed-meal tolerance test), ATG treatment alone was associated with
a significant increase compared to placebo (p=0.00005). TrialNet fully intends to further
pursue ATG in the type 1 landscape, and we're optimistic about its future. These results
follow positive one-year data presented last year at ADA 2018.

◦ Liraglutide's role as a both a type 1 adjunct and potential disease-modifying
therapy continues to be fleshed out, with moderately positive results in new-
onset type 1 presented at ADA 2019. The small, independent NewLira study showed
that after one year of treatment with either liraglutide 1.8 mg and insulin or placebo and
insulin, those randomized to liraglutide had a 44% higher AUC C-peptide than the placebo
group (the study's primary endpoint), meeting significance at p=0.04. Despite the
borderline significance on this endpoint, our sense is that the community was not
overwhelmingly excited about the positivity of these results. However, a Novo Nordisk
sponsored study of liraglutide plus anti-IL 21 for beta cell preservation just completed and
could shift the narrative on liraglutide for type 1. Additionally, although we continue to
believe that GLP-1s have serious potential as a type 1 adjunct and definitely deserve further
investigation (many clinicians and patients have spoken positively about their experiences
with this adjunct therapy), our sense is that sponsors remain hesitant to pursue an actual
indication in type 1 given the significant financial investment and clinical challenges
involved. Nonetheless, despite tempered engagement from sponsors, enthusiasm from
researchers remains high: for example, JDRF is sponsoring a type 1 triple therapy study
that includes semaglutide, and Dr. Paresh Dandona continues to tout liraglutide in type 1.
As for us, we'd like to see a CVOT and we'd like to see oral sema tested in type 1.

DiRECT, PREVIEW, and D2d Bring Prevention and Remission to the Forefront;
Adherence Remains a Major Barrier; Recent CDC Incidence/Prevalence Paper a
Major Discussion Point Amongst Providers

▪ Prevention and remission discussions were imbued with new vigor by very positive
results from DiRECT (diabetes remission and beta cell recovery with a very low calorie diet) and
PREVIEW (reduced diabetes incidence with high/med protein diet + high/med intensity activity) as
well as a trend toward diabetes prevention benefit with vitamin D in D2d. Several subthemes
emerged from these discussions:

◦ Adhering to lifestyle and dietary changes is hard, but not necessarily harder
than adhering to medication. While only 43% of participants completed the three-year
PREVIEW program, 68% (102/149) completed the two-year DiRECT intervention. This is
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comparable to a 2016, Novo Nordisk-funded study that found that 65% of people with type
2 diabetes were adherent to their diabetes medications (defined as filling their diabetes
prescriptions more than 80% of the time - of course whether or not they take them is
another question, even if this study did reflect the "real world"). There is certainly room for
improvement in both paradigms, but there is also much potential for improvement in
visibility and accessibility to these programs. For example, not only does DiRECT achieve
an impressive rate of diabetes remission, but it shows that can be done in the primary care
setting through nurses and dieticians with fairly minimal training on the intervention. We
are thrilled to think about this moving to standard-of-care and all the people who could do
so much better with appropriate investment in this intervention.

◦ Both PREVIEW and DiRECT included extensive support, meaning these
attrition rates might be best-case scenarios - or they may be major
opportunities. Indeed, Nottingham's Dr. Ian MacDonald, who presented PREVIEW
results, believes adherence to lifestyle changes will prove a key barrier, and one that is
deserving of more research. During his review of clinical diabetes developments over the
last year, Toronto's Dr. Dan Drucker highlighted this aspect of treatment as the most high-
need area in diabetes, calling for more investment in implementation research. Of note,
other behavioral change interventions with more significant coaching, such as Virta's low-
carb + continuous remote care program, have demonstrated relatively high (but still
declining over time) retention rates - 91% after ten weeks, 83% after one year, and 74%
after two years.

◦ Earlier intervention translates to more likely remission. In DiRECT,
characteristics of the responder and non-responder populations were nearly identical at
baseline, with the exception of diabetes duration: 2.7 years for responders vs. 3.8 years for
non-responders. We think this concept could be applied more broadly across all of diabetes
treatment to promote better health outcomes and cost-effectiveness in the long-term.

◦ University of Florida's Dr. Mark Atkinson told our team that a prominent
discussion point of providers at the conference, unrelated to what was
presented, was the recent CDC analysis suggesting that US adult diabetes
incidence has steadily declined since 2007 and prevalence has remained
stable since 2009. Unfortunately, it seems as though no one has yet been able to
pinpoint a clear-cut explanation for these abrupt and sustained shifts that contradict other
trusted datasets, including both NHANES and the CDC's self-report Behavioral Risk Factor
Surveillance System. The sense we've received from speaking to experts is that changes in
diagnostic criteria, for example, are likely a bigger driver than large-scale shifts in
population health, though we look forward to learning more.

STENO-2 and GOULD Underscore Benefits of and Need for Widespread CV and
Diabetes Risk Management; Clinical Inertia More Important Than Cost (in the
Long-term); Primary Care a Key Target for Education

▪ New stroke results from the 21-year follow-up of STENO-2 demonstrated how much
there is to gain by achieving therapeutic targets - namely, one year of life expectancy
per each year at recommended A1c, weight, blood pressure, and LDL goals. However,
baseline results from the nationwide GOULD registry showed how far we have yet to go: A
"soberingly poor" 6% of participants were on guideline-recommended optimal medical therapy.
While this doesn't necessarily mean that only 6% of US adults are achieving targets, Steno's Dr.
Peter Gæde pegged that number at a similarly disheartening 14.3% based on a long-term survey
from 1999-2010. The key takeaway from both presentations? We need more widespread and
comprehensive diabetes and CV risk management, whether through lifestyle or pharmacotherapy,
because it saves, extends, and improves lives. Not only that, but the therapies and interventions in
STENO-2 were also cost neutral in the long-term due to the prevention of complications. On this
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thread, Dr. Mikhail Kosiborod dismissed cost as the primary driver of poor medication use, instead
offering clinical inertia as the main culprit. Seeing as only 55% of those with diabetes in the GOULD
registry were prescribed metformin, it would certainly appear that clinical inertia was present,
though we think it likely that cost contributed at least in part to the low uptake of cardioprotective
medicines (only 15% with type 2 were taking SGLT-2 inhibitors or GLP-1 agonists). To truly move
the needle on therapeutic inertia, we believe a strong emphasis must be placed on the role and
education of PCPs. As it stands, primary care offices are where most diabetes diagnosis/treatment
occurs, yet diabetes education is inadequate during medical school and residency. According to
Primary Care Education Consortium's Dr. Steven Brunton: Doctors are more likely to do something
if they feel like they have the skills to do it, so concentrated but brief education on diabetes could be
hugely impactful. To this end, we wonder how initiatives such as the ADA's Diabetes is Primary
campaign could more effectively penetrate PCP offices.

◦ Novo Nordisk's oral semaglutide could be a paradigm-shifting candidate, in
our opinion. Combining cardioprotection, weight loss, and A1c benefit into an oral
medication has the potential to improve adherence and reduce providers' hesitancy to start
a traditionally injectable therapy, particularly earlier in the disease course. That said, only
9% of the GOULD cohort was on an SGLT-2 inhibitor, which contains many similar
benefits. Also, adherence to therapy, regardless of administration route, remains a difficult
nut to crack.

Diabetes Garners Significant Visibility through Simultaneous High-impact Data
Publications and Editorials

Diabetes was heavily featured across multiple high-impact journals during ADA 2019; we've compiled all that
were featured in our daily highlight reports below. Let us know what else should be added:

▪ Day #1

◦ "Soberingly poor" baseline results from the GOULD (Getting to an imprOved
Understanding of Low-Density lipoprotein cholesterol and dyslipidemia management)
registry - Our highlight; Circulation

◦ The D2d trial, which found no significant decrease in risk of progression to type 2 diabetes
with vitamin D - Our highlight; NEJM

◦ A 13-month RCT comparing finding greater A1c reduction with a Voluntis Insulia (basal
insulin titration app) vs. standard-of-care - Our highlight; DOM

▪ Day #2

◦ Full PIONEER 4 results, demonstrating oral semaglutide's superiority to liraglutide on
weight loss and possible glycemic control - Our highlight; The Lancet; Accompanying
Editorial

◦ An updated report on Fournier's Gangrene with SGLT-2 inhibition, adding 43 new cases to
the 12 initially reported by FDA last August - Our highlight; Annals of Internal Medicine

◦ The international consensus on time-in-range - Our highlight; Diabetes Care

▪ Day #3

◦ CV outcomes from the positive REWIND CVOT for GLP-1 agonist Trulicity - Our highlight;
The Lancet

◦ Renal outcomes from the positive REWIND CVOT for GLP-1 agonist Trulicity - Our
highlight; The Lancet

◦ Phase 2 teplizumab results; the first-ever drug to delay type 1 diagnosis - Our highlight;
NEJM
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◦ Full PIONEER 5 results, demonstrating efficacy and safety of oral semaglutide in people
with type 2 diabetes and moderate renal impairment - The Lancet Diabetes &
Endocrinology; Accompanying editorial

◦ Full PIONEER 7 results, demonstrating oral semaglutide's superiority over DPP-4
inhibitor sitagliptin on A1c and weight loss - The Lancet Diabetes & Endocrinology;
Accompanying editorial

◦ Very positive, in-depth renal outcomes from the DECLARE CVOT for SGLT-2 inhibitor
Farxiga - Our highlight; The Lancet Diabetes & Endocrinology

◦ DUAL VIII results showing longer sustainment of A1c <7.0%, halg the weight gain,
reduction in hypoglycemia with GLP-1/insulin fixed-ratio combination Xultophy vs. basal
insulin Lantus - Our highlight; Lancet Diabetes & Endocrinology; Accompanying editorial

▪ Day #4

◦ Impressive stroke results from the 21-year STENO-2 follow-up for multifactorial
intervention (simultaneous glucose, blood pressure, and lipid lowering) - Our highlight;
Diabetologia

◦ AWARD-7 post-hoc showing lesser decline in eGFR associated with dulagutide treatment
was not influenced by body weight loss - Our highlight; DOM

GLP-1 Agonists

Symposium: Once-Weekly Dulaglutide and Major Cardiovascular Events-
Results of the REWIND Trial

In one of ADA 2019's most highly-anticipated presentations, the full readout of Lilly's REWIND CVOT
(n=9,901) for GLP-1 agonist Trulicity (dulaglutide 1.5 mg) revealed a 12% relative risk reduction (RRR) on
3-point MACE (HR=0.88, 95% CI: 0.79-0.99) vs. placebo. Results were simultaneously published in The
Lancet in two separate papers (CV outcomes, renal outcomes). Of critical importance, there was strong
consistency on the primary outcome between the trial's primary (69% of participants) and secondary (31%)
prevention cohorts. The hazard ratio on MACE was 0.87 for both groups, with identical confidence intervals
(95% CI: 0.74-1.02) - meaning that REWIND offers the first evidence that a GLP-1 agonist can reduce MACE
risk in people with type 2 diabetes but without established CVD. Moreover, the "exploratory" renal analysis
identified a (nominally) significant impact on the progression of renal disease and a number of other
microvascular outcomes - find far more on that below. In addition to the large primary prevention cohort,
REWIND is particularly notable for its duration of follow-up (median 5.4 years), the longest of any GLP-1
CVOT, as well as a low baseline A1c (median 7.2%) and large enrollment of women (46%) - the presentation
emphasized that REWIND is more applicable to the general type 2 diabetes population than previous CVOTs.
Below, dig into our rundown of the eight-part, two-hour symposium, and take a look at our updated CVOT
landscape. As a reminder, these data have already been submitted to FDA and EMA.

Introduction and Research Question

Gilles R Dagenais, MD (Laval University Heart and Lung Institute, Quebec, Canada)

Dr. Gilles Dagenais gave an introduction to REWIND and GLP-1 agonist CVOTs, referencing the
demonstrated three-point MACE risk reductions from LEADER for Novo Nordisk's Victoza (liraglutide),
SUSTAIN 6 for Novo Nordisk's Ozempic (semaglutide), and HARMONY for GSK's discontinued Tanzeum
(albiglutide). However, he noted, these trials were in people with mean baseline A1c ≥8.0% and an annual risk
of CV events ≥4% - a comparatively higher risk population than that enrolled in REWIND.
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Background, Design, and Outcomes

Rafael Diaz, MD (Estudios Clínicos Latinoamérica, Rosario, Argentina)

Dr. Rafael Diaz dug deeper into the evidence to-date and baseline characteristics from GLP-1 CVOTs. On a
meta-analytic level, all five previously completed GLP-1 CVOTs combine to give a 12% RRR (95% CI:
0.84-0.94) on three-point MACE, including a 13% RRR (95% CI: 0.82-0.92) among those with established
CVD but no demonstrated benefit in those with multiple risk factors (HR=1.03, 95% CI: 0.87-1.23). For
reference, REWIND enrolled those ≥50 years old with vascular disease, ≥55 with subclinical vascular disease,
or ≥60 with two CV risk factors, on any therapy save prandial insulin. All participants had an A1c ≤9.5%
(which he characterized as a relatively high limit) and BMI ≥23 kg/m . Secondary outcomes included a2

microvascular composite (retinopathy + nephropathy), hospitalization for unstable angina, hospitalization for
heart failure, individual MACE components, and total mortality.

Participants and Follow-Up

Matthew Riddle, MD (Oregon Health and Science University, Portland, OR)

Dr. Matthew Riddle outlined baseline characteristics of the trial's 9,901 participants, including mean age of 66
years, 46% female and 76% white enrollment, 31% baseline CVD, 21% prior MI/stroke, 93% hypertension,
and 9% heart failure prevalence. Prior CV disease was defined as history of MI, ischemic stroke, unstable
angina with ECG change, myocardial ischemia on imaging or stress test, or revascularization (coronary,
carotid, or peripheral). Mean baseline A1c was 7.3%, BMI 32 kg/m , eGFR 75 ml/min/1.73 m , and diabetes22

duration 11 years; retinopathy prevalence was 9%, Stage 3 or greater CKD 22%, and albuminuria 35%.
Additionally, 81% were on metformin, 46% SUs, 24% insulin, 6% DPP-4s, 2% TZDs, and <1% other; 82% were
taking an ACE/ARB, 46% a beta blocker, 57% other blood pressure medication, 66% statin, 9% fibrate, and
54% antiplatelets. In an interview with our team, Dr. Brad Woodward (Global Brand Development Lead and
Senior Medical Director, Lilly) noted that 5%-7% of participants were taking an SGLT-2 at the end of the trial.
Median follow-up was 5.4 years, and total person years of follow-up was 51,820.

▪ At the end of REWIND, final status was known in 99.7% of participants in each arm; 97% attended
the final visit, had a primary outcome event, or had a non-CV death. Additionally, for Trulicity and
placebo respectively, 82%/83% of total follow-up time was on study drug, 73/71% were on study
drug at their last visit, 58%/56% never stopped study drug, and 11%/8% stopped due to an adverse
event - this last he characterized as low for a five-year study. Dr. Riddle seemed quite impressed by
the overall retention and adherence in the study, as well as the 0.61% treatment difference on A1c at
the end of the study (p<0.001) - which he called "rather significant and probably clinically
significant," particularly given the trial was not designed for A1c lowering. See the summary of
clinical measures below:
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Cardiovascular Outcomes

Hertzel Gerstein, MD (McMaster University, Hamilton, Canada)

Prof. Hertzel Gerstein presented cardiovascular results in the REWIND trial, headlined by a 12% RRR on
three-point MACE (HR=0.88, 95% CI: 0.79-0.99). Kaplan-Meier curves for the composite cardiovascular
outcome and each separate component (CV death, non-fatal MI, and non-fatal stroke) can be seen below. The
K-M curve for the composite outcome separates after the first year and demonstrates a steady separation over
time, consistent with hypothesized anti-atherosclerotic effects driving GLP-1 cardioprotection. Interestingly,
it appears as if benefits in non-fatal stroke (HR=0.76, 95% CI: 0.61-0.95, p=0.017) drove much of the primary
outcome benefit, which is similar to a 39% RRR on stroke with Ozempic in SUSTAIN 6.

▪ Dulaglutide's CV benefit was importantly consistent in those with and without
established CVD. Remarkably, the point estimate HR for both subgroups was identical (HR=0.87,
95% CI: 0.74-1.02). No significant interactions were seen in most subgroup analyses, with consistent
effects across age, sex, diabetes duration, baseline A1c, and BMI above or below 32 kg/m .2 A
disparity was seen in terms of geography, but this was attributed to the small sample size of
participants from the Asia Pacific region; further analysis by ethnicity showed no interaction.

▪ There was a trend toward mortality benefit, both CV and all-cause, with Trulicity, but
neither reached significance. The hazard ratio for all-cause death was 0.90 (95% CI: 0.80-1.01),
and the HR for CV death was 0.91 (95% CI: 0.78-1.06). To our understanding, the lack of
significance could be an effect of the lower-risk population, though it's hard to say for certain.

www.closeconcerns.com 24

https://www.closeconcerns.com/knowledgebase/r/82ce8d9f#Symposium:_SUSTAIN_6


Renal Outcomes

Helen Colhoun, MD (University of Edinburgh, Scotland)

University of Edinburgh's Dr. Helen Colhoun took the stage for the renal outcomes; on the primary composite
of new macroalbuminuria, 30% fall in eGFR, or progression to renal replacement, Trulicity conferred a
significant 15% risk reduction (HR=0.85, 95% CI: 0.77-0.93, p=0.0004). This was driven primarily by
reduction in new macroalbuminuria (HR=0.77, 95% CI:0.68-0.87), followed by sustained eGFR decline
(HR=0.89, 95% CI:0.78-1.01, p=0.066), and slightly by reduction in renal replacement therapy (HR=0.75,
95% CI:0.39-1.44, p=0.39). Seeing as the eGFR component just barely missed out on superiority, Dr. Colhoun
presented sensitivity analyses with more stringent guidelines (which are often used in dedicated renal trials or
other CVOTs, e.g., DECLARE). If the eGFR decline threshold had been set at ≥40%, then the component
would've reached nominal significance in favor of Trulicity (HR=0.70, 95% CI:0.57-0.85, p=0.0004), which
further improved when tested at ≥50% (HR=0.56, 95% CI:0.41-0.76, p=0.0002). Dr. Colhoun attributed this
trend to less random misclassification at more stringent thresholds. Notably, there were no subgroup

www.closeconcerns.com 25

https://www.closeconcerns.com/knowledgebase/r/b1c9db5f#Full_DECLARE_Results:_27_Risk_Reduction_on_Hospitalization_for_Heart_Failure_with_Farxiga_Drives_Superiority_on_Co-Primary_Composite_Balanced_Across_Primary_and_Secondary_Prevention_No_Superiority_on_MACE_or_Components_Impressive_Renal_Effects_and_Safety_


differences on the composite outcome based on baseline eGFR (>60 or ≤60 ml/min/1.73 m , p for2

interaction=0.65), albuminuria (p=0.66), and ACE or ARB use (p=0.23). The last is particularly intriguing to
us, as it suggests the renal benefit from Trulicity comes on top of antihypertensives, some of which are
renoprotective themselves.

▪ Given the recent, very positive readout of CREDENCE (SGLT-2 inhibitor Invokana in DKD), we
find it important to place REWIND's renal results in perspective. While CREDENCE may have
raised the threshold for excitement over renal data, we still view REWIND's data quite positively,
especially in light of the lower-risk population vs. other CVOTs and CREDENCE. It's important to
note that no therapies have been approved for CKD management in nearly 20 years, so there's a
desperate unmet need which ideally could be filled by multiple classes to better suit the diversity of
patients with type 2 diabetes. Further, since the SGLT-2 inhibitor and GLP-1 agonist classes operate
by such different mechanisms, we wonder whether there could be any additive or synergistic CV/
renal benefit, on top of additive glycemic benefit.

Safety

Jeffrey Probstfield, MD (University of Washington School of Public Health, Seattle, WA)

Dr. Jeff Probstfield's safety presentation was brief and reassuring: There was no significant difference
between the Trulicity and placebo arms on 1 study drug stopping, acute pancreatitis, any cancer, MTC or C-st

Cell hyperplasia, thyroid cancer, pancreatic cancer, serious renal/urinary event, serious GI event, SVT/CV
conduction disorder, or severe hypoglycemia. There was a slight trend toward more hepatic events with
placebo (p=0.057) and more immune reactions with Trulicity (p=0.022), but with very low numbers of
events. Comparing all GI adverse events, 47% on Trulicity and 34% on placebo were affected (p<0.0001). Dr.
Probstfield closed by underscoring a final measure of study population risk: The annual placebo MACE rate in
REWIND was 2.7%, compared to 3.9% in LEADER, 4.0% in EXCEL, 4.4% in SUSTAIN 6, 5.9% in
HARMONY, and 6.3% in ELIXA.

Summary and Implications

Lars Ryden, MD, PhD (Karolinska Institutet, Stockholm, Sweden)

Dr. Lars Ryden provided context for the REWIND trial, highlighting its influence on our interpretation of
existing data for the GLP-1 class. Building on a recent meta-analysis published in Circulation by Zelniker and
colleagues, Dr. Ryden showed that incorporating REWIND results leads to an overall weighted MACE hazard
ratio of 0.88 (95% CI: 0.84-0.93), solidifying a class effect for GLP-1s. Importantly, REWIND contributes
nearly 1/5 of the "weight" for the analysis, due to its large number of participants and long follow-up. In the
population with established CVD, incorporating REWIND gives a 13% RRR (HR=0.87, 95% CI: 0.82-0.92,
weight=12%); in those without CVD, the HR becomes 0.94 (95% CI: 0.84-1.06, weight=54%). Interestingly,
the inclusion of REWIND data shifts the hazard ratio in the "no prior CVD" population from >1.0 to <1.0, as
other trials for GLP-1s that included primary prevention cohorts (LEADER for liraglutide, SUSTAIN-6 for
semaglutide, and EXSCEL for exenatide) all showed neutral effects on MACE in this subgroup. Seeing as
thought leaders have mostly agreed upon cardioprotection as a GLP-1 class effect, we're curious to see
whether this data is compelling enough to convince the field of a cardioprotective effect for the class in
primary prevention populations as well - especially since other GLP-1 trials have not shown such benefit.

Independent Commentary

Sophia Zoungas, PhD (Monash University, Melbourne, Australia)

Monash University's Dr. Sophia Zoungas provided the independent commentary for REWIND, underscoring
the study's long follow-up and generalizable population as particularly noteworthy, especially when compared
with other GLP-1 CVOTs. We appreciated the thoroughness of her analysis, which dissected the trial methods,
results, and clinical implications one-by-one:

▪ REWIND's low annual placebo MACE rate (2.7 events/100 patient-years) reflects its
low-risk population and generalizability vs. all other GLP-1 CVOTs. By comparison,
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ELIXA had a placebo MACE rate of 6.3%/100 py, LEADER 3.9%/100 py, SUSTAIN-6 4.4%/100 py,
EXSCEL 4.0%/100 py, and HARMONY 5.9%/100 py. To this end, Dr. Zoungas posited that the
positive CV results across both the primary and secondary prevention cohorts of REWIND could lay
the first brick in a case to update the ADA/EASD Consensus Statement, promoting GLP-1 agonists
not only for those with established ASCVD but also for those with CV risk factors. Our sense,
however, is that it will take further study, and perhaps more robust data specific to the primary
prevention population, to truly move the needle.

▪ Although the excellent retention and adherence create a nearly flawless RCT analysis,
they do not lend themselves to real-world generalizations. As suggested by Drs. Steven
Edelman and Bill Polonsky in Diabetes Care in 2017, real-world data suggest that discontinuation
rates for GLP-1 agonists may approach nearly 60% by 1-2 years - far shorter than the 5.4 year follow-
up assessed in REWIND. To this end, while the results from REWIND are exciting for a multitude of
reasons, providers must focus on promoting adherence to Trulicity to realize the CV and renal
benefits, which may present cost-issues for some patients in the long-term. In general, Dr. Zoungas
called for more patient-reported-outcomes (yes!) in CVOTs, such as quality-of-life data, though she
acknowledged that their primary purpose is to assess the safety of novel therapies.

▪ Despite an apparent difference in Trulicity's effect on stroke (significant reduction)
and MI (nearly neutral), we should be cautious about drawing any conclusions on the
molecular or class levels. Firstly, the confidence intervals for both endpoints were wide and
overlapping in REWIND. Within the GLP-1 class, only SUSTAIN-6 has followed a similar pattern to
REWIND (significant stroke reduction, non-significant trend on MI). Other CVOTs for human-
based GLP-1s have had very different trends: In LEADER, MI and stroke trended very similarly
toward liraglutide, without significance, while MI was significant in HARMONY for albiglutide but
stroke was not.

▪ Consensus points toward kidney benefit and numerical increases in eye events in
GLP-1 CVOTs. The renal benefit seen with Trulicity was positive, "any way you look at it," while the
eye outcome trended toward placebo (HR=1.24, 95% CI:0.92-1.68). As a reminder, the retinopathy
signal in SUSTAIN-6 for Novo Nordisk's Ozempic (semaglutide) prompted an FDA Advisory
Committee prior to its approval.

▪ The number-needed-to-treat (NNT) to prevent one MACE event in REWIND was
comparable to other CVOTs - 60 for the overall population and 18 in those with established CV
disease, each over 5.4 years (the median follow-up). Intriguingly, Dr. Zoungas compared this value
to SGLT-2 inhibitors instead of GLP-1 agonists: 39 over 3.0 years for Lilly/BI's Jardiance in EMPA-
REG and 40 over 2.5 years for J&J's Invokana in CREDENCE. For GLP-1's, this metric is only
available for Novo Nordisk's products: 66 over 3.0 years for liraglutide in LEADER and 45 over 2.0
years for semaglutide in SUSTAIN-6. Notably, NNT is heavily dependent on the study population's
risk level, making comparisons only useful at a very high level.

▪ With its diverse population and long follow-up, REWIND contributes significantly to
consensus on GLP-1 CV class effects. When added, to Zelniker et al.'s meta-analysis of GLP-1
CVOT outcomes, REWIND contributes 25% of the weight toward an estimated 12% risk reduction
on MACE (95% CI:0.84-0.93) for the entire class. Considering only the primary prevention data
from these trials, REWIND shifts the overall point estimate from slightly trending toward placebo,
to trending toward the GLP-1 class (see below).
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▪ As parting words, Dr. Zoungas quoted the accompanying editorial for REWIND penned by
Drs. Subodh Verma, CD Mazer, and Vlado Perkovic (we highly recommend), advocating for earlier
intervention with novel agents in type 2 diabetes treatment: "If we are to reduce the burgeoning
pump, pipes and filter complications of diabetes, we will need to overcome clinical inertia, and
embrace these disease-modifying therapies early, and preferably in combination. The REWIND trial
makes a strong case in this regard."

▪ For future study, Dr. Zoungas identified three knowledge gaps related to the clinical
impact of GLP-1 agonists: (i) Should GLP-1s with CV or renal benefits be used as first line
therapy with lifestyle interventions? (we think displacing metformin would be a tough sell from both
cost and efficacy standpoints); (ii) is there any additive CV or renal benefit with GLP-1s and
SGLT-2s? If so, in what populations? (as a reminder, additive improvement in CV risk factors has
been demonstrated); and (iii) are GLP-1s truly disease modifying? Are there any long-term
pleiotropic effects or impacts on metabolic memory?

Key Opinion Leader Thoughts on REWIND

We at Close Concerns collected opinions on REWIND results from a number of thought leaders; find them
organized topically below.

On how REWIND fits into existing GLP-1 CVOT data, and whether cardioprotection in primary
prevention might be a class effect:
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▪ Dr. Alice Cheng: There are important differences between GLP1 molecules in terms of half-life,
derivation, size etc. The effects on secondary prevention seem consistent for the GLP-1 class. The
story is less clear cut for the CV benefits for primary prevention as a class effect because of the small
numbers in the other studies (LEADER, SUSTAIN-6). I would like to see more data to be more
confident.

▪ Dr. Naveed Sattar: One suspects it is true for several GLP-1 agonists - there may be subtle
differences between the main GLP-1s, but for now, the broad effects and outcome benefits seem
more similar than different. That said, guidelines will continue to recommend those GLP-1s which
have proven significant CVD benefit.

▪ Dr. Francesco Giorgino: I do not see why it should not be a class effect, provided that adherence
to treatment and time exposure to the drug is high (e.g., >80%).

▪ Dr. Charles Alexander: Most prescribers are likely to see the positive results from REWIND as a
class effect. There is no reason to believe that the results are unique to dulaglutide. I would not
expect to see additional outcomes trials initiated since they are so expensive and labor-intensive.
Once a company has accumulated outcome results sufficient to satisfy FDA, they will not have any
incentive to launch another one at this point.

▪ Dr. Zachary Bloomgarden: The long-acting GLP-1RA now appear to have a class effect of
reducing adverse CV outcome - this is good news!

▪ Dr. Philip Home: REWIND places another piece in the CV protection jigsaw. But clearly the
findings of all the GLP1-RA studies taken together show many inconsistencies, likely as a result of
chance. The finding of no interaction for MACE between CV and CV risk populations is encouraging,
but not consistent with the other CVOTs, and thus not conclusive. Accordingly, this does not allow
the conclusion that we should be prescribing GLP-1RAs for CV protection in people who do not
already have CV disease.

▪ Dr. Dan Drucker: REWIND provides further support for the cardioprotective actions of the long-
acting GLP-1 class. While each trial population, design, and study drug is unique, it is highly
reassuring to again see a reduction in MACE, now in a lower baseline A1c population with less pre-
existing CV disease.

Interpreting exploratory renal analysis from REWIND:

▪ Dr. Naveed Sattar: As I understand it, the main effect was on albuminuria but not on eGFR. I
think to prevent deterioration on harder renal outcomes, SGLT-2 inhibitors have an advantage and
one imagines more clinicians are more impressed by the SGLT-2 inhibitor effects on renal outcomes.

▪ Dr. Dan Drucker: The renal data, while perhaps mildly disappointing, may reflect the low rate of
pre-existing renal disease and more studies of different populations are warranted.

▪ Dr. Charles Alexander: The renal results were good across the board, but not as good as the
SGLT-2 inhibitor results (e.g., CREDENCE) where you see amelioration of the decline in eGFR.
REWIND showed continued decline in eGFR despite the positive renal outcomes. Subsequently,
when treating a patient with diabetic nephropathy, the preference will continue to be SGLT-2
inhibitor. The data in CREDENCE is very convincing that the previously certain inevitable
progression of diabetic nephropathy can be aborted by a SGLT-2i. Although GLP-1 RA improved
renal outcomes in REWIND, it did not do as well as SGLT-2i.

▪ Dr. Zachary Bloomgarden: The renal data also indicates a class effect, reducing albuminuria and
additionally with modest benefit in slowing the rate of fall in GFR.

▪ Dr. Francesco Giorgino: It looks like the effect is on albuminuria largely, as for other GLP-1RA. I
am a little surprised that baseline eGFR did not impact on the renal outcomes.

▪ Dr. Sanjay Kaul: The renal data are interesting exploratory results which are driven by the most
prevalent, but arguably the least important component (microalbuminuria). Of note, the choice of
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eGFR decline >30%, while amplifying the event rate, did not enhance the chance of success. Had
they chosen eGFR decline >40% or >50% in the composite, there would be a larger effect size on the
renal composite, albeit with lower frequency of events. Thus, softening the criterion for a win by
lowering eGFR decline threshold might not be a successfully strategy.

▪ Dr. Philip Home: The most intriguing exploratory results reported in REWIND is the much
greater statistical power for change in creatinine for reduction of 50% compared to 40% or as pre-
specified here 30%. This suggests we should re-examine some of the data for GLP-1RAs and SGLT2
inhibitors using these discriminants, as we may be missing an important message. But again, chance
may be misleading us.

▪ Dr. Alice Cheng: As for the renal data, the majority of the benefit was driven by the urine ACR
which was seen with other GLP1RA studies so there is consistency.

On the robustness of REWIND data:

▪ Dr. Sanjay Kaul: The effect size on the primary endpoint is modest and statistically not robust
(p=0.03). These results fall short of the "substantial evidence" criterion required for approval based
on a single trial. A couple of extra events in the dulaglutide arm or a couple of fewer events in the
control arm would overturn statistical significance. The fragile data are particularly prone to missing
data. I did not see sensitivity analyses accounting for missing data.

Unlike LEADER where the point estimate was a HR of 1.20 and SUSTAIN-6 and EXSCEL where the point
estimate was a HR of 1 and 0.99, respectively, the point estimate in REWIND is a HR of 0.87. . Guidelines
appropriately restrict the use of approved GLP-1 RA for mitigating CV risk to patients with established CV
disease. .

I would have liked to see a greater treatment benefit in the cohort with established CV disease. In contrast
with semaglutide that showed a 4.5% absolute risk reduction in SUSTAIN-6 in patients with established CV
disease, the absolute risk reduction in REWIND was 2.4%.

▪ Dr. Zachary Bloomgarden: The benefit on cardiovascular outcomes is somewhat modest -
certainly less than that of statins and of BP-lowering treatment. The NNT is likely not to be very
impressive [Editor's note: the NNT is 60 for those without established CVD, and 18 for those with
established CVD].

On how REWIND may impact clinical practice:

▪ Dr. Alice Cheng: These results are definitely going to influence clinical practice. If you had asked
me back in 2015 if any of our diabetes therapies would reduce CV outcomes in a majority primacy
prevention population, I would have said that is wishful thinking. Now, it is reality. I hope this will
shift treatment paradigms to first focus on outcome-based therapies that happen to lower A1c then if
still needed, add other therapies to further lower A1c.

▪ Dr. Naveed Sattar: Evidence adds to now strong belief that GLP-1 receptor agonists lessen
vascular disease risk in diabetes patients whether or not they have existing CVD - this new evidence
will continue to push towards these agents to be used sooner in algorithms and clinical care but of
course the higher costs means this will be a slow process for now. Budgets are not boundless so
higher risk patients will likely be targeted first. That the results show benefit despite excellent
baseline A1c further supports an effect which is not mediated only by glucose.

▪ Dr. Francesco Giorgino: I think the issue of the CV risk level of the patient should be
reconsidered on the basis of the REWIND data. In the context of several-year treatment and more
stringent glucose control without hypoglycemia GLP-1RAs seem to be protective also for individuals
without CVD.

▪ Dr. Charles Alexander: I don't think that REWIND will change ADA guidelines (especially given
the recent ADA update) and don't think that it will change prescriber behavior beyond what they
were already doing or going to be doing based on other recently reported CV outcomes trials (e.g.,
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CREDENCE, LEADER, etc.). That said, it was a great result for Lilly as they now have a GLP-1 RA
that shows superior CV outcomes like the results for liraglutide and semaglutide. The DPP-4
inhibitor class cannot compete with the SGLT-2i/GLP-1 RA results and you will see that class being
used less and less especially after oral semaglutide is approved.

▪ Dr. Zachary Bloomgarden: I would like the results to influence clinical practice, since I happen
to believe that glucose control matters, and therefore that these drugs should play a role throughout
the natural history of type 2 diabetes.

▪ Dr. David Harlan: Being a clinician scientist who is, when it comes to the patients I serve,
concerned first, last, and always in doing all that I can to promote their health -- this study just
strengthens my belief (based on good data) that nearly all patients with T2D with suboptimal
glycemia control and/or other factors like worsening obesity should be considered candidates for a
GLP1R based therapy.

Interpreting individual MACE component effects:

▪ Dr. Philip Home: REWIND again emphasized the importance of the GLP-1RAs in stroke
reduction. This is important as the SGLT2-blockers show no effect at all on stroke. Furthermore, in
the REWIND population stroke was nearly as frequent as MI as an endpoint, and a cause of more
deaths.

▪ Dr. Sanjay Kaul: The reduction in nonfatal stroke (the only component that was significantly
reduced) is consistent with semaglutide in SUSTAIN 6 and PIONEER 6, but not with albiglutide in
HARMONY.

▪ Dr. Zachary Bloomgarden: The CV data is strongest for stroke prevention - very interesting, and
this also confirms some of the other GLP-1RA data. The mortality data is suggestive, again, not a
strong effect

▪ Dr. Charles Alexander: I was also surprised that nonfatal stroke was the endpoint that was
driving the statistical significance of the MACE composite endpoint in this study. CV death was next
and nonfatal MI had the least effect on the composite endpoint and was not different between the 2
groups. That is very strange. Other GLP-1 RA studies have shown benefit for MI.

Symposium: Oral Semaglutide-The PIONEER Program Trials

Trial Design and Baseline Characteristics

Stephen Bain, MD (Swansea University, UK)

Dr. Stephen Bain presented trial design and baseline characteristics. PIONEER 6 was an international trial,
enrolling participants from 21 countries. Around half were from North and South America, one-third from
Europe, and the remaining from Africa and Asia. Participants were randomized to either 14 mg oral
semaglutide or placebo. Key inclusion criteria for those with type 2 diabetes included either being over 50
years and having established CVD or moderate CKD (this ended up being ~85% of trial participants), or being
over 60 years and having CV risk factors (~15% of trial participants). Notable key exclusion criteria included
recent treatment with a GLP-1 or DPP-4 and having proliferative retinopathy (in light of the retinopathy
signal seen in SUSTAIN-6, which did enroll this patient group). In total, 3,183 patients were randomized in
the trial, with a high 99.7% trial completion percentage - Dr. Bain highlighted this achievement as a testament
to the commitment of the trial participants and the study investigators. In terms of glucose-lowering agents
used at baseline, 77% were on metformin, 60% on insulin, 32% on a sulfonylurea, 9% on an SGLT-2 inhibitor,
and 4% on a TZD.
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Cardiovascular Outcomes

Mansoor Husain, MD (University of Toronto, Canada)

The final session of ADA 2019 featured results from the PIONEER 6 CVOT (n=3,183, median follow-up 16
months) for Novo Nordisk's phase 3 oral semaglutide, building on topline results released last November:
While oral semaglutide did not demonstrate superiority vs. placebo on the primary outcome of three-point
MACE, it did trend strongly in that direction with a hazard ratio of 0.79 (95% CI: 0.57-1.11, p<0.001 for non-
inferiority, p=0.17 for superiority). See the full results in NEJM. Toronto General Research Institute's Dr.
Mansoor Husain detailed full CV outcomes, including the impressive Kaplan-Meier curves for all-cause
mortality and CV death (see below). A 49% risk reduction was found with oral semaglutide on the former
(HR=0.51, 95% CI: 0.31-0.84, p=0.008), and a 51% risk reduction was found on the latter (HR=0.49, 95% CI:
0.27-0.92, p=0.03), which drove the nonsignificant trend in favor of oral semaglutide on three-point MACE.
On the other components, a trend in favor of placebo was beginning to form on MI toward the end of the trial
(HR=1.18, 95% CI: 0.73-1.90) while the stroke result also favored oral semaglutide (HR=0.74, 95% CI:
0.35-1.57). However, considering the trial was powered only for safety, meaning the total number of events
was much lower than other CVOTs and the trends should be interpreted with caution. On balance, this low
event rate also makes the significant reductions in mortality particularly spectacular. On all-cause mortality,
~two-thirds of events were CV-related, and equal reductions were seen in both CV and non-CV death.
Importantly, expanded CV outcomes revealed no safety signals on hospitalization for heart failure (trend in
favor of oral semaglutide) or unstable angina requiring hospitalizations (trend against oral semaglutide).
Three-point MACE estimates were consistent across subgroups, suggesting the primary endpoint results to be
consistent across the enrolled population. The room was very full, notable for Tuesday morning at ADA, and
the room was rapt listening to a full range of top-notch notable, (very) respected researchers. It was an
important set of presentations, given the importance of removing a perceived / real barrier - we're excited to
see what could happen next.

▪ As a reminder, oral semaglutide has been submitted to FDA with a priority review
voucher, meaning a decision is expected by September 2019. Novo Nordisk has also
requested CV indications for both oral semaglutide and Ozempic (injectable semaglutide), based on
PIONEER 6 and SUSTAIN 6, and decisions on both are expected ~January 2020. Submission in
Europe and Canada is also complete.
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Metabolic and Safety Outcomes

Ofri Mosenzon, MD (Hadassah Hebrew University, Israel)

Dr. Ofri Mosenzon shared metabolic and safety outcomes: Oral semaglutide significantly reduced A1c (-1.0%
vs. 0.3%) and body weight (-4.2 kg weight loss vs. 0.8 kg weight gain) vs. placebo, from baselines of 8.2% and
90.9 kg, respectively - very strong results after a median 16 month of follow-up. Very notably, both of these
come despite significantly more initiation of other antihyperglycemic agents, including SGLT-2 inhibitors, in
the placebo arm (see below). Of course, it's entirely possible that these reductions may have contributed to the
CV safety and efficacy observed with oral semaglutide, though results from other GLP-1 CVOTs achieved
smaller treatment differences and still reduced CV risk. However, it's worth noting that nearly the exact same
reductions were seen with the higher dose of injectable semaglutide in SUSTAIN-6 - 1.05% A1c drop and 4.35
kg weight loss (both placebo-adjusted). Dr. Mosenzon also highlighted a modest but significant reduction in
systolic blood pressure with oral semaglutide (-5 mmHg vs. -2 mmHg), despite more antihypertensives and
diuretics being initiated after baseline in the placebo arm (see below). On safety, oral semaglutide conferred
an elevated number of gastrointestinal events (108 vs. 26), consistent with the GLP-1 class, but there were no
other imbalances. There was a modest increase in diabetic retinopathy with oral semaglutide vs. placebo (7.1%
of patients vs. 6.3%), but this was not significant. Importantly, Dr. Vivian Fonseca noted in his independent
commentary that diabetic retinopathy at baseline was excluded from the trial - a population that had an
increased risk of retinopathy complications in SUSTAIN-6 and a population that we're disappointed to see left
out though it makes sense from a risk/benefit perspective.
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Summary

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

Session chair Dr. John Buse presented a post hoc analysis combining the data from PIONEER 6 and the
SUSTAIN 6 CVOT for Ozempic (injectable semaglutide), showing a significant 24% RRR on three-point
MACE (95% CI: 0.62-0.92) and a 35% RRR on stroke (95% CI: 0.43-0.97) - see full results below. While there
was no significant risk reduction on CV death or non-fatal MI, both trend strongly in favor of the semaglutide
molecule. Our sense is this pooled analysis may play into FDA's review of Novo Nordisk's requested CV
indications for both oral and injectable semaglutide. Additionally, Dr. Buse reviewed the totality of primary

www.closeconcerns.com 35

https://www.closeconcerns.com/knowledgebase/r/82ce8d9f#Symposium:_SUSTAIN_6


endpoint results from GLP-1 and SGLT-2 CVOTs, pointing to consistently positive effects on three-point
MACE with all long-acting GLP-1s (only ELIXA for lixisenatide did not demonstrate superiority or trend
strongly in favor of the GLP-1). Dr. Buse concluded his talk by expressing hope that eliminating the injection
barrier with GLP-1s will lead to more widespread use, characterizing oral semaglutide as a great addition to
this new and exciting era of diabetes management.

Independent Commentary

Vivian Fonseca, MD (Tulane University, New Orleans, LA)

In delivering the independent commentary, Dr. Vivian Fonseca expressed great excitement over the clinical
potential of oral semaglutide - it turns out that there are a low number of events and some differences
between PIONEER 6 and SUSTAIN 6. While effects on three-point MACE and stroke were similar between
PIONEER and SUSTAIN, there were disparate trends on CV death and MI between the trials (see just above) -
PIONEER 6 also differs from LEADER (for liraglutide) on MI. He postulated that a difference in CV effects
could arise through the different routes of administration, though this could also be a function of the relatively
low number of events. Other important questions remain: How will oral semaglutide perform in the real
world, particularly due to fasting requirements? Are there other drug interactions, and will fasting
requirements make polypharmacy challenging? What is oral semaglutide's impact on retinopathy? All of this
said, Dr. Fonseca was very positive on the glycemic, weight loss, and CV efficacy as well as the safety and
tolerability (slightly better than injectable semaglutide, in his assessment) of oral sema - suggesting that it
even has the potential to replace all injectable GLP-1s.

Select Questions & Answers

Q: Have you looked at the impact of SGLT-2s specifically regarding MACE?

A: We haven't specifically examined it, but if you read the discussion in the paper it does address their
potential impact. Use was well balanced between the two treatment arms - there was a slight imbalance but I
don't believe it undermines the effects observed.

Q: In PIONEER 4, it seems semaglutide had a higher rate of serious adverse events vs.
liraglutide. Did you mind any other side effects that were higher with semaglutide?
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A: I think what you see in the trials as a whole is that there's some variability in the rate of adverse events - in
all clinical trial. The take home message is that adverse events are pretty well balanced against comparators
and the rates of nausea and vomiting are consistent with the GLP-1 class.

Q: When it comes to responders and non-responders, I'd be interesting in knowing the
subgroup of those defined by response. Is there gradation in risk for cardiac events?

A: With the prespecified subgroup analyses we did do, there's no obvious interaction or statistical p values
suggesting people with higher BMI, younger, or older have differences. Again, it's a relatively small number of
events.

A: And reflecting across other studies, I don't think anybody has a great angle on the characteristics of
responders. To date, the benefit is largely in patients with prior CVD with the exception of the REWIND trial
that had a large group without CVD.

Q: I'm interested in more details on CV death vs. ACM. About 1/3 to 25% have an
undetermined cause of death; it might be useful to get a full list of causes of death in the trial
because in ACM there could also be renal death or liver problems.

A: You're right in that assessment; about 2/3 of death in both arms was cardiovascular, and amongst the CV
group there are some undetermined causes. With no clues what happened, it's correct to assume CV death.
There's no imbalance there, which is why I took care to show all cause death. Any potential imbalance could
have swayed the result one way or another. I don't have an explanation for the non-CV deaths; there is a
numerical difference, but those are the data.

Q: Is there any comparative data between oral and subcutaneous routes in serum levels at max
or other doses?

A: There has been phase 2 testing against the SC dose, with up to 20 mg oral; this is how PK/PD data
established the 14 mg dose. It's seen with glycemic and weight loss efficacy that we're getting good active
levels at 14 mg.

Symposium: Cardiovascular and Renal Protection in Diabetes-Emphasis on
SGLT-2 Inhibitors and GLP-1 Receptor Agonists

Cardiovascular Effects of GLP-1 Receptor Agonists-From Basic Mechanisms to
Clinical Data

Jens Holst, MD (University of Copenhagen, Denmark)

In a talk on CV effects of novel therapies, University of Copenhagen's Dr. Jens Holst picked out an intriguing
recent study suggesting that A1c lowering in CVOTs may have a more profound effect on CV outcomes than
previously thought. Despite CVOTs being designed for glycemic equipoise (i.e., both arms achieving the same
A1c to assess CV effects independent of glucose lowering), they often fail to achieve balance due to the strong
efficacy of novel therapies (SGLT-2s, GLP-1s) vs. "placebo" (or, rather, standard care). To this end, Second
University of Naples' Professor Dario Giugliano conducted a meta-analysis for all completed CVOTs for DPP-4
inhibitors, SGLT-2 inhibitors, and GLP-1 agonists, finding a significant relationship between achieved A1c and
the hazard ratio reduction for MACE (p=0.002). Notably, this relationship explained nearly all (94.1%) of
between-study variance. Per the analysis, lowering A1c by 0.5% conferred a significant risk reduction of 20%
(95% CI: 4%-33%) on MACE. By component, there was no relationship between achieved A1c and the risk
ratio for nonfatal MI or CV death, but there was a significant correlation with nonfatal stroke (p=0.002).
Together, these results suggest that the cardioprotection found in many of the recent CVOTs may by partly
related to A1c lowering, rather than an independent cardiometabolic effect. That said, we note that DPP-4
inhibitors were very neutral across the board, regardless of A1c lowering (though no trial breached the 0.5%
difference mark), meaning that the trend was carried heavily by SGLT-2 inhibitors and GLP-1 agonists.
Indeed, there isn't a huge diversity of data feeding into this analysis, and, to our understanding, trials of
intensive glucose lowering have also generally struggled to show an impact on CV risk (though this is another
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question in and of itself). Of course, weight change is also prominent with these agents, and we'd love to see
an analysis which takes this variable into account.

▪ Notably, the three CVOTs which read out at ADA - REWIND for GLP-1 agonist
Trulicity, CAROLINA for DPP-4 inhibitor Tradjenta vs. sulfonylurea glimepiride, and
PIONEER 6 for GLP-1 oral semaglutide - all fit well into this model. REWIND achieved an
A1c difference of 0.61% with Trulicity and conferred a significant 12% reduction on 3-point MACE,
placing it solidly in the far right bin of the below figure. CAROLINA had an A1c difference of <0.1%
and a HR of 0.98 on MACE, placing it in the far left bin, and PIONEER 6 had an A1c difference of
0.7% and a MACE HR of 0.79, placing it in the far right bin.

Mini-Symposium: Cardiovascular Disease in Patients with Diabetes

Controversies in Clinical Implementation-Should the Use of Novel Therapies Be
Conditional on Background Metformin and Baseline A1C? Extended to Lower Risk
Patients? Those with Chronic Kidney Disease?

Jean-François Yale MD (McGill University, Canada)

In a comprehensive talk reviewing the clinical implementation of SGLT2 inhibitors and GLP-1 agonists, Dr.
Jean-François-Yale urged clinicians to leverage price equivalence of higher doses into lower patient costs.
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After a thorough rundown of clinical trial data that has illuminated the impressive effects SGLT2i and
GLP-1RAs on A1c, weight, and cardio and renal protection, Dr. Jean-François Yale turned to what he views as
the last hurdle for these therapy classes: cost. Very few people with diabetes are actually on either of these
classes (see this 2017 Diabetes Care article), a fact he attributed to often-prohibitive costs that makes their
broad scale use as a first- or second-line therapy challenging. Dr. Jean-François Yale highlighted this barrier
by contrasting the patient cost of a "classical" treatment approach that does not involve newer drug classes
(i.e. using metformin, a sulfonylurea, and a DPP-4) against costs with an "innovative" approach using newer
drug classes (i.e. metformin, an SGLT2i, and a GLP-1RA). The total daily cost of the classical approach would
be ~$16.60/day compared to ~$43.60/day for the innovative approach (and we note that even the classical
approach may be cost-prohibitive for many!); to our understanding, this doesn't account for reimbursement.
How might clinicians work around this barrier? Dr. Jean-François Yale detailed a simple yet novel strategy
that he uses in practice that can make a dramatic difference for patients: Costs for low and high doses of
SGLT2i pills are currently identical, and this price equivalence can be uniquely leveraged to help patients
reduce the costs of SGLT2 inhibitors, especially if they only require a lower dose. Dr. Jean-François Yale
recommended that clinicians prescribe the higher dose of the pill, and then have patients cut the pills in half
and take them separately - effectively halving the price of their medication (see slide below) while still getting
the full lower dose. Of course, we can imagine several barriers that might limit the effectiveness of this
strategy: Will patients view pill-splitting as too much of a burden? Could there be potential for over-dosing if a
patient forgets to split? An alternative is to use an SGLT2i-Metformin combination pill of the higher dose but
only 1 pill a day effectively giving a low-dose SGLT2i at a low cost with half of the daily metformin. We're
intrigued by the approach and curious about how widespread its adoption could be - surely, for the right
patient it could work! Even more encouragingly, Dr. Jean-François Yale pointed out that a similar approach
can also be taken with semaglutide, for which the high dose (1.0 mg/week) pens are priced the same as low
dose (0.5 mg/week) pens. Adding both of these "hacks" to the equation, the cost of the innovative treatment
approach can be lowered to $14.90/day - actually lower than the $16.60/day for the classical approach!
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Oral Presentations: Incretins Marching On

Oral Semaglutide vs. Empagliflozin Added On to Metformin Monotherapy in
Uncontrolled Type 2 Diabetes: PIONEER 2

Eduard Montanya, MD, PhD (University of Barcelona, Spain)

Barcelona's Dr. Eduard Montanya shared detailed results from PIONEER 2 (oral semaglutide 14 mg vs.
empagliflozin 25 mg), expanding on the topline data that Novo Nordisk released last year. From a baseline
8.1%, mean A1c declined to 6.8% for those on the oral GLP-1 agonist (n=411) and to 7.2% for those on Lilly/
BI's SGLT-2 inhibitor Jardiance (n=410) over 26 weeks (p<0.05). This glycemic benefit was sustained at 52
weeks (p<0.05) and appears even greater when considering only those participants who finished the trial on-
treatment without rescue therapy (1.3% A1c drop with oral sema vs. 0.8% with empagliflozin, p<0.05). A
higher proportion of patients taking semaglutide achieved a target A1c below 7% (66% at week 52 vs. 43%
taking Jardiance, p<0.05). Weight loss was similar in both groups, looking at the primary analysis of all
participants randomized. From a baseline 202 lbs, mean body weight fell by 8 lbs with both molecules (non-
significant p-value) - a majority of this weight loss occurred in the first 26 weeks and was maintained through
the full year. Dr. Montanya highlighted that there was a significant weight loss benefit to oral semaglutide
when looking at the secondary on-treatment analysis: After 52 weeks, weight loss amounted to 10 lbs for
patients who adhered to their oral semaglutide regimen vs. 8 lbs for those who adhered to their Jardiance
regimen (p<0.05). In a conversation with our team, Novo Nordisk CMO for North America Dr. Todd Hobbs
argued that this on-treatment finding gives a more accurate sense of oral sema's weight loss efficacy, because
patients who stopped taking Jardiance were eligible for injectable GLP-1 agonists as rescue therapy, and
weight loss may have been inflated for some in the trial's comparator arm. The discussion over weight loss
data continued during Q&A, with one audience member differentiating between fluid loss and loss of adipose
tissue: SGLT-2 inhibitors lead to a negative fluid balance which results in apparent weight loss, but the more
important outcome is reduced adipose tissue mass, and GLP-1 agonists including oral semaglutide may be
better at this. Dr. Montanya agreed that oral semaglutide may demonstrate a significant benefit over
empagliflozin on weight loss through adipose tissue specifically; to support this hypothesis, he pointed out
that waist circumference was significantly reduced with oral semaglutide but not Jardiance in PIONEER 2.
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▪ Of note, discontinuation was more common in the semaglutide group compared to the
empagliflozin group: 75% of patients randomized to the GLP-1 remained on-treatment without
rescue medication (n=310) vs. 79% of those randomized to the SGLT-2 (n=322). There are some
concerns circulating about tolerability of oral semaglutide and whether this will translate to
suboptimal adherence in the real world, but Dr. Montanya emphasized that the GI side-effects seen
in the PIONEER program largely match what's expected of any GLP-1 agonist, oral or injectable. In
PIONEER 2, nausea affected 20% of patients on oral semaglutide and 2% of those on Jardiance; 7%
and 2% experienced vomiting, respectively. Decreased appetite occurred in 5% of semaglutide
patients and <1% of empagliflozin patients (although this was listed as an adverse event, we note
that suppressing appetite is one component of a GLP-1 agonist's mechanism of stimulating weight
loss). GI symptoms led 8% of study participants on oral semaglutide to discontinue therapy, vs. <1%
of people taking Jardiance.

▪ Results from the entire PIONEER program have been submitted to FDA to support
approval of the first-ever oral GLP-1 agonist. Dr. Hobbs told us that he's "very optimistic
about approval this year." Novo Nordisk filed its oral semaglutide NDA in March with a priority
review voucher, meaning a regulatory decision is expected by September 2019. Despite ongoing
discussion in the diabetes community about intent-to-treat vs. on-treatment analyses of the
PIONEER trials, we ultimately believe that both sets of results contain valuable knowledge. We're
excited about oral semaglutide and its potential to get more patients on a GLP-1. To this end, we
were interested to learn from Dr. Hobbs that oral semaglutide marketing will be targeted toward
primary care physicians, who have previously shied away from prescribing injectable GLP-1s. This is
a great idea from our view - we'd love to see the suggestion as soon as possible.

▪ As for how oral semaglutide will compete with oral SGLT-2 inhibitors? That remains
an open question. Much will depend on how Novo Nordisk prices oral sema (nothing has been
disclosed on this front), and on how payers interpret PIONEER 2. We view oral semaglutide as a
fantastic addition to the diabetes treatment toolkit, a new therapy that should improve diabetes care
overall rather than compete with existing oral drugs per se. We suspect that different patients may
do better on an oral GLP-1 agonist vs. an injectable GLP-1 agonist vs. an SGLT-2 inhibitor, and we're
curious to see how oral sema could be used in combination with an SGLT-2 to achieve even better
outcomes.

Oral Semaglutide vs. Liraglutide and Placebo in T2D: PIONEER 4

Richard Pratley, MD (AdventHealth Translational Research Institute for Diabetes and
Metabolism)

Following PIONEER 2, Dr. Richard Pratley presented full results from PIONEER 4 (n=711), Novo Nordisk's
phase 3 study comparing GLP-1 agonists oral semaglutide 14 mg and injectable liraglutide 1.8 mg (Victoza).
As described in the full results below, oral semaglutide was noninferior on A1c lowering and superior on
weight loss vs. Victoza at the primary timepoint of 26 weeks. By the end of the full 52-week treatment period,
oral semaglutide was also superior to Victoza on weight loss. Results were simultaneously published in The
Lancet, expanding on topline results shared last June. Importantly, Novo Nordisk continues to present both
an intention-to-treat ("treatment policy estimand") and on-treatment ("trial product estimand") analysis for
the PIONEER program. In our view, superiority to the market-leading Victoza on weight loss at both time
points is particularly notable. During an interview with our team, Dr. Todd Hobbs (North American CMO for
Novo Nordisk) described how, as early as Ozempic's phase 2 program, the semaglutide molecule itself
displayed an outsized impact on weight vs. Victoza - a feature that has driven further investment in
semaglutide for obesity and NASH. For his part, Dr. Pratley suggested that achieved plasma level, which is
more stable with the oral form, could also be a key factor. Moreover, the gain of superiority on A1c lowering
between 26 and 52 weeks is encouraging: The A1c curve for the pill doesn't "drift" upward as with Victoza,
perhaps indicating that patients better adhered to oral semaglutide dosing.

A1c Results
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Treatment Policy Estimand (ITT

analysis)

Trial Product Estimand (on-treatment

analysis)

A1c change (26

weeks)

A1c change (52

weeks)

A1c change (26

weeks)

A1c change (52

weeks)

Oral semaglutide

14 mg

-1.2%* -1.2%*+ -1.3%*+ -1.2%*+

Victoza 1.8 mg -1.1% -0.9% -1.1% -0.9%

Placebo -0.2% -0.2% -0.1% +0.2%

Weight Loss Results

Treatment Policy Estimand (ITT

analysis)

Trial Product Estimand (on-treatment

analysis)

Weight loss (kg; 26

weeks)

Weight loss (kg; 52

weeks)

Weight loss (kg; 26

weeks)

Weight loss (kg; 52

weeks)

Oral semaglutide

14 mg

-4.4*+ -4.3*+ -4.7*+ -5.0*+

Victoza 1.8 mg -3.1 -3.0 -3.2 -3.1

Placebo -0.5 -1.0 -0.7 -1.2

* = p<0.05 vs. placebo

= p<0.05 vs. Victoza+

▪ The safety and tolerability profile of oral semaglutide aligns with the known profile of
liraglutide. In the oral semaglutide arm, 11% of participants discontinued study drug
due to any adverse event, compared to 9% on Victoza and 4% on placebo. There does
seem to be a slightly higher prevalence of GI side effects with oral semaglutide: 44% of participants
experienced any GI side effect on the oral, compared to 34% on Victoza and 24% on placebo. Dr.
Pratley highlighted that nausea, rather than diarrhea or vomiting, is the primary driver of GI side
effects (see below), impacting 20% of those on oral semaglutide and 18% on Victoza. Very
importantly, he showed that 47 of 70 (67%) of nausea events with the oral and 51 of 67 (76%) with
the injectable were mild, and events were concentrated in the early weeks of the trial. Interestingly,
however, it seems that nausea with oral semaglutide may take longer to taper off than with Victoza.
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▪ In addition to these results, Dr. Pratley presented data on (i) percent achieving A1c
<7.0%; and (ii) FPG. The former was achieved by 68% on oral semaglutide, 62% on Victoza, and
14% on placebo at 26 weeks in the ITT analysis; at 52 weeks, these numbers decreased similarly
across the two treatment groups, to 61%, 55%, and 15%. In the on-treatment analysis, the percent
achieving A1c <7.0% was 72%, 65%, and 16% at 26 weeks and 69%, 63%, and 18% at 52 weeks,
respectively. FPG results align with the A1c findings: Oral semaglutide gave a 36 mg/dl reduction,
Victoza 34 mg/dl, and placebo 7 mg/dl at 26 weeks, slightly attenuated to 34 mg/dl, 27 mg/dl, and
13 mg/dl by 52 weeks - at which point oral semaglutide gained superiority over Victoza. We'd like, as
with other trials that didn't use CGM, to see Time in Range in addition to A1c and FPG differences.

▪ PIONEER 4 randomized people with type 2 diabetes on metformin, with or without an
SGLT-2 inhibitor and in need of additional glycemic control in a 2:2:1 ratio to 14 mg
oral semaglutide, 1.8 mg liraglutide, or placebo. Titration for oral semaglutide took place
over eight weeks (four weeks on 3 mg, then four weeks on 7 mg), and titration for liraglutide took
place over four weeks (two on 0.6 mg and two on 1.2 mg). 97% of participants in the oral
semaglutide and liraglutide groups completed the trial, with 85% and 87% completing treatment
overall and 78% and 81% completing treatment without rescue medication. Baseline A1c was
7.9%-8.0%, age 56-57 years old, diabetes duration 7-8 years, and BMI 33 kg/m .2

Select Q&A

Q: Do you think there's potential for beta cell protection?

A: If there is a chance for beta cell protection, I think you're more likely to see it with a drug like this than one
like liraglutide where there are more daily ups and downs.

Liraglutide for Perioperative Management of Hyperglycemia in Cardiac Surgery
Patients (GLOBE): A Multicenter, Prospective, Superiority Randomized Trial

Abraham Hulst, MD (Amsterdam University Medical Center, Amsterdam, Netherlands)

Dr. Abraham Hulst shared findings from the GLOBE trial, demonstrating that preoperative liraglutide may
improve peri-operative glycemic control during cardiac surgery. Patients undergoing cardiac surgery often
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become hyperglycemic during the procedure and need insulin delivered intravenously, which creates an
increased risk of hypoglycemia for the patient and an additional burden for the team performing the surgery.
Adult patients undergoing cardiac surgery at multiple Dutch hospitals were given 0.6 mg liraglutide (the low,
titration dose of Victoza) or placebo the night before surgery, followed by 1.2 mg liraglutide or placebo after
anesthesia at the time of the procedure. Only 43% (55 out of 139 total) of patients given liraglutide needed
insulin during the cardiac procedure, while 61% (80 out of 139 total) given the placebo needed insulin during
the procedure. This led to an 18% absolute difference (95% CI: 5.9-30.0, p=0·003) between the liraglutide and
placebo groups, with participants in the liraglutide group also requiring both significantly lower doses of
insulin and fewer insulin injections, as well as achieving lower mean blood glucose levels. There was no
difference in complications (i.e. hypoglycemia, nausea, mortality, postoperative complications) between the
liraglutide and placebo groups; we wonder if a larger study might have shown fewer post-op complications
with liraglutide. Findings from this study may lead to improved management of blood glucose via changes in
cardiac surgery procedures, especially for patients with diabetes. In the future, Dr. Hulst plans to focus on
more real-world situations and further reducing glucose-related complications from cardiac surgery.

Efficacy of Efpeglenatide in Patients with Obesity and Prediabetes: A Sub-Analysis
of the BALANCE 205 Study

Richard Pratley, MD (Florida Hospital, Orlando, FL)

In BALANCE 205, Sanofi's phase 3 GLP-1 candidate efpeglenatide stimulated reversion to normoglycemia in
patients with prediabetes and overweight/obesity (n=140). Florida's Dr. Richard Pratley presented these
findings to kick-off a session filled to the brim with new data on GLP-1 agonists. By the end of the study (21
weeks), 48.2% of people on efpeglenatide reverted to normoglycemia compared to only 10% of people on
placebo. (Note that participants were also instructed to cut food intake by 500 calories/day.) Normoglycemia
was defined as A1c below 5.7% and fasting plasma glucose (FPG) below 100 mg/dl; average baseline values in
this cohort were 5.7% and 102 mg/dl, respectively. Dr. Pratley did not report a p-value, but he went on to
show a highly-significant 0.4% placebo-corrected A1c drop with efpeglenatide (p<0.0001) and an 11.2 mg/dl
decrease in FPG (p<0.0001). From a baseline ~202 lbs, efpeglenatide resulted in a mean ~14.5 lbs placebo-
corrected weight loss (p<0.0001). And from a baseline 36 kg/m , BMI dropped by 2.4 kg/m with22

efpeglenatide vs. placebo on average. Dr. Pratley suggested that the greatest preventative benefit was seen
with the 4 mg dose of efpeglenatide given once-weekly: Nearly 50% of patients randomized to this GLP-1
regimen no longer had prediabetes after 21 weeks, which strikes us as quite remarkable. BALANCE 205 also
investigated a 6 mg once-weekly dose of efpeglenatide alongside a 6 mg twice-monthly dose and an 8 mg
twice-monthly dose. Sanofi is currently examining three potential dosing schemes (low, medium, and high) in
a phase 3 trial, which is expected to complete in August 2020, in time for a planned filing in 2021. If
approved, efpeglenatide would be the fifth-to-market once-weekly GLP-1 agonist for type 2 diabetes, after
AZ's Bydureon (exenatide), Lilly's Trulicity (dulaglutide), Novo Nordisk's Ozempic (semaglutide), and GSK's
Tanzeum (albiglutide), though the latter was discontinued in 2017. We'll be curious to see whether Sanofi
pursues an obesity indication for the drug, especially since the obesity market is mostly untapped, with the
vast majority of patients untreated. A prediabetes indication would be even more exciting from a public health
standpoint, though FDA's willingness to approve a therapy for prediabetes remains uncertain and
challenging.

Select Questions and Answers

Q: Can you put these results into context with how efpeglenatide performs in type 2 diabetes?

A: In patients with diabetes, weight loss was similar but we saw larger reductions in A1c because of a higher
baseline. Safety and tolerability of the agent were consistent with the diabetes population.

Q: Do you think this therapy would affect regression to diabetes? Did you assess beta cell
function or insulin resistance, anything like that?

A: Unfortunately, we didn't collect that information in this study. It was a short-term study, so it would be
hard to assess those parameters.
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Dr. Michael Nauck: I'm a little bit surprised that a drug can lower A1c significantly and fasting
plasma glucose significantly and it didn't bring more people to normoglycemia in this group.

A: That's a function of patient distribution and how well we measured those parameters. In the future, we're
going to assess this rigorously. More work will be done on this for sure.

Oral Presentations: Innovations in Insulin Therapy

DUAL VIII: Significantly Longer Time to Treatment Intensification with Insulin
Degludec/Liraglutide (IDegLira) vs. Insulin Glargine (IGlar U100) in a 104-Week
(Wk) Randomized Trial Mirroring Clinical Practice

Vanita Aroda, MD (Brigham and Women's Hospital, Boston, MA)

Brigham and Women's Dr. Vanita Aroda revealed full 104-week results from the DUAL VIII trial (n=1,012
insulin-naïve people with type 2 diabetes), which found significantly greater durability of treatment effect
alongside vast improvements in insulin dose, weight, and hypoglycemia with Novo Nordisk's GLP-1/basal
insulin combo therapy Xultophy (liraglutide/insulin degludec) vs. Sanofi's basal insulin Lantus (insulin
glargine) - full results and an accompanying editorial were simultaneously published in Lancet Diabetes and
Endocrinology. At the end of the 104-week study period, just 37.4% of those taking Xultophy met the
requirements for treatment intensification (defined as back-to-back A1c measurements ≥7.0%) compared to
66.2% of those on Lantus (p<0.0001), though both values were steadily rising. Among those reaching the
104-week mark with an A1c <7.0%, 51.8% on Xultophy did it with no hypoglycemia vs. 25.5% with Lantus
(p<0.0001), 20.9% on Xultophy did it with no weight gain vs. 6.3% on Lantus (p<0.0001), and 20.0 % on
Xultophy did it with no hypoglycemia or weight gain vs. 6.1% on Lantus. Daily insulin dose was cut down by
almost 30% in those taking Xultophy (37 units/day vs. 52 units per day), and Xultophy also conferred half as
much weight gain vs. Lantus (1.7 kg vs. 3.4 kg, p<0.0001). Very impressively, there was a 56% lower rate of
severe or blood glucose-confirmed symptomatic hypoglycemia with Xultophy compared to Lantus
(ERR=0.44, 95% CI: 0.33-0.60, p<0.0001). Altogether, these results paint a stunning picture of the sheer
power of GLP-1/basal combinations, particularly Xultophy, as first-line injectables (as a reminder, Dr. John
Buse has previously called these agents, "without a doubt the most powerful glucose-lowering agents on the
planet"). While it may not have been a fair fight from the get-go - pitting two highly efficacious agents in
combination vs. a single, first-gen basal insulin - we do believe these results make a strong case for earlier and
more aggressive treatment with GLP-1/basal combinations. As a reminder, FDA earlier this year removed the
label restriction requiring that patients already be taking basal insulin or liraglutide before starting Xultophy,
meaning that first-line treatment with this agent is just now possible in the US (this restriction never applied
OUS). It's great from our view that this label is gone, though memories are long.

▪ We continue to be impressed by the clinical performance of Xultophy and other
GLP-1/basal insulin combinations but note that commercial uptake has lagged
significantly behind. Building on optimal clinical outcomes, a DUAL VII post-hoc analysis at
EASD 2018 found that Xultophy treatment was less burdensome to patients than basal-bolus
therapy, in terms of dose adjustments, number of injections per day, and total daily insulin dose.
Yet, despite these multifactorial benefits, neither Xultophy or Soliqua has truly taken off in the
market, particularly in the US. In a conversation with our team, Novo Nordisk CMO in North
America Dr. Todd Hobbs confessed his belief that it "might be too late in the US to rebound … once
you have a tough product launch, it can be difficult to bounce back." That said, Xultophy is doing
quite well in several countries in the EU, such as France, where reimbursement is strong and clinical
algorithms are different.

▪ In Q&A, after complimenting the researchers on a job well done, the venerable Dr.
Julio Rosenstock noted that this study does not answer a key remaining question:
Does simultaneous administration of GLP-1/basal insulin outperform sequential
administration? This issue was also brought up in the paper's accompanying editorial (which we
highly recommend), though it is not a new concept. In fact, Dr. Rosenstock has previously
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contributed to formal debates on the subject, with consensus being that a dedicated RCT will be
needed to draw a final conclusion. Perhaps such a study would also improve the commercial outlook
for the class (provided simultaneous outperforms sequential), as it is our understanding that many
providers are more comfortable prescribing and titrating each agent separately, rather than in a
fixed-ratio.

▪ Given that its primary purpose was to measure durability, DUAL VIII was designed to
mirror clinical practice. Clinic visits occurred just once every 12-14 weeks, vs. the standard 4-6
week visits present in most RCTs, perhaps giving the study greater generalizability to a real-world
setting.
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LixiLan-G: A Randomized Trial Assessing Switching to iGlarLixi vs. Continuation
of Daily or Weekly GLP-1RA in T2D Inadequately Controlled by a GLP-1RA and
OAD(s)

Lawrence Blonde, MD (Oschner Medical Center, New Orleans, LA)

Dr. Lawrence Blonde presented results from LixiLan-G, Sanofi's randomized, open-label study of switching to
the basal insulin/GLP-1 receptor agonist [GLP-1RA] fixed ratio combination [FRC] of insulin glargine/
lixisenatide [iGlarLixi; Soliqua] vs. continuation of the maximum tolerated dose of daily or weekly GLP-1RA
(n=514). At study entry, 52.5 and 56.4% of participants were taking once-daily liraglutide (Novo Nordisk's
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Victoza), 7.0% and 3.5% were on exenatide BID [Byetta] and 40% were receiving once-weekly dulaglutide
[~20% and 21% of participants], exenatide XR [17.5% and 18.7% of participants], or albiglutide (Lilly's
Trulicity, AZ's Bydureon, or GSK's Tanzeum). All patients were also being treated with metformin, ±
pioglitazone, ± SGLT-2 inhibitor. At 26 weeks, Soliqua was associated with a 0.6% greater reduction in A1c
from baseline compared to continuation of GLP-1RA (-1.0% vs. -0.4%, 95% CI: -0.8, -0.5, p<0.0001),
resulting in end of study A1C values of 6.7% and 7.4% respectively from a baseline of 7.8%. An impressive 62%
of participants randomized to Soliqua achieved an A1c target of <7% and 41% achieved the target of ≤6.5%,
compared to 26% and 10% continuing on GLP-1RA (p<0.0001 for both). Moreover, 2-hour postprandial
glucose and 2-hr PPG excursions were significantly improved with Soliqua; treatment differences were -51
mg/dl and -18 mg/dl, respectively (p<0.0001 for both). On the other hand, as would be expected when
initiating an insulin containing therapy, those on Soliqua gained 1.9 kg (4.2 lbs) over 26 weeks, compared to
1.1 kg (2.4 lbs) of weight loss with GLP-1 alone, and the treatment difference of 3.0 kg was significant (95% CI:
2.4-3.6). The modest increase in body weight seen with FRC therapy in this patient population receiving
GLP-1 RA therapy on study entry is in contrast to the small weight loss or weight neutrality experienced by
participants on oral agents or basal insulin whose therapy was intensified with FRC. Additionally, 9% [24
participants] of the Soliqua group experienced documented symptomatic hypoglycemia <54 mg/dl, compared
to only 0.4% (one participant) on GLP-1RA alone, However, events per patient year were low in both groups
[0.25 vs. <0.01 respectively] and 54% of those receiving Soliqua achieved the composite target of A1c <7%
without documented symptomatic hypoglycemia (<54 mg/dl), compared to 25% on GLP-1RA alone. 64% of
the Soliqua group had an adverse event compared to 47% of the GLP-1RA group. The Soliqua group actually
had more GI events (22% of participants) vs. continued, unchanged GLP-1RA alone (10%). This might be
linked to the comparison of initiation of a different type of GLP-1 RA (lixisenatide) versus continuation of a
GLP-1 RA regimen that had been stable for at least 3-6 months. The study also shows the impact of adherence
- an additional 0.4% A1c drop from GLP-1RA that participants were already taking is impressive, particularly
given the only variable that changed was enrollment in a clinical trial.

Oral Presentations: New Insights in Diabetic Kidney Disease-Clinical and
Experimental Studies (With State-of-the-Art Lecture and ADA Presidents'
Select Abstract Presentation)

Chronic Kidney Disease (CKD) Outcomes with Dulaglutide (DU) vs. Insulin
Glargine (IG) in Type 2 Diabetes (T2D) and Moderate-to-Severe CKD by
Albuminuria Status: AWARD-7

Katherine Tuttle, MD (University of Washington, Seattle, WA)

Dr. Katherine Tuttle presented a post-hoc analysis of the AWARD-7 trial, demonstrating that 1.5 mg
dulaglutide significantly reduced risk of a composite renal endpoint of (i) >40% eGFR decline and (ii) ESRD
when compared to insulin glargine, and that this was driven primarily by the macroalbuminuria subgroup. In
a time-to-first-event analysis of the primary composite endpoint, 1.5 mg dulaglutide was shown to
significantly reduce risk (HR=0.45, 95% CI: 0.20-0.97, p=0.04) while the lower 0.75 mg dose dulaglutide did
not reach significance (HR=0.79, 95% CI: 0.41-1.5, p=0.47) - see the survival curve below. These results were
primarily driven by participants in the macroalbuminuria subgroup, as event rates in the microalbuminuria
and no albuminuria subgroups were much lower (see table below). Of course, this is somewhat expected given
the short duration of follow-up; we would expect that longer follow-up would help glean insights into
potential effects in the microalbuminuria subgroup as well (Dr. Tuttle said as much during the ensuing Q&A
session). These results join renal findings from the REWIND CVOT for Trulicity presented at ADA 2019; at
present, Lilly has no plans to initiate a renal outcomes trial.

▪ As a reminder, initial results from the AWARD-7 trial showed that decline in eGFR
was significantly reduced with both doses of dulaglutide when compared to glargine at
both 26 and 52 weeks. While eGFR declined by an average of 1.9 units in the insulin glargine
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group at 26 weeks, eGFR only declined by 0.1 and 0.4 units in the 1.5 mg and 0.75 mg groups,
respectively. Baseline eGFR was around 38 ml/min/1,73 m in all three treatment arms.2

▪ A related post-hoc on AWARD-7 was just published in DOM (also led by Dr. Tuttle)
showing that the lesser decline in eGFR associated with dulaglutide treatment was not
influenced by body weight loss.

Primary Outcome Results

Insulin glargine Dulaglutide 0.75 mg Dulaglutide 1.5 mg
Proportion of all
study participants
with composite
outcome (>40% eGFR

decline or ESRD)

10.8% 8.4% 5.2%

Proportion of all
study participants
with >40% eGFR
decline

3.1% 3.7% 1.0%

Proportion of all
study participants
with ESRD events

8.4% 7.6% 4.3%

Proportion with
composite outcome
in

22.2% 16.7% 7.1%
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macroalbuminuria
subgroup
Proportion with
composite outcome
in microalbuminuria
subgroup

1.8% 3.3% 2.7%

Proportion with
composite outcome
in no albuminuria
subgroup

0% 0% 5.9%

Oral Presentations: Diabetes Management and Macrovascular Outcomes

Do GLP-1RA and SGLT2i Reduce Cardiovascular Mortality in African-American
Patients with Type 2 Diabetes? A Meta-Analysis

Basem Mishriky, MD (East Carolina University, Greenville, NC)

An unsettling meta-analysis of recent CVOTs found no cardioprotective benefit for GLP-1 agonists or SGLT-2
inhibitors in black and African American people with type 2 diabetes. Across major GLP-1 agonist and SGLT-2
inhibitor CVOTs, these next-gen therapies delivered no significant relative risk reduction (RR=0.93, 95% CI:
0.70-1.23) in black study participants. This held true for GLP-1 agonists alone (RR=0.96, 95% CI: 0.61-1.53)
and SGLT-2 inhibitors alone (RR=0.93, 95% CI: 0.47-2.14). This study included seven CVOTs: On the SGLT-2
inhibitor front EMPA-REG OUTCOME (empagliflozin) and CANVAS (canagliflozin), and on the GLP-1
agonist front LEADER (liraglutide), SUSTAIN-6 (semaglutide), EXSCEL (exenatide), HARMONY
(albiglutide), and - very impressively - REWIND (dulaglutide), which was released only at ADA 2019. Major
thanks to Dr. Mishriky for updating these results so quickly. The DECLARE trial (dapagliflozin) was not
included because outcomes were not reported by race in the published results. We are not sure, however, the
strength of this finding given that there have been significantly fewer than ideal black and African American
people included in these trials in the first place.

▪ Indeed, Dr. Mishriky was careful to underscore that this meta-analysis has limitations
- namely a small population of black participants enrolled in CVOTs (only ~5% of the study
population in most CVOTs), a correspondingly low number of events in black participants (ranging
from 106 events [LEADER] to just 12 events [SUSTAIN-6] across the included trials), variation in
trial design and population between different CVOTs, and, notably, the fact that the trials were not
powered to specifically examine racial differences. In this way, the results can be interpreted less as
an announcement or admonition that the cardioprotective benefits of GLP-1 agonists and SGLT-2
inhibitors don't extend to the black population, and more as a call for dedicated trials to assess
whether they do.

▪ We couldn't agree more with Dr. Mishriky's conclusion that there is an "urgent need"
for additional studies evaluating new diabetes therapies in the black population
specifically - however, this same conclusion has been made for countless years based on a broader
commentary for greater diversity having nothing to do with actual trial results. During subsequent
Q&A, Dr. Mishriky issued an important reminder on the epidemiological front that black people
with type 2 diabetes have an especially high need for therapies that reduce cardiovascular risk. This
population is at higher risk for developing cardiovascular disease than the general diabetes
population, and the black population in the US has experienced some of the most modest
improvements in cardiovascular mortality over recent decades compared to other groups. To say
nothing of population-level differences in socioeconomic status and healthcare access, there are also
physiological differences that may disadvantage black individuals when it comes to diabetes
outcomes - Dr. Mishriky pointed out that the sickle cell trait confers additional risk of CV and kidney
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disease, for instance. Dr. Mishriky pointed out that it is well understood that certain cardiovascular
therapies such as ACE inhibitors are less effective in black individuals, and it would be extremely
unfortunate from a public health perspective if the same was true for the next generation of GLP-1
agonists and SGLT-2 inhibitors. We hope this meta-analysis causes manufacturers to reconsider the
designs of future CVOTs to more directly assess this important question - we are not particularly
confident this will be done, however, since there has already been a similar call for this for many
years. We hope this startling announcement prompts far more investment and action on this front
to enroll more racially diverse clinical trials. Although these trials were not powered to examine
racial differences, we are curious about what was seen in other ethnic sub-groups.

Product Theaters

Is GLP-1 Activity Insufficient in T2D? (Sponsored by Novo Nordisk)

Vivian Fonseca, MD (Tulane University, New Orleans, LA)

In this Novo Nordisk product theater, Dr. Vivian Fonseca reviewed the pathophysiology of type 2 diabetes and
argued that GLP-1 agonists are a logical way to address the mechanisms that go awry in this disease state. He
acknowledged that obesity is a major risk factor for T2D, but pointed out that diabetes occurs in only 20% of
people with obesity. Beta cell dysfunction is what differentiates those who progress to diabetes from the 80%
who do not. Dr. Fonseca described how obesity promotes insulin resistance, which puts pressure on beta cells
- if these islets can't compensate, they start to deteriorate, and people diagnosed with prediabetes have usually
already lost measurable beta cell mass. Dr. Fonseca drew attention to the role of endogenous GLP-1, which is
secreted immediately upon eating and prevents beta cell apoptosis (spontaneous death) in those individuals
who don't develop type 2. Studies in rodents and humans have revealed that diabetes dampens the body's
natural GLP-1 response. When a subject with diabetes is given a GLP-1 infusion alongside a meal, their insulin
level rises and their glucose and glucagon levels dramatically fall, emulating physiologic pancreatic function.
Based on this underlying biology, it makes sense that prescribing a DPP-4 inhibitor (to prevent the rapid
breakdown of endogenous GLP-1) or a GLP-1 agonist is an effective way to treat diabetes. Dr. Fonseca
endorsed both these therapy classes, though he touted the non-glycemic benefits of GLP-1s as well, listing
neural action that suppresses appetite, slowed gastric emptying, weight loss, and cardioprotection in patients
with atherosclerosis. No products were mentioned by name during his talk, but during Q&A, audience
members inquired about Novo Nordisk's two GLP-1 offerings: once-daily Victoza (liraglutide) and once-
weekly Ozempic (semaglutide). The company has also developed oral semaglutide for type 2 diabetes - the
first non-injectable GLP-1 - and an FDA decision is coming up in September.

▪ "The property of GLP-1 I like the most is that it's glucose-dependent, unlike an SU, which causes
hypoglycemia." Dr. Fonseca railed against persistently high use of sulfonylureas in real-world
diabetes care (though of course, low cost is the primary reason for this). He shared his hope that
GLP-1 agonists become standard of care in the not-too-far future, pointing to ADA's 2019 Standards
of Care which recommend treatment with a GLP-1 agonist when diabetes is comorbid with CV
disease. "When you consider blood sugar, obesity, CV risk, hypoglycemia - all signs point to GLP-1 as
an ideal drug class."

Getting to Goal - Treatment Options for T2DM Patients with Very High A1c
(Sponsored by Sanofi)

Steve Edelman, MD (UCSD, San Diego, CA)

Dr. Steve Edelman positioned Sanofi's Soliqua (a fixed-ratio combination of basal insulin glargine + short-
acting GLP-1 agonist lixisenatide) as an ideal therapeutic option for type 2 diabetes patients in need of
aggressive A1c-lowering. According to ADA's 2019 Standards of Care - "excellent" guidelines, in Dr. Edelman's
view - patients with A1c ≥2% above target should be prescribed basal insulin and a GLP-1 simultaneously.
Soliqua makes this recommended combination therapy more convenient; patients face one co-pay instead of
two, one daily injection instead of two. As part of the product theater, Dr. Edelman summarized key findings
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from pivotal trials LixiLan-O and LixiLan-L. He particularly highlighted data from the subgroup of
participants with baseline A1c ≥9%: In LixiLan-O, these patients on Soliqua (n=49) experienced a mean 2.9%
A1c reduction over 30 weeks, ending the study with an A1c <6.5% (incredible!). In comparison, patients with
A1c ≥9% on lixisenatide alone (n=29) experienced a 1.7% mean A1c drop (p<0.0001 in favor of Soliqua) and
those on Lantus alone (n=55) experienced a 2.5% mean A1c drop (p=0.03 in favor of Soliqua). In LixiLan-L,
average A1c fell from 9.45% to 6.97% among Soliqua-treated patients vs. from 9.45% to 7.6% (still above goal)
among Lantus-treated patients over 30 weeks. Dr. Edelman emphasized that regardless of baseline A1c,
Soliqua can effectively and efficiently get type 2s to meet glycemic targets, though HCPs should especially
consider the fixed-ratio combination for their patients with very high A1c.

▪ Dr. Edelman advocated that any HCP should be prescribing Soliqua - endos and PCPs alike. He
again alluded to the convenience factor, saying "endocrinologists are crazy busy. I like anything
that's easy." Primary care doctors who treat type 2 diabetes are already accustomed to initiating and
titrating basal insulin, and he argued that a fixed-ratio combo product like Soliqua only simplifies
that process. He acknowledged that PCPs are even busier than endos, and to this end, Soliqua is
extremely effective and easy to prescribe. We'd love to see a diversity of providers use Soliqua and
Xultophy (Novo Nordisk's product in the same class, insulin degludec/liraglutide) in type 2 diabetes
care. It's been hard to watch the slow commercial uptake of these products since their launch in
early 2017, especially because they were (and still are) highly praised by thought leaders - who have
not thought through why they may not be more popular among patients and HCPs. Given the sheer
numbers of real-world patients not at goal (~30% of type 2s in the US have A1c above 9%, according
to Dr. Edelman - that's more than nine million individuals, to say nothing of all those with A1cs
above 7%), it's very troubling that more people aren't accessing this medicine known to accelerate
progress toward glucose targets.

▪ Turning to safety, Dr. Edelman underscored that neither component therapy in Soliqua is "new,"
meaning there are no new adverse event concerns. In fact, Soliqua boasts a milder side-effect profile
compared to basal insulin monotherapy or GLP-1 monotherapy. In pivotal trials, 24% of participants
randomized to lixisenatide alone experienced nausea vs. only 9.6% of participants taking Soliqua.
Dr. Edelman explained that the reduced GI symptoms result from a lower dose of lixisenatide as well
as smoother up-titration. He did warn that since Soliqua delays gastric emptying (through its GLP-1
component), there may be adverse drug interactions with any agent that must be absorbed within a
limited time window.

GLP-1 Agonist Poster Highlights

Title Important Details
Effect of Open-Label SGLT2

Inhibitor Treatment When

Combined with Exenatide on

Cardiovascular and Renal

Outcomes in EXSCEL

▪ Analysis of EXSCEL trial for exenatide weekly shows first

clinical evidence of additive cardiovascular, renal, and

mortality benefits of an SGLT-2 inhibitor added to GLP-1

therapy compared to GLP-1 therapy alone.

▪ Combination of an SGLT-2 with exenatide was seen to

reduce MACE risk (largely driven by a benefit on CV

death) when compared to exenatide alone or neither

therapy. Nonfatal MI and stroke were unchanged in the

analysis, along with rates of hypoglycemia

Real-World Adherence and

Discontinuation of GLP-1 Receptor

Agonist (GLP-1RA) Therapy in Type

▪ The study assessed GLP-1 adherence and discontinuation

at one and two years among US patients initiating GLP-1
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2 Diabetes (T2D) Patients in the

U.S.
therapy. It also examined factors associated with

adherence and discontinuation in this patient population

▪ Proportion of patients who are non-adherent to GLP-1

therapy (defined as proportion of days covered <80%) was

49% at one year and 53% at two years. Factors associated

with non-adherence included younger age, female gender,

and daily dosing frequency

▪ Proportion of patients who discontinued was 48% at one

year and 70% at two years. Factors associated with

discontinuation were older age and weekly dosing

frequency.

Effects of Dulaglutide and

Trelagliptin on ß-Cell Function

after One Year in Patients with

Type 2 Diabetes: DUET-Beta

Extension Study

▪ Fifty patients on metformin were randomized to

dulaglutide 0.75 mg/weekly or trelagliptin 100 mg/week.

▪ HOMA2-% ß was higher in the dulaglutide group then

trelagliptin group through 52 weeks (p=0.004).

HOMA2-IR was not different between the two groups.

These results indicate greater beta-cell protective effects

with dulaglutide than with trelagliptin.

Efficacy and Safety of Semaglutide

by Baseline BMI in SUSTAIN 1-5

and 7

▪ Post-hoc analysis aiming to see if A1c reductions

associated with semaglutide in the SUSTAIN program

were affected by baseline BMI.

▪ Estimated treatment differences in mean A1c were not

affected by baseline BMI. A1c reductions were consistently

greater with semaglutide vs. placebo in each BMI

subgroup examined.

▪ Adverse events were also consistent across all BMI

subgroups.

Liraglutide Treatment in Obese

Diabetic Patients Modulates Gut

Microbiota

▪ Liraglutide treatment is shown to induce a reduction in

intestinal gas production (an indirect measure of changes

in the gut microbiota) in a small study of 11 individuals

with obesity and type 2 diabetes. The authors suggest that

the therapeutic effect of liraglutide may be driven by these

microbiota changes.

Efficacy and Safety of Semaglutide

0.5 mg vs. Dulaglutide 1.5 mg Once

Weekly in Type 2 Diabetes: A Post

Hoc Analysis of SUSTAIN 7

▪ Low dose semaglutide (0.5 mg) showed similar glycemic

control but more weight loss and a greater proportion of

subjects achieving more than 5% or 10% weight loss when

compared to high dose dulaglutide (1.5 mg).

▪ Adverse events were balanced in the two groups.
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▪ SUSTAIN 7 originally randomized participants to either

0.5 mg or 0.75 semaglutide, or 1.0 mg or 1.5 mg

dulaglutide.

Real-World Effectiveness of

Semaglutide in Early Users from a

U.S. Commercially Insured (CI) and

Medicare Advantage (MA)

Population

▪ Retrospective, observational cohort study used medical

and pharmacy claims (between 12/2016 and 9/2018) to

describe real-world usage of once-weekly semaglutide and

its clinical effectiveness.

▪ Semaglutide initiation was associated with a significant

reduction in A1c in all patients (-1.3%), GLP-1 naïve

patients (-2.0%), and GLP-1 naïve patients with an A1c

above 9% (-2.9%). All p values <0.0001.

Effect of Dulaglutide and Long-

Acting Insulin Combination

Therapy in Patients with Type 2

Diabetes

▪ Examined type 2 patients (n=20) initially on MDI who

were switched to dulaglutide + long acting insulin combo

therapy. Baseline A1c was 10.1%.

▪ Blood glucose levels were significantly lower 24 weeks

after dulaglutide + long-acting insulin combination

therapy than shortly after MDI (p = 0.0048

▪ After 12 and 24 weeks of the switch, A1c significantly

decreased (−3.6% ± 0.78%, p = 0.0003 and −3.7% ±

0.78%, p = 0.0002, respectively).

Real-World Assessment of Orlistat

and Liraglutide in Patients with

Obesity: The XENSOR Study

▪ A retrospective, real world study (n=500, 100 on GLP-1

agonist liraglutide, 400 on obesity therapy orlistat)

finding significantly greater weight loss and prevention of

prediabetes/diabetes with liraglutide after three and six

months.

▪ After three months, liraglutide conferred 6.6 lbs (95% CI:

4.0-9.5, p<0.001) greater weight loss than orlistat (14.0

lbs vs 8.4 lbs). After six months, this difference grew to

10.4 lbs (95% CI: 6.4-14.1, p<0.001; 16.9 lbs vs. 7.2 lbs).

▪ After six months, 0% of participants with prediabetes at

baseline in the liraglutide arm progressed to type 2

diabetes compared to 9% in the orlistat arm. On the flip

side, 65% on liraglutide achieved normoglycemia vs. 17%

on orlistat (all p<0.0001).

▪ Importantly, the authors note that differences in weight

loss may have been underestimated because prohibitively

high costs prevented many from reaching the maximum

dose of liraglutide. However, 61% of patients remained on

liraglutide after 12 months of follow-up, compared to
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46.8% on orlistat (p=0.011), suggesting there is much

more to adherence than cost.

Efficacy of Semaglutide by

Background Sodium-Glucose

Cotransporter 2 Inhibitor: A Post

Hoc Analysis of SUSTAIN 9

▪ A post-hoc analysis of the SUSTAIN-9 trial testing the

safety and efficacy of GLP-1 agonist semaglutide

(Ozempic) on top of SGLT-2 inhibition found that both

A1c lowering and weight loss was consistent regardless of

which SGLT-2 inhibitor was used.

▪ Ozempic conferred a placebo-adjusted A1c reduction of

1.51% in those on canagliflozin, 1.34% in those on

dapagliflozin, and 1.28% in those on empagliflozin (p-

value for interaction=0.1687). For weight loss, Ozempic

gave a placebo-adjusted 11.7 lbs in the canagliflozin group,

7.6 lbs in the dapagliflozin group, and 8.6 lbs in the

empagliflozin group (p-value for interaction=0.0980).

▪ Intriguingly, A1c lowering and weight loss in the non-

semaglutide arms were most modest with canagliflozin: a

0.1% increase (vs. 0.2% decreases with dapagliflozin and

empagliflozin), and 0.4 lbs lost (vs. 2.4 lbs and 2.9 lbs with

dapagliflozin and empagliflozin, respectively).

▪ These results signal that the same efficacy can be expected

with semaglutide regardless of background SGLT-2

inhibitors, an important point considering backing of this

co-administration, particularly earlier on in the disease

course, by opinion leaders.

SGLT Inhibitors

Symposium: DECLARE-TIMI 58 Trial

Renal Outcomes

Ofri Mosenzon, MD (Hadassah Hebrew University Hospital, Jerusalem, Israel)

Dr. Ofri Mosenzon presented very positive in-depth renal outcomes from the DECLARE CVOT (n=17,160) for
AZ's SGLT-2 inhibitor Farxiga (dapagliflozin 10 mg), detailing their potential in CKD prevention and
treatment - see the full publication in The Lancet Diabetes & Endocrinology. Results with Farxiga for the full
cohort are as follows:
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Because DECLARE met only one of its co-primary endpoints, these analyses are considered exploratory. Dr.
Mosenzon also paid particular attention to the impact of Farxiga on UACR, which was not included in
DECLARE's two main renal outcomes - unlike in CANVAS and EMPA-REG. Farxiga conferred (i) greater
improvements in UACR and (ii) lower rates of UACR deterioration vs. placebo. On the improvement
component, Farxiga conferred a 46% increased risk (95% CI: 1.31-1.62) of moving from micro- to
normoalbuminuria, an 82% increased risk (95% CI: 1.51-2.2) of moving from macro- to normo/
microalbuminuria, a 54% increased risk (95% CI: 1.4-1.69) of moving from macro- to normo/micro- or micro-
to normoalbuminuria, and a 41% increased risk (95% CI: 1.27-1.56) of moving from micro/macro- to
normoalbuminuria. On the other side of the coin (preventing deterioration), those on the SGLT-2 had a 46%
reduced risk (HR=0.54, 95% CI: 0.45-0.65) for moving from normo/microalbuminuria to macroalbuminuria,
a 21% reduced risk (HR=0.79, 95% CI: 0.72-0.87) for normo- to micro/macroalbuminuria, and a 27% reduced
risk (HR=0.73, 95% CI: 0.67-0.79) for normo- to micro/macro- or micro to macroalbuminuria. That is, in all
categories of UACR, dapagliflozin conferred an improvement. To reinforce the importance of impacting both
components of renal pathophysiology (eGFR and albuminuria), Dr. Mosenzon showed the cardiorenal and
renal-specific event rates across the array of UACR and eGFR categories - see how both contribute to risk
below.

▪ We also very much appreciated Dr. Mosenzon's emphasis on the importance of early
identification and intervention in renal disease. Given the still-staggering incidence and
prevalence of CKD and the contribution of diabetes to this epidemiology, SGLT-2s doubtless
represent a huge opportunity area through earlier intervention. Of course, this argument aligns well
with the data from DECLARE: Given the study's large primary prevention population (59% of
participants) and labeling restrictions at the time of design, the study had a higher mean eGFR of 85
ml/min/1.73 m than other SGLT-2 trials, including CANVAS (77 ml/min/1.73 m ), EMPA-REG22

OUTCOME (74 ml/min/1.73 m ), and CREDENCE (56 ml/min/1.73 m ). In DECLARE, 48% had an22

eGFR ≥90, 45% an eGFR 60 to <90, and only 7% <60 (a function of the equation used - this eGFR
was technically excluded). Additionally, 69% had a UACR <30 mg/g, 24% ≥30-≤300 mg/g, and only
7% >300 mg/g.

▪ AZ's renal outcomes trial for Farxiga, Dapa-CKD (n=4,000 with CKD, with or without
diabetes), is already well underway and expected to complete in November 2020. Given
consistently strong evidence around SGLT-2s and renal outcomes, including the recently-reported
and groundbreaking CREDENCE trial, Dapa-CKD is very much expected to be positive.
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Symposium: CREDENCE and CARMELINA-Results from Two Major
Clinical Trials in Kidney and Cardiovascular Disease in Diabetes

CREDENCE-Cardiovascular and Renal Outcomes by Baseline Cardiovascular
Disease

Kenneth Mahaffey, MD, PhD (Stanford Center for Clinical Research, Palo Alto, CA)

Dr. Kenneth Mahaffey presented an exciting new CREDENCE analysis of outcomes by baseline CVD presence,
showing consistent CV and renal outcomes in both primary and secondary prevention groups. On three-point
MACE, canagliflozin treatment was associated with a 32% RRR (HR=0.68, 95% CI: 0.49-0.94) in the primary
prevention group and a 15% RRR (HR=0.85, 95% CI: 0.69-1.06) in the secondary prevention group. This
trend toward greater CV benefit in the primary prevention group is highly interesting and represents the first
SGLT-2 inhibitor CVOT to show a nominally significant trend toward MACE benefit in such a patient
population (CANVAS showed a HR=0.98 and DECLARE showed a HR=1.01 in their respective primary
prevention subgroups). On the composite endpoint of CV death or hospitalization for heart failure,
canagliflozin treatment was associated with a 26% RRR (HR=0.74, 95% CI: 0.54-1.03) in the primary
prevention group and a 34% RRR (HR=0.66, 95% CI: 0.52-0.83) in the secondary prevention group. Renal
outcomes were similarly consistent across primary and secondary prevention groups (see second image
below).

▪ Very notably, the overall rates of the primary composite renal outcome were nearly
identical between the primary and secondary prevention groups. This is in stark contrast
to MACE, where events were obviously elevated in the secondary prevention group. Dr. Mahaffey
highlighted this finding, and we note how this further justifies the earlier use of canagliflozin to
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achieve similar absolute risk reductions for renal outcomes in those with and without CVD. The
risk/benefit profile of using canagliflozin in primary prevention groups (both for reducing CV and
renal risk) appears to be highly favorable.
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Symposium: Cardiovascular and Renal Protection in Diabetes-Emphasis on
SGLT-2 Inhibitors and GLP-1 Receptor Agonists

Cardiovascular Effects of GLP-1 Receptor Agonists-From Basic Mechanisms to
Clinical Data

Jens Holst, MD (University of Copenhagen, Denmark)

In a talk on CV effects of novel therapies, University of Copenhagen's Dr. Jens Holst picked out an intriguing
recent study suggesting that A1c lowering in CVOTs may have a more profound effect on CV outcomes than
previously thought. Despite CVOTs being designed for glycemic equipoise (i.e., both arms achieving the same
A1c to assess CV effects independent of glucose lowering), they often fail to achieve balance due to the strong
efficacy of novel therapies (SGLT-2s, GLP-1s) vs. "placebo" (or, rather, standard care). To this end, Second
University of Naples' Professor Dario Giugliano conducted a meta-analysis for all completed CVOTs for DPP-4
inhibitors, SGLT-2 inhibitors, and GLP-1 agonists, finding a significant relationship between achieved A1c and
the hazard ratio reduction for MACE (p=0.002). Notably, this relationship explained nearly all (94.1%) of
between-study variance. Per the analysis, lowering A1c by 0.5% conferred a significant risk reduction of 20%
(95% CI: 4%-33%) on MACE. By component, there was no relationship between achieved A1c and the risk
ratio for nonfatal MI or CV death, but there was a significant correlation with nonfatal stroke (p=0.002).
Together, these results suggest that the cardioprotection found in many of the recent CVOTs may by partly
related to A1c lowering, rather than an independent cardiometabolic effect. That said, we note that DPP-4
inhibitors were very neutral across the board, regardless of A1c lowering (though no trial breached the 0.5%
difference mark), meaning that the trend was carried heavily by SGLT-2 inhibitors and GLP-1 agonists.
Indeed, there isn't a huge diversity of data feeding into this analysis, and, to our understanding, trials of
intensive glucose lowering have also generally struggled to show an impact on CV risk (though this is another
question in and of itself). Of course, weight change is also prominent with these agents, and we'd love to see
an analysis which takes this variable into account.

▪ Notably, the three CVOTs which read out at ADA - REWIND for GLP-1 agonist
Trulicity, CAROLINA for DPP-4 inhibitor Tradjenta vs. sulfonylurea glimepiride, and
PIONEER 6 for GLP-1 oral semaglutide - all fit well into this model. REWIND achieved an
A1c difference of 0.61% with Trulicity and conferred a significant 12% reduction on 3-point MACE,
placing it solidly in the far right bin of the below figure. CAROLINA had an A1c difference of <0.1%
and a HR of 0.98 on MACE, placing it in the far left bin, and PIONEER 6 had an A1c difference of
0.7% and a MACE HR of 0.79, placing it in the far right bin.
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Mini-Symposium: Cardiovascular Disease in Patients with Diabetes

Controversies in Clinical Implementation-Should the Use of Novel Therapies Be
Conditional on Background Metformin and Baseline A1C? Extended to Lower Risk
Patients? Those with Chronic Kidney Disease?

Jean-François Yale MD (McGill University, Canada)

In a comprehensive talk reviewing the clinical implementation of SGLT2 inhibitors and GLP-1 agonists, Dr.
Jean-François-Yale urged clinicians to leverage price equivalence of higher doses into lower patient costs.
After a thorough rundown of clinical trial data that has illuminated the impressive effects SGLT2i and
GLP-1RAs on A1c, weight, and cardio and renal protection, Dr. Jean-François Yale turned to what he views as
the last hurdle for these therapy classes: cost. Very few people with diabetes are actually on either of these
classes (see this 2017 Diabetes Care article), a fact he attributed to often-prohibitive costs that makes their
broad scale use as a first- or second-line therapy challenging. Dr. Jean-François Yale highlighted this barrier
by contrasting the patient cost of a "classical" treatment approach that does not involve newer drug classes
(i.e. using metformin, a sulfonylurea, and a DPP-4) against costs with an "innovative" approach using newer
drug classes (i.e. metformin, an SGLT2i, and a GLP-1RA). The total daily cost of the classical approach in the
US would be ~$16.60/day compared to ~$43.60/day for the innovative approach (and we note that even the
classical approach is cost-prohibitive for many!); to our understanding, this doesn't account for
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reimbursement. How might clinicians work around this barrier? Dr. Jean-François Yale detailed a strategy
described as "simple yet novel" that he uses in practice that can make a dramatic difference for patients: Costs
for low and high doses of SGLT2i pills are currently identical, and this price equivalence can be uniquely
leveraged to help patients reduce the costs of SGLT2 inhibitors, especially if they only require a lower dose.
Dr. Jean-François Yale recommended that clinicians prescribe the higher dose of the pill, and then have
patients cut the pills in half and take them separately - effectively halving the price of their medication (see
slide below) while still getting the full lower dose; this assumes the potency of the lower dose will work for
everyone.

Of course, we can imagine several barriers that might limit the effectiveness of this strategy: Will patients view
pill-splitting as too much of a burden? Could there be potential for over-dosing if a patient forgets to split? An
alternative is to use an SGLT2i-metformin combination pill of the higher dose but only 1 pill a day effectively
giving a low-dose SGLT2i at a low cost with half of the daily metformin. We're intrigued by the approach and
curious about how widespread its adoption could be - for the right patients, it certainly could work. Even more
encouragingly, Dr. Jean-François Yale pointed out that a similar approach can also be taken with semaglutide,
for which the high dose (1.0 mg/week) pens are priced the same as low dose (0.5 mg/week) pens. Adding both
of these "hacks" to the equation, the cost of the innovative treatment approach can be lowered to $14.90/day -
actually lower than the $16.60/day for the classical approach, though still far more expensive than those
outside the US are paying (or their systems are paying.
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Oral Presentations: Effective Diabetes Care-At What Cost?

Renal Outcomes from the DECLARE-TIMI 58 Trial: Quantifying the Health-Care
Implications

Philip McEwan, PhD (Health Economics and Outcomes Research Ltd., Cardiff, UK)

Using renal outcomes data from the DECLARE trial (see a deeper dive from Dr. Ofri Mosenzon above), an AZ
economic modeling study suggests dramatic renal-related healthcare savings with the SGLT-2 inhibitor
dapagliflozin (Farxiga) - to the tune of $2.8 billion (or $285 per patient) over four years. These numbers were
derived by projecting the risk reduction for renal outcomes with dapagliflozin to all 10.8 million people in the
US with diabetes and CKD. As presented at AHA 2018, Farxiga drove a 47% relative risk reduction (95% CI:
0.43-0.66) on a composite renal endpoint of 40% decrease in eGFR to <60, end-stage renal disease, or renal
death. The presenter, Dr. Phil McEwan (University of Swansea, Wales, UK) elaborated that on standard
therapy the cost of treating 1,000 people with diabetes and CKD for four years is $460,277 vs. just $174,833
with dapagliflozin (a 62% reduction). Specifically the model projects a 46% reduction in costs associated with
worsening CKD and a 67% reduction in ESRD-related costs with dapagliflozin therapy. Dr. McEwan further
elaborated that this avoidance of end-stage renal disease and related healthcare usage would prevent 15,614
new ESRD cases and an incredible 30,184 person-years' worth of dialysis over the course of four years - an
enormous win for quality of life. To contextualize, in addition to being one of the most prevalent
complications of diabetes (affecting 36% of people with diabetes in the US), CKD is also one of the most
costly, accounting for 29% of diabetes-associated medical expenditures. In total CKD is associated with an
average of $10,165 per person in yearly healthcare costs; this ranges from ~$2,000/year for milder stage 1
and 2 CKD, but skyrockets to >$82,000/year for stage 5 CKD, which involves renal replacement therapy
(either in the form of dialysis or kidney transplantation). The renal outcomes trial for Farxiga, Dapa-CKD, is
expected to complete in November 2020.

▪ During Q&A, an audience member correctly pointed out that the cost of four years of
dapagliflozin therapy would likely outweigh the $285 in healthcare savings across that
time period. Dr. McEwan agreed, but contended that Farxiga is likely cost-effective when
considering the healthcare savings associated with its positive effects on glycemic control, weight
loss, and heart failure in addition to CKD.
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Oral Presentations: Expanding Horizons on SGLT Inhibition

Empagliflozin and Cardiorenal Outcomes in Patients with Nonproteinuric Kidney
Disease in the EMPA-REG OUTCOME Trial

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

Yale's Dr. Silvio Inzucchi provided an intriguing post-hoc of the EMPA-REG CVOT, suggesting that the CV
and renal benefits with SGLT-2 inhibitor Jardiance are maintained in those with CVD and nonproteinuric
DKD. Results were simultaneously announced by both Lilly and BI. Specifically, no significant p-values for
interaction were found between the sub-population with eGFR <60 mL/min/1.73m and UACR ≤300, and2

the rest of participants. The only intriguing trend, as highlighted by Dr. Inzucchi, was on CV death, which
trended less in favor of Jardiance than in other EMPA-REG patients. No new safety concerns were raised with
empagliflozin in this population. In total, 1,290 (18%) people in the study qualified for the post-hoc, and the
cohort was older, had a longer time since diagnosis, and was more female than other EMPA-REG enrollees
(all p<0.0001). For context, the cohort represented here is more substantial in real life. According to Lilly's
press release, more than 500 million people globally have CKD, up to 40% comorbid with diabetes, the
majority of which is nonproteinuric (~100 million people worldwide, by our calculations).
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▪ Prior to the sub-analysis, Dr. Inzucchi briefly compared EMPA-REG to the landmark
CREDENCE trial, which has thrust SGLT-2 inhibitors into the CKD prevention and
treatment spotlight of late. Including only those subjects who would have been eligible for
CREDENCE, he pointed out that the (very rough) comparison between the two suggests strong renal
protection with Jardiance (and as a class effect, we might add) in this higher-risk renal population
(eGFR between 30 and 90, UACR >300). However, we will need full results from the CREDENCE-
equivalent EMPA-KIDNEY trial to draw definite conclusions. Dr. Inzucchi reminded the audience
that this trial is enrolling a broad CKD population, including both proteinuric and nonproteinuric
CKD as well as people without diabetes (and also those with type 1!), to give a more complete picture
of the renal protection conferred by Jardiance.

www.closeconcerns.com 67

https://www.closeconcerns.com/knowledgebase/r/92abfbea
https://www.closeconcerns.com/knowledgebase/r/8f2ed0be


◦ Dr. Inzucchi made a point of stating that nonproteinuric DKD, the population
studied in the sub-analysis above, was excluded from CREDENCE despite this
pathophysiology being widely prevalent. However, these patients were not excluded
from the CANVAS CVOT, which found a nominally significant 40% reduction on a renal
composite outcome with Invokana vs. placebo.

Empagliflozin Selected Cardiovascular and Safety Outcomes in Routine Care:
First Results from the Empagliflozin Comparative Effectiveness and Safety
(EMPRISE) Study

Elisabetta Patorno, MD, DrPH (Brigham and Women's Hospital, Boston, MA)

Dr. Elisabetta Patorno (Harvard and Brigham and Women's) presented expanded results from EMPRISE,
Lilly and BI's ~35,000-patient real-world evidence program comparing SGLT-2 inhibitor Jardiance
(empagliflozin) to DPP-4 inhibitors. See all effectiveness outcomes presented in the figure below. Note that
the composite CV outcome is hospitalization for MI or stroke or death; the extended CV outcome also includes
hospitalizations for heart failure or coronary revascularization. As a reminder, Lilly/BI released the first
results from EMPRISE last November, before presenting in-depth heart failure outcomes in a poster at AHA
2018. The outcomes presented by Dr. Patorno build on an already-announced 44% relative risk reduction on
hospitalization for heart failure with Jardiance in this real-world dataset. On the whole, some of the outcomes
presented below might be considered disappointing. However, Dr. Patorno qualified these data as an interim
assessment, as EMPRISE is still ongoing and the number of events (on both safety and efficacy) is small -
more precision will be achieved in the future. Review the outcomes from the original EMPA-REG OUTCOME
trial here.
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▪ Dr. Patorno also presented safety outcomes from EMPRISE, which are well-aligned
with findings from EMPA-REG OUTCOME, supporting the reliability of the CV
findings as well as the real-world safety of Jardiance. Data for four key adverse events was
shown:

◦ Bone fracture: EMPRISE identified a trend in favor of dapagliflozin on bone fracture, with
a HR of 0.81 (95% CI: 0.41-1.57). In EMPA-REG, the HR was 0.94 (95% CI: 0.73-1.21).

◦ Lower-limb amputation: There was a slight trend favoring placebo at HR=1.14 (95% CI:
0.64-2.04), compared to HR=1.00 (95% CI: 0.70-1.44) in EMPA-REG.

◦ DKA: The point estimate most favoring placebo in both EMPRISE and EMPA-REG was on
DKA; in EMPRISE, HR=1.74 (95% CI: 0.84-3.58), while in EMPA-REG, HR=1.92 (95% CI:
0.21-17.17). Importantly, both CI's are wide.

◦ Acute kidney injury: Both point estimates significantly favor placebo, at 0.64 for EMPRISE
(95% CI: 0.43-0.95) and 0.58 for EMPA-REG (95% CI: 0.38-0.90).

▪ EMPRISE utilized three US claims databases (Optum, 65 million lives; MarketScan,
150M lives; and Medicare, 55M lives) from August 2014-September 2019 to assess the
efficacy, safety, cost, and utilization of Jardiance vs. DPP-4 inhibitors in new users
(within the past year; to avoid immortal time bias). Investigators propensity score matched
patients 1:1 across >140 covariates, including baseline demographics, CV conditions and
medications, and indicator of diabetes severity. DPP-4s were chosen given their similar placement in
treatment algorithms. Follow-up continued until treatment discontinuation or switching to
comparator, occurrence of an outcome of interest, nursing home admission, death, plan
disenrollment, or the end of study period. See patient characteristics here:
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Oral Presentations: Diabetes Management and Macrovascular Outcomes

Do GLP-1RA and SGLT2i Reduce Cardiovascular Mortality in African-American
Patients with Type 2 Diabetes? A Meta-Analysis

Basem Mishriky, MD (East Carolina University, Greenville, NC)

An unsettling meta-analysis of recent CVOTs found no cardioprotective benefit for GLP-1 agonists or SGLT-2
inhibitors in black and African American people with type 2 diabetes. Across major GLP-1 agonist and SGLT-2
inhibitor CVOTs, these next-gen therapies delivered no significant relative risk reduction (RR=0.93, 95% CI:
0.70-1.23) in black study participants. This held true for GLP-1 agonists alone (RR=0.96, 95% CI: 0.61-1.53)
and SGLT-2 inhibitors alone (RR=0.93, 95% CI: 0.47-2.14). This study included seven CVOTs: On the SGLT-2
inhibitor front EMPA-REG OUTCOME (empagliflozin) and CANVAS (canagliflozin), and on the GLP-1
agonist front LEADER (liraglutide), SUSTAIN-6 (semaglutide), EXSCEL (exenatide), HARMONY
(albiglutide), and - very impressively - REWIND (dulaglutide), which was released at this meeting! (Major
congratulations to Dr. Mishriky for updating these results so quickly!). The DECLARE trial (dapagliflozin)
was not included because outcomes were not reported by race in the published results.

▪ Dr. Mishriky was careful to underscore that this meta-analysis has limitations - namely
a small population of black participants enrolled in CVOTs (only ~5% of the study population in
most CVOTs), a correspondingly low number of events in black participants (ranging from 106
events [LEADER] to just 12 events [SUSTAIN-6] across the included trials), variation in trial design
and population between different CVOTs, and the fact that the trials were not powered to specifically
examine racial differences. In this way, the results can be interpreted less as an admonition that the
cardioprotective benefits of GLP-1 agonists and SGLT-2 inhibitors don't extend to the black
population, and more as a call for dedicated trials to assess whether they do.

▪ We couldn't agree more with Dr. Mishriky's conclusion that there is an "urgent need"
for additional studies evaluating new diabetes therapies in the black population
specifically. During subsequent Q&A, Dr. Mishriky issued an important reminder on the
epidemiological front that black people with type 2 diabetes have an especially high need for
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therapies that reduce cardiovascular risk. This population is at higher risk for developing
cardiovascular disease than the general diabetes population, and the black population in the US has
experienced some of the most modest improvements in cardiovascular mortality over recent decades
compared to other groups. To say nothing of population-level differences in socioeconomic status
and healthcare access, there are also physiological differences that may disadvantage black
individuals when it comes to diabetes outcomes - Dr. Mishriky pointed out that the sickle cell trait
confers additional risk of CV and kidney disease, for instance. Dr. Mishriky pointed out that it is well
understood that certain cardiovascular therapies such as ACE inhibitors are less effective in black
individuals, and it would be extremely unfortunate from a public health perspective if the same was
true for the next generation of GLP-1 agonists and SGLT-2 inhibitors. We hope this meta-analysis
causes manufacturers to reconsider the designs of future CVOTs to more directly assess this
important question.

Product Theaters

Jardiance (empagliflozin) Tablets: Data from the Comprehensive Clinical
Development Program (Sponsored by Lilly/BI)

James R Gavin, III, MD, PhD (Emory University School of Medicine, Atlanta, GA)

In a Lilly/BI-sponsored product theater focusing on SGLT-2 inhibitor Jardiance (empagliflozin), Dr. James
Gavin III (Emory University) urged potential prescribers to take the risk of Fournier's gangrene seriously and
to engage in earlier interventions for prevention of this complication. Reviewing the usual side effects that
could accompany Jardiance treatment (genital mycotic infections, putative DKA risk, dehydration, and more),
Dr. Gavin paused when discussing the risk of Fournier's gangrene (necrotizing fasciitis of the perineum),
apparently going off script to emphasize the seriousness of this complication and measures that providers
should take to mitigate risk. Dr. Gavin noted that "this is a very serious adverse event that can lead to serious
surgery-requiring interventions" and we further add that mortality rates with the complication are alarmingly
high (~7.5%). Dr. Gavin emphasized that there are currently no standardized procedures for the evaluation of
Fournier's gangrene, and as a result, providers must be increasingly vigilant when prescribing SGLT
inhibitors and engage in extra precautionary measures: "What we really have to do is be vigilant. If [our
patients] complain about pains, we have to do what we don't do normally - we have to pull pants down and
pull skirts up and see what's happening in the perineum and do earlier interventions so that this doesn't
happen." We salute Dr. Gavin for using this platform to advocate for better vigilance of this complication and
for educating providers about the seriousness of Fournier's gangrene - to our knowledge, it's the first we've
heard of a KOL on the conference circuit directly discussing how to mitigate the risk. Nonetheless, we'd be
remiss if we didn't mention that the absolute risk on a population level appears to be small: FDA as of August
2018 has received reports of only 12 cases over five years of monitoring, compared to 1.7 million US users in
2017 (more on this below).

▪ As a reminder, FDA began requiring a new safety warning for all approved SGLT-2
inhibitor and SGLT-2 inhibitor combination labels in August 2018 following 12 identified
cases of the infection among those taking an SGLT-2 inhibitor between March 2013 (when the first
member of the class was approved) and May 2018. A signal for Fournier's gangrene was not
observed in any of the clinical trials for SGLT-2 inhibitors but was observed in FDA's real-world
monitoring. Despite the low rates of Fournier's gangrene seen, FDA's swift action in requiring an
additional safety warning was of high interest to the broader diabetes community - we note that our
initial coverage of the news was one of our top 10 most read diabetes-therapy related pieces of 2018.

▪ On this front, a review was just published in the Annals of Internal Medicine detailing
the reported cases of Fournier's gangrene associated with SGLT-2 inhibitors.
Interestingly, the authors reported an updated number of cases identified by FDA: 55 cases between
March 2013 and January 2019, a significant increase from the 12 initially reported by the FDA last
August for the time period of March 2013 to May 2018. It's unclear if the 43 new cases occurred
between May 2018 and January 2019 alone or if additional past cases were identified in the study.
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Of the 55 cases, all required surgical debridement, eight had fecal diversion surgery, two required
lower extremity amputations, and three patients died. The study also notes 19 cases of Fournier's
gangrene associated with other diabetes drugs between 1984 and January 2019 (a much wider
timeline): 8 with metformin, 6 with insulin glargine, 2 with mealtime insulins, 2 with sitagliptin/
metformin combos, and 1 with dulaglutide. We note that diabetes is the most common comorbidity
and a known risk factor for Fournier's gangrene, reported to be present in 20%-70% of patients with
the infection.

What Can Heart Failure Take from Your Patients with Type 2 Diabetes?
(Sponsored by AstraZeneca)

John Anderson, MD (Frisk Clinic, Nashville, TN)

Nashville's Dr. John Anderson, past ADA President of Medicine & Science, discussed the burden of heart
failure in type 2 diabetes. A single hospitalization for heart failure costs $23,000 on average, and up to 22% of
diabetes patients end up with this outcome. Heart failure is the diagnosis most frequently associated with
30-day hospital readmissions. More than 60% of individuals discharged after heart failure hospitalization will
be readmitted within one year. "It should come as no surprise that we call heart failure an 'unrelenting
disease,'" Dr. Anderson commented. He shared that 25% of people with type 2 diabetes have undiagnosed
heart failure, urging HCPs to explicitly address this cardiovascular risk with their patients. Regardless of A1c,
patients should be diligently monitored for signs and symptoms of heart failure according to Dr. Anderson.
Anyone at medium- to high-risk for heart failure should be referred for an echocardiogram: "It's not that
expensive!" Dr. Anderson exclaimed, adding "if you're considering it - do it." He didn't mention Farxiga
(dapagliflozin) or SGLT-2 inhibitors by name, but we certainly see the value of prescribing any drug known to
reduce heart failure risk in type 2s. In DECLARE, AZ's CVOT for dapagliflozin, the SGLT-2 inhibitor lowered
heart failure hospitalization risk by 27% vs. placebo (HR=0.73, 95% CI: 0.61-0.88). A composite primary
outcome of heart failure hospitalization or CV death was 17% less likely with dapagliflozin vs. placebo
(HR=0.83, 95% CI: 0.73-0.95, p=0.005 for superiority). Heart failure results were similar in CANVAS for
J&J's Invokana (canagliflozin) and in EMPA-REG OUTCOME for Lilly/BI's Jardiance (empagliflozin),
meaning there's little doubt among thought leaders that cardioprotection - and especially heart failure
protection - is a class effect of SGLT-2s. AZ has submitted DECLARE data to FDA and EMA in the hopes of
getting a label update for Farxiga. The best-case scenario, in our view, would be a new indication to treat heart
failure risk as well as overall high CV risk in people with diabetes.

Corporate Symposia

Multidimensional Issues in Type 2 Diabetes - Debates and Discussions Around
Cardiovascular and Renal Outcomes (Sponsored by AstraZeneca)

Richard Pratley, MD (Florida Hospital, Orlando, FL); Lawrence Blonde, MD (Ochsner Medical
Center, New Orleans, LA); Serge Jabbour, MD (Thomas Jefferson University, Philadelphia,
PA); Stephen Wiviott, MD (Brigham & Women's Hospital, Boston, MA)

Drs. Richard Pratley, Lawrence Blonde, Serge Jabbour, and Stephen Wiviott (a DECLARE investigator)
engaged in a lively, far-reaching discussion of SGLT-2 inhibitors and outcomes beyond A1c. The panel
touched on DECLARE results (the CVOT for AZ's SGLT-2 Farxiga), CVOT design and interpretation,
hypoglycemia, varying approaches to treating atherosclerotic CV risk vs. heart failure risk, safety signals
associated with SGLT-2s, and more. If one thing is clear, it's that AZ is committed to its SGLT-2 business.
Farxiga (dapagliflozin) is now approved to treat type 1 as well as type 2 diabetes (at least in Europe and
Japan), and is under investigation for chronic heart failure independent of diabetes. Moreover, FDA and EMA
are reviewing a request for a label update based on positive DECLARE results.

▪ Dr. Wiviott shed light on DECLARE's study design, noting that AZ aimed to
demonstrate superiority but also wanted to enroll patients early enough in their
disease progression that they had more potential to benefit from Farxiga. Dr. Pratley
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applauded the decision to enroll a lower-risk population because it increases the trial's
generalizability. "This was the right thing to do," he affirmed. "If you're looking to confirm safety,
you can enroll a high-risk cohort to maximize event rate, but this approach was more responsible
and applicable for the real-world type 2 diabetes population." We're eager to see how FDA and EMA
take study design into consideration when updating dapagliflozin's product label. Farxiga could be
the first SGLT-2 inhibitor indicated for cardioprotection in type 2 diabetes patients across the
spectrum of CV risk, whereas Lilly/BI's Jardiance and J&J's Invokana are indicated for
cardioprotection only in patients with established CVD. Keep in mind that label updates are not
merely semantic - they influence prescriber behavior, and a broader CV indication for Farxiga could
mean more type 2s gain access to an advanced therapy that lowers their overall CV risk (in addition
to their blood glucose and body weight).

◦ As a reminder, DECLARE found a significant benefit with dapagliflozin over
placebo on the composite outcome of CV death/hospitalization for heart
failure: 17% relative risk reduction, HR=0.83, 95% CI: 0.73-0.95, p=0.005 for
superiority. With this, Farxiga became the first SGLT-2 inhibitor to show heart failure
benefit, and the first to show CV benefit in a primary prevention population (59% of
participants had no prior CV events at baseline). CV death/heart failure was significantly
reduced in both primary (HR=0.83, 95% CI: 0.71-0.98) and secondary prevention patients
(HR=0.84, 95% CI: 0.67-1.04). Three-point MACE was not significantly reduced with
Farxiga vs. placebo, but results trended in the right direction favoring dapagliflozin
(HR=0.93, 95% CI: 0.84-1.03, p<0.001 for non-inferiority). See our detailed coverage of
the DECLARE presentation from AHA 2018 for more.

▪ In summarizing results from major SGLT-2 CVOTs, Dr. Jabbour commented on the
amputation signal from CANVAS, suggesting that it wasn't a direct effect of the
molecule on bones. He highlighted that amputation rate was low overall and explained that these
events occurred in patients with high baseline risk (elderly, peripheral vascular disease, prior
amputation, etc.). We've heard a similar tune from many thoughts leaders, who argue that the
glycemic, weight loss, and cardio/renal benefits of Invokana (canagliflozin) greatly outweigh the
amputation risk. Nevertheless, Invokana sales have trended steadily downward since FDA added a
black box warning for amputations to the product label in 2017. The good news is that amputation
concerns don't seem to have spread across the class - the last thing we'd want is for patients and
providers to shy away from any SGLT-2 agent, especially now that cardioprotection and renal
protection have emerged as likely class effects.

▪ Dr. Blonde noted the glucose-independent antihyperglycemic mechanism of SGLT-2
inhibitors. He also emphasized that "we still don't know the true incidence and impact of non-
severe hypoglycemia." He gave recommendations to HCPs in the room on how to intensify
treatment for patients with type 2, in line with ADA's 2019 Standards of Care. In these guidelines,
ADA advocates for shared A1c goal-setting based on an individual patient's lifestyle, preferences,
and hypoglycemia risk - Dr. Blonde stated that attempting to reduce the risk for hypoglycemia is an
important component in the treatment of all patients with diabetes. Moreover, he indicated that
many real-world patients may not know their own glycemic goals or A1c values. To this end, the
panelists all endorsed the importance of multidisciplinary team care that includes ongoing patient
self-management education and support.

SGLT Inhibitor Poster Highlights

Title Important Details
Two-Year Effects of Ertugliflozin on

Renal Function
▪ A 104-week sub-analysis of the VERTIS-CV CVOT for

SGLT-2 inhibitor ertugliflozin demonstrated a significant
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reduction in UACR (up to 12% at the highest dose)

relative to placebo and no effect on eGFR.

▪ Those with a baseline UACR ≥30 mg/g (mild kidney

disease and worse) demonstrated a significantly more

pronounced UACR reduction than the total cohort,

across all study arms.

▪ There was no increase in renal-related adverse events in

any arm.

Effects of Dapagliflozin, Metformin,

or Exercise on Glycaemic Variability

and Mean Glucose Levels in

Prediabetes: The PRE-D Trial

▪ A Steno Diabetes Center study with CGM found that

SGLT-2 inhibitor dapagliflozin decreased glycemic

variability (as measured by MAGE) by 17% (p=0.042)

after 13 weeks and mean glucose levels by 0.2 mmol/L

after 6 weeks (p=0.033).

▪ Both effects were transient; neither was sustained

through the end of the 26-week trial.

▪ Only exercise appeared to decrease MAGE significantly

in the long-term, though values were not given.

▪ Also see: "Safety, Adherence, and Treatment Satisfaction

with Dapagliflozin, Metformin, or Exercise in Individuals

with Prediabetes: The Pre-D Trial" and "Effects of

Dapagliflozin, Metformin, or Exercise on Markers of

Cardiometabolic Risk: The PRE-D Trial"

Assessing the Risk of Amputation

with Canagliflozin in Middle-Aged

Adults and Adults over 65 Years of

Age: An Observational Study Using

Three Nationwide Databases

▪ A population-based new-user cohort study found a

significantly higher rate of amputation in people aged

≥65 years old with CV disease vs. GLP-1 agonists

(HR=1.73, 95% CI: 1.30-2.29).

▪ Trends were also found for those ≥65 years old without

CV disease and those <65 years old regardless of baseline

CV disease, though none were significant.

▪ As a cohort study, limitations exist: Confounding and

missing data as well as a limited duration of follow-up.

Health-Care Costs and Medication

Burden in Routine Care Initiators of

Empagliflozin: A First Analysis from

the Empagliflozin Comparative

Effectiveness and Safety (EMPRISE)

Study

▪ An economic analysis of the real-world EMPRISE study

(n=35,000) found that per member per year total cost of

beginning SGLT-2 inhibitor empagliflozin was similar to

that of beginning a DPP-4 inhibitor ($43 less total with

empagliflozin).

▪ Both inpatient costs ($441 less per member per year with

empagliflozin) and outpatient costs ($356 less per

member per year with empagliflozin) tended to be lower

with the SGLT-2 inhibitor, though this was offset by a
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higher cost from the pharmacy ($782 more per member

per year with empagliflozin).

▪ These amounts are a sum of payer and patient costs

captured in claims data. To this end, we're curious about

which costs were fielded by which party.

▪ As a real-world study, confounding remains a point of

discussion. For example, it's possible that people

prescribed an SGLT-2 inhibitor were different than those

prescribed a DPP-4 inhibitor, though propensity

matching mitigated differences in demographics,

comorbidities, baseline costs and healthcare resource

utilization, and baseline diabetes therapy.

▪ We would have loved to see quality of life metrics

included as a part of the poster, as we'd be curious how

they would correlate with costs.

Consistent Cardiovascular (CV)

Benefits from Empagliflozin across

the Spectrum of CV Risk Factor

Control: Post Hoc Analysis from

EMPA-REG OUTCOME

▪ A post-hoc analysis of the EMPA-REG CVOT for SGLT-2

inhibitor empagliflozin found no significant differences

on 3-point MACE, CV death, hospitalization for heart

failure (HHF), or a composite of HHF and CV death

across the spectrum of CV risk.

▪ Participants were classified into groups according to

their baseline mitigation of 0-3, 4-5, or 6-7 CV risk

factors including (i) A1c <7.5%; (ii) LDL <100 mg/dL or

statin use; (iii) systolic blood pressure <140 mmHg and

diastolic blood pressure <90 mmHg; (iv) ACE or ARB

use; (v) normoalbuminuria; (vi) aspirin use; and (vii)

non-smoking status.

▪ Unsurprisingly, those in the placebo group with 0-3 or

4-5 CV risk factor goals achieved had an increased risk

for 3-point MACE, CV death, HHF, and the composite of

CV death or HHF, compared to those with 6-7 goals

achieved, further backing these as correct risk factors.

We'd be curious to know which were achieved most

often.
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Insulin Therapy

Oral Presentations: Innovations in Insulin Therapy

Ultra-Rapid Lispro (URLi) Improves Postprandial Glucose (PPG) Control vs.
Humalog (Lispro) in T1D: PRONTO-T1D Study

Leslie Klaff, MD, PhD (Rainier Clinical Research Center, Renton, WA)

To a standing-room-only audience, Rainier Clinical Research Center's Dr. Leslie Klaff presented results from
the PRONTO-T1D study (n=1,222), demonstrating a significant improvement in postprandial glucose
excursions with Lilly's phase 3 URLi (ultra-rapid insulin lispro) vs. its progenitor Humalog (insulin lispro).
Mealtime (dosed 0-2 minutes before meal start) URLi reduced postprandial glucose by ~28 mg/dL (95% CI:
35.3-20.6) at the one hour and ~31 mg/dL (95% CI: 41.1-21.2) at the two hour mark post-meal vs. mealtime
Humalog (both p<0.001). Results at the three and four hour marks were also both significantly lower, but no
values were given. The post-meal URLi group, a third arm that dosed 20 minutes after meal start, had a
significantly higher average postprandial glucose vs. mealtime Humalog after 30 and 60 minutes, but the
excursion was reduced to below mealtime Humalog levels by hour 2. At the end of 26 weeks, mealtime URLi
demonstrated a non-inferior A1c reduction vs. Humalog (estimated treatment difference: -0.08%, 95% CI:
-0.16-0.00), while the post-meal Humalog group had a significantly higher average A1c (estimated treatment
difference: +0.13%, 95% CI: 0.04-0.22, p=0.003 vs. Humalog). In an interview with our team, Lilly Senior
Medical Director Dr. Tom Hardy reminded us that PRONTO-T1D was a treat-to-target study, meaning that it
was not designed to demonstrate A1c benefit over Humalog. He added that even the final A1c of the post-meal
URLi group (7.42%) is pretty good for a multi-national study in type 1 diabetes.

On safety, there was no significant difference in postprandial severe hypoglycemia (<54 mg/dL) between the
three groups up to four hours post-meal, though mealtime URLi did significantly reduce these events past the
four hour mark (2.72 events per patient year vs. 4.35 with mealtime Humalog (p=0.001) vs. 3.88 with post-
meal URLi (p=0.006)), which Dr. Klaff attributed to URLi's faster onset and offset. Overall, there was no
change in the rates of overall severe hypoglycemia or nocturnal severe hypoglycemia at 26 weeks. Taken
together, he concluded that these results suggest that URLi is a superior agent to Humalog for postprandial
control and hypoglycemia >4 hours after a meal and noted that URLi should only be dosed after a meal if
needed. King's College's Dr. Stephanie Amiel appreciated this qualification during Q&A, stating that the
"flexible dosing options" for Novo Nordisk's Fiasp - which state that it can be dosed up to 20 minutes after a
meal - have been a "complete disaster" for patients. Mr. Hardy noted to our team that Lilly will be submitting
this data for a post-meal dosing indication, seeing as the hypoglycemia data and area-under-the-curve of the
post-prandial glucose curves suggest URLi dosed at 20-min post-meal to be comparable to Humalog dosed at
mealtime; he agreed that it should not be generally recommended.

We'll be particularly intrigued to hear how thought leaders process these results and how Lilly positions URLi
relative to Humalog (so far, it has only been filed in the EU and Japan, though US submission is slated for
2019). Thought leaders have historically been split over Fiasp's added value vs. current mealtime options:
Some feel the advantages it brings over NovoLog are merely marginal, while others have identified a unique
potential for it in closed loop systems due to the molecule's faster PK/PD profile. To this end, URLi was also
tested in the PRONTO-PUMP study (completed September 2018, results expected at EASD 2019), and Lilly is
now conducting the larger safety and efficacy PRONTO-PUMP-2 to support pump use and labeling in the US.
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▪ We wonder how Lilly will price Ultra Rapid Acting Humalog when it comes to market.
Fiasp is currently priced at parity to progenitor NovoLog in most major markets (including the US).
Will Lilly pursue a similarly aggressive strategy with URLi?

▪ Within PRONTO-T1D there was a small CGM cohort (n=269), which found that
mealtime URLi conferred ~44 minutes of extra time-in-range (71-180 mg/dL) vs.
mealtime Humalog (p=0.02) between 6 am and midnight, with no difference in
overnight time-in-range. To be expected, this was attributed to blunted post-meal highs, which
were seen across all three meals (see below). In the grander scheme, we love this addition of CGM to
the trial - we believe it more saliently demonstrates the benefits of URLi over Humalog, as well as
those of premeal dosing over post-meal dosing.

Ultra-Rapid Lispro (URLi) Improves Postprandial Glucose (PPG) Control vs.
Humalog (Lispro) in Patients with Type 2 Diabetes (T2D): PRONTO-T2D

Thomas Blevins, MD (Texas Diabetes and Endocrinology, Austin, TX)

Dr. Thomas Blevins presented the full results of PRONTO-T2D (n=673), the type 2 equivalent of PRONTO-
T1D, which again demonstrated that ultra-rapid-acting URLi was superior to Humalog in controlling 1- and
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2-hour post-prandial glucose excursions during a mixed-meal-test through 26 weeks. URLi was also, again,
non-inferior to Humalog on A1c at the end of the study, with the former group reaching an average A1c of
6.92% vs. 6.86% with the latter - both very well-controlled. While the overall rates of documented and
nocturnal hypoglycemia (<54 mg/dL) were nearly identical, URLi conferred significantly higher rates of
postprandial hypoglycemia between 1-2 hours after a meal (0.7 events per patient year vs 0.3, p<0.001) and
between 2-4 hours post-meal (1.0 events per patient year vs. 0.7, p=0.04). Dr. Blevins did not offer a possible
reason for these results but did note that the event rates were extremely low. That said, the definition of
hypoglycemia here corresponds with severe hypoglycemia (see the 2019 ATTD International Consensus
Meeting on Time-in-Range), meaning that low event rates should not be dismissed as insignificant, in our
minds. Also worth noting, there was a statistically significant increase in injection site reactions with URLi
(2.7% of patients) vs. Humalog (0% of patients), though these event rates are also low. Altogether, we wonder
whether these results will be enough to differentiate URLi from Humalog in the eyes of prescribers and
patients - perhaps this is an area in which real-world-data or real-world-evidence could be used. Indeed, Lilly
Senior Medical Director Mr. Tom Hardy noted to us that perhaps these strict, treat-to-target studies do not
have the best structure to elucidate differences in rapid-acting insulins, at least between URLi and Humalog.
He added that less structure in titration and frequency of HCP interaction, as well as more widespread use of
CGM (yes!) for immediate feedback could be important in proving the differentiated profile of URLi to payers,
prescribers, and patients, and Lilly is "definitely looking at the next slate of studies that might help us do
that."
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▪ In Q&A, one audience member asked whether a higher dose of Humalog may confer a
similar postprandial glucose profile to URLi; Dr. Blevins believes it could, though at a
higher risk of hypoglycemia. We certainly think the question is worth investigating, especially
considering the elevated risk of hypoglycemia with URLi at all postprandial timepoints. It would also
be very useful information to prescribers and HCPs should URLi be priced at a premium to
Humalog.

◦ The same audience member noted that the liquid diet used in a mixed-meal
tolerance test favors ultra-rapid-acting insulin profiles, calling into question
the significance of URLi's benefits. Mr. Hardy acknowledged that the clinical trial
situation is certainly artificial, noting that Lilly has other data in free-living individuals that
suggests the postprandial benefits of URLi are still present with solid meals.

DUAL VIII: Significantly Longer Time to Treatment Intensification with Insulin
Degludec/Liraglutide (IDegLira) vs. Insulin Glargine (IGlar U100) in a 104-Week
(Wk) Randomized Trial Mirroring Clinical Practice

Vanita Aroda, MD (Brigham and Women's Hospital, Boston, MA)

Brigham and Women's Dr. Vanita Aroda revealed full 104-week results from the DUAL VIII trial (n=1,012
insulin-naïve people with type 2 diabetes), which found significantly greater durability of treatment effect
alongside vast improvements in insulin dose, weight, and hypoglycemia with Novo Nordisk's GLP-1/basal
insulin combo therapy Xultophy (liraglutide/insulin degludec) vs. Sanofi's basal insulin Lantus (insulin
glargine) - full results and an accompanying editorial were simultaneously published in Lancet Diabetes and
Endocrinology. At the end of the 104-week study period, just 37.4% of those taking Xultophy met the
requirements for treatment intensification (defined as back-to-back A1c measurements ≥7.0%) compared to
66.2% of those on Lantus (p<0.0001), though both values were steadily rising. Among those reaching the
104-week mark with an A1c <7.0%, 51.8% on Xultophy did it with no hypoglycemia vs. 25.5% with Lantus
(p<0.0001), 20.9% on Xultophy did it with no weight gain vs. 6.3% on Lantus (p<0.0001), and 20.0 % on
Xultophy did it with no hypoglycemia or weight gain vs. 6.1% on Lantus. Daily insulin dose was cut down by
almost 30% in those taking Xultophy (37 units/day vs. 52 units per day), and Xultophy also conferred half as
much weight gain vs. Lantus (1.7 kg vs. 3.4 kg, p<0.0001). Very impressively, there was a 56% lower rate of
severe or blood glucose-confirmed symptomatic hypoglycemia with Xultophy compared to Lantus
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(ERR=0.44, 95% CI: 0.33-0.60, p<0.0001). Altogether, these results paint a stunning picture of the sheer
power of GLP-1/basal combinations, particularly Xultophy, as first-line injectables (as a reminder, Dr. John
Buse has previously called these agents, "without a doubt the most powerful glucose-lowering agents on the
planet"). While it may not have been a fair fight from the get-go - pitting two highly efficacious agents in
combination vs. a single, first-gen basal insulin - we do believe these results make a strong case for earlier and
more aggressive treatment with GLP-1/basal combinations. As a reminder, FDA earlier this year removed the
label restriction requiring that patients already be taking basal insulin or liraglutide before starting Xultophy,
meaning that first-line treatment with this agent is just now possible in the US (this restriction never applied
OUS). It's great from our view that this label is gone, though memories are long.

▪ We continue to be impressed by the clinical performance of Xultophy and other
GLP-1/basal insulin combinations but note that commercial uptake has lagged
significantly behind. Building on optimal clinical outcomes, a DUAL VII post-hoc analysis at
EASD 2018 found that Xultophy treatment was less burdensome to patients than basal-bolus
therapy, in terms of dose adjustments, number of injections per day, and total daily insulin dose.
Yet, despite these multifactorial benefits, neither Xultophy or Soliqua has truly taken off in the
market, particularly in the US. In a conversation with our team, Novo Nordisk CMO in North
America Dr. Todd Hobbs confessed his belief that it "might be too late in the US to rebound … once
you have a tough product launch, it can be difficult to bounce back." That said, Xultophy is doing
quite well in several countries in the EU, such as France, where reimbursement is strong and clinical
algorithms are different.

▪ In Q&A, after complimenting the researchers on a job well done, the venerable Dr.
Julio Rosenstock noted that this study does not answer a key remaining question:
Does simultaneous administration of GLP-1/basal insulin outperform sequential
administration? This issue was also brought up in the paper's accompanying editorial (which we
highly recommend), though it is not a new concept. In fact, Dr. Rosenstock has previously
contributed to formal debates on the subject, with consensus being that a dedicated RCT will be
needed to draw a final conclusion. Perhaps such a study would also improve the commercial outlook
for the class (provided simultaneous outperforms sequential), as it is our understanding that many
providers are more comfortable prescribing and titrating each agent separately, rather than in a
fixed-ratio.

▪ Given that its primary purpose was to measure durability, DUAL VIII was designed to
mirror clinical practice. Clinic visits occurred just once every 12-14 weeks, vs. the standard 4-6
week visits present in most RCTs, perhaps giving the study greater generalizability to a real-world
setting.
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Differences in HbA1c-Lowering Effect and Hypoglycemia Risk between Gla-300
and IDeg According to Renal Function in the BRIGHT Trial

Martin Haluzik, MD, PhD (Institute for Clinical and Experimental Medicine, Prague, Czechia)

Institute for Clinical and Experimental Medicine's Dr. Martin Haluzik expounded on Sanofi's BRIGHT study
comparing next-gen insulins Toujeo and Tresiba, uncovering improved A1c values with the former as renal
function declined. Originally presented at ADA 2018, BRIGHT found overall similar A1c reductions with the
two agents, but a predefined subgroup analysis found significantly different mean A1c changes favoring
Toujeo at lower baseline eGFR (p-value for interaction=0.02, see below), prompting this renal deep dive post-
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hoc. Once broken down by eGFR, there was an increasingly divergent pattern in mean A1c favoring Toujeo at
reduced kidney function over the 24-week study. At normal kidney function (eGFR ≥90), the curves nearly
overlapped (least-squares mean difference = +0.09% for Toujeo, 95% CI: -0.05 to 0.24), but at stage 2 CKD
(eGFR 60 to <90) Toujeo began to prevail (LS mean difference = -0.13% for Toujeo, 95% CI: -0.30 to 0.02),
and at stage 3 CKD, the 95% CI no longer crosses unity, favoring Toujeo (LS mean difference = -0.43, 95% CI:
-0.74 to -0.12). Importantly, this benefit was not the result of increased hypoglycemia, as there was no
discernible difference in incidence or rate of hypoglycemia ≤70 mg/dL or ≤54 mg/dL over the full study
period, regardless of renal function (see below). Dr. Haluzik did not offer any hypotheses behind Toujeo's
potential benefit, besides the surface-level, "could be explained by some differences in insulin characteristics,"
noting that a dedicated trial in this population would be needed first to confirm the difference.

▪ Overall, we think too much time is spent splitting hairs between these next-gen basal
insulins. Instead, we should, as a community, focus on bringing them to more patients. As Dr.
Alice Cheng said at EASD 2018, "I don't think the big takeaway from BRIGHT is that it
demonstrated non-inferiority in terms of A1c reduction between the two next-gen insulins. The big
takeaway is that both insulins were able to lower A1c from an average above 8.5% to 7.0% in just 24
weeks." Notably, it also seems that the conclusion about which insulin is better depends significantly
on the trial sponsor: While DELIVER D+ and BRIGHT found no significant difference between the
two in hypoglycemia past the first 12 weeks, the CONFIRM real-world study (n=4,056) suggested
that hypoglycemia and treatment discontinuation were both more common with Toujeo than
Tresiba, and a Novo Nordisk-sponsored, phase 3b head-to-head trial (n=1,609) of the two agents,
which was announced on the company's 1Q19 earnings call, also found overall lower hypoglycemia
risk with Tresiba.

▪ As with any stratified analysis, cohort numbers were stretched thin. 467 (50%) of all
participants had a baseline eGFR ≥90 ml/min/1.73 m (246 Toujeo, 221 Tresiba), 365 (39%) had a2

baseline eGFR between 60 and 90 ml/min/1.73 m (172 Toujeo, 193 Tresiba), and just 96 (11%) had2

a baseline eGFR <60 ml/min/1.73 m (47 Toujeo, 49 Tresiba). With numbers this small, it becomes2

difficult to draw definitive conclusions, rendering these results purely hypothesis-generating.
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LixiLan-G: A Randomized Trial Assessing Switching to iGlarLixi vs. Continuation
of Daily or Weekly GLP-1RA in T2D Inadequately Controlled by a GLP-1RA and
OAD(s)

Lawrence Blonde, MD (Oschner Medical Center, New Orleans, LA)

Dr. Lawrence Blonde presented results from LixiLan-G, Sanofi's randomized, open-label study of basal
insulin/GLP-1 fixed ratio combo Soliqua (insulin glargine/lixisenatide) vs. placebo in those already taking a
GLP-1 agonist (n=514). At 26 weeks, Soliqua was associated with a 0.6% greater reduction in A1c from
baseline compared to continuation of GLP-1 administration (-1.0% vs. -0.4%, 95% CI: -0.8, -0.5, p<0.0001),
to 6.7% and 7.4% from baseline of 7.8%, respectively. An impressive 62% of participants randomized to
Soliqua achieved an A1c target of <7% and 41% achieved ≤6.5%, compared to only 26% and 10% continuing
on GLP-1s (p<0.0001 for both). Additionally, 54% on Soliqua achieved the composite target of A1c <7%
without documented severe hypoglycemia (<54 mg/dl), compared to 25% on GLP-1 alone. Moreover, 2-hour
postprandial glucose and 2-hr PPG excursions were significantly improved with Soliqua; treatment
differences were 51 mg/dl and 18 mg/dl, respectively (p<0.0001 for both). On the other hand, those on
Soliqua gained 1.9 kg (4.2 lbs) over 26 weeks, compared to 1.1 kg (2.4 lbs) of weight loss with GLP-1 alone, and
the treatment difference of 3.0 kg was significant (95% CI: 2.4-3.6). Additionally, 9% of the Soliqua group
experienced documented symptomatic hypoglycemia <54 mg/dl, compared to only 0.4% (one participant) on
GLP-1 alone; 64% of the Soliqua group had an adverse event compared to 47% of the GLP-1 only group. In
fact, the Soliqua group actually had more GI events (22% of participants) vs. GLP-1 alone (10%). At baseline,
60% of participants were taking once-daily liraglutide (Novo Nordisk's Victoza) and 40% once-weekly
dulaglutide, exenatide XR, or albiglutide (Lilly's Trulicity, AZ's Bydureon, or GSK's Tanzeum) with or without
metformin, pioglitazone, or an SGLT-2 inhibitor. From where we stand, the study also shows the impact of
adherence - an additional 0.4% A1c drop from GLP-1s that participants were already taking is impressive,
particularly given the only variable that changed was enrollment in a clinical trial.
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Technosphere Insulin Provides Better Early Postprandial Glucose Control than
Subcutaneous Rapid-Acting Analog

David Kendall, MD (MannKind, Westlake Village, CA)

MannKind's Dr. David Kendall presented data demonstrating better early postprandial glucose control with
inhalable mealtime insulin Afrezza vs. insulin aspart (Novo Nordisk's NovoLog) - see glucose response curves
and hypoglycemia across insulin doses below. Over 52 weeks, investigators collected mixed-meal tolerance
test glucose profiles amounting to 652 profiles in 264 adults on Afrezza and 674 profiles in 261 on NovoLog.
In our interpretation, these data reflect that the control achieved with both Afrezza and NovoLog is in part a
function of adequately dosing insulin - and that relatively more units of Afrezza are required - but the rapid-
onset of Afrezza is clearly evident as well. Dr. Kendall noted as much in his explanation of the data, and also
demonstrated that overall rates of hypoglycemia were similar across treatments. However, when looking
specifically at the metric of level 1 hypoglycemia (<70 mg/dl) >2 hours post-meal, Afrezza did have a
significant (p<0.05) advantage over NovoLog. The data show higher rates of hypoglycemia <70 mg/dl at 30
and 60 minutes post-meal with Afrezza but this rate did not increase over baseline while baseline
hypoglycemia dropped with the prandial rise in glucose with NovoLog . There was numerically more severe
"level 2" hypoglycemia with NovoLog in the 2-4 hour postprandial period, though there were very few events
overall. Additionally, Dr. Kendall referenced the STAT study, which found significantly less time in <60 and
<50 mg/dl with Afrezza vs. NovoLog. As background, current prescribing info for Afrezza recommends dosing
conversion at a 1:1 ratio from injectable mealtimes, with subsequent "titration to clinical effect". Previous
clinical trials have supported Afrezza dosing at 1.5-2.0x that of rapid-acting analogs, and, per Dr. Kendall,
Afrezza was safely and effectively titrated to dose of ~1.3 to greater than 2.0x that of NovoLog in this study,
supporting the importance of dose adjustments required for Technosphere insulin therapy. Offering a strong
endorsement of Afrezza, MannKind released these data with a quote from the great Dr. Anne Peters, "The
improved post-meal glucose levels and lower rates of low blood sugars seen in this study of individuals with
type 1 diabetes support my growing clinical experience. The presentation of these data provides further
evidence that proper dosing of Afrezza has the potential to safely and effectively get more patients into target
range at meal times."
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Symposium: The Artificial Pancreas in 2019-First Reports of New, Large-
Scale Trials and the Path Forward

Meeting the Challenge of Post-Meal Glycemic Control-New Generation Insulins
for the Closed-Loop System

Eda Cengiz, MD (Yale University, New Haven, CT)

Yale's Dr. Eda Cengiz shared unpublished data from a small (n=11), hybrid closed-loop study suggesting that
inhaled insulin Afrezza more effectively mitigates postprandial highs with lower incidence of hypoglycemia
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than automated boluses. At 30 and 60 minutes after a standardized meal, those taking Afrezza had
numerically lower postprandial blood glucose levels than those receiving an automated bolus (insulin type not
given), regardless of whether it was a high (rounded up to the nearest 4-unit increment after 1:1 conversion)
or low (rounded down) Afrezza dose. However, the high Afrezza dose did achieved significantly lower
postprandial glucose at the 30 minute mark (below). However, data was not presented beyond the 90 minute
mark, when the automated bolus group reportedly had an equal blood glucose level to the Afrezza high-dose
group and a lower glucose level than that of the low-dose group. Indeed, it appears that glucose levels steadily
rose over time in both Afrezza groups, while the automated bolus group peaked early and fell after about one
hour. It would seem that this pattern also explains why more hypoglycemia requiring carbohydrate rescue was
experienced in the closed-loop group - faster onset with Afrezza vs. infused insulin led to higher plasma
insulin levels in the longer term. Altogether, this data underscores the missing piece in fully-closed loop: A
truly ultra-rapid-acting mealtime insulin. As a parting note, we would have loved to see CGM use and data to
get a fuller picture.

▪ With a hypothetical, ultra-rapid-acting insulin (time to peak insulin level 30 minutes
faster than Humalog), a simulation conducted by Dr. Cengiz (unsurprisingly)
predicted superior postprandial blood glucose control and protection against late
hypoglycemia vs. Humalog. In the experiment, a fully-closed-loop with an aggressive algorithm
(Padova/Pavia/UVa's MPC) and the hypothetical ultra-rapid-acting insulin was predicted to give the
second least time in hyperglycemia after an unannounced meal, falling only behind a hybrid
artificial pancreas. The ultra-rapid insulin also significantly decreased the number of hypoglycemia
events predicted vs. Humalog (4 vs. 21).
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Symposium: Diabetes Management and Macrovascular Outcomes (With
Edwin Bierman Award Lecture)

Impact of Insulin Treatment on Primary Outcomes in Cardiovascular Outcome
Trials

Joanna Khatib (Tulane University, New Orleans, LA)

Ms. Joanna Khatib presented results of a meta-analysis of recent CVOTs showing that the concomitant use of
insulin along with study drug led to a higher risk of cardiovascular events compared to patients who were on
the drugs without insulin. Ms. Khatib opened with the background that six of the 11 CVOTs since 2013 have
demonstrated cardiovascular benefit and explained that the aim of the presented meta-analysis was to
determine the effect of insulin therapy in combination with these new diabetes drugs on MACE. Regarding
the study's methods, PubMed and Google Scholar were searched for CVOTs and seven publications (EXSCEL,
SUSTAIN 6, SAVOR, EMPA-REG, LEADER, EXAMINE, and DECLARE) were included in the meta-analysis,
as they had outcomes according to insulin use. However, the two DPP-4 inhibitor trials were removed from
the analysis, since these trials did not show benefit. The meta-analysis results showed that the risk ratio of the
primary outcome was significantly increased (RR=1.43, 95% CI: 1.32-1.55) among those on insulin and study
drug compared to those on study drug without insulin. Ms. Khatib noted that the results demonstrated that
the new diabetes drugs are protective against CV events and, although the use of insulin was associated with
higher risk for MACE, the new drugs still provided benefit in combination with insulin, but less than when
used alone. Regarding possible explanations for these findings, Ms. Khatib pointed to insulin use as a
surrogate marker for diabetes duration or severity or overall worse glycemic control. Indeed, we would agree
that the populations (insulin vs. no insulin) are inherently different from one another, and one can hardly
begin to separate the impact of insulin use from patient characteristics on the observed result. She pointed out
that the meta-analysis' strengths included its large population (n=29,235) and inclusion of well-conducted
trials with adjudication for events, though weaknesses included the exclusion of some trials and the lack of
stratification by insulin duration. In our eyes, these findings can raise further questions on timing of the
initiation of cardioprotective diabetes therapies (SGLT-2s and GLP-1s) to explore how we can maximize
cardiovascular protection in future clinical guidelines.
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Questions and Answers

Q: I feel like this study has divided two different populations and one population is more
healthy than the other. Is there any way you can better characterize the insulin use group?

A: At first glance of the results, yes, that's the thought of the two groups. Patients on insulin had more CV
events. But we don't think it's due solely to insulin use; it's probably because of diabetes duration and severity.
What we have here is just an observation. Our main point from this analysis is that diabetes drugs should be
used earlier. They should not be used later when the patient is on insulin, as these drugs provide benefit early
on in disease process.

Professional Interest Group Discussion: Improving Transitions in Diabetes
Care

The Transition from Outpatient to Inpatient Health Care for Patients with
Diabetes

Guillermo Umpierrez, MD (Emory University, Atlanta, GA)

Dr. Guillermo Umpierrez shared new data on the use of sliding scale insulin (SSI) as well as OADs in non-
critical care settings at Emory University hospitals, ultimately calling for an individualized approach to
inpatient hyperglycemia management - we expected this to be controversial and it was, given how poor
inpatient diabetes management is perceived to be. He opened by discussing the findings of the RABBIT trials,
showing that compared to SSI, basal-bolus therapy is the preferred approach in inpatient settings. Discussing
the disadvantages of SSI, he listed its potential problems of poor control of hyperglycemia (does not address
basal insulin needs), reactive approach, insulin "stacking", and hypoglycemia. Moving to more recent data,
Dr. Umpierrez shared his studies on both SSI and OAD use in the non-critical care settings at Emory
University hospitals. The SSI study (n=15,348 hospitalized patients with type 2 diabetes) compared patients
treated with SSI vs. basal insulin. Findings showed that SSI is used in ~40% of non-ICU patients and that
patients treated with basal insulin had higher admission blood glucose levels, A1cs, and Charlson scores than
those treated with SSI. Dr. Umpierrez shared that ~90% of patients with admission BG <180 mg/dl treated
with SSI maintained good glycemic control; there was no difference in hospital complications and the SSI
group had lower rates of hypoglycemia vs. basal insulin. Regarding the OAD trial, the retrospective study
(n=17,325) compared patients treated with OADs vs. insulin regimens. Dr. Umpierrez concluded that the
findings showed that patients assigned to OADs were less sick and had lower admission BGs, A1c levels,
comorbidity scores compared to those on insulin therapy. From the data, he noted that patients with mild
hyperglycemia may be effectively treated with OADs, except for SFUs, which may confer a similar
hypoglycemia risk compared to insulin therapy. In closing, Dr. Umpierrez pointed out his surprise to these
findings and ultimately called for more hospital research to guide a better individualized approach to our
inpatient hyperglycemia management, specifically looking at patient characteristics other than admission BG
and A1c.

▪ Dr. Umpierrez shared that the RABBIT trial showed that SSI use was associated with
lower blood glucose values in patients on the general medicine service. In addition, the
RABBIT surgery trial's findings demonstrated that those on basal-bolus therapy had significantly
fewer postoperative complications compared to SSI. In addition, Dr. Umpierrez highlighted data
that basal-bolus was associated with a reduced average total inpatient costs per day by $751,
compared to SSI (14%, 95% CI: 4%-20%) (Phillips, 2017). Compared to premixed 70/30 insulin,
basal-bolus was also associated with greater reductions in blood glucose and less hypoglycemia
(Bellido, 2015).

▪ He called for greater hospital research on additional factors to guide inpatient
hyperglycemia management, including: patient characteristics; type of acute illness; previous
insulin use; hypoglycemia risk; presence of comorbidities; and available resources at the institution.

Questions and Answers
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Q: I've seen data that greater insulin use leads to greater errors. At our hospital, we're
encouraged to use OADs more instead of insulin. What are your thoughts?

A: I'm a strong believer that OADs should not be used in the very sick. But ultimately, we need to be more
open-minded and to not close down new opportunities to approach disease management. We were
disappointed to hear this question asked in such a one-size-fits-all way.

Product Theaters

Getting to Goal - Treatment Options for T2DM Patients with Very High A1c
(Sponsored by Sanofi)

Steve Edelman, MD (UCSD, San Diego, CA)

Dr. Steve Edelman positioned Sanofi's Soliqua (a fixed-ratio combination of basal insulin glargine + short-
acting GLP-1 agonist lixisenatide) as an ideal therapeutic option for type 2 diabetes patients in need of
aggressive A1c-lowering. According to ADA's 2019 Standards of Care - "excellent" guidelines, in Dr. Edelman's
view - patients with A1c ≥2% above target should be prescribed basal insulin and a GLP-1 simultaneously.
Soliqua makes this recommended combination therapy more convenient; patients face one co-pay instead of
two, one daily injection instead of two. As part of the product theater, Dr. Edelman summarized key findings
from pivotal trials LixiLan-O and LixiLan-L. He particularly highlighted data from the subgroup of
participants with baseline A1c ≥9%: In LixiLan-O, these patients on Soliqua (n=49) experienced a mean 2.9%
A1c reduction over 30 weeks, ending the study with an A1c <6.5% (incredible!). In comparison, patients with
A1c ≥9% on lixisenatide alone (n=29) experienced a 1.7% mean A1c drop (p<0.0001 in favor of Soliqua) and
those on Lantus alone (n=55) experienced a 2.5% mean A1c drop (p=0.03 in favor of Soliqua). In LixiLan-L,
average A1c fell from 9.45% to 6.97% among Soliqua-treated patients vs. from 9.45% to 7.6% (still above goal)
among Lantus-treated patients over 30 weeks. Dr. Edelman emphasized that regardless of baseline A1c,
Soliqua can effectively and efficiently get type 2s to meet glycemic targets, though HCPs should especially
consider the fixed-ratio combination for their patients with very high A1c.

▪ Dr. Edelman advocated that any HCP should be prescribing Soliqua - endos and PCPs alike. He
again alluded to the convenience factor, saying "endocrinologists are crazy busy. I like anything
that's easy." Primary care doctors who treat type 2 diabetes are already accustomed to initiating and
titrating basal insulin, and he argued that a fixed-ratio combo product like Soliqua only simplifies
that process. He acknowledged that PCPs are even busier than endos, and to this end, Soliqua is
extremely effective and easy to prescribe. We'd love to see a diversity of providers use Soliqua and
Xultophy (Novo Nordisk's product in the same class, insulin degludec/liraglutide) in type 2 diabetes
care. It's been hard to watch the painfully slow commercial uptake of these products since their
launch in early 2017, especially because they were (and still are) quite hyped by thought leaders.
Given the sheer numbers of real-world patients not at goal (~30% of type 2s in the US have A1c
above 9%, according to Dr. Edelman - that's more than nine million individuals), it's a shame that
more people aren't accessing this medicine known to accelerate progress toward glucose targets.

▪ Turning to safety, Dr. Edelman underscored that neither component therapy in Soliqua is "new,"
meaning there are no new adverse event concerns. In fact, Soliqua boasts a milder side-effect profile
compared to basal insulin monotherapy or GLP-1 monotherapy. In pivotal trials, 24% of participants
randomized to lixisenatide alone experienced nausea vs. only 9.6% of participants taking Soliqua.
Dr. Edelman explained that the reduced GI symptoms result from a lower dose of lixisenatide as well
as smoother uptitration. He did warn that since Soliqua delays gastric emptying (through its GLP-1
component), there may be adverse drug interactions with any agent that must be absorbed within a
limited time window.
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Considerations When Choosing a Basal Insulin for Your Adult Patients with
Diabetes (Sponsored by Sanofi)

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

Dr. John Anderson presented Sanofi's product theater on Toujeo, discussing issues surrounding the goals of
basal insulin and glycemic variability. He opened by sharing the ADA/EASD position statement on basal
insulin: "Ideally the principle of insulin use is the creation of as normal a glycemic profile as possible without
weight gain or hypoglycemia." Commenting that this is easier said than done, Dr. Anderson discussed
glycemic variability, stating that A1c does not always account for daily glycemic variability, and listed
influencing factors of lifestyle, meal variability, metabolic variability, glucose monitoring variability, and
insulin therapy variability. Moving to the topic of basal insulin, he emphasized that goals of this therapy
include a stable PK profile, glucose-lowering activity over a 24-hour period, and individualized target glucose
levels in the fasting state and before meals. From this background, Dr. Anderson introduced Toujeo, stating
that it provides a longer-lasting, glucose-lowering effect compared to Lantus (up to 30 hours), consistent
blood glucose levels within the ADA-recommended ranges throughout the day, and a very flat PK/PD profile.
Regarding its clinical data, Dr. Anderson walked attendees through the EDITION clinical program,
highlighting Toujeo's consistent A1c reduction and safety across a broad range of patients. Notably, when
explaining that patients use higher unit doses of Toujeo than they do Lantus, he stated that this is possibly
due to the fact that Toujeo is subject to more enzymatic degradation than Lantus. He also noted that because
Toujeo is made up of more units (as a U300 insulin), it delivers less volume. Additionally, Dr. Anderson
showed data comparing Toujeo to Tresiba, emphasizing that Toujeo had lower within-day variability vs.
Tresiba at a 0.4U/kg dose, but the two were similar at higher doses. Regarding the BRIGHT trial in insulin-
naïve adults with type 2 diabetes, he highlighted that Toujeo met the non-inferiority margin of 0.3% when
compared to Tresiba, with a powerful A1c reduction at 24 weeks (-1.64% with Toujeo vs. -1.59% with Tresiba)
and no significant differences in weight gain. As for hypoglycemia, there were no significant differences
overall, but Dr. Anderson highlighted that Toujeo had fewer events in the titration phase (43% lower event
rate vs. Tresiba, p=0.033) - in our observation, this difference remains somewhat puzzling to thought leaders,
and there is consensus that all patients not taking a next-gen basal insulin (Tresiba or Toujeo) would benefit
from switching to one. Lastly, Dr. Anderson promoted the Toujeo Max SoloStar as the highest capacity basal
insulin pen on the market.

Questions and Answers

Q: I understand that glucose variability is now a validated risk factor. How can we assess this?

A: How do you do a study on glucose variability and look at outcomes? It can't really be done. So usually we
look at surrogate markers such as pro-inflammatory cytokines. There are theories that if you have really high
postprandial glucose, there is greater release of pro-thrombotic agents so there's a higher risk of
complications. Dr. Hirsch and Dr. Bergenstal had a good debate on this in 2015. But clinically, I know from
my type 1 patients and type 2 patients on insulin that glucose variability is not fun. When patients have less
glycemic variability, they feel better.

Q: Any malignancy signals from the clinical trials?

A: No, there were not. The ORIGIN trials followed patients for seven to nine years and it was encouraging to
see no cancer signals across all the basal insulins.

Q: What age can we start Toujeo in children?

A: It's approved for adults over age 18.

Q: Is hypokalemia common on Toujeo?

A: Hypokalemia has been seen in many different types of insulin. The FDA says that we should monitor
potassium levels.
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Insulin Therapy Poster Highlights

Title Important Details
Divergent

Hypoglycemic Effects

of Hepatic Directed

Prandial Insulin: A

6-Month Study in Type

1 Diabetes Mellitus

(T1DM)

▪ This study assessed injections of HDV-insulin lispro (HDV-L) vs.

insulin lispro (LIS) in type 1 diabetes in a 26-week, multicenter,

randomized, double-blind trial of 176 subjects A1C 7.0-10.5% treated

with basal insulin glargine or degludec. Primary objective was HDV-L

A1C non-inferiority.

▪ Mean A1C change to week 26 was -0.09% (HDV-L) and -0.16% (LIS),

confirming HDV-L non-inferiority.

▪ HDV-L treated subjects ≥8.5% A1C reported less "severe"

hypoglycemia than LIS (69 vs. 97/100 person-years, p=.03), and %

time <54 mg/dL during week 26 trended lower (median 0.7% vs. 2.6%,

p=.09).

▪ Conversely, with baseline A1C <8.5%, more "severe" hypoglycemia was

reported with HDV-L (191 vs. 21, p=0.001), and time <54 mg/dL

during week 26 trended higher (median 2.0% vs. 0.6%, p=0.16).

▪ HDV-L and LIS subjects with A1C <8.5% both showed little difference

in bolus/basal dosages at endpoint (p=0.86 and 0.90).

▪ The authors conclude that HDV-L is non-inferior to LIS and its liver-

targeted component potentiates insulin effect.

Ultra Rapid Lispro

(URLi) Improves

Postprandial Glucose

(PPG) Control and

Time in Range (TIR) in

T1D Compared with

Humalog (Lispro):

PRONTO-T1D

Continuous Glucose

Monitoring (CGM)

Substudy

▪ Results from CGM substudy (n=269, 22% of total patients) of

PRONTO-T1D show that when injected at the start of the meal, URLi

resulted in significantly better PPG control and increased daytime TIR

vs. lispro without increasing time in hypoglycemia

▪ Compared to lispro, URLi had significantly smaller breakfast

incremental AUC with estimated treatment difference (ETD) -28.10-2h

mg.h/dL, p=0.048.

▪ URLi treatment also was associated with more daytime TIR (71-180

mg/dL) ETD +43.6 min, p=0.020; and similar nighttime TIR.

▪ Time <50 mg/dL and >180 mg/dL were both numerically lower with

URLi in daytime, with less time <50 mg/dL at nighttime vs. lispro: 7.0

vs. 12.6 min, p=0.023.

Glucose-Responsive

Insulin: An

Unprecedented

Cleavable Linker

Concept

▪ This poster from Gubra and JDRF presents an "unprecedented" GRI

concept, based on the hydrolysis of a cleavable linker that is covalently

bound to insulin.

▪ The chemical nature of this central linker is designed to rapidly release

active insulin when glucose rises above euglycemia (5 mM).

▪ The second element of the concept is an albumin-mediated

inactivation of the GRI by lipidation. After injection, the GRI will bind
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to albumin and circulate as a depot, resulting in a slow release of

insulin like seen with other basal insulins such as insulin Detemir.

▪ Fully conjugated GRI molecules were tested in 90% pancreatectomized

rats, a model of type 1 diabetes, demonstrating significant and long-

lasting glucose lowering effect as compared to control. This

demonstrates the feasibility of providing a GRI approach, which

combines the properties of a basal insulin with that of a bolus insulin.

Use of IDegLira Is

Associated with High

Persistency Rates Up

to 12 Months (M) and

Improved A1C after 6M

in Swedish Clinical

Practice

▪ Retrospective study examines outcomes associated with use of

Xultophy (IDegLira) in a large real-world cohort of patients with type 2

diabetes in Sweden (Swedish National Diabetes Registry)

▪ Least squares mean [95% CI] change in A1C and body mass index was

-0.9% [-1.0; -0.8] and -0.3 kg/m [-0.5; -0.2] at 6 months,2

respectively.

▪ No clinically significant change in BMI were seen at 6 months.

Insulin Glargine 300

U/mL (Gla-300) vs.

First-Generation Basal

Insulins (BI) in

Insulin-Naïve Type 2

Diabetes (T2D)

Patients (Pts) With and

Without

Cardiovascular Disease

(CVD): Outcomes of

the Randomized

Pragmatic Real-Life

Clinical Trial

▪ This poster reports outcomes of the ACHIEVE Control trial in patients

with and without CVD at baseline.

▪ In patients without CVD, outcomes consistently favored Gla-300. In

CVD pts, composite endpoint attainment at 12 months was similar

with Gla-300 and standard of care basal insulin.

▪ Avoidance of hypoglycemia, especially serious hypoglycemia (BG <54

mg/dL), showed a trend favoring Gla-300.

▪ Changes in A1C from baseline to 12 months with Gla-300 and SOC-BI

were similar (LS mean difference [95% CI] 0.12% [-0.12 to 0.35];

p=0.34).

▪ The ACHIEVE Control trial had previously demonstrated superiority of

insulin glargine U300 vs. SOC basal insulins on A1c and hypoglycemia

reduction.

Effective Treatment of

T2D Patients

Uncontrolled on

Multiple Diabetes

Medications by Adding

Mealtime Ultra-Rapid

Technosphere Insulin

▪ This poster detailed a small study of 14 type 2s in real world practice

setting, with a mean A1c of 9%, receiving Afrezza added to currently

therapy and titrated weekly for up to 12 weeks. More than 1/2 of

subjects were taking basal insulin.

▪ Addition of Afrezza resulted in significant A1c reduction (-1.6%,

p<.0001), a decrease in mean daily glucose (~50 mg/dl), and a 76%

increase in time-in-range, with no significant increase in hypoglycemia

(Time<70 mg/dL). No severe hypoglycemia occurred.

Similar Efficacy,

Safety, and

Immunogenicity in

People with Diabetes

Using SAR341402 or

▪ This poster described a 6-month randomized, controlled, open-label,

phase 3 study comparing efficacy and safety of Sanofi's biosimilar

insulin aspart candidate (SAR-Asp) and Novo Nordisk's insulin aspart

(NN-Asp) in type 1 and type 2 adults (n=597).
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Insulin Aspart: Gemelli

1 Study
▪ SAR-Asp was non-inferior to NN-Asp for change in HbA1 , withc

similar insulin dosages. There was no difference in the percentage of

patients reporting hypoglycemia.

▪ Immunogenicity and safety profiles (adverse events, hypersensitivity

events and injection site reactions) were also similar for SAR-Asp and

NN-Asp.

Comparative PK and

PD of the Rapid-Acting

Insulin Aspart Product

SAR341402, NovoLog,

and NovoRapid in

Subjects with T1D

▪ Exposure (PK) to and activity (PD) of SAR-Asp (T) NN-Asp-US (R1)

and NN-Asp-EU (R2) were compared in a single-center, randomized,

double-blind, 3-treatment, 3-period, crossover, euglycemic clamp

study (n=29)

▪ Exposure to and activity of T, R1 and R2 were similar between

treatments, as the 90% CIs for the treatment ratios for the primary and

main secondary PK and PD endpoints were within the predefined

acceptance range (0.80-1.25)

▪ Adverse events were similar for T, R1 and R2. No safety concerns were

noted in laboratory, vital signs, or ECG data.

Differences in HbA1c

Reduction between

Insulin Glargine 300

U/mL (Gla-300) and

Insulin Degludec 100

U/mL (IDeg-100) in

Adults ≥70 Years of

Age with T2DM in the

BRIGHT Trial

▪ This poster describes results of subgroup analyses in adults aged ≥65

years (pre-planned) and ≥70 years (post hoc) of the BRIGHT study in

insulin-naïve adults with type 1. The BRIGHT study compared Toujeo

(insulin glargine U300) vs. Tresiba (insulin degludec).

▪ HbA reductions from baseline to week 24 were similar between1c

treatment groups in the overall and ≥65 years populations.

▪ A1c reductions in both treatment arms was similar in those <70 years

but greater with Gla-300 vs. IDeg-100 in those ≥70 years.

▪ Incidence and rates of hypoglycemia at week 24 were similar between

treatment groups in all populations assessed.

Safety Assessment of

SAR341402 and

NovoLog When

Administered through

an Insulin Pump

▪ Results of a small study (n=45 type 1s) to assess the safety of Sanofi's

biosimilar insulin aspart (SAR-Asp) vs. Novo Nordisk's insulin aspart

(NN-Asp) when used in pumps (CSII) in terms of infusion set

occlusions (ISO).

▪ The number of patients reporting at least one ISO was: 14/43 (32.6%)

patients on SAR-Asp and 12/43 (27.9%) on NN-Asp

▪ The number of patients with at least one unexplained hyperglycemia

was 31/43 (72.1%) on SAR-Asp and 32/43 (74.4%) on NN-Asp.

▪ There was no difference in the safety profiles including ISO,

hyperglycemia, hypoglycemia, hypersensitivity and injection site

reactions when used in CSII.
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DPP-4 Inhibitors

Symposium: The CAROLINA Trial-First Results of the Cardiovascular
Outcomes Trial Comparing Linagliptin vs. Glimepiride

In the second of three major CVOT readouts at ADA 2019, full results from the CAROLINA CVOT (n=6,033)
for Lilly/BI's DPP-4 inhibitor Tradjenta (linagliptin) vs. the sulfonylurea glimepiride were presented. The
sponsors had previously announced non-inferiority of the DPP-4 to glimepiride on the primary three-point
MACE outcome, and Dr. Nikolaus Marx announced a hazard ratio of 0.98 (95% CI: 0.84-1.14, p<0.0001 for
non-inferiority, p=0.76 for superiority) - a very neutral finding indeed, and one that brings clarity to decades
of concern and confusion over the cardiovascular safety of glimepiride specifically though not necessarily to
the class. Notably, the biggest area of interest going into the presentation was hypoglycemia, and investigators
identified substantially lower risk on all types of hypoglycemia with linagliptin vs. glimepiride - find the full
details below. Comparatively, the treatment differences on A1c and body weight were less meaningful, leading
trial presenters to conclude that when it comes to second-line oral therapies, DPP-4s remain preferred to
glimepiride in all cases save those where cost is of highest concern. Below, you'll find far more detail on the
nine-part, two-hour symposium, and you can also take a look at our updated CVOT landscape.

Introduction and Study Background

Julio Rosenstock, MD (Dallas Diabetes Research Center, Dallas, TX)

Dr. Julio Rosenstock set the scene for CAROLINA, outlining the current place of DPP-4s vs. SUs in the ADA/
EASD treatment algorithm. Currently, DPP-4s are recommended in the case that hypoglycemia minimization
or weight management are key concerns, while SUs remain a recommended option only when cost is a critical
issue. While SUs are cheap, supported by extensive clinical experience, and carry evidence for improved
glycemic control and microvascular benefit from UKPDS, he said, they also carry the well-known baggage of
hypoglycemia risk, weight gain, limited durability, and - critically - lingering concern over long-term CV
safety, dating back to the UGDP trial with tolbutamide in 1970. Since then, all SUs have carried a label
warning in the US for a possible increased risk of CV mortality. Despite their de-prioritization, he emphasized,
SUs continue to be widely used. Thus, CAROLINA was undertaken to give definitive evidence on the relative
merits (CV and hypoglycemia safety, as well as efficacy) of linagliptin vs. glimepiride as add-ons to metformin
in early type 2 diabetes.

Study Design, Statistical Plan, and Baseline Characteristics

Mark Espeland, PhD (Wake Forest School of Medicine, Winston-Salem, NC)

Dr. Mark Espeland presented the study design, statistical plan, and baseline characteristics. CAROLINA was
an international trial, with 607 sites in 43 countries, and the first DPP-4 inhibitor CVOT to use an active
comparator in sulfonylurea glimepiride. Over 10,000 patients were screened, had a 2-4-week placebo run-in
period, and then were randomized to either linagliptin or glimepiride. For those on glimepiride, a titration
phase lasting up to 16 weeks was conducted to ensure proper dosing in a safe and effective manner. CV risk
inclusion criteria included having at least two of the following factors: previous vascular disease, evidence of
vascular related organ damage, older than 70 years, or at least 2 CV risk factors. In total, 3,023 patients were
in the linagliptin group and 3,010 in the glimepiride group. Mean age was 64 years and mean A1c in both
groups was ~7.2%. On a broad level, this patient population reflected those typically seen in clinical practice
who are relatively early in type 2 disease progression, making CAROLINA broadly applicable. The median
duration of diabetes for the population was 6.3 years, 42% had established CVD, 0% were on insulin, and 83%
were on metformin.
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Metabolic and Body Weight Outcomes

Steven Kahn, MB, ChB (VA Puget Sound Health Care system, Seattle, WA)

Dr. Steven Kahn presented metabolic and weight outcomes. Consistent with reported action for the drug
class, glimepiride showed a dramatic A1c reduction in the first 16 weeks of treatment, then this effect waned
back to and above the baseline level before the end of the study. By the end of the study, the linagliptin group
had only a slightly lower A1c than the glimepiride group (see graph of change over time below). There were no
significant differences in the new introduction of diabetes drugs post-baseline in either group (see table
below), and the time to initiate such drugs was not significantly different, either. On body weight, linagliptin
was associated with a significant reduction of 1.5 kg (95% CI: 1.8 kg to 1.3 kg weight loss) when compared to
glimepiride at the end of the trial, although it is notable that the glimepiride group also achieved weight loss
when compared to baseline (~0.7 kg). No significant between-group differences were seen in SBP, DBP, LDL-
C, HDL-C, or triglycerides.

New introduction of glucose-lowering medications post-baseline:

Glimepiride Linagliptin
Any glucose lowering therapy 40% 41%

Non-insulin therapies 29% 31%

insulin 19% 18%
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Cardiovascular, Mortality, and Hospitalization Outcomes

Nikolaus Marx, MD (RWTH Aachen University, Germany)

Dr. Nikolaus Marx shared CV outcomes with the eager crowd, wasting no time in revealing the strong
neutrality on 3-point MACE (HR=0.98, 95% CI: 0.84-1.14, p<0.0001 for non-inferiority, p=0.76 for
superiority). Event rates for each arm were equal at 2.1 per 100 patient-years, with 362 events in the
glimepiride arm compared to 356 in the linagliptin arm. This result was consistent across all subgroups of
previous vascular disease, age, sex, prior anti-diabetic treatment, background metformin, A1c, and baseline
eGFR. When hospitalization for unstable angina was added to create a 4-point MACE - the original primary
endpoint for the trial - results remained neutral (HR=0.99, 95% CI: 0.86-1.14, p=0.87). None of the
components achieved significance in either direction, with non-fatal stroke showing the strongest trend in
favor of linagliptin (HR=0.87, 95% CI: 0.66-1.15, p=0.34). Non-significance was particularly noteworthy for
the CV death component (HR=1.00, 95% CI: 0.81-1.24, p=0.99), in light of the doubled risk for this endpoint
with the sulfonylurea tolbutamide in the UGDP. However, a trend in favor of linagliptin on non-CV death
(HR=0.82, 95% CI: 0.66-1.03) did shift the point estimate on all-cause mortality (HR=0.91, 95% CI:
0.78-1.06, p=0.23). Lastly, given the complex history of DPP-4 inhibitors and hospitalization for heart failure
(saxagliptin was associated with a concerning signal in the SAVOR-TIMI trial on this endpoint), it was
reassuring to see no increased risk vs. glimepiride, though the point estimate did favor the latter (HR=1.21,
95% CI: 0.92-1.59, p=0.18). To be sure, a signal was certainly not expected after linagliptin came out clean as
a whistle on HHF vs. placebo in CARMELINA (HR=0.90, p=0.2365). Altogether, with no significance on any
endpoint and near perfect unity on 3-point MACE and CV death, Dr. Marx concluded linagliptin and
glimepiride are virtually identical on CV outcomes.

Adverse Events and Hypoglycemia Analyses

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

Dr. Bernard Zinman dove into highly-anticipated hypoglycemia results; unsurprisingly, glimepiride produced
significant increases on every hypoglycemia metric vs. linagliptin. 37.7% of patients experienced any form of
hypoglycemia in the glimepiride arm vs. 10.6% in the linagliptin arm, resulting in a hazard ratio of 0.23 (95%
CI: 0.21-0.26, p<0.0001). Considering only moderate (≤70 mg/dL) and severe (requiring assistance)
hypoglycemia, linagliptin conferred a sizable 82% risk reduction (HR=0.18, 95% CI: 0.15-0.21, p<0.0001),
and on the serious and costly outcome of hospitalization due to hypoglycemia, a significant, 93% risk
reduction (HR=0.07, 95% CI: 0.02-0.31, p=0.0004), despite only 29 events occurring (27 with glimepiride, 2
with linagliptin). For all metrics, the slope of the Kaplan-Meier curve with glimepiride outpaced that of
linagliptin, suggesting they would have further separated with a longer follow-up. Increased hypoglycemia
with glimepiride was consistent across all subgroups, except when stratified by prior sulfonylurea or glinide
use, for which an increased risk of hypoglycemia was found regardless of treatment group in those with prior
use (p<0.0001). All other safety outcomes, including cancer and pancreatitis, were neutral.
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▪ Hypoglycemia was prevalent and consistent throughout the trial in the glimepiride
arm, and across all glimepiride doses. This includes the titration period, in which many
participants were on lower doses, demonstrating that hypoglycemia is dependent only on
sulfonylurea presence, not on dose.

▪ The high incidence of hypoglycemia in the glimepiride arm conferred positive
secondary metabolic efficacy outcomes for linagliptin, including significantly more
people achieving an A1c ≤7.0% without need for rescue medication and with weight
gain <2% (OR=1.29, 95% CI: 1.11-1.48, p=0.0004). When moderate/severe hypoglycemia was
added to this endpoint, the difference became more pronounced (OR=1.68, 95% CI: 1.43-1.96,
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p<0.0001). Of course, these endpoints were built to favor linagliptin, considering that weight gain
and hypoglycemia (and therefore greater likelihood of requiring rescue medication) are known class
effects of sulfonylureas.

▪ While CAROLINA was not designed to test the relationship between hypoglycemia and
CV risk, the results do not demonstrate a correlation between the two. However, many
questions still have to be answered before this could be definitively concluded. For example, when
did CV events occur in relation to hypoglycemia events in the trial (right after, right before, etc.)?
Could the effect between the two be longer-term than the 6.3 year follow-up? Was there increased
CV risk for those with multiple hypoglycemia events?

Clinical Implications for the Cardiologist

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

Dr. Darren McGuire shared that the cardiology community has also, for some years, been concerned about the
CV safety of SUs, welcoming the clarity that CAROLINA will bring (presumably it would be viewed as clarity
on glimepiride, but not on the entire class). While he compared the CAROLINA population to that of
CARMELINA to highlight the relatively lower risk of the former, he did challenge the notion that that
CAROLINA enrolled a "low risk" population - the event rate of 2.1/100 person years, he said, is a CVD
equivalent. That said, Dr. McGuire welcomed the data as the first-ever RCT without substantial limitations
assessing the CV safety of SUs, pointing particularly to the result on all-cause mortality (HR=0.91, 95% CI:
0.78-1.06), including a perfectly neutral result on CV death (HR=1.00, 95% CI: 0.81-1.24). When looking to
extrapolate glimepiride's CV safety based on only RCT evidence (see image below), Dr. McGuire noted
apparent heterogeneity. In summation, he argued, cardiologists should be reassured by the CV safety of
glimepiride in this population (extension to other SUs is uncertain), and even asserted that FDA should revisit
the product-label warning for increased CV mortality for this specific SU. We're not sure which body would
submit this.
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Clinical Implications for the Diabetologist

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

Dr. Bernard Zinman turned to hypoglycemia, A1c, and weight outcomes in his discussion of clinical
implications, first and foremost emphasizing the importance of hypoglycemia outcomes due to their impact
on cost, hospitalizations, fall injuries (particularly in the elderly), fear of hypoglycemia (and subsequent
under-treatment), quality of life, and potential CV risk. To be sure, he said, hypoglycemia remains the primary
concern with SUs: Relative to glimepiride, linagliptin was associated with a 77% lower risk of any
hypoglycemia (95% CI: 0.21-0.26), an 82% lower risk of moderate or severe hypoglycemia (95% CI:
0.15-0.21), an 85% lower risk of severe hypoglycemia (95% CI: 0.08-0.29), and a 93% lower risk of
hospitalization due to hypoglycemia (95% CI: 0.02-0.31) - see numbers needed to treat below. All in all, more
than one-third of the glimepiride group had hypoglycemia. When it came to A1c, Dr. Zinman noted that many
PCPs like to use SUs because of the early, dramatic A1c reduction they give. However, he qualified this against
potential risk of hypoglycemia with rapid drops in glucose. On weight, Dr. Zinman was similarly
underwhelmed by the treatment difference. When it comes to the ADA/EASD treatment algorithm and
clinical practice, he summarized, CAROLINA does not impact those with CVD. And in those without CVD, it
reinforces the need to avoid SUs in those where hypoglycemia is a compelling concern (some questioned this
but we felt it was very helpful - some patients are far more at risk than others), but supports their CV safety
when cost is a major issue. How "a major issue" is determined is another question.

Independent Commentator

Matthew Riddle, MD (Oregon Health and Science University, Portland, OR)

Dr. Matthew Riddle delivered the independent commentary, describing CAROLINA as an "excellently
designed and conducted" trial that achieved exactly what it set out to do. He commended the study for
answering a question of major clinical significance and for statistically and clinically clear outcomes for the
main endpoints. On this front, he noted that previous studies of sulfonylurea vs. active comparators (ADOPT,
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ADVANCE, and TOSCA.IT) all failed to show increased CV risks with sulfonylurea, but all had important
limitations that hindered their generalizability.

▪ Interestingly, Dr. Riddle provided a very rough risk comparison of data for
hospitalizations for heart failure or hypoglycemia, two outcomes of high clinical
significance. On hospitalizations for hypoglycemia, the linagliptin group had only two events,
compared to 27 for the glimepiride group. On hospitalizations for heart failure, the linagliptin group
had 112 events vs. 92 for the glimepiride group. In summing both of these totals, Dr. Riddle showed
that the glimepiride group only had five more total events. He conceded that the conclusions are
obviously limited for this very rough analysis, but broadly speaking, the low numbers seen for such a
big trial speaks to the safety of both of these drugs.

▪ Dr. Riddle emphasized the heterogeneity of the sulfonylurea class and cautioned
against extrapolating this data to other sulfonylureas. Indeed, KOLs have often
underscored a very meaningful heterogeneity within the sulfonylurea before, with glimepiride and
gliclazide (the latter only available OUS), to our understanding, the better agents within the class.
Dr. Riddle also cautioned against applying this data for linagliptin for other agents in the DPP-4
inhibitor class as well. We were somewhat surprised about this caution.

▪ We note that before Dr. Riddle provided his commentary, Dr. Julio Rosenstock again
took the stage to offer his take home messages from the trial. He noted that CAROLINA
was in part designed in response to a 2012 article from Dr. Steven Nissen, who lamented the fact
that millions of patients were receiving sulfonylureas without high quality evidence regarding their
CV safety. He deemed this "continued darkness" unacceptable, and CAROLINA was therefore
designed to "make the dark ages brighter" by generating data in this space. Dr. Rosenstock provided
three main points from the trial: (i) CAROLINA supports the use of linagliptin before glimepiride,
other than in relation to cost considerations (which are a very valid concern short-term - longer-
term, of course, costs related to hypoglycemia will effectively be ignored); (ii) CV safety should no
longer be a consideration in the decision-making process for selecting between these two agents
(though not between the classes); and (iii) CAROLINA reaffirms current clinical recommendations
to choose an agent after metformin based on proven cardiovascular benefit, which neither
linagliptin or glimepiride provide. Presumably, were a doctor to choose an agent based on
hypoglycemia outcomes wouldn't be out of the question, but there are major considerations here.

Symposium: CREDENCE and CARMELINA-Results from Two Major
Clinical Trials in Kidney and Cardiovascular Disease in Diabetes

CARMELINA-New Renal Subanalyses

Christoph Wanner, MD (University Hospital of Würzburg, Germany)

University Hospital of Würzburg's Dr. Christoph Wanner expanded on renal outcomes from CARMELINA
(n=6,979), Lilly/BI's CVOT for DPP-4 Tradjenta (linagliptin), revealing that Tradjenta conferred (i) lower
rates of UACR deterioration regardless of baseline albuminuria status or eGFR and (ii) greater improvement
in UACR, vs. placebo. As announced as EASD 2018, Tradjenta significantly reduced the risk of first
occurrence of albuminuria progression (change from normo- to micro- or macroalbuminuria, or from micro-
to macroalbuminuria) vs. placebo in CARMELINA (HR=0.86, 95% CI: 0.78-0.95, p=0.0034), completely
driving significance on a larger microvascular composite endpoint. Dr. Wanner confirmed that reduction was
consistent across baseline albuminuria and eGFR subgroups. However, linagliptin may do more than prevent
progression of albuminuria, as it actually demonstrated (i) significant improvement on time to first UACR
reduction ≥50% in those with micro- or macroalbuminuria (HR=1.15, 95% CI: 1.07-1.25, p=0.0004) and (ii)
improvement on sustained ≥50% albuminuria reduction in back-to-back visits (HR=1.10, 95% CI: 1.00-1.21,
p=0.0394) vs. placebo in those with albuminuria. In the full study population, there was a greater chance of
regression to normoalbuminuria with the DPP-4 (HR=1.20, 95% CI: 1.07-1.34, p=0.0021), though
significance on this endpoint was lost when considering a sustained regression (HR=1.12, 95% CI: 0.98-1.28,
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p=0.0997). For both regression endpoints, results varied significantly by baseline eGFR (p-value for
interaction=0.0315 for initial regression, p=0.0179 for sustained regression), demonstrating a most
pronounced benefit in Stage 3a (eGFR ≥45 t0<60) and 3b (eGFR ≥30 to <45) CKD. Altogether, we find this
important data when considering linagliptin's potential in early prevention of CKD, particularly in those with
albuminuria. In our view, the magnitude of linagliptin's renal effects likely won't blow anyone away (see below
for details on the drug's non-impact on eGFR), and we don't expect a renal outcomes trial for any DPP-4.
However, given the highly concerning incidence and prevalence of CKD and the contribution of diabetes to
the disease, any therapies which improve UACR deterioration (which often precedes eGFR decline and
subsequent end stage renal disease) are more than welcome. Of course, SGLT-2 inhibitors have become the
new gold standard on this front - and we just saw compelling UACR data from DECLARE for Farxiga on
Sunday - but more options to cater to the heterogeneity of type 2 diabetes population is always a good thing.
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▪ The slope of eGFR decline was consistent between treatment groups: -2.3 mL/min/
1.73 m per year for placebo (95% CI: -2.5 to -2.1) vs. -2.5 mL/min/1.73 m per year for22

linagliptin (95% CI: -2.7 to -2.3). The estimated difference came to -0.2 mL/min/1.73 m per2

year (95% CI: -0.5 to 0.1, p=0.25). Of note, there was a faster eGFR decline in those with a baseline
≥60 mL/min/1.73m regardless of study arm, but there was no significance in this rate of change2

regardless of treatment.
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Symposium: Opportunities and Challenges of Real-World Evidence in
Diabetes

Assessment of the Effectiveness and Safety of Newly Marketed Therapies for
Diabetes in Real-World Patients

Elisabetta Patorno, MD, DrPH (Brigham and Women's Hospital, Boston, MA)

Dr. Elisabetta Patorno - a key member of the FDA-funded Harvard team that has set out to try to replicate
results from 30 RCTs using real-world data (RWD) - presented her group's predictions for the CAROLINA
CVOT. Based on real-world outcomes data from ~50,000 propensity-matched type 2s in Medicare fee-for-
service and large US commercial insurance databases who had recently started on Lilly/BI's DPP-4 inhibitor
Tradjenta (n=24,131) or sulfonylurea glimepiride (n=24,131), the researchers anticipate non-inferiority on
three-point MACE (non-fatal MI, non-fatal stroke, and CV death). Of course, Lilly/BI has already confirmed
this result in a February announcement, but the group specifically projects a 9% non-significant decrease in
MACE with linagliptin vs. glimepiride (HR=0.91; 95% CI: 0.79-1.05). Dr. Julio Rosenstock, the session's chair
and one of the CAROLINA results presenters (on Monday!), jested, "Before you continue, how much do you
want to bet?" Even more granularly, 373 adverse CV events are expected in the linagliptin arm (27 per 1000
patient-years) vs. 458 in the glimepiride arm (30 per 1000 patient-years). As previously noted, CAROLINA
would seem to confirm the CV safety of glimepiride, though we'll wait to hear more on Monday before
drawing any conclusions. Though Lilly/BI didn't share any data related to severe hypoglycemia or incident
ESRD (end stage renal disease) in its topline announcement, Dr. Patorno's group also made estimations here:
(i) In the RWD set, severe hypoglycemia was more than twice as common in the glimepiride arm (HR=2.38;
95% CI: 1.79-3.13) - no surprises here, within 160 severe hypos in the glimepiride arm and 60 severe hypos in
the linagliptin arm; and (ii) There was no significant association between either therapy and incident ESRD
(HR=1.08; 95% CI: 0.66-1.79). We'll be sure to compare these conclusions with the data on Monday. This
exercise was taken on as a more rigorous evaluation of the group's ability to replicate RCT data. Replicating
data, and proceeding to design a RWD analysis, when the outcome is known is one thing, but doing so when
blinded to the outcome may be a completely different animal.

▪ This group has a history of accurately recapitulating RCT data with RWD. For example,
EMPA-REG detected an elevated risk of DKA in the Lilly/BI Jardiance (empagliflozin) arm vs. the
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placebo arm (HR=1.9; 95% CI: 0.2-17.2). In a follow-up analysis, Dr. Patorno and colleagues
compared DKA risk in >75,000 type 2s using SGLT-2 inhibitors or DPP-4 inhibitors in the real
world, arriving at essentially identical results, but with greater confidence (HR=2.2; 95% CI:
1.4-3.6). This result also turned out to be consistent with the elevated DKA risk seen in the CANVAS
(HR=2.3; 95% CI: 0.8-7.2) and DECLARE (HR=2.2; 95% CI: 1.1-4.3) RCTS. There have been other
examples as well.

▪ Dr. Patorno explained that one of the ultimate goals of her group's research is near-
real-time analysis of safety and effectiveness of newly-marketed medications based on
databases. Database studies, such as the much-hyped EMPRISE study, allow for sequential
evaluations as RWD accumulates over time. Confidence and precision increase as the numbers grow.

▪ Another clear end-game is to have RWD studies more frequently replace long, costly
RCTs. During Q&A, Dr. Patorno noted this as a future direction, but added that "we are still
learning, we're at the very beginning of the process. We're trying to move toward potentially trying
to recognize situations where we can avoid trials." From what we've heard, RWD may have the most
promise in replacing control arms ("historical controls"), enriching RCT data, expanding indications
or populations, and meeting post-market requirements. Some of these are already very much in use,
but there will be a continued push to expand their applicability.

Oral Presentations: Epidemiology of Diabetes Outcomes

Costarting Sitagliptin with Metformin Is Associated with a Lower Likelihood of
Disease Progression in Newly Treated Patients with Type 2 Diabetes

Scott Campbell (University of Alberta, Edmonton, Canada)

Citing data from isolated human islets that administration of sitagliptin (Merck's Januvia) correlates with islet
cell survival and increased levels of active GLP-1, Dr. Campbell presented retrospective cohort data indicating
that co-starting metformin and Januvia may decrease type 2 diabetes progression in newly-treated patients.
Dr. Campbell and colleagues used the Alberta Health Registry, which has been used in a variety of
epidemiological studies, examine the impact of drug timing in 8,764 patients between 2008 and 2015 who
were not using any prior oral antidiabetic drug. Participants were divided into those who started the two
drugs at the same time (co-start cohort, n=1,149/13.1%) and those who started the drugs separately (delayed
start cohort, n=7,611). Baseline characteristics were similar in the two cohorts, except that the co-start cohort
was younger and had more men in it (mean age 52 years). Those who co-started Januvia and metformin were
less likely to begin insulin therapy than delayed sitagliptin users over the course of follow-up (17% vs. 22%,
adjusted OR=0.73, 95% CI: 0.62-0.86). Additionally, A1c reduction at one year after starting sitagliptin was
greater in co-starters (-2.1%) than delayed users (-1.0%); after adjusting for baseline A1c and other
covariables, the treatment difference was -0.56% in favor of co-starters (95% CI: -0.74%, -0.38%). Similar
effects were seen among those who started Januvia within 1 week or three weeks of metformin. Importantly,
co-starting sulfonylureas or TZDs was associated with either increased risk of progression to insulin, in the
case of sulfonylureas (OR=1.54), or no significant change in the case of TZDs. Dr. Stewart concluded by
addressing the study's limitations, including unequal baseline sex ratio and age distribution as well as the lack
of ability to account for dose of medication; comorbidities and CV medications may also be confounders.

Questions and Answers

Q: I don't think there is anything you've shown here that shows beta cell preservation,
especially because you are not showing what the effect is if you withdraw the medication. This
shows the effect of aggressive therapy and also there's a problem of indication bias: those with
more drugs prescribed may have a disease that is moving faster. Can you talk about that?

A: I agree that we're looking at association here and only speculating in terms of beta cell preservation.
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DPP-4 Inhibitors Poster Highlights

Title Important Details
Comparative

Cardiovascular Safety

and Effectiveness of

Linagliptin in Routine

Care: Final Results

from a 5-Year Post-

Marketing Monitoring

Program

▪ 5-year post-marketing monitoring program using 2 large insurance

claims databases assessing risk of composite CV outcomes for

linagliptin, pioglitazone, and sulfonylurea.

▪ Propensity-matched patient cohort outcomes show that linagliptin had

similar risk of composite CV outcomes compared to other DPP-4

inhibitors (HR=0.90; 95% CI: 0.80-1.02) and pioglitazone (HR=0.99;

95% CI: 0.86-1.13), but was associated with a reduced risk compared to

sulfonylurea (HR=0.77; 95% CI: 0.66-0.90).

Interrelationship

between

Hypoglycemia and CV

and Mortality

Outcomes in Type 2

Diabetes in the

CARMELINA Trial

▪ Analysis of CARMELINA that assessed interrelationships between time

to first severe hypoglycemia (plasma glucose < 54 mg/dL), which

occurred in 557 (15.9%) and 572 (16.4%) in the linagliptin and placebo

groups, and 3P-MACE or all-cause mortality, using adjusted Cox

models.

▪ Hypoglycemia preceded three point-MACE in 146 participants and was

associated with a 43% higher risk (HR 1.43 [95% CI 1.23, 1.66]), when

adjusted for region and hypoglycemia.

▪ Higher adjusted risk of all-cause mortality was also associated with

preceding hypoglycemia (HR 1.31 [1.11, 1.53]) in 129 participants who

died.

▪ The authors conclude that preceding hypoglycemia was independently

associated with increased risk for 3P-MACE and mortality.

Analyses of First plus

Recurrent

Cardiovascular and

Hospitalization

Events in the

Cardiovascular and

Renal Microvascular

Outcome Study with

Linagliptin

(CARMELINA) in

Patients with Type 2

Diabetes and

Cardiorenal Disease

▪ Linagliptin showed similar risk of either first or recurrent CV or

hospitalization events compared with placebo in patients with type 2

diabetes and cardiorenal disease.
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Novel Therapies

Oral Presentations: Incretins Marching On

Combined GLP-1, Oxyntomodulin, and Peptide YY Improves Glycaemia and Body
Weight in Obesity and Type 2 Diabetes: A Randomized, Single-Blinded Study

Tricia Tan, MBChB (Imperial College London, UK)

Dr. Tricia Tan presented glycemic and body weight data from a 28-day study (n=26) examining the co-
infusion of GLP-1, oxyntomodulin, and peptide YY (all together, "GOP") hormones in people with
prediabetes/type 2 diabetes and obesity. On the primary endpoint of change in body weight, the GOP group
lost 4.4 kg (9.7 lbs) over only four weeks, which was significantly more than 2.5 kg (5.5 lbs) of weight loss in
the placebo (saline infusion) group. Dr. Tan compared this favorably to weight loss with GLP-1 agonists alone,
which she cited as ~1 kg (~2.2 lbs) with semaglutide 1 mg/week and ~2 kg (4.4 lbs) with liraglutide 3 mg/day
after four weeks (she stipulated that these are not directly comparable). Unblinded comparison groups were
comprised of (i) those undergoing roux-en-y gastric bypass surgery (n=21) and (ii) on a very-low calorie diet
(n=22), which lost 10.3 kg (~23 lbs) and 8.3 kg (~18 lbs) at four weeks, respectively. The study also examined
a number of secondary metabolic endpoints, including fasting glucose: The reduction on FPG was numerically
greatest with GOP and statistically superior to placebo, even though the RYGB and VLCD groups had more
weight loss - indicating particular effectiveness of GOP on improving glycemic outcomes. Excitingly, Dr. Tan
presented ambulatory glucose profiles from a participant with prediabetes and another with diabetes,
showing significant reductions in mean and postprandial glucose peaks and glycemic variability with the GOP
infusion. Additionally, GOP reduced ad limitum energy intake to a similar degree as RYGB. However, there
were no significant changes in energy expenditure after adjusting for body weight. Conceptually, GOP
infusion is meant to mimic the postprandial gut hormone level changes observed after metabolic surgery.
Indeed, surgery remains the most effective obesity treatment, and changes in gut hormones are one proposed
theory for why that is. Dr. Tan cited limitations to the study: Patients only infused GOP 12 hours/day, while
awake, and the constant infusion doesn't mimic physiologic conditions - but the safety and tolerability while
achieving meaningful improvements on weight and glycemia are promising and certainly deserve further
investigation in diabetes and obesity.

Oral Presentations: Hypoglycemia and Technology

Phase 3 Results for Dasiglucagon as a Fast and Effective Treatment for Severe
Hypoglycemia

Thomas Pieber, MD (Medical University of Graz, Austria)

Medical University of Graz's Dr. Thomas Pieber expounded on pivotal phase 3 outcomes (n=170) for
Zealand's liquid-stable glucagon, dasiglucagon, showing that 65% of dasiglucagon users (n=82) achieved
plasma glucose recovery by only 10 minutes (defined as first increase in plasma glucose of ≥20 mg/dl from
baseline without administration of rescue IV glucose). As we already knew from topline results, 99% achieved
this mark by 15 minutes, and 100% achieved it by 30 minutes, leading to a median recovery time of 10
minutes. Dr. Pieber also revealed that the median "true time" to recovery (glucose levels were measured
discretely, every 2-minutes, so Zealand calculated an estimated "true time" to recovery that could fall between
2-minute segments), was 9 minutes for dasiglucagon (95% CI: 8.4-9.7) vs. 10 minutes (95% CI: 8.4-10.6) for
Novo Nordisk's GlucaGen reconstitution kit and vs. 33 minutes for placebo. In our assessment, all of these
calculations are meant to solidify the rapid-acting nature of dasiglucagon, which management has previously
asserted to be best-in-class, compared to Xeris' Gvoke HypoPen and Lilly's nasal glucagon. However, our
understanding is that only a mean time to resolution of autonomic symptoms has been released for the Gvoke
HypoPen (15 minutes - likely skewed longer than a median in this case), and only 30 minute data has been
released for nasal glucagon. Looking forward, we'll be curious to see how Zealand approaches the concept of
superiority vs. Lilly's and Xeris' products - are head-to-head studies on the horizon? While a few minutes'
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faster rescue time could certainly be important in a situation requiring emergency glucagon, we maintain that
the key improvement of these next-gen products over predecessors is their ease-of-use. Current glucagon kits
are extremely unwieldy and can be intimidating to caretakers and people experiencing severe hypoglycemia -
an easy nasal spray or autoinjector would ameliorate these concerns, and drawing minute distinctions
between the products is likely not what patients need most.

Oral Presentations: New Agents and Strategies

Final Results of a Phase 2, Randomized, Double-Blind, Placebo-Controlled
Clinical Trial of the MetAP2 Inhibitor ZGN-1061 in Patients with Type 2 Diabetes

Terri Kim (Zafgen, Boston, MA)

Zafgen presented full results from its 12-week phase 2 trial of MetAP2 inhibitor ZGN-1061, demonstrating
progressive A1c reductions with 0.9 and 1.8 mg doses, progressive weight reductions with the 1.8 mg dose,
and no adverse safety signals. These full results build on topline results released in January 2019. After 12
weeks, the 1.8 mg dose of ZGN-1061 gave a 1.1% placebo-adjusted treatment difference on A1c (p<0.001),
compared to 0.6% with the 0.9 mg dose (p<0.001). Baseline A1c in these groups was ~8.5%. Importantly and
encouragingly, these reductions were clearly progressive (especially for the 1.8 mg dose), strongly hinting at
the potential for even greater A1c reductions over longer periods of time. A similar phenomenon was seen
with weight, as the highest dose gave a 2.3 kg (~5.1 lbs) difference vs. placebo at 12 weeks (p<0.001), with no
evidence of this effect waning (see graphs below). We're curious as to whether Zafgen could further explore an
even higher dose of ZGN-1061 for even more pronounced benefits, especially given the 1.8 mg dose was well-
tolerated (more on this below). Interestingly, Zafgen tested doses up to 4.8 mg in its phase 1 trial for the
candidate, with no adverse safety signals observed. Questions of dosing aside, these are impressive results for
the candidate, and we're reminded of enthusiasm shared by Dr. Jim Gavin at TCOYD/The diaTribe
Foundation's 12 Annual Diabetes Forum last year during ADA 2018: "This is a fascinating moleculeth

originally explored as an anti-angiogenic drug for cancer. It's been repurposed and is absolutely wonderful in
terms of mechanism of action. It can actually reduce weight and glycemia in type 2 diabetes, and it also
reduces hepatic liver scores in NAFLD, so this is a wonderful technology that combines well with other things
and could be a whole new class."

▪ In terms of safety, no treatment-related serious adverse events occurred and there
was no elevation in D-dimer concentrations (a biomarker of thrombosis). Furthermore,
there were no clinically meaningful changes in markers of coagulation and no events of venous
thromboembolism. As a reminder, ZGN-1061 is currently on clinical hold in the US because of FDA
safety concerns related to thrombosis concerns with Zafgen's previous MetAP2 inhibitor, beloranib,
which was discontinued in 3Q16. On this front, however, Zafgen just provided an update on this
clinical hold, stating that the agency has acknowledged positive in vitro assays for plasma
coagulation and tissue factor expression. Next up will be an in vivo assay to confirm safety, which
Zafgen and FDA are jointly developing.
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Nasal Glucagon: A Viable Alternative to Treat Insulin-Induced Hypoglycemia in
Japanese Patients with Type 1 and Type 2 Diabetes

Munehide Matsuhisa MD, PhD (University of Tokushima, Japan)

Dr. Munehide Matsuhisa presented data demonstrating non-inferiority of Lilly's nasal glucagon compared to
intramuscular glucagon (IMG) in type 1 and type 2 Japanese patients. The study enrolled 72 people (33 type
1s and 39 type 2s; baseline A1c 7.7% and 8.1%) in a randomized, single dose crossover study in Japan. 100% of
those in the nasal glucagon and IMG groups achieved the primary outcome measure of (i) an increase in
plasma glucose levels to >70 mg/dl or (ii) an overall increase of >20 mg/dl from the glucose nadir within 30
minutes of receiving glucagon. Notably, all participants on either treatment actually hit both of these
measures, indicating highly robust efficacy results. As a reminder, Lilly has filed nasal glucagon with FDA and
EMA as of 2Q18, although we're unsure of its current regulatory status in Japan - this trial would have been
required for submission there. A decision by FDA is now expected in 3Q19, following FDA's extension of its
review time by up to three months.

▪ In terms of time to treatment success, nasal glucagon was actually significantly slower
than traditional glucagon, but Dr. Matsuhisa contended that this difference was not
clinically relevant. The mean time to treatment success was 12 minutes for the nasal glucagon
group compared to 11 minutes for the IMG group. We tend to agree that it's unlikely that this one-
minute difference would be clinically relevant in most situations. Time to treatment success was also
similar between those with type 1 and those with type 2, supporting nasal glucagon's use in both
populations.

▪ Nasal glucagon was understandably associated with several nasal-related symptoms,
including runny nose (7%), nasal congestion (11%), and watery eyes (21%). Otherwise, overall
treatment-emergent adverse events were relatively well balanced between the nasal glucagon and
IMG groups (17% vs. 13%, respectively). Notably, rates of nausea were halved in the nasal glucagon
group compared to IMG (6% vs. 11%) but total event numbers were too low to draw conclusions (4
events vs. 8 events, respectively).
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Efficacy and Safety of Chiglitazar, a Novel PPARα/γ/d Pan-Agonist, in Patients
with Type 2 Diabetes: A Randomized, Double-Blind, Placebo-Controlled Phase 3
Superiority Trial (CMAP)

Linong Ji, MD (Peking University People's Hospital, China)

Efficacy and Safety of Chiglitazar vs. Sitagliptin in Patients with Type 2 Diabetes:
A 24-Week, Randomized, Double-Blind, Noninferiority Phase 3 Trial (CMAS)

Weiping Jia, MD (Shanghai Jiao Tong University Affiliated Sixth People's Hospital, China)

Results from two separate phase 3 trials of non-TZD PPAR pan-agonist chiglitazar vs. placebo and sitagliptin
demonstrated significant and sustained A1c reductions and a well-tolerated safety profile. In the CMAP trial
comparing chiglitazar to placebo, both the 32 mg and 48 mg doses achieved superiority on A1c lowering at 24
weeks - the higher dose gave a very notable 1.5% A1c drop, compared to a 0.5% A1c reduction in the placebo
group. In the CMAS trial, which used Merck's DPP-4 inhibitor Januvia (sitagliptin) as an active comparator,
chiglitazar achieved non-inferiority on A1c at 12 and 24 weeks (see tables below). Very notably, chiglitazar had
a clean safety profile; adverse events were balanced between treatment, sitagliptin, and placebo groups in the
two trials. This is a bit reassuring, and the field will likely keep a close eye on chiglitazar's safety given that
PPAR agonists - BMS' muraglitazar and GSK's rosiglitazone, in particular - sparked FDA's 2008 CVOT
mandate after potential CV risk was identified in observational studies. On the other hand, pioglitazone was
shown to be cardioprotective in the IRIS trial. Chiglitazar is currently under development by Chinese
company Chipscreen Biosciences, and both CMAP and CMAS were conducted entirely in China; we imagine
US development is not a priority (or even on the table), as we're very confident FDA would require a full
CVOT for the candidate. In less positive news from the trial, chiglitazar was associated with slight weight gain
(~1 kg), consistent with trends seen with TZD treatment.

CMAP Results: Chiglitazar vs. Placebo

Baseline A1c DA1c at 12
Weeks

DA1c at 24
Weeks

DA1c at 52
Weeks

Placebo (n=202) 8.6% -0.5% -0.5% --

Chiglitazar 32
mg (n=167)

8.5% -1.1% -1.3% -1.3%

Chiglitazar 48
mg (n=165)

8.6% -1.3% -1.5% -1.6%

CMAS Results: Chiglitazar vs. Januvia (sitagliptin)

Baseline A1c DA1c at 12 Weeks DA1c at 24 Weeks
Sitagliptin 100 mg
(n=248)

8.6% -1.3% -1.4%

Chiglitazar 32 mg
(n=245)

8.5% -1.2% -1.4%

Chiglitazar 48 mg
(n=246)

8.6% -1.3% -1.5%

▪ It's currently unclear how chiglitazar might stack up against other innovative drug
classes and within treatment algorithms shifting emphasis toward outcomes benefits.
To be sure, the A1c reductions seen with chiglitazar in these trials are solid (~1% treatment
difference with placebo), but with tried-and-true DPP-4s both taking hold in China and soon going
generic, it's unclear what further benefits chiglitazar could provide for patients. On the other hand,
there's always something to be said for patient choice. It remains to be seen what effect chiglitazar
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may have on heart and kidney related outcomes, and we are currently unsure whether Chipscreen
will pursue longer outcomes trials.

▪ It's possible that chiglitazar could find success as a NASH therapy. Both of these trials
demonstrated significant reductions in liver enzymes (namely ALT, AST, and TBil) with chiglitazar,
hinting at beneficial action on the liver. Chipscreen does plan to conduct additional studies and
analyses in this arena, and we're cautiously optimistic about what these studies may find. KOLs have
generally remained bullish on the use of TZDs (namely pioglitazone - currently off-label use) in
NASH, and we're excited to see what effects a PPAR pan-agonist like chiglitazar may have.

▪ As background, chiglitazar is a configuration-restricted PPAR pan-agonist, carrying
moderate activity on PPAR- γ (TZD target), PPAR-α (fibrate target), and PPAR-d. This
compares to muraglitazar's PPAR- γ/PPAR-α affinity and pioglitazone's and rosiglitazone's more
selective PPAR- γ affinity.

GPR142 Agonists Increase Glucose-Dependent Insulin Secretion and
Differentially Regulated Hormone Secretion in Preclinical and Phase 1 Studies

Edward Pratt, MD (Lilly, Indianapolis, IN)

Dr. Edward Pratt presented updated phase 1 data on Lilly's novel GPR142 agonist LY3325656 (LY) for the
treatment of type 2 diabetes. We noted during the company's 2Q18 update that the candidate was no longer
listed on Lilly's pipeline page; it never advanced past phase 1, to our knowledge. GPR142 is a G protein-
coupled receptor located on pancreatic alpha cells, beta cells, and enteroendocrine cells, whose agonists have
been shown to increase insulin secretion and lower glucose levels. Preclinical testing of LY in non-human
primates showed a reduction in glucose and increases in glucagon, active GIP, total GIP, and total GLP-1. In
order to assess safety and tolerability, a multi-part, single-dose oral study was performed in healthy
volunteers (n=24). Dose escalation from 30 to 1950 mg was well-tolerated. The median time to peak
concentration was 4 hours, and the half-life of LY was measured at 4.59 hours (to our understanding, making
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for a once-daily candidate, at best). Using a graded glucose infusion, LY demonstrated increased insulin
secretion, increased C-peptide levels, and reduction in glucose at higher dosage levels between 750 and 1950
mg. The second portion of the trial studied the compound's effect on patients with type 2 diabetes on either
lifestyle or metformin therapy (n=12) in a single-dose, four-period crossover design testing placebo, 1950 mg
LY, 1950 mg LY + DPP4-inhibitor (sitagliptin), and GLP-1 agonist (liraglutide) treatment. LY gave a
significant >10% reduction in 2-hour post-meal glucose and increase in C-peptide levels in patients with type
2. LY also increased postprandial GLP-1 concentrations in some patients, but there was no significant increase
in either GIP or GLP-1, as seen in preclinical models. However, LY did significantly increase glucagon levels in
both patients with T2D and HVs. We'll be interested to see what, if anything, Lilly and others can learn about
incretin hormones - highly relevant to upcoming dual and tri-agonists - from this work.

Questions and Answers

Q: Did you try this therapy in patients with type 1 diabetes?

A: No, we did not.

Q: You have a moiety that increases insulin and decreases glucose in type 2 diabetes. How do
you see this therapy being used in the long term when patients tend to lose b-cell function over
time?

A: There are limitations to our study. This was just a small proof-of-concept that we did early on that we did
to assess whether there was any sign of target engagement. We agree that we need much longer-term studies
to understand any further potential.

Oral Presentations: Insulin Resistance (With State-of-the-Art Lecture)

State-of-the-Art Lecture - Mechanisms of Insulin Signaling and Resistance

Alan Saltiel, PhD (University California San Diego, CA)

Dr. Alan Saltiel presented this year's state-of-the-art lecture on mechanisms of insulin signaling and
resistance, sharing his novel research on the role of RALGap and RalA. He opened by discussing the currently
understood mechanisms of insulin signaling, illustrating the G protein cascades that regulate the trafficking of
Glut4. With this background, Dr. Saltiel highlighted the exocyst, which he noted is an "evolutionarily
conserved vesicle targeting complex." He shared how factors including TC10, Exo70, and RalA are involved in
the pathways of recognition and assembly of the exocyst. Dr. Saltiel then spent the rest of his lecture focusing
on the role of RalA, which he stated is activated by insulin and can then recognize the assembly of exocyst
proteins. He shared that GTP and the Akt pathway are likely involved in the mechanisms of RalA activation
and that this eventually forms the RalGAP complex (RGC), which resembles the TSC complex. Dr. Saltiel then
presented his recent research surrounding the role of RalA activation in glucose homeostasis, sharing data
from both loss of function and gain of function variants of RalA. Regarding loss of function, research using
Ral inhibitors showed that these inhibitors block insulin-stimulated glucose uptake and reduce glucose
disposal. As for gain of function, adipocyte-specific RalGAP KO variants were shown to modestly improve
glucose tolerance in ND-fed mice as well as HFD-fed mice, increase adipocyte size and lipogenic gene
expression, and reduce hepatic steatosis in HFD-mice. Dr. Saltiel closed by proposing mechanisms of this
improved metabolic health, asking if these could be due to fuel partitioning, reduced systemic inflammation
(from synthesis of lipokine palmitoleate), or increased exocytosis of another cargo.

Questions and Answers

Q: Have you had a chance to look at energy metabolism in vivo or ex vivo? Do we see any
alterations in brown fat energetics?

A: We don't see an increase in thermogenesis. It tells us that glucose uptake and brown fat is not sufficient to
stimulate pathways. We're just starting some studies on cold exposure.

Q: Do you have whole-body calorimetry data?
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A: There was really no change.

Symposium: Adaptive Stress Response Pathways in Insulin Response and
Metabolism

Hepatocyte Endoplasmic Reticulum Stress in Insulin Resistance

Ira Tabas, MD, PhD (Columbia University, New York, NY)

Columbia's Dr. Ira Tabas presented some of the basic research background behind his up-and-coming
startup, Tabomedex Biosciences, which is taking a mechanism-based, integrated approach to cardiovascular
disease. Reviewing data showing that the MK2-CAMKinase II pathway is operational in hepatocytes on the
path towards type 2 diabetes, macrophages moving toward atherosclerosis, and cardiomyocytes toward heart
failure, Dr. Tabas argued that inhibition of this pathway could potentially serve as an integrated therapy for
treating all three diseases. A part of the physiological stress response, this pathway becomes maladapted in
certain disease states and, through various downstream signaling pathways, may be a comprehensive
causative factor of these cardiometabolic diseases. While the data presented mostly came from mice models,
Dr. Tabas indicated that targeted inhibition of MK2, a more druggable target than CamKinase II, lead to
increased plasma insulin levels and decreased blood glucose levels, among other metrics. He emphasized that
there is still a lot of work to be done and that any therapeutic possibilities are many years down the road.

Posters

A 12-Week, Randomized, Placebo-Controlled Study Assessing the Efficacy and
Safety of Three Dose-Escalation Algorithms of Tirzepatide, a Novel Dual GIP and
GLP-1 Receptor Agonist, in Patients with Type 2 Diabetes

J Frias, M Nauck, J Van, C Benson, R Bray, Z Milicevic, A Haupt, D Robins

A key poster (993-P) presented results from Lilly's 12-week phase 2 titration study (n=111) for once-weekly
GIP/GLP-1 dual agonist tirzepatide, indicating that slower titration meaningfully reduces the severity of GI
side effects and treatment discontinuation with tirzepatide. Lilly had previously disclosed that this study
achieved discontinuation rates <5% in every study arm, including 15 mg - which was the real sticking point
from the phase 2b results presented at EASD 2018. Three different dose escalation algorithms were tested
against placebo in people with type 2 diabetes, one to achieve a maintenance dose of 12 mg and two to achieve
15 mg (see schemes below). For comparison, in the main phase 2b study, participants started directly on the 5
mg dose for two weeks, then escalated to 10 mg for four weeks before climbing to 15 mg by week six
(depending on group, of course). As shown in the table below, slowing down titration to 15 mg reduced (i) the
proportion of patients experiencing GI side effects from 66% to 46%/57% and (ii) the frequency of treatment
discontinuations due to adverse events from 25% to 0%/4%, depending on the algorithm. In the entire
titration study, only 10 participants on tirzepatide discontinued treatment and only two due to adverse events.
While GI events are still very common, it seems that the severity of events improves with slower titration. Per
the dosing study's abstract, GI adverse events were "mild to moderate" in intensity; in an interview with our
team, Lilly's Dr. Brad Woodward (Global Brand Development Lead and Senior Medical Director) explained
that a higher proportion of events - about two-thirds - were mild in the titration study, compared to <half of
those in the larger phase 2b.

Tolerability and Discontinuation Results: Phase 2b vs. Titration Study

Main Phase 2b Study 12-Week Titration Study

Achieved

Dose

GI Event

Prevalence

(Nausea)

Treatment

Discontinuation

(due to adverse

events)

Titration

Algorithm

GI Event

Prevalence

(Nausea)

Treatment

Discontinuation

(due to adverse

events)
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5 mg

(n=55)

33% (20%) 15% (9%) #1 (12 mg,

n=29)

48% (24%) 7% (3%)

10 mg

(n=51)

51% (22%) 14% (6%) #2 (15 mg,

n=28)

57% (39%) 21% (4%)

15 mg

(n=53)

66% (40%) 34% (25%) #3 (15 mg,

n=28)

46% (36%) 7% (0%)

Placebo

(n=51)

10% (6%) 18% (4%) Placebo (n=26) 12% (8%) 23% (4%)

Trulicity

1.5 mg

(n=54)

43% (30%) 15% (11%)

▪ Lilly is currently investigating the 5, 10, and 15 mg doses of tirzepatide for type 2
diabetes in the eight-trial phase 3 SURPASS program, which is using titration schemes
informed by this dosing study and includes a superiority-powered CVOT. See an
infographic outlining the chosen dose escalation schemes below. Additionally, phase 3 for obesity
and phase 2 for NASH are set to begin in 2019. Importantly, Lilly plans to use the Trulicity
autoinjector across these trials, which should help maximize adherence, and management has
tentatively slated regulatory submission for 2022.

◦ One key question can't yet be answered: Will multi-step dose titration present
a barrier to tirzepatide initiation and therapeutic dose achievement? Lilly has
expressed its belief that packaging tirzepatide in the same autoinjector as Trulicity will
make initiation and titration easier than with a standard pen, and that 5 mg itself would be
an efficacious maintenance dose for most patients. As such, it would seem tirzepatide
would be prescribed similarly to existing GLP-1s, though the escalation doses may be
vulnerable to therapeutic inertia.
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Divergent Hypoglycemic Effects of Hepatic Directed Prandial Insulin: A 6-Month
Study in Type 1 Diabetes Mellitus (T1DM)

D Klonoff, B Bode, N Cohen, W Geho, D Muchmore

Diasome presented results from a phase 2b dosing study (n=176) of its hepatocyte directed vesicle technology
added to Humalog (HDV-L) in type 1 diabetes, achieving non-inferiority on A1c lowering vs. Humalog alone
after 26 weeks. Mean A1c change with HDV-L was -0.09%, compared to -0.16% with Humalog. Results
appeared to differ according to baseline A1c, with less hypoglycemia occurring in those with poor glycemic
control (≥8.5%) who were on HDV-L. Those with a higher baseline A1c (≥8.5%) saw an A1c reduction (~0.5%)
with HDV-L treatment equivalent to those on Humalog alone, but also saw mealtime insulin dose reductions
of ~25% (p=0.02) and had a 73% reduction in time in hypoglycemia compared to standard Humalog
treatment (p=0.09). Those on HDV-L in this A1c group reported less "severe" hypoglycemia (subjectively
categorized by investigators; 69 vs. 97 events/100 person-years, p=0.03) compared to Humalog, and also
spent numerically less time <54 mg/dl during week 26 (0.7% vs. 2.6%, p=0.09). Conversely, patients with
lower baseline A1c (<8.5%) saw no change in A1c or reductions in mealtime insulin dose and actually spent
more time in hypoglycemia (>3x increase) with HDV-L treatment compared to standard Humalog. Those on
HDV-L in this A1c group reported more "severe" hypoglycemia (191 vs. 21 events/100 person-years, p=0.001)
and spent numerically more time <54 mg/dl during week 26 (2.0% vs. 0.6%, p=0.16).

▪ Diasome particularly highlighted favorable hepatic safety findings, encouraging in
light of previous forays into liver-targeted insulins that have stalled due to safety
issues. HDV-L treatment was not associated with any increases in liver enzymes, including no
elevation of alanine transaminase (ALT) or aspartate transaminase (AST). As a reminder, Lilly
discontinued its liver-targeted peglispro in 2015 due to liver toxicity, as phase 3 results displayed
worrying increases in liver enzyme levels.

▪ The hope with a liver targeted insulin such as HDV-L is that it could enable the liver to
store mealtime glucose in a more physiological manner. This in turn would hopefully allow
for (i) a reduction in peripheral glucose loads in other tissues, (ii) the liver to more normally release
stored glucose between meals, thereby reducing insulin-induced hypoglycemia events, and (iii) allow
for reduced doses of insulin.
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▪ Up next for Diasome is the phase 2 OPTI-1 dose finding study, which began enrolling
patients with a baseline A1c between 6.5% and 8.5% in March 2019. Diasome intends to
enroll ~60 participants who will undergo a three-month run-in period on standard of care therapy
followed by three months of HDV treatment along with different long-acting insulin dosing rates.
This study should give additional clarity to the divergent effects seen in those with lower baseline
A1c levels - it's possible that better dosing adjustments could lead to improved A1c reductions, less
hypoglycemia, and reductions in overall insulin dose.

Award Lectures

Banting Medal for Scientific Achievement - "Treasure Your Exceptions" - Studying
Human Extreme Phenotypes to Illuminate Metabolic Health and Disease

Stephen O'Rahilly, MD (University of Cambridge, UK)

This year's Banting award lecture was standing-room-only, and for very good reason: Cambridge's Prof.
Stephen O'Rahilly shared key insights from his research on genes implicated in metabolic dysfunction, which
could serve as the foundation for next-generation diabetes/obesity therapies and a valuable look at what
might serve patients very well. He discussed GDF15 (growth differentiation factor 15) as one example. This
gene codes for a protein that suppresses food intake and thereby promotes weight maintenance or weight loss.
It's been used to trigger conditional taste aversion, and typically appears in higher concentration after a
prolonged high-fat diet. Dr. O'Rahilly suggested that lack of GDF15 may predispose someone to greater weight
gain on a high-fat diet. At the very least, this protein is "certainly worthy of further exploration as an anti-
obesity agent." He went on to show unpublished data from a study investigating the interaction between
GDF15 and metformin. In the simplest terms, metformin seems to elevate circulating GDF15, which
corresponds to an individual's magnitude of weight loss. On the flip side, metformin is unable to prevent
weight gain in a GDF15 knockout mouse. Dr. O'Rahilly explained that metformin's ability to enhance insulin
sensitivity also depends on GDF15, and he concluded that there's major potential for a metformin/GDF15
prediabetes intervention. We were inspired by this forward-thinking lecture and are eager to see Dr.
O'Rahilly's research transformed into clinical-stage therapeutics. For more on GDF15 and its role in metabolic
disease, see Dr. O'Rahilly's recent publication in Cell Metabolism.

▪ "Discussions on obesity are often simplistically focused on calories in, calories out. But our research
suggests that the size of the bath varies greatly within individuals. Adipose storage capacity is
strongly genetically determined, and has a major role to play on energy balance and whether the
body can handle it or whether it's re-routed to the liver and muscle, causing fatty liver and insulin
resistance." We loved this quote from Dr. O'Rahilly's talk, and indeed, one important takeaway from
his research is that there's a powerful genetic basis underlying obesity and type 2 diabetes. We need
more researchers and scientists and clinicians to share their views in the fight against obesity- and
diabetes-related stigma and this was so terrific to hear in such a standout and highly visible lecture.

Novel Therapies Poster Highlights

Title Important Details
Administration of Medical

Food (MF) With Butyrate

Producing (BP) + Mucin-

Regulating (MR) Microbes

Improves Glucose Control

(GC) over 12 Weeks in

Type 2 Diabetes (T2D)

▪ Full results from Whole Biome's 12-week exploratory clinical trial

for WBF-010 and WBF-011 - twice daily "live symbiotics"

(combination of probiotics and prebiotics) formulas designed to

alter the microbiome and improve glycemic control. Compared to

placebo, WBF-011 (the top performer) reduced A1c by 0.7% when

combined with diet and exercise, and 0.6% on its own.
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▪ WBF-010 and WBF-011 also produced encouraging benefit on liver

enzymes ALT and AST relative to placebo. We note that these could

also signal improvement in NAFLD/NASH related pathology.

▪ Microbiome research is still at an early, if promising, stage. To our

understanding, long-term microbiome changes require sustained

changes in behavior, primarily diet - meaning a treatment that

targets the microbiome would necessitate long-term dosing to see a

sustained effect, as traditional diabetes therapies often do. Provided

microbiome-targeting treatments can provide similar outcomes

with little-to-no side-effects, we believe they are worth pursuing -

and Whole Biome deserves much credit for furthering the science

behind type 2 diabetes and the microbiome.

Duodenal Mucosal

Resurfacing (DMR)

Combined with GLP-1 RA

May Eliminate Insulin

Therapy and Improve

Metabolic Health in Type

2 Diabetes

▪ Topline results from a six-month trial of Fractyl's Revita DMR

(duodenal mucosa resurfacing) procedure in people with type 2

diabetes taking insulin (n=16). Of the 9 patients having reached the

six-month mark so far, 8 of them have remained insulin free with

an A1c of less than 7.5% (actual average at the end of the trial was

6.8% from a baseline of 7.5%). Participants also lost an average of

11 pounds (p<0.001), halved their blood-insulin levels (130 pmol/L

to 66 pmol/L, p=0.021), and reduced their fasting plasma glucose

(10.3 mmol/L to 7.8 mmol/L, p=0.007).

▪ Of note, GLP-1 agonist liraglutide (Victoza) was introduced two

weeks after the procedure and lifestyle counseling was

administered throughout the trial, so the sustained benefit seen

cannot be attributed with certainty to the procedure alone.

▪ Revita DMR is already CE Marked in Europe, but, as we see it,

there are many headwinds to uptake. Primarily, Fractyl will have to

shift treatment paradigms away from chronic treatment and toward

correcting underlying pathophysiology.

▪ Revita DMR has also shown benefit on liver fat, A1c, and weight in

those with type 2 diabetes and NAFLD/NASH.

An Integrated Summary of

Safety and Efficacy of a

Ready-to-Use Liquid

Glucagon Rescue Pen for

the Treatment of Severe

Hypoglycemia in Adults

▪ Combined results from two of Xeris' phase 3 trials (XSGP-301 and

XSGP-303) confirming that the safety and efficacy of its Gvoke

HypoPen were noninferior to Lilly's reconstituted glucagon kit.

▪ Most notably, results provide collated evidence that preparation

time is significantly faster with an autoinjector than with the

reconstitution (27.3 seconds vs. 97.2 seconds) - the key

improvement of next-gen glucagon over its predecessors, in our

opinion.

▪ Xeris' autoinjector conferred glycemic recovery (time to plasma

glucose >70 mg/dL or ≥20 mg/dL increase) in a slightly slower
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time period than the reconstitution kit (13.8 minutes vs. 10), but

this difference was not significant.

▪ Just before ADA, the PDUFA date for Xeris' rescue pen was delayed

by three months. An FDA decision is now expected ~3Q19.

A Double-Blinded, Placebo

Controlled, Single

Ascending Dose Study for

Safety, Tolerability,

Pharmacokinetics, and

Pharmacodynamics after

Subcutaneous

Administration of Novel

Long-Acting GLP-1/GIP/

Glucagon Triple Agonist

(HM15211) in Healthy

Obese

▪ A first-in-human PK/PD study for ProSciento's GLP-1/GIP/

Glucagon triple agonist, HM15211 (n=41); no participant

discontinued, but only one dose was tested.

▪ The terminal half-life of the candidate was 72 to 142 hours,

suggesting that the dosing for the agent will be much longer than

once-daily.

▪ GI side-effects were experienced in the most potent three arms: 1 in

the 0.04 mg/kg group, 10 in the 0.08 mg/kg group, and 8 in the

0.12 mg/kg group. These effects have so far proven to be multi-

agonists' Achilles heel, though encouraging dose escalation data for

Lilly's tirzepatide at ADA demonstrated that discontinuation could

be mitigated with slower titration.

▪ The abstract notes that clinical studies in people with obesity and

NAFLD/NASH will follow.

Effect and Safety of

Flexible Dose Adjustment

with Oral Semaglutide vs.

Sitagliptin in Type 2

Diabetes: PIONEER 7

▪ The first presentation of full results from the PIONEER 7 trial

comparing GLP-1 agonist oral semaglutide to DPP-4 inhibitor

sitagliptin (Januvia). The former was superior on the primary

outcome of percent of patients reaching A1c <7% after 52 weeks -

58% vs. 25% (p<0.001). Unsurprisingly, oral semaglutide was also

superior on weight loss, conferring 5.7 lbs vs. 1.5 lbs with sitagliptin

(P<0.001) over the year-long study.

▪ PIONEER 7 allowed for dose adjustment of oral semaglutide,

meaning providers could change a patient's dose based on glycemic

trajectory and side-effects. At 52 weeks, 60% of participants were

receiving 14 mg oral semaglutide, 31% were taking 7 mg, and 9%

were taking 3 mg - this likely explains the lower magnitude of

weight loss compared to other trials, though A1c reduction (1.4% on

average) was on par with other PIONEER studies and nausea/

treatment discontinuation were just as common. We'd love to see

these results broken down by dose in a future analysis.

▪ Fewer participants were started on other glycemic medications in

the oral semaglutide group than in the sitagliptin group.

Oral Semaglutide as Add-

On to Insulin in T2D:

PIONEER 8

▪ The first presentation of full results from the PIONEER 8 trial

assessing the safety and efficacy of GLP-1 agonist oral semaglutide

as an add-on to insulin in people with longstanding type 2 diabetes

(average 15 years). Oral semaglutide conferred dose-dependent
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improvements in A1c and body weight, which were not attenuated

at the end of the 52-week study.

▪ There were no new safety concerns, with mild to moderate nausea

the most common adverse event, occurring in 11%-23% on oral

semaglutide vs. 7% on placebo

▪ The weight loss was likely due to both a reduction in mean insulin

dose (also dose dependent) as well as the inherent effects of GLP-1

agonists. The former of these is particularly important, as it may

have also contributed to a modest reduction in hypoglycemia events

seen with the higher doses of oral semaglutide (26% of those on 7

or 14 mg) compared to the lower dose or placebo (~29%).

Effects of Efpeglenatide on

Body Weight, BMI, and

Waist Circumference in

Patients With Obesity

Without Diabetes

Stratified by Baseline

Characteristics: A

Subanalysis of BALANCE

205

▪ This subanalysis of the phase 2 BALANCE 205 study testing

Sanofi's GLP-1 agonist efpeglenatide in people with obesity without

diabetes found significant body weight reductions vs. placebo at all

doses (p<0.001 with 4, 6, and 8 mg once weekly or once every other

week) and across varying baseline age, waist circumference, and

BMI. BMI was similarly reduced across subgroups. Waist

circumference was significantly reduced in the higher-dose groups

but not in the lower-dose groups (regardless of dosing regimen),

which authors attributed to small sample sizes.

▪ Weight loss ranged from ~10 lbs to ~19 lbs across the subgroups - a

very significant change in our eyes considering the short period of

the study (20-weeks) and lower baseline BMI for an obesity study

(35-36 kg/m ). For reference, obesity-grade liraglutide (Saxenda)2

conferred a mean 19 lbs of weight loss over 52 weeks from a mean

baseline BMI of 38.3 in the phase 3 SCALE study, suggesting that

efpeglenatide could be competitive, especially at its higher doses.

▪ This said, participants were also instructed to reduce their calorie

intake by 500/day and increase physical activity during the study,

perhaps confounding results.

Oral Semaglutide vs.

Placebo in Patients with

Type 2 Diabetes and

Moderate Renal

Impairment: PIONEER 5

▪ The first presentation of full results from the PIONEER 5 trial

investigating GLP-1 agonist oral semaglutide vs. placebo in people

with type 2 diabetes and moderate renal impairment (stage 3 CKD).

In the on-treatment analysis, oral sema gave a 1.1% reduction in

A1c (baseline 8.0%) and ~8.2 pounds of weight loss, vs. a 0.1%

reduction and 2.4 pounds with placebo. With oral sema, 64% of

participants achieved an A1c <7%, vs. 21% with placebo. These

differences were all significant, as they were in the intention-to-

treat analysis.

▪ Encouragingly, the weight loss curve did not seem to be plateauing

at all in the oral semaglutide group at the 26-week mark, while the
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placebo group had flattened out. A1c lowering plateaued in both

groups at this mark.

▪ Renal function was unchanged throughout the trial in both groups,

with median eGFR ratios (week 31 to baseline) coming to 1.02 (95%

CI: 0.27-1.96) in the oral semaglutide group and 1.00 (95% CI:

0.68-2.17) in the placebo group.

▪ Ultimately, these are very positive results to see in such a high-need

patient population. Glucose-lowering treatment options for

patients with moderate to severe renal impairment remain quite

limited (cardio- and renoprotection is maintained with SGLT-2

inhibitors but A1c lowering is attenuated). Most GLP-1 agonists are

safe and efficacious at lower eGFRs than other therapies, but it's

very encouraging to see an oral agent - especially one that comes

with meaningful weight loss and A1c - demonstrate such great

efficacy.

UK First National Health

Service (NHS)

EndoBarrier (EB) Service:

Maintenance of

Improvement One Year

after Device Removal

▪ A follow-up to a UK registry of people with type 2 diabetes

receiving GI Dynamics' EndoBarrier (n=32) - a 60 cm

endoscopically inserted proximal intestinal liner that prevents

intestinal absorption to promote weight loss and A1c lowering. The

device was inserted for one year, conferring an average of 37

pounds of weight loss (p<0.001), 2.1% reduction in A1c from a

baseline of 9.5% (p<0.001), and 14 mmHg drop in systolic blood

pressure (p<0.001).

▪ One year after the device was removed, 41% (n=13) of people had

"fully sustained" their improvement, defined as no statistically

significant increase in weight or A1c (though both did modestly rise

by 3.5 lbs and 0.3%, respectively). 37% (n=12) "partially sustained"

their improvement (significant reductions in A1c and weight vs.

baseline but significant regression vs. at device explant), and 22%

(n=7) deteriorated to their baseline values. Notably, 6 of the 7 who

were in this final group reported depression or bereavement during

the follow-up year and also lost the least amount of weight during

the intervention period, potentially signaling that certain people

respond better to the EndoBarrier than others.

▪ As a reminder, The original US pivotal trial for EndoBarrier, the

ENDO Trial, failed to meet its primary efficacy and safety endpoints

and was terminated early due to a high incidence of hepatic

abscesses with the device. However, FDA recently approved a new

pivotal trial.
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Type 1 "Cure" Therapies and Pathophysiology

Symposium: TrialNet-New Therapeutic Approaches and Insights for Type 1
Diabetes

Anti-CD3 Prevention in Stage 2 Trial Results

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

Yale's Dr. Kevan Herold presented positive results from the highly-anticipated phase 2 teplizumab type 1
diabetes prevention trial, showing marked reductions on cumulative diabetes onset (72% vs. 43%, HR=0.41,
p=0.006) and time to diagnosis (48 months vs. 24 months) with the anti-CD3 treatment compared to
placebo. This is the first trial to meet a clinical endpoint in delaying the onset of type 1 diabetes and is
absolutely phenomenal news for the entire diabetes community. Results were simultaneously published in
NEJM and accompanied by an editorial penned by Drs. Clifford Rosen and Julie Ingelfinger - we highly
recommend reading both.

The study enrolled 76 participants (55 children and 21 adults) who were the relatives of patients with type 1
diabetes who did not have diabetes but were at high risk for developing type 1. All of the study participants
were identified by TrialNet's Pathway to Prevention screening program and in "Stage 2" of type 1 disease
progression, meaning that they had two or more type 1 autoantibodies and abnormal blood sugar levels
(nearly 100% of those in Stage 2 progress to a clinical diagnosis of type 1 in their lifetime). Participants were
randomized to either a single 14-day course of intravenous teplizumab (anti-CD3 monoclonal antibody) or
placebo, with follow-up consisting of OGTTs at 6-month intervals.

Type 1 diabetes was diagnosed in only 43% of those on teplizumab compared to 72% of those on placebo.
Annualized rates of diabetes were 15% for the teplizumab group and 36% for the placebo group. Very
importantly, the median time to diabetes diagnosis was 24 months for placebo and 48 months for teplizumab,
indicating that teplizumab treatment could delay type 1 diagnosis by 2 years on average - an extremely
meaningful clinical result. See the table below for a snapshot of the trial results. Very notably, Dr. Herold
commented that even in those treated with teplizumab who progressed to type 1 diabetes, the progression was
slower, indicating that there still was beneficial action occurring. On this front, further work will involve
trying to identify responders through biomarker evaluations, along with investigating combo therapies with
teplizumab to increase the ability to delay or prevent type 1 progression.

▪ Commercially, Provention Bio acquired development rights to teplizumab (now called
PRV-031) from MacroGenics in May 2018. Provention's press release regarding the trial notes
that it is now "evaluating a regulatory path forward for PRV-031 in at-risk individuals." The
company is also assessing the candidate in a phase 3 pivotal trial (PROTECT, n=~300) assessing
teplizumab's ability to slow the loss of beta cells and preserve beta cell function in children and
adolescent 8-17 years old who have been diagnosed with type 1 in the previous 6 weeks. Provention
is holding a conference call Monday morning at 8:30 AM to discuss the results, with a webcast
replay available beginning at 11 AM.

▪ The history of teplizumab is long and winding, and we salute the perseverance of all
those involved in this trial for driving it forward. In 2010, MacroGenics and Lilly announced
that their phase 3 trial of teplizumab had failed, as it did not meet its primary efficacy endpoint of
decreasing daily insulin usage and A1c after one year in recent-onset type 1 diabetes. Further clinical
development was suspended as a result. At the time, we heard from several researchers that the
phase 3 failure may have been more attributable to the study design rather than teplizumab's
efficacy, and these phase 2 results lend credence to that idea.

◦ Phase 2 results in 2013 from Dr. Herold's group were positive, demonstrating
that teplizumab treatment significantly reduced C-peptide decline at two years in people
with new-onset type 1 diabetes.
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◦ The compound was first developed by UCSF's renowned Dr. Jeffrey Bluestone
in the 1980s for use in targeting aggressive CD3+ T cells which at the time had been
implicated in organ transplant rejection and multiple autoimmune diseases. See our 2016
interview with Dr. Bluestone here - some of his comments look quite prescient in light of
these results. Further research by Drs. Bluestone, Herold, and others implicated the
candidate in interfering with beta-cell autoimmune destruction, thus prompting clinical
investigation of teplizumab in this context.

▪ GSK is also investigating another anti-CD3 monoclonal antibody, otelixizumab,
although the status of this clinical program remains unclear. The candidate was being
studied in a phase 2 trial in new-onset type 1 diabetes and was apparently completed in September
2018, but no updates have been given by the company since (and in the wake of the company's
divestment from diabetes). GSK and partner Tolerx had previously reported negative results from a
phase 3 study of otelixizumab, where the candidate did not meet the primary efficacy endpoint of a
change in C-peptide at 12 months in patients with new-onset autoimmune type 1 diabetes. We
wonder whether these positive results from teplizumab may spur additional investment in this space
and push further study of other anti-CD3 (and more broadly, other immunotherapies) candidates in
type 1 prevention and disease modification. See our full type 1 cure/prevention/treatment landscape
here.

Trial Snapshot: Results and Study Population

Placebo (n=32) Teplizumab (n=44)

Total T1D Diagnosis Rate 72% 43% (p=0.006)

Annualized Rates of
Diagnosis

36% 15%

Median Time to Diabetes 24 months 48 months

Number at end of trial
without diabetes

9 25

Total Adverse Events 22 43

Grade 3 Adverse Events 2 20

Grade 2 Adverse Events 20 23

Baseline Characteristics 5.3% A1c

Average age: 13

53% Male

94% White

5.2% A1c

Average age: 14

57% Male

100% White

Primary Outcome K-M Curve: Time to Diabetes Onset and Cumulative Incidence
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Low Dose ATG and GCSF in New-Onset Type 1 Diabetes-Two-Year Clinical Trial
Outcomes

Michael Haller, MD (University of Florida, Gainesville, FL)

Dr. Michael Haller presented two-year results from TrialNet's three-arm, phase 2b trial (n=82) investigating
low-dose anti-thymocyte globulin (ATG) and pegylated granulocyte-colony stimulating factor (GCSF) in new-
onset type 1 diabetes. See the full publication in Diabetes. The goal of the study was to determine the safety
and efficacy of (i) low dose ATG/GCSF combo therapy vs. placebo and (ii) low-dose ATG alone vs. placebo in
preserving beta cell function. Low-dose ATG was given as a 2.5 mg total dose over two infusions, while GCSF
was given subcutaneously over two weeks for a total of 6 mg. The study enrolled those with new onset type 1
diabetes, less than 100 days post-diagnosis and with ages ranging from 12-45 years. On the primary outcome
measure of preserved C-peptide after two years (measured by mean mixed-meal tolerance test), ATG
treatment was associated with a significant increase compared to placebo (p=0.00005). However, as at one
year, the combo treatment of ATG/GCSF did not meet significance vs. placebo (p=0.032, with 0.025 needed
to meet significance). Positively, A1c was significantly reduced at 2-years in subjects treated with ATG
(p=0.011) and ATG/GCSF (p=0.022) versus placebo.

▪ These two-year outcomes build on one-year results, presented at ADA 2018 and
showing similar trends. At one year, ATG treatment alone significantly preserved C-peptide
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compared to placebo (p=0.0003). The combo of ATG/GCSF did not have a significant effect at one
year (p=0.031). However, A1c was significantly reduced in both treatment groups vs. placebo,
though more significantly with ATG alone (p=0.002 and p=0.011 for ATG alone and ATG/GCSF
combo, respectively).

▪ On safety, there were no adverse-event imbalances between the three groups.

▪ Dr. Haller concluded that this two-year clinical data, which is further supported by
six-month flow cytometry data presented in the same session and aimed at discerning
mechanism, strongly support the use of low-dose ATG for type 1 prevention. Dr. Carla
Greenbaum echoed this sentiment, noting that TrialNet "fully intends to bring low-dose ATG into
the prevention landscape." See our full type 1 cure/prevention landscape here. Combined with
highly encouraging results for teplizumab for type 1 prevention (≥2 autoantibodies), ADA 2019 was
a great meeting for prevention efforts.
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Symposium: Overlap between Autoimmune Diabetes of the Adult and Type
2 Diabetes-Current Knowledge and Clinical Implications

Autoimmune Diabetes in Adults-Current Evidence and Controversies

Richard David Leslie, MD (Blizard Institute, Queen Mary University of London, UK)

Latent Autoimmune Diabetes of Adult Onset (LADA), as Dr. Leslie described, bears a striking resemblance to
type 1 diabetes. Dr. Leslie explained that autoimmune diabetes should be understood as a spectrum, with the
frequency of MHC genes and autoantibodies higher in younger-diagnosed individuals and progressively
decreasing with age. Even in T1D, there is considerable heterogeneity. Onset in patients under 12 years of age
is marked by multiple autoantibodies and high heritability while those with onset after 12 years of age more
often have a single autoantibody and low heritability. Notably, the immunogenetic pattern in LADA is the
same as that for type 1 in children. However, the primary assay to detect LADA, the GADA assay that detects
glutamic acid decarboxylase (GAD) antibodies, has a 50% false positive rate, and adult-onset diabetes
detected through this method has been considered suspect. With a modified Affinity ECL-GADA and cohort
enrichment, however, the accuracy of the assay is substantially increased, and Dr. Leslie explained how this
was used to assess the incidence and significance of LADA in various studies.

▪ The incidence of LADA (within diabetes patients) in Europe and China was similar at
6.3% and 5.9% respectively, even though Europe has a high incidence of T1D while
China has one of the lowest. Action LADA and China LADA were two very similar studies
testing patients for evidence of LADA. Both studies found that GADA positive individuals were
leaner, had lower C-peptide and required more insulin.

▪ Incidence of hyperthyroidism and insufficient reduction of HbA1c in LADA patients
supports the clinical utility of classifying patients to provide better care. LADA patients
in a Swedish cohort were found to have a weaker response to diabetes medications and did not
achieve an A1c reduction at the same level as other patients. Better detection of LADA might help
doctors make decisions about starting insulin therapy earlier. Both Action LADA and China LADA
found high incidence of thyroid autoimmunity in LADA patients.

Symposium: Islet Transplantation Today and Tomorrow

Bio-synthetic Materials for Encapsulation/ Bioengineering Approaches

Omid Veiseh, PhD (Rice University, Houston, TX)

Dr. Veiseh, Chief Scientific Officer of the MIT spin-out Sigilon Therapeutics that recently partnered with Lilly,
discussed the company's afibromer technology, a bio-synthetic material to encapsulate islet cells and protect
against foreign-body response. Examining 700 analogs of alginate, a bio-synthetic material previously
postulated to be suitable for encapsulation, Dr. Veiseh and his team screened out proinflammatory analogs
and identified a candidate that caused the least inflammatory response. This candidate - afibromer - didn't
attract macrophages in imaging models and, when implanted into mice, didn't result in immune cell
deposition around tissue. Addition of afibromer capsules containing human islet cells in mice showed little
fibrosis and immune response at 6 months, a feat that was particularly difficult given the challenges
associated with xenogeneic transplantation and without immunosuppression! These islet cells still maintained
glucose responsiveness and insulin secretion throughout the transplantation period. Dr. Veiseh concluded
with a description of Sigilon's future goals of bio-engineering blood vessels around these capsules to promote
integration into recipients. We are eager to watch where Dr. Veiseh and Sigilon go in the next few years,
particularly with support from Lilly, and hope to see more data, particularly in humans, soon.
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Symposium: Understanding Heterogeneity in Pediatric Diabetes - First
Step to Improving Outcomes

Type 2 Diabetes Factors in the Etiology of Type 1 Diabetes - Implications for
Prevention, Diagnosis, and Treatment

Maria J Redondo, MD, PhD (Baylor College of Medicine, Houston, TX)

According to Dr. Redondo, patients who develop type 1 diabetes despite having low type 1 diabetes risk factors
often have a number of features typically associated with type 2 diabetes, including genetic factors, excess
BMI, and greater insulin resistance and C-Peptide. Interestingly, though a recent study has shown that a type
1 diabetes genetic risk score (GRS) can independently predict the development of type 1 diabetes, it also found
a number of patients who developed type 1 diabetes despite having few type 1 risk factors, including a single
positive autoantibody and a low GRS. In children with a single Ab+ at the time of their type 1 diagnosis, there
was a much higher frequency of TCF7L2 SNP, a genetic variant typically associated with type 2 diabetes.
Additionally, a single Ab+ at type 1 diagnosis is associated with a number of other type 2 diabetes features,
including age, greater insulin resistance, and higher C-peptide. Furthermore, Dr. Redondo explained that
longitudinally accumulated excess BMI increases type 1 diabetes risk and increased the progression of islet
autoimmunity in children under nine years old without HLA DR3 or DR4. Overall, though much more
research is needed to solidify this connection, these findings suggest that patients with low risk factors for
type 1 diabetes who still develop the disease often have a much greater number of risk factors for type 2
diabetes than had previously been thought. Going forward, this apparent connection could have clinical
implications for how the disease is identified and treated, particularly in youth populations.

Joint ADA/ISPAD Symposium: Understanding Heterogeneity in Pediatric
Diabetes-First Step to Improving Outcomes

Heterogeneity in Type 1 Diabetes-Is It a Single Disease?

Andrea Steck, MD (University of Colorado, Aurora, CO)

Dr. Andrea Steck discussed how understanding the different routes of progression to type 1 diabetes is
integral to crafting effective prevention strategies and improving outcomes. The development of insulin
autoantibodies - both type and order and timing of appearance - that contribute to disease progression are
variable, leading to differences in disease progression. Calling upon data from the DIPP, DAISY, BABYDIAB,
and TEDDY studies, Dr. Steck posited that studying different antibodies and progression can help us move
toward personalized medicine to prevent type 1 onset. While HLA region genes have been strongly linked to
type 1 diabetes, it is possible that metabolic and insulin producing genes are also involved. Testing positive for
multiple antibodies increases risk of developing type 1 in both monozygotic twins and full siblings, indicating
that generalized risk scores that account for insulin autoantibodies (IAA), GAD antibodies (GADA), islet
antigen-2 antibodies (IA-2A), and HLA antibodies may hold clinical significance. Metabolic heterogeneity
may also influence the incidence of type 1 diabetes through a DPTRS score and age-associated C-peptide
decline. Additionally, CGM data has been used to compare glucose fluctuations between antibody positive and
negative patients: Antibody positive individuals had higher daily glucose levels and increased AUC, meaning
CGM could aid in the prediction of type 1 development. Dr. Steck stated that combining these different risks
into a stratified risk score may be the best predictor of type 1 diabetes. While genetic/metabolic/pathologic
heterogeneity and different immune phenotypes have been discovered, future studies will focus on identifying
different phenotypes and endotypes to enhance prediction, prevention, and treatment.
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Mini-Symposium: Screening for Complications in Youth with Type 1
Diabetes-Are We On the Right Path?

Cost Benefit of Pre-Type 1 Screening-Is It Time to Reevaluate Our
Recommendations?

Desmond Schatz, MD (University of Florida, Gainesville, FL)

University of Florida's Dr. Des Schatz delivered a masterful and deliberately provocative address on the cost-
benefit of screening for type 1 diabetes risk. Currently, the ADA recommends screening for type 1 in
asymptomatic children only in research studies in relatives of those with type 1. Widespread screening is not
recommended due to the lack of viable interventions. At the end of the day, Dr. Schatz would not change
ADA's recommendations, though that would change as soon as: (i) the cost-benefit equation changes; or (ii)
an intervention is shown to be safe and effective in slowing the progression of type 1 diabetes. He arrived at
this conclusion after a thorough analysis of screening technology, clinical benefit, potential social costs,
economics, etc., all built around the four requirements for public health screening. These four criteria,
whether type 1 screening meets the requirement, and his accompanying comments are outlined in the
following bullets:

▪ Cost/benefit to individual and society. (Type 1 diabetes? YES.) There is a strong case to be
made for population screening, starting with early diagnosis to decrease morbidity/mortality; Dr.
Schatz cited data showing that the rate of diagnoses presenting with DKA are significantly
attenuated in the TEDDY study vs. registries, and that those diagnosed in TEDDY have better beta
cell function, lower A1c, and decreased daily insulin doses vs. community controls in the first year
post-diagnosis. The other clear upside of screening initiatives is they help us to better understand
the natural history of pre-type 1 diabetes, gain insight into the etiology and immunopathogenesis,
and identify individuals for prevention trials. Though the "benefits" outweigh the costs in Dr.
Schatz's view, there are also some downsides to screening. For one, there is no evidence that
catching type 1 diabetes early actually leads to lower cost and complication burden long-term.
Second, false positives take a serious emotional toll on families, particularly young parents. And
then there's the financial cost of screening: in screening to reduce DKA, the breakeven point is $1.00
per HLA screening test and $0.03 per autoantibody test, which is lower than current technology can
achieve.

▪ Disease detected early enough to intervene. (Type 1 diabetes? YES.) Screening tools can
identify, with high fidelity, individuals who are in the pre-symptomatic stages of type 1 diabetes,
which enables prevention (if/when such tools become available), DKA prevention, and earlier
treatment initiation.

▪ Effective method for identifying those eligible for intervention (sensitivity, specificity,
positive predictive value, low false positives). (Type 1 diabetes? YES.) Population genetic
screening at birth, with follow up for 5% (autoantibodies, etc.) can detect 60%-80% of individuals at
risk of developing type 1 diabetes. Autoantibodies (e.g., ICA, GADA, IAA) and genetics (e.g., DR/DQ
genotypes) are highly predictive. Once an individual has 3+ autoantibodies, there's a 75%-80%
likelihood she will go on to develop type 1 diabetes.

▪ A credible intervention must be available. (Type 1 diabetes? NO.) A safe and effective
preventive measure is the clear missing link that would make population screening for type 1 a no-
brainer. On this front, we'll have our eye on Sunday's highly-anticipated phase 2 results for anti-CD3
agent teplizumab in those with ≥2 islet autoantibodies, as well as the Helmsley-funded GPPAD
study which includes the screening of 30,000 babies and high-dose oral insulin therapy for those at
high risk.

Questions and Answers
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Dr. Marian Rewers (Barbara Davis Center): In the ASK study, we've screened many people for
autoantibodies, and we have early cost-effectiveness data that I'll share with you. The cost to
detect a case of future diabetes in the general population is <$5,000 using the techniques
we've developed for ASK. It is enough for the screening to pay for itself if we are able to lower
rates of DKA by 20%, from 46% at baseline to 35%. That's not a very ambitious goal. But that
wouldn't pay for screening in itself. In addition, we have to be convinced that by diagnosing
kids earlier, starting insulin earlier, we are preventing some complications down the line.
There is evidence that kids diagnosis without DKA have better A1c by 1% than those diagnosed
with DKA. I think we are checking off slowly the boxes on the list you presented, and there is
exciting cost-effectiveness data even with the tools we have today.

Dr. Schatz. I feel very mixed about this and that's part of the debate. I have a couple of comments. Related to
cost - it's really in the follow-up, there are a lot of false positives. Lots don't progress, and there are negative
consequences of non-progression. We also really haven't thought about education. If the population out there
were better educated about recognition of DKA, about the symptoms of diabetes, school teachers, ER docs
pediatricians … 40% of these kids in DKA were seen by a pediatrician or family practitioner a week before they
presented in DKA! The answer is by education, and spending less money, you could be cost effective. From all
the other perspectives of disease, prevention, I'd agree we need to be doing these things, and hopefully a
couple more of these studies will be able to delay the disease, because that'll shift the pendulum.

Dr. Rewers: Would you say we are failing to prevent DKA? Why can't we do as well as our
Canadian, Australian, or Scandinavian friends? Why does it have to be 46%? Poster 1360
shows that the rates in Colorado have increased further, now they're >50%. If we can't prevent
DKA using community education, maybe we should start screening.

Dr. Schatz: But in other countries, they have lower rates, and it's not because they're doing more screening.
They're not.

Q: What about the cost-effectiveness in a multi-ethnic population?

Dr. Schatz: I don't have an answer, but that's a very, very good point. The incidence of type 1 in different
populations is very, very different. So, you would have to think about targeted screening. I don't think we're
far enough along the corridor yet.

Oral Presentations: Incretins Marching On

Liraglutide Preserved Insulin Secretion in Adults with Newly Diagnosed Type 1
Diabetes: The NewLira Trial

Thomas Dejgaard, MD, PhD (Steno Diabetes Center, Copenhagen, Denmark)

A small (n=68) but intriguing study of liraglutide (Novo Nordisk's Victoza) in new-onset type 1 diabetes
indicates a possible role for the GLP-1 agonist in beta cell protection. Dr. Thomas Dejgaard presented results
from NewLira; After one year of treatment with either liraglutide 1.8 mg and insulin or placebo and insulin,
those randomized to liraglutide had a 44% higher AUC C-peptide than the placebo group (the study's primary
endpoint), meeting significance at p=0.04. After 52 weeks, both groups returned to insulin therapy alone, and
by week 58 of follow-up, there was no significant difference between the two groups though the liraglutide
group still had numerically higher C-peptide levels (see below). As would be expected, liraglutide also had a
variety of positive metabolic effects reflected in the study's secondary endpoints: At 52 weeks, the liraglutide
group had reduced its total daily insulin use by six units/day from baseline, while the placebo group increased
TDD by 12 units/day (p<0.001 for comparison). At week 58, however, that difference was almost entirely
gone. The liraglutide group also had a significantly lower A1c at the 12 and 36-week timepoints, though not at
24 or 52 weeks, and lost 1.1 kg of weight over the year compared to 1.6 kg of gain in the placebo group (NS).
Very positively, liraglutide conferred a 13% relative risk reduction for mild hypoglycemia <70 mg/dl
(IRR=0.87, 95% CI: 0.82-0.93, p<0.05). By far, the most common adverse event was nausea, reported by
nearly 50% of participants in the liraglutide group (and ~20% in the placebo group). While our sense was that
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the room was not overwhelmed with the positivity of these results - Dr. Julio Rosenstock asked Dr. Dejgaard
(inappropriately from our view) if he was ready to give up on the concept - we do think GLP-1s in type 1
warrant further investigation - more on that below.

▪ NewLira randomized people 18-40 years old with a type 1 diabetes diagnosis within
the last 6 weeks and postprandial C-peptide >200 pM. At baseline, participants were 29-30
years old, had a fasting C-peptide of ~110 pM, diabetes duration of 4 weeks, BMI of 23-24 kg/m ,2

and A1c of 8.3%-8.6%. Additionally, 94%-97% were positive for antibodies ICA, GAD, or IA2. Only
three participants discontinued liraglutide and only two discontinued placebo.

▪ A larger (n=308) phase 2 Novo Nordisk-sponsored study of liraglutide in new-onset
type 1 completed in February. Critically, however, that study tests an anti-IL21 therapy in
combination with liraglutide (on top of insulin) - meaning it aims to both protect beta cells directly
with a GLP-1 while also dampening the autoimmune attack against them, which could prove a
critical partnership. The primary endpoint is C-peptide at 54 weeks. Novo Nordisk has previously
slated the first readout for 2Q19, but this may prove an ambitious timeline. This treatment holds
Orphan Drug Designation from FDA.

Oral Presentations: Rare Large-Effect Genetic Variants in Diabetes-From
Case Studies to Populations

Monogenic Diabetes and Beyond

Andrew Hattersley, MD (University of Exeter, UK)

Prof. Andrew Hattersley outlined best practices for identifying and diagnosing Maturity Onset Diabetes of the
Young (MODY). MODY comprises 1-3% of cases of pediatric and adult diabetes, is unique from type 1 and
type 2 diabetes, and is highly heritable through a genetic mutation. As different genetic mutations present
differently and require different treatments, there is a need for more streamlined diagnostic procedures. Dr.
Hattersley recommended screening young patients, especially those whose parents have MODY, referencing a
probabilistic model that combines all the clinical information available. While this model can't be used for
diagnosis, it can supplement islet cell antibody screenings at diagnosis. Prof. Hattersley explained that
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universal antibody screenings have the potential to find most cases of MODY rapidly, detecting 63% of MODY
cases in only 2% of children with diabetes. Data from a Swedish cohort study also shows that 78% of MODY
cases were detected in a sample of 3% of patients with diabetes who had presented as antibody negative with
an initial A1c <7.5%.

▪ Current tests of MODY genes have revealed different subsets; repetition of both high and
low penetrant genes can result in MODY based on the type of haploinsufficiency they cause.
However, these rare variants are not overly expressed in a family with history of MODY versus
families without. Thus, haploinsufficiency doesn't cause diabetes and only certain mutations are
pathogenic.
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▪ Next-generation sequencing is promising for future diagnoses. New sequencing
technologies can screen all known NDM and MODY genes with 100% sensitivity and specificity,
leading to a diagnosis within 21 days for all genes, independent of phenotype. It can also identify
syndromic and non-syndromic genetic subtypes, which is pivotal in identifying MODY genes.

▪ SNP arrays aren't useful in identifying MODY-genes. They often output high rates of false
positives (up to 85%) with poor gene clustering whenever used on a sample of rare variants (less
than 0.001% allele frequency).

▪ Expensive genetics reports may do more harm than good. These reports can't accurately
determine which variant of unknown significance is present in one's genome, leading to error and
limited clinical relevance.

Oral Presentations: What's New in Type 1 Diabetes Epidemiology?

A T1D Genetic Risk Score Combined with Clinical Features and Autoantibodies
Enables Accurate Diabetes Classification in a Racial/Ethnically Diverse
Population: The Search for Diabetes in Youth Study

Richard Oram, MD, PhD (University of Exeter, UK)

While there's no single biomarker that discriminates between different types of diabetes, Dr. Richard Oram
has created a type 1 diabetes genetic risk score (GRS-1) that, combined with clinical features and biomarkers,
is able to differentiate between type 1, type 2, and maturity onset diabetes of the young (MODY) in European
adults. He and colleagues recently created an improved risk score (GRS-2) based on 67 SNPs, tested for its
ability to differentiate between types of diabetes in an ethnically diverse American pediatric population of
1,818 subjects from the SEARCH Study. The GRS-2 in combination with autoantibody and other clinical data
was able to discriminate type 1 diabetes across white (n=1,101, 95% T1D), black (n=228, 59% T1D), and
Hispanic (n=257, 77% T1D) ethnic groups. The GRS-2 was able to discriminate type 1 slightly better than the
GRS-1 in some groups, with an AUC of 0.88 (0.83, 0.92) vs. 0.88 (0.84, 0.93) in whites, 0.87 (0.83, 0.92) vs.
0.82 (0.77, 0.87) in blacks, and 0.9 (0.86, 0.95) vs. 0.87 (0.82, 0.92) in Hispanics - meaning the GRS-2 was
more accurate than the GRS-1 in the black and Hispanic groups. Combined risk scores using GAD/IA-2/ZNT8
autoantibodies, GRS-2, and clinical features were the most accurate at differentiating type 1 diabetes, with an
AUC of 0.99 (95% CI: 0.99-1.00), an improvement over 0.93 for provider assignment at diagnosis, 0.95 for
age and BMI, and 0.95 for autoantibodies alone. As risk scores improve in their ability to discern different
types of diabetes, new models that incorporate age at diagnosis, BMI, autoantibodies, and the GRS-2 may
help patients receive correct treatment plans.

Questions and Answers

Q: What is the applicability of this model worldwide?

A: We tested this model in Iran, Turkey, and India, and are now working on testing it in East Asia. The score's
utility corresponds with how well the HLA distribution in the population is covered - if HLA is similar to that
in the US, then the GRS-2 is accurate.

Distinct Growth Phases in Early Life Associated with Risk of Type 1 Diabetes
Prodrome: The TEDDY Study

Xiang Liu, PhD (University of South Florida, Tampa, FL)

Dr. Xiang Liu presented an analysis of the TEDDY study that supports the overload hypothesis, or the idea
that excess growth early in life increases risk for islet autoimmunity and accelerates progression to type 1
diabetes. She categorized growth into two phases: (i) infancy and (ii) early childhood. According to data from
TEDDY (which has enrolled 8,676 newborns at high-risk for T1D across the US, Finland, Germany, and
Sweden), faster body weight growth during infancy was associated with 10% excess risk for islet
autoimmunity (HR=1.10, 95% CI: 1.02-1.18, p=0.01). There was an even stronger correlation between faster
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body weight growth and GADA-first autoimmunity (HR=1.16, 95% CI: 1.04-1.29, p=0.006). During Q&A, Dr.
Liu clarified that this "faster" growth occurred above the mean curve on the CDC growth chart. She also noted
that height growth during phase 1 was not linked to islet autoimmunity. During phase 2, or early childhood,
faster body weight growth nearly tripled (!) risk for progression to type 1 diabetes among children who had the
GADA autoantibody only at initial seroconversion (HR=2.73, 95% CI: 1.43-5.20, p=0.002). Moreover, during
this phase, faster height growth also elevated risk for progression from islet autoimmunity to diagnosed T1D
in the GADA-only group (HR=2.01, 95% CI: 1.34-3, p=0.001) and in the multiple autoantibody-group
(HR=1.64, 95% CI: 1.09-2.49, p=0.019). Dr. Liu concluded that weight growth in infancy and weight and
height growth in early childhood contribute to the development of autoimmunity and type 1 diabetes. Despite
these compelling results, she cautioned that much more research is needed to probe the mechanisms
underlying the overload hypothesis.

▪ The TEDDY study program is an ambitious effort to uncover the environmental determinants of
type 1 diabetes in young children. Six clinical centers are involved, including JDRF, the CDC,
NIDDK, NIAID (National Institute of Allergy and Infectious Diseases), NICHD (National Institute of
Child Health and Human Development), and NIEHS (National Institute of Environmental Health
Sciences). We applaud this enormous, global, collaborative effort. See the TEDDY website for more
background and see our coverage of a major TEDDY readout from ADA 2018 for more insights.

Oral Presentations: Synergy of the Pancreas, Liver, and Gut in the Control
of Glucose Homeostasis

ADA Presidents' Select Abstract: Characterization of Beta-Cell Function with
Autoantibodies, Islet Pathology, and Genetics after 50 Years of Insulin
Dependence

Marc Gregory Yu, MD (Joslin Diabetes Center, Boston, MA)

Dr. Marc Gregory Yu presented insightful follow-up data on The Joslin 50-Year Medalist Study, which
followed individuals - or "Medalists" - who have had type 1 diabetes for ≥50 years. In particular, Dr. Yu
focused on the characterization of b-cell function in relation to islet morphology, autoantibodies (AAb), and
genetic risk factors for T1D and monogenic diabetes. Of the cohort (n=1,019), 32% of participants showed C-
peptide >0.05 ng/mL, and 44% of participants had detectable GAD/IA2 AAb. Longitudinal analysis (n=181)
revealed that over a median course of 4.1 years, 60% of individuals showed decreasing C-peptide levels, while
9% actually showed increasing C-peptide levels. Importantly, there was no relationship between the waxing
and waning of C-peptide and levels of AAb. Despite long-term T1D, all postmortem pancreas samples (n=68)
still showed the presence of insulin positive b-cells. Mixed-meal tolerance testing (MMTT; n=516) and
hyperglycemic/arginine clamp testing (n=30) confirmed that the residual b-cells were indeed functional in
some participants. Of the MMTT responders, a substantial 63% of individuals continued to have C-peptide
levels of >0.1 ng/mL. Of the clamp responders, 40% responded to hyperglycemia alone, but the number rose
to 63% when arginine was added. In order to determine whether or not genetic risk factors could be aligned
with the prior metabolic stimulation, genetic screening was performed and revealed that HLA+/AAb- or HLA-
/AAb- participants responded most to metabolic stimuli. In sum, the follow-up study demonstrated that all
Medalists continued to maintain some number of insulin positive b-cells with many still responding to
metabolic stimuli despite more than 50 years of T1D. A large proportion of medalists who were HLA+ also
had monogenic variants, which further highlighted the importance of genetic testing for both HLA and
monogenic variants in the case of clinically-diagnosed T1D. We hope that this landmark study encourages
further research on the long-term effects and underlying pathophysiology of T1D.
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Oral Presentations: New Insights into Immunomodulatory Therapies and
Biomarkers of Autoimmune Disorder

Differential Depletion and Expansion of Autoreactive CD8+ T-Cell Subsets after
Alefacept Treatment in Type 1 Diabetes

S. Alice Long, PhD (Benaroya Research Institute, Seattle, WA)

Dr. Alice Long sought to understand the mechanisms involved in insulin tolerance by looking at changes in
patient immune profiles after alefacept administration. Islet-specific CD8+ T-cells, which are found in the
pancreas and directly target beta-islet cells, are thought to be part of type 1 diabetes pathogenesis. Using
CyTOF mass cytometry and the DISCOV-R tool, Dr. Long found that islet cells fall into clusters identifying
slow or rapid progression of type 1 diabetes based on the rate of C-peptide loss. Rapid and slow cells differ
phenotypically, with rapid cells proliferating more and showing more of the "helios+memory" phenotype than
slow cells. Once the cyTOF-tmr assay was created, these different types of CD8+ T-cells were exposed to
alefacept: The cells that expressed the most CD2 were depleted the most, indicating that rare cells have
extensive, unique phenotypes. These phenotypes and their frequency in the blood are also, in part, linked to
disease outcome. Thus, the cyTOF-tmr assay, along with other technology and functional assays, can be used
to predict the best potential therapies to target islet-specific cells and affect type 1 diabetes progression.

Efficacy of New-Onset Type 1 Diabetes (T1D) Intervention Trials: Variation in
1-Year Outcomes

Laura Jacobsen, MD (University of Florida, Gainesville, FL)

Dr. Laura Jacobsen shared a comparison of trials in new-onset type 1 diabetes based on effects on C-peptide
preservation. Currently, mean 2-hour area-under-the-curve C-peptide levels at one year are the primary
endpoint for new type 1 diabetes interventions. After comparing the NIH and TrialNet sponsored studies of
rituximab, abatacept, and low-dose anti-thymocyte globulin (ATG) (2.5 mg/kg) and ATG/GCSF trials with the
NIH/Immune Tolerance Network sponsored high-dose ATG (6.5 mg/kg), alefacept, and teplizumab trials, Dr.
Jacobsen noted that low-dose ATG and teplizumab led to the greatest improvement in AUC C-peptide. As
such, it stands to reason that low-dose ATG and teplizumab may preserve the most relative AUC C-peptide
among the sample of new-onset interventions - indeed, these were two studies that brought renewed
optimism to the field of type 1 prevention/intervention at ADA 2019. Future studies need to focus on these
compounds in order to determine how they can be implemented into personalized therapies for patients with
or at risk for type 1 diabetes.
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Oral Presentations: Effects of Exercise on Metabolic Health in Type 2 and
Type 1 Diabetes

Type 1 Diabetes Patients with Residual Beta-Cell Function Display Improved Time
in Euglycemia and Less Glycemic Fluctuation after Exercise

Guy Taylor, MSc (Newcastle University, UK)

As exercise alters blood glucose differently across people with type 1 diabetes, Prof. Guy Taylor and his team
sought to examine how residual beta cell function is involved in this process and found that residual function
may protect against exercise-induced dysglycemia. Postprandial urine C-peptide creatinine ratios (UCPCR)
were used as markers for beta-cell function. A total of 25 participants, split up by baseline UCPCR levels
(undetectable/microsecretors/clinically significant), performed 45 minutes of walking at 60% of their
maximum oxygen levels. Blinded CGM data was collected for 12 hours pre- and 72 hours post-exercise, and
CGM data was available for 22 participants. While there was no pre-exercise difference in CGM data by
UCPCR groups, those with clinically significant UCPCR spent significantly more time in euglycemia than the
microsecretor and undetectable groups in the first 12 hours post-exercise: 84%, compared to 39% (p=0.002)
and 41% (p=0.005), respectively. Lower standard deviation of UCPCR post-exercise was also observed in the
clinically significant group compared to both the microsecretor (p=0.045) and undetectable groups (p=0.07).
These findings indicate that residual beta cell function may be protective against changes in blood glucose
levels caused by exercise, and clinicians may be able to use beta-cell function to determine the correct amount
of exercise to recommend to different patients. Baseline age was 39 years old, A1c 7.5%, BMI 26 kg/m , and2

diabetes duration 21 years.
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Type 1 "Cure" Therapies and Pathophysiology Poster Highlights

Title Important Details
Persistent ß-Cell Responsiveness in

Children at High Risk for Type 1

Diabetes (T1D) Is Associated with

Decreased Progression to T1D in the

Diabetes Prevention Trial-Type 1

(DPT-1)

▪ Among antibody positive children followed with

2-hour OGTTs for development of type 1 in DPT-1,

this study compared progressors to T1D with non-

progressors for the change in AUC C-peptide from the

baseline OGTT to the last available OGTT. Results

were stratified by low or high baseline DPT-1 Risk

Score.

▪ Non-progressors from each group exhibited increases

in AUC C-peptide over time, while progressors

showed no significant changes in AUC C-peptide.

▪ A logistic regression model with adjustment for age

indicated an inverse association of type 1

development with increasing AUC-C-peptide/year

[OR: 0.587 (0.430, 0.802), p<0.001].

▪ This indicates that even in individuals with high

baseline risk assessments, increasing AUC C-peptide

over time is associated with decreased progression to

type 1.

The REMOVAL Trial: Effect of

Metformin on Markers of

Cardiometabolic Risk in Patients with

Type 1 Diabetes

▪ In the REMOVAL trial of adjunct metformin in type 1,

metformin reduced tissue plasminogen activator

antigen (tPA) by 22% (p<0.001), CRP by 16%

(p=0.041), and Apo B by 5% (p=0.012).

▪ Metformin treatment did not affect sE-selectin,

sICAM-1, Apo A-1 or cTnT, which are other measures

of cardiometabolic risk.

▪ The authors conclude that the reductions in tPA and

CRP observed with metformin in type 1 diabetes

indicate modest antithrombotic and anti-

inflammatory effects consistent with previous studies

in type 2 diabetes.

Effect of Metformin on Cardiovascular

Function in Type 1 Diabetes
▪ Type 1 participants (n=23) underwent a placebo-

controlled, double-blind, random order, cross-over

design intervention with 6 weeks of metformin vs.

placebo.

▪ Glucose control and insulin sensitivity by clamp were

not improved with metformin.

▪ Oxidative phosphorylation was increased in vivo, but

ex vivo mitochondrial function was not improved.
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▪ Cardiac contractility and output, arterial stiffness,

systemic vascular resistance, and possibly autonomic

function, were improved with metformin.

▪ These results suggest that metformin may provide CV

benefit in T1D.

Adjunct Treatments for Type 1 Diabetes

Current Issues: SGLT-Inhibitor Adjunctive Therapy in Type 1 Diabetes
Mellitus-Is It Worth It?

Yes-Meaningful Benefits Outweigh the Risks

Bruce Perkins, MD (University of Toronto, Canada)

No-Risks Outweigh Limited Benefits

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

Drs. Bruce Perkins and David Nathan engaged in a lively debate on one of the hottest topics over the past
couple of years: Do the benefits of adjunct SGLT inhibitor therapy in type 1 outweigh the risks? Dr. Perkins
argued in favor of SGLTs for type 1, while Dr. Nathan took the opposite stance. Dr. Jeremy Pettus moderated
the debate and polled the audience at the start of the very well-attended session: ~80% of the room's hands
went up in favor of SGLT adjunct therapy, while the remaining ~20% said no or were unsure. At the end of
the session, after both speakers had their turn to argue and rebut, Dr. Pettus once again posed the same
question - finding that the room was split roughly half-and-half on the issue. Read below for the key
arguments from both speakers to see what so heavily influenced the audience. We viewed this session as a
tremendous compilation of key points that we've heard from thought leaders over the past many months on
this very contentious topic. Ultimately, the interpretation of the data is partly subjective - just as the decision
to use an adjunct in type 1 should be highly personal and personalized. We salute both of these esteemed
KOLs for a stimulating, informative, entertaining, and passionate debate, highlighted by a rigorous analysis of
existing data to support their positions.

Are SGLTs as an Adjunct Therapy in Type 1 Diabetes Worth It?

IN FAVOR: Dr. Bruce Perkins OPPOSED: Dr. David Nathan
SGLT inhibitors positively impact many metabolic

measures, as seen by combined data from several

phase 3 trials:

▪ CGM measures (MAGE decrease of ~15

mg/dl, 6-13% increase in time in range)

▪ Total daily insulin reduction of ~10%,

body weight reductions of ~3.5%

▪ SBP lowering of 3-4 mmHg

▪ No increase in hypoglycemia, and patient-

reported electronic diary records show up

to 30% reduction in hypoglycemia

The benefits seen with SGLT adjunct therapy are

minimal at best: A1c reductions are modest, there

are minimal reductions in insulin dose, increases in

time in range do not include significant reductions

in hypoglycemia. Moreover, the actual cost of the

therapy can be expensive and prohibitive for many.
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SGLT inhibitors have proven CVD and renal

benefits in type 2 that are likely to apply to type 1

populations as well. Type 1 patients have

substantial residual CV risk even with intensive

insulin therapy.

There is no clinical trial data to demonstrate that

cardio and renal protective effects of SGLT

inhibitors may apply to type 1. Any such speculation

is unfounded.

SGLT inhibitors directly affect a pathological

process in type 1 diabetes (hyperglycemia is known

to upregulate SGLT number and activity)

DKA risk is very real and dangerous. Clinical trial

data suggest that ~3% of patients treated with an

SGLT will have a DKA event they otherwise would

not have (a major problem, seeing as the average

DKA hospitalization length is nearly 5 days).

DKA risk is real but can be mitigated through better

protocols and education as a diabetes community.

On this point, Dr. Perkins presented unpublished

data from the EASE program showing that DKA

risk could be mitigated by "retraining" of patients

on risk management protocols (see slide below).

We're unsure of the details of this protocol, and how

scalable it may be, but await the publication.

Real world rates of DKA will likely be higher than

those seen in clinical trials because of less stringent

monitoring and because clinical trials pre-selected

patients with a low baseline DKA risk.

Low doses of SGLT inhibitors (such as the 2.5 mg

dose of empagliflozin in the EASE trial) may not

elevate DKA risk while still providing significant

metabolic improvements. A recent dQ&A conjoint

analysis of masked drug profiles showed that 69%

of patients might prefer a low-dose SGLT inhibitor

when considering type 1 adjunctive therapy (see

slide below).

Risks of other side effects, especially genital

infections, will be elevated and tilt the risk/benefit

profile in an unfavorable way. ~10% of women

taking an SGLT inhibitor will have a mycotic

infection that they would not have had otherwise - a

staggering proportion. A real but known risk of

Fournier's gangrene also contributes to the risks.
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Quotable Quotes

▪ "I think that the FDA got it right." - Dr. Nathan in regard to FDA's 8-8 split Ad Comm and
subsequent CRL for sotagliflozin in type 1.

▪ "Clinical trials are the BEST we are going to do [in terms of DKA rates]. Rates of DKA
in clinical practice will only be higher." - Dr. Nathan on how DKA rates will probably be even
higher in the real world when compared to those seen in clinical trials because of (i) pre-selection in
clinical trials of patients with low baseline DKA risk; and (ii) more intensive monitoring and
education in trials than might be performed in everyday practice.
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▪ "For those of you that think this drug will dampen fluctuations and lead to a decrease
in severe hypoglycemia, the data show a clear NO." - Dr. Nathan on how although
improvement with time in range are seen with SGLT treatment, there is no reduction in time in
hypoglycemia or severe hypoglycemia.

▪ "It's important to keep in mind that these modest A1c reductions seen are ON TOP of
intensive insulin management." - Dr. Julio Rosenstock, chiming in during Q&A. (Although type
1s in the trial may have had intensive insulin management, we point out that those in the "real
world" who would take it would not necessarily have this).

▪ "There is no evidence that these drugs reduce CVD and renal risk in type 1 patients.
It's true that in a subset of those with type 2 diabetes and established CVD they do
show benefit. But it's a slippery slope to apply those findings to type 1s." - Dr. Nathan on
the generalizability of positive CVOT findings of SGLT inhibitors in type 2 diabetes to type 1
populations. We totally agree with his point here and look to see stakeholders generate long-terms
outcomes data in this area.

▪ "There's really no right or wrong answer to this debate, but I can say that the wrong
answer is to take a complex disease like type 1 diabetes and withhold one set of
options that might work for some patients." - Dr. Perkins on the need for patient choice

▪ "It's not about us selecting the patient, it's about the patient selecting the therapy, with
full knowledge of the benefits and risks. Not everyone goes on pumps, for example,
but we need to make that choice available." - Dr. Perkins on the important distinction
between patient selection vs. patient choice.

▪ "People living with type 1 want options, and this is an option." Dr. Perkins

▪ "It's not a therapy for all, but it would be a crime to not make this available for some."
- Dr. Perkins

Adjunct Treatments for Type 1 Diabetes Poster Highlights

Title Important Details
Sotagliflozin Reduces Glucose

Variability and Risk for Hyperglycemia

in Adults with Type 1 Diabetes

▪ Analysis of CGM profiles in the inTandem trial shows

that compared to placebo, risk for hyperglycemia was

lower with the 400 mg dose at weeks 4, 12, and 24

and with the 200 mg dose at weeks 4 and 12

(p<0.0001)

▪ This decrease in hyperglycemia risk was not

associated with increased risk for hypoglycemia

The Impact of Sotagliflozin on Renal

Function, Albuminuria, and Blood

Pressure in Adults with Type 1 Diabetes

(T1D)

▪ Sotagliflozin was seen to lower blood pressure and

induce mild hemoconcentration in those with type 1.

▪ Treatment was also associated with short and long-

term changes in eGFR and a decline in albuminuria.

Treatment was seen to give an initial "dip" in eGFR

that stabilized over time.

▪ Authors contend that this overall profile suggests that

dual SGLT-1/2 inhibition may confer cardio and renal
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protection in the type 1 population, analogous to

effects seen in those with type 2.

Efficacy and Safety of Antidiabetes

Treatment in Adjunct to Insulin in Type

1 Diabetes

▪ Meta-analysis of 48 studies of type 1 adjunct

treatments shows that compared with placebo,

treatment with metformin, a GLP-1 receptor agonist,

an SGLT2 inhibitor, or pramlintide all resulted in

significant decrease in A1c and insulin dosage from

baseline

The M-EASE Studies: A Modeling and

Simulation Approach to Further

Characterize the Efficacy of Low-Dose

Empagliflozin as Adjunctive to Insulin

Therapy in Type 1 Diabetes (T1DM)

▪ EASE-3 showed that a low 0.25 dose of empagliflozin

could give meaningful A1c reductions and time in

range benefits without a corresponding increase in

DKA rates.

▪ This study aimed to simulate this low dose in the

EASE-1 and -2 trials, which did not test this lower

dose. The simulated trials were dubbed M-EASE-1

and -2.

▪ In M-EASE-2, the simulated mean (median; 95% CI)

A1c change for EMPA 2.5 mg was -0.29% at Week 26

and -0.29% at Week 52. The simulations performed

were consistent with EASE-3 results. In M-EASE-1,

the 26-week HbA1c change for EMPA 2.5 mg was

-0.28% and -0.41% with adjusted and stable insulin

therapy, respectively.

Analysis of Patient Preferences for

Adjunct Therapy to Insulin in T1D
▪ Online survey of 701 type 1 patients, presenting 6

hypothetical, masked pair-wise drug profile

comparison choices composed of different benefit-

risk attributes and clinical effect ranges.

▪ DKA risk was found to be the most important

attribute with a relative importance of 23% (z-test,

p<0.05). Second and similarly important were HbA1c

reduction (14%), risk of hypoglycemia (13%), oral vs.

injection treatment (13%), and risk of genital

infection (12%). Next was risk of nausea (11%); weight

reduction (8%) and risk of diarrhea (7%) were least

important.

▪ The predicted therapy preference share was highest

for low dose SGLT inhibitor, ranked first by 83% (z-

test, p<0.05), compared with 8% for high dose SGLT

inhibitor and 9% for pramlintide
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Sotagliflozin Reduces Markers of

Arterial Stiffness in T1D: Pooled

Analysis from inTandem 1 and

inTandem 2 Clinical Trials

▪ Post-hoc analysis of inTandem 1 of sotagliflozin in

type 1 diabetes shows significant reductions in pulse

pressure, mean arterial pressure, systolic and

diastolic blood pressure with sotagliflozin treatment.

Sotagliflozin Leads to Lower Rates of

Clinically Relevant Hypoglycemic

Events at Any HbA1c Level at 52 Weeks

in Adults with T1D

▪ Analysis of inTandem1 and inTandem2 finds that

rates of level 1 hypoglycemia events (blood glucose

<70 mg/dL) per patient year were 99, 77, and 77 for

placebo, sotagliflozin 200mg, and 400mg,

respectively (p<0.0001 vs. placebo for both doses).

▪ Significantly lower rates (p<0.0001 vs. placebo for

both doses) of level 2 hypoglycemia (blood glucose

<55 mg dL) were also observed (19, 14, and 13 for

placebo, sotagliflozin 200mg, and 400mg,

respectively).

▪ At week 52, overall level 1 and 2 hypoglycemia event

rates were 22.5-30% lower with sotagliflozin when

used as adjunct to optimized insulin therapy vs.

placebo and were reduced at any A1c level especially

at lower A1c values.

Dapagliflozin (DAPA) in Type 1 Diabetes

(T1D): Pooled Outcomes from DEPICT-1

and -2

▪ Pooled analysis from the DEPICT program of

dapagliflozin in type 1 shows glycemic, weight, and

blood pressure benefits, along with reductions in

insulin dosage, increased DKA risk, and low

frequency of severe hypoglycemia associated with

dapagliflozin treatment.

▪ Rates of DKA were 3.8% vs. 1.1% for dapa vs. placebo,

and most were "mild or moderate intensity."

▪ There were fewer DKA events in those with a BMI

above 27 kg/m2

Treatment Algorithms and Strategies

Symposium: Glycemic Goals and Overtreatment-What's Driving the
Debate?

Clinicians Should Aim to Achieve an A1C <7% in Many-The ADA Perspective and
Rebuttal

David D'Alessio, MD (Duke University Medical Center, Durham, NC); Timothy Wilt, MD
(Minneapolis VA Center for Care Delivery and Outcomes Research, MN)

In a lively morning session, Duke's Dr. David D'Alessio on behalf of the ADA and Dr. Timothy Wilt, an author
of the highly-controversial ACP guidelines, debated their organization's respective guidelines on glycemic
targets in diabetes. Dr. Wilt defended ACP's guideline to aim for an A1c of 7%-8% in most patients (highly
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controversial throughout virtually the entire diabetes community), while Dr. D'Alessio argued in favor of a
more stringent <7.0% target. Within this debate there was genuine agreement about the need to personalize
A1c targets for each individual patient, but deep-rooted differences in opinion regarding the interpretation of
the existing clinical trial data on glycemic control.

▪ Reprising points made in a similarly-framed debate on ACP's guidelines at ENDO
2019, Dr. Wilt defended the 7%-8% glycemic target on the grounds that available data
doesn't support meaningful improvements in outcomes with tighter glycemic control.
He discussed ACCORD, ADVANCE, UKPDS, and VADT: By his characterization, two of these
showed no benefit (ADVANCE, VADT), one mixed or small benefit (UKPDS - insulin/SU and
metformin arms), and the last showed harm (ACCORD). While we agree that the lesson of ACCORD
is not to blindly lower A1c, we also feel that all of these trials would be designed very differently if
conducted with modern medicine and technology. It also remains an open question whether they
achieved a big enough glycemic divide to show any difference: Is there no benefit simply because it
has not been demonstrated in type 2 diabetes? Nevertheless, Dr. Wilt did aptly point to a fairly large
gap in the RCT evidence, and he further cited the harm that lower A1c targets can cause - namely,
higher healthcare burden, costs, and increased adverse events.

▪ Financial burden was a major factor in Dr. Wilt's estimation of the costs of aggressive
A1c lowering vs. its benefits. Citing annual retail prices as high as $6,600 for SGLT-2 inhibitor
empagliflozin and $12,844 for GLP-1 agonist liraglutide, he underscored the sheer inaccessibility of
these therapies to average patients without good coverage. He further argued that the CV protective
effects of these agents don't outweigh the steep prices: Based on three-year NNT values from their
respective CVOTs, each individual CV event avoided with empagliflozin costs $1.2 million, and this
rises to over $2 million with liraglutide.

◦ While we hesitate to define an upper limit for how much should be spent to
avoid CV events, some of Dr. Wilt's points about the costs of diabetes care that
are not covered for patients in the US are largely well-taken. That said, Dr.
D'Alessio countered that worry over the cost of diabetes therapies is
"orthogonal" to the conversation about A1c targets. "I can get patients to 7% using
cost-effective drugs," he noted, "and there are people on GLP-1 agonists, SGLT-2
inhibitors, and next-gen insulins who still have poor control." He elaborated that patients'
financial situations should be considered a "fifth vital sign" when designing a therapeutic
regimen: "The stress of trying to make ends meet is detrimental to health, and of course we
need to take that into consideration in order to do our jobs." We interpret this as a call for
the wider primary care and internal medicine community to receive more comprehensive
training about the use of older diabetes therapies for patients who cannot afford newer,
easier-to-use therapies; although achieving a <7% A1c is likely easier with newer agents, it
is certainly not impossible with older tools. This, of course, largely depends on what other
areas of support patients have with regard to food, exercise, mindset, and sleep.

▪ Dr. D'Alessio's defense of the ADA's <7% A1c target hinged on the practical
implications of glycemic targets: "When guidelines get loose, practice gets even
looser." In his view, clinical inertia is the biggest risk with the ACP's new guidelines. "When I aim
for a 7% A1c, I'm happy with 7.3%. If our target is 8%, will we then be happy with 8.3%? Or 8.5%?"
We agree that the ACP's elevated target A1c range could easily allow patients to drift into a
dangerously high >8% A1c range. Dr. D'Alessio furthered this point with the valuable observation
that for all the ACP's emphasis on the gaps in evidence to support the benefit of a <7% A1c,
absolutely no evidence exists to validate the usefulness of an 8% A1c cutoff.

▪ On a more granular level, Dr. D'Alessio outlined three flaws in the rationale for ACP's
A1c guidelines:

◦ The recommendation is based mainly on a limited interpretation of ACCORD, generalizing
it to the entire diabetes population without consideration of treatment regimen;

www.closeconcerns.com 147

https://www.closeconcerns.com/knowledgebase/r/237e1dd0
https://www.closeconcerns.com/knowledgebase/r/5fbf7b64#Drs._Buse_and_Wilt_Debate_ADA_vs._ACP_Guidelines_for_A1c:_Is_there_a_Benefit_to_Targeting_7_Considering_RCT_Evidence_Target_vs._Achievement_Cost_Effectiveness_and_Practical_Implications
https://www.closeconcerns.com/knowledgebase/r/5fbf7b64#Drs._Buse_and_Wilt_Debate_ADA_vs._ACP_Guidelines_for_A1c:_Is_there_a_Benefit_to_Targeting_7_Considering_RCT_Evidence_Target_vs._Achievement_Cost_Effectiveness_and_Practical_Implications
http://www.diatribe.org/brightspots


◦ The ACP guidelines don't take into account newer drugs with better safety profiles, and
ignore the benefits of these agents borne out in recent CVOTs; and

◦ The ACP's recommendation is overly prescriptive and restricts personalized care.

▪ Finally, Dr. D'Alessio emphasized the importance of tight glycemic control for
avoiding microvascular complications. While it can be argued that glycemic control is not as
influential for the prevention of macrovascular complications, findings from UKPDS and DCCT
clearly support the view that lower A1cs confer a lower risk of retinopathy and kidney disease -
conditions which, unlike widespread cardiovascular complications such as stroke and MI, are
"diabetes-defining" and a unique cause for concern among people with diabetes specifically.

▪ Overall, we view this ongoing debate as an educational illustration of the gaps in the
evidence for diabetes management. Dr. D'Alessio pointed out that of the countless RCTs
focused on diabetes, the patient populations represented capture only ~40% of the actual diabetes
population. Therefore, a majority of patients don't have a "home" within the design of any trials in
the literature, and the best course of action becomes more and more subjective and up to the
clinician's interpretation. If nothing else, we hope the continuing conversation over ACP's
controversial guidelines serves as a call for more research to better capture the diabetes population
in all its diversity.

Symposium: Diabetic Kidney Disease and Cardiovascular Disease in
Diabetes

Heart Failure in Diabetes and Diabetic Kidney Disease - Pathways and
Therapeutic Targets

Amanda Vest, MHBS, MPH (Tufts Medical Center, Boston, MA)

Dr. Amanda Vest presented on the intersection of heart failure treatment and diabetes medications, reviewing
clinical trial data for diabetes medications on heart failure outcomes, pointing out low engagement from
cardiologists in prescribing such cardioprotective diabetes drugs, and importantly introducing a tool she
helped to develop that cardiologists can use to increase their engagement and comfort level with such
medications.

▪ Dr. Vest reviewed quarterly prescription data for SGLT-2 inhibitors showing low
engagement from cardiologists. See figure below from a 2018 publication in JACC.
Cardiologists are at the bottom of examined specialties in terms of prescription volume for these
medications, coming in behind PCPs, endos, and other specialties. To be sure, this is not a new
phenomenon, as we've heard many KOLs underscore the need for greater engagement from
cardiology to increase usage of such cardioprotective therapies. On this front, Dr. Vest pointed out
several reasons why cardiologists might be hesitant to do so: issues of cost and coverage, concern
about adverse effects, and worry about stepping into disciplinary boundaries, along with a general
lack of awareness about which drug might be indicated in specific cardiovascular situations.

▪ Dr. Vest and colleagues at Tufts have created a pocket card that cardiologists can use,
with the hopes of increasing awareness and comfortability with cardioprotective
diabetes therapies. See slide below. The card walks cardiologists through a decision pathway for
choosing therapies for patients with diabetes and at risk for heart disease. The pathway either
recommends a GLP-1, SGLT-2, or pioglitazone (only for those at risk for MACE and with an eGFR
<45. These recommendations are based on the 2018 ACC Expert Consensus Decision Pathway on
Novel Therapies for Cardiovascular Risk Reduction in Patients with Type 2 Diabetes and
Atherosclerotic Cardiovascular Disease published last year. Importantly, the card does note that
cardiologists should still consult with the patient's diabetes care provider before prescribing such an
agent if the patient is already taking insulin or a secretagogue - it's clear that increased collaboration
and partnership between these two fields will be necessary to bend the curve here.
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Joint ADA/ACC Mini-Symposium-Cardiovascular Disease in Patients with
Diabetes

ADA and ACC - Opportunities for Synergy in the Care of Patients with Diabetes

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

Dr. Das kicked off the first official joint symposium between the ADA and ACC - reflecting the growing
convergence and cooperation between the fields of diabetology and cardiology - by reviewing CVOT data for
SGLT-2 inhibitors and GLP-1 agonists. On SGLTs, Dr. Das gave the following three main takeaways: these
agents generally show a (i) ~15% reduction in MACE (non-significant findings for dapagliflozin in DECLARE
here, but that could be due to the lower-risk population enrolled); (ii) ~30% reduction in heart failure
hospitalizations; and (iii) ~35% reduction in renal composite endpoints. On GLP-1, Dr. Das emphasized the
following three takeaways on what the class' CVOT data shows: (i) a ~15% reduction in MACE; (ii) clinically
relevant heterogeneity within the class; and (iii) no demonstrated benefit on heart failure outcomes.
Importantly, on the point of GLP-1s in heart failure, Dr. Das pointed to the FIGHT study of liraglutide in
HFrEF showing that the treatment may actually be associated with an increased risk of heart failure events.
FIGHT found a non-significant 30% relative risk increase on the outcome of time to death of hospitalization
from heart failure when compared to placebo (HR=1.30, 95% CI: 0.92-1.83, p=0.14). We're interested in
seeing more data emerge on GLP-1 in heart failure, however, and note that data recently presented at the 2019
World Congress on Acute Heart Failure show that, in the HARMONY CVOT, albiglutide gave a 29% relative
risk reduction on heart failure hospitalization vs. placebo (HR=0.71, 95% CI: 0.53-0.94, p<0.02). Could there
be an untold story with GLP-1 with heart failure?

▪ Dr. Das also highlighted the ACC Heart House Roundtable that recently took place, led
by Dr. Mikhail Kosiborod and others. The goal of the roundtable was to align CV clinicians
with diabetes care providers. Key findings included shifting focus from glycemic control to include
CV outcomes, educating on how some diabetes therapies have been shown to improve CV outcomes,
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and therefore urging cardiologists and CV clinicians more broadly so that they too have a role in
prescribing these medications.

Questions and Answers

Q: Can you speak about using SGLT-2 inhibitors in those with established CVD vs. those with
only risk factors for CVD?

A: That's a great question. For the MACE endpoint specifically, I would limit myself to those with a prior
event. For those with heart failure, the benefit does not appear to be limited to those with a prior event
though.

Oral Presentations: Diabetes Management and Macrovascular Outcomes

Beneficial Impact of Intensified Multifactorial Intervention on Stroke-The Steno-2
Study

Peter Gæde, MD (Slagelse Hospital, Denmark)

Steno Diabetes Center's Dr. Peter Gæde shared new post-hoc findings from the STENO-2 study (n=160),
showing that multifactorial intervention (simultaneous glucose, blood pressure, and lipid lowering) reduced
the risk for stroke by 69% vs. standard of care (p=0.004), while conferring an extra 7.9 years of life
expectancy (p=0.002) and 8.1 years without a 3-point MACE event (p=0.005). Stroke results were
simultaneously published in Diabetologia; survival data first surfaced in 2016. After 21 years, including the
8-year intervention period and 13-year follow-up, only 9 of the 80 patients in the intervention arm had a
stroke (11%) vs. 21 in the standard-of-care arm (26%). The secondary endpoint, transient ischemic attack
(often called a "ministroke"), was reduced by a similarly impressive 92% (p=0.019), though event rates were
low. When combined with stroke, composite endpoints including TIA, CV death, all-cause death, or
subsequent stroke were all significantly reduced (see table below). Based on these long-term, consistent, and
compelling results, we maintain that STENO-2 is undervalued by the diabetes community in terms of
validating targets and preventing costly complications, despite being a relatively small study (see below the
table for more).

Intriguingly, patients in the intensive-therapy group survived a significantly shorter period of time after a
stroke, on average, than those in the standard-of-care arm; the median survival in the former was 0.3 years
compared to 3.1 years in the latter (p=0.015). Dr. Gæde posited that strokes can occur either as a
macrovascular entity - the more prevailing etiology - or as a microvascular complication, since similar
deposits which cause vascular occlusion in the kidney can also be seen in the brain. This would suggest that
signs of kidney disease or other microvascular complications might be associated with an increased risk of
stroke in STENO-2, and indeed, one of the two baseline risk factors to be significantly associated with stroke
was reduced kidney function. For each 10 mL/min/1.73m higher GFR at baseline, there was a 20% reduction2

in risk of stroke (HR=0.80, 95% CI:0.68-0.95, p=0.012). To this end, Dr. Gæde hypothesized that the
multifactorial intervention in STENO-2 more effectively prevented microvascular strokes than more serious
macrovascular strokes (though there was likely a significant benefit on both), thereby explaining the shorter
life expectancy after an event in the intervention arm.

N

(Intervention)

N (Standard-

of-care)

HR 95% CI p-value

Stroke 9 21 0.31 0.14-0.69 0.004

TIA 1 9 0.08 0.01-0.66 0.019

Stroke or TIA 10 25 0.28 0.13-0.58 <0.001

Stroke + CV

death

18 37 0.36 0.20-0.63 <0.001
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Stroke + all-

cause death

40 61 0.46 0.31-0.69 <0.001

Patients with

>1 stroke

1 10 NA NA 0.018

▪ By and large, we think the results of the STENO-2 study are undervalued for both
clinical and economic reasons, especially when considered alongside dismal estimates
for meeting targets for glycemic control, blood pressure, or LDL cholesterol. With an
8-year intervention period conferring ~8-years extra life expectancy in the follow-up, the
implication is that for each year you keep near target for lipids, blood pressure, A1c, and weight, you
will gain an entire year of life expectancy. Wow! However, Dr. Gæde dishearteningly noted that only
14.3% of people with diabetes in the US met these goals in a long-term survey from 1999-2010. On
day #1 of ADA 2019, Dr. Mikhail Kosiborod presented a contemporary registry analysis that found a
"soberingly poor" 6% of participants with clinical ASCVD and either, (i) LDL ≥70 mg/dL or (ii) on a
PCSK9 inhibitor, was on optimal medical therapy. From an economic standpoint, although these
therapies and interventions (STENO-2 also included behavioral approaches) are costly in the short-
term, Dr. Gæde noted that cost is neutral in the long-term due to prevention of complications,
according to a presentation by his son at ADA 2018. Unfortunately, issues of adherence and
therapeutic inertia are proving tough nuts to crack, but we're hoping with collaboration from all
stakeholders, the needle will begin to move.

▪ After 21 informative years, Dr. Gæde confirmed that the STENO-2 follow-up is over,
with over 50% of participants now having passed away. According to him, the remaining
participants seem to be immortal, with mortality rates in both interventions flattening out around
the 18 year mark (see below).
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Current Issues: Choosing Evidence-Based Therapy for Type 2 Diabetes
Mellitus with Cardiovascular Disease

Type 2 Diabetes Mellitus with "Established" Cardiovascular Disease-Why Would I
First Add an SGLT-2 Inhibitor to Metformin

Silvio Inzucchi, MD (Yale University, New Haven, CT)

In a debate on whether to prescribe an SGLT-2 inhibitor or a GLP-1 agonist to those with type 2 and
established CVD, Yale's Dr. Silvio Inzucchi argued in favor of SGLT-2 inhibitors, reviewing the wealth of
clinical trial data for the class and concluding with five key points that persuade him in favor of this class. Dr.
Inzucchi charted the path that the class has taken in its rise to greater prominence: old ADA/EASD guidelines
(in "the dark ages") included no mention of potential cardio and renal protective effects, as it wasn't until
several CVOTs for the class were conducted and reported that these properties emerged. Dr. Inzucchi gave an
in-depth review of these results before building to the newest ADA/EASD consensus guidelines which
prominently elevate the usage of SGLTs and GLP-1s for those with established CVD. He then gave five,
comprehensive points to justify the choice of an SGLT-2 inhibitor over a GLP-1 in those with established CVD:
SGLT-2s are (i) simpler for the provider to prescribe; (ii) easier for the patient to take (a pill vs. injection,
although the advent of oral semaglutide may soon challenge this point); (iii) just as effective on MACE as
GLP-1s in this population; (iv) they are more effective on heart failure outcomes than GLP-1s; and (v) they are
more effective than GLP-1s in CKD.
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Type 2 Diabetes Mellitus with "Established" Cardiovascular Disease-Why Would I
First Add a GLP-1 Receptor Agonist to Metformin

Tina Vilsbøll, MD (Steno Diabetes Center, Copenhagen, Denmark)

Dr. Tina Vilsbøll took the opposite stance from Dr. Inzucchi, arguing that GLP-1s should be added first on top
of metformin for those with established CVD. She reviewed GLP-1 CVOT data and came to the following five
concluding points: (i) GLP-1s have been shown to have powerful effects on body weight, A1c, and SBP; (ii)
several GLP-1s have demonstrated MACE reductions in CVOTs; (iii) there appears to be no negative effect on
heart failure with the class, although no benefits have been reliably shown, either (we do point to interesting
recent data on albiglutide in the HARMONY CVOT showing a possible benefit); (iv) effects on cardiac
ischemia remain uncertain; and (v) the class has been shown to have a consistent effect on stroke prevention,
acute myocardial infarction, and reducing revascularization events. We're curious to hear how the emergence
of REWIND results, specifically on dulaglutide's effect in primary prevention, may further refine these points
(although we do recognize that the debate was specifically considering the use of these agents in secondary
prevention). Building on these axioms, Dr. Vilsbøll gave the following clinical recommendations on what
patients she would specifically use GLP-1s in: (i) those with existing atherosclerotic cardiovascular disease;
(ii) individuals with obesity; (iii) those with an A1c far from target; and (iv) those with impaired kidney
function, all the way down to those with end-stage renal disease. Dr. Vilsbøll closed her argument by
addressing the elephant in the room regarding route of administration: "Yes, SGLT-2s are a tablet, but come
on, I can convince everyone in this room to take an injection!"

Corporate Symposia

Residual Cardiovascular Risk in Statin-Treated Patients with Elevated
Triglycerides: Now We Can REDUCE-IT (Sponsored by Amarin)

Deepak L. Bhatt, MD (Brigham and Women's Hospital, Boston, MA)

Dr. Bhatt reviewed the significance of triglycerides as a causal risk factor for cardiovascular events and the
role of omega-3 in reducing this risk. Previous trials of omega-3 mixtures have shown no consistent,
significant cardiovascular benefits - the JELIS trial was the first to suggest that EPA (Amarin's Vascepa
[icosapent ethyl]) reduced cardiovascular risk, specifically in Japanese patients with hypercholesterolemia,
with similar benefits in primary and secondary prevention cohorts. He suggested that EPA and DHA have
different effects on cellular membranes, with EPA stabilizing the membrane and perhaps leading to its
cardioprotective effects. In reviewing the results of the following REDUCE-IT CVOT, Dr. Bhatt pointed to the
significant 25% relative risk reduction with icosapent ethyl on the primary five-point MACE endpoint
(cardiovascular death, MI, stroke, coronary revascularization, and unstable angina). He did take note that
there was a nonsignificant increase in non-serious bleeding in the Vascepa group, which he believes is a real
effect due to the drug's antithrombotic effects. Further analysis presented at ACC 2019 found that the use of
icosapent ethyl reduced not only the first but subsequent cardiovascular events and that total endpoint events
by baseline triglyceride tertiles demonstrated improvement in the primary composite endpoint even with
normal triglyceride levels at the onset of the trial. These suggest that there are potential benefits of EPA
beyond triglyceride lowering, which could include increasing endothelial function, NO availability, EPA:AA
ratio, as well as likely reducing inflammation and driving antithrombotic effects. He ended the talk by
pointing to the recent update to the ADA's 2019 Standards of Care, adding a level-A recommendation that
icosapent ethyl be considered for patients with ASCVD or cardiac risk factors who have normal LDL but
elevated triglycerides (135-499 mg/dl), for reduction of CV risk.

Questions and Answers

Q: Can LDL levels get too low? What is your approach?

Dr. Sergio Fazio (OHSU, Portland, OR): There were theoretical calculations that the LDL threshold was going
to be 25 mg/dl where if you dropped below that you didn't have enough production and that would be a
problem. But when you drop your LDL with a PCSK9 inhibitor, the liver cell is not necessarily in a state of
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deprivation. With a statin and PCSK9 you're blocking synthesis but allowing entry. Cellular cholesterol levels
are not modified by drastic reductions in LDL. A bunch of people go to LDL <10 mg/dl and have no negative
outcomes and that's where the best CV reduction is. There is no reason to be afraid of super low LDL but I
don't know if there is a need to go there.

Dr. Robert Eckel (University of Colorado, Aurora, CO): I plotted the data based on ACS trials. If you
superimpose those trials, the percent CAD disease in treatment vs. placebo is straight to 40-45 and then levels
off. In order words, there is no additional benefit in that flat line. It makes me think LDL <40 mg/dl is the
goal. We have no evidence of harm for LDL <5-10 but what about years from now? We're not born with an
LDL that low. We can ponder that going forward.

Q: What about the small dense LDL story. What do you do with this?

Dr. Fazio: How many of you test for advanced lipids? The guidelines don't tell us to do anything about small
dense LDL or particle concentrations. Most people see small dense LDL in the context of many results
including genetic polymorphisms so that's hard to endorse. When you look at LDL you wonder if that's the
true reflection of true burden, and LDL particle may help in decision-making, but I'm not convinced you
should go down this route unless it's covered by insurance.

Dr. Bhatt: I'm a simple doctor, I don't do a lot of these tests. If I want to do more, I think of CRP and ApoB.

Q: What is your approach with triglycerides if they happen to go >400 mg/dl and its'
noncalculable?

Dr. Eckel: The worry for a patient at triglycerides of 500 is that with a poor lifestyle over the course of the
weekend that it can easily be 5,000 on Monday. That's the reason to treat it. I would suggest cutting alcohol
for a bit, decide if the patient is statin optimized - and moderate to high statins are the best at doing this. Then
at that point, I think seriously about icosapent ethyl.

Dr. Fazio: One practical issue is to not accept a laboratory that says LDL is not calculable. It used to be a
calculation problem but now we are able to do this. You should always get an LDL as it's not impossible
technically.

Q: Where does icosapent ethyl come from?

Dr. Bhatt: It's marine derived, so originally from fish, but it is extracted, distilled, purified, and esterified so
that end product is a pure version of EPA which is very different from supplements over the counter that are
discolored. There's the potential of oxidation of the stuff in the supplements which is not a risk with icosapent
ethyl.

Q: Can you explain the stroke findings in REDUCE-IT?

Dr. Bhatt: Event though atrial fibrillation was increased, there was a decrease in fatal and nonfatal stroke so
the atrial fibrillation didn't translate to increased stroke. It suggests there are multiple mechanisms in action
since there is a reduction in CV death, stroke, revascularization, and sudden cardiac death in the trial, which is
tough to attribute to one mechanism. That's why I think about the blood pressure effects and decrease in CRP.

Dr. Eckel: First of all, the trial result was incredibly powerful even though I was skeptical. Can
you comment on CRP going up in the mineral oil control group?

Dr. Bhatt: It does create skepticism when people are surprised. I wasn't surprised, as I thought it would be
positive if we executed it properly. Partly it was because of JELIS, because of the 19% risk reduction in a
population with high EPA consumption. Also I'm on campus with a basic science researcher who has found
that EPA and DHA are very different. Someone also asked if ASCEND and VITAL would be positive if they
used 4 mg/day. Perhaps, but they used a mix of EPA and DHA so I think that did end up mattering.

As to your question about the placebo we used: We had to use something clear and so we used mineral oil and
the dose was several cc's a day so it was a minute quantity. It was a trivial amount and it's hard to think of it as
biologically active. The CRP and LDL went up in the placebo group, but in ODYSSEY the LDL went up in
placebo and it probably wasn't the placebo. It's the drift that happens in high risk people.
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Treatment Algorithms and Strategies Poster Highlights

Title Important Details
Clinical Inertia in Relation to

Sociodemographic Factors among

Patients with Type 2 Diabetes (T2D) in

the United States

▪ Medical records study (n=991) finds that older

patients were less likely to be intensified at higher A1c

levels than younger patients.

▪ Black patients were more likely to be intensified at

higher A1c levels when compared to white patients,

with no apparent pattern of intensification by region.

Anticipating the Impact of 2019

Guidelines: Use of SGLT2i and GLP-1RA

in Patients with Diabetes and

Cardiovascular Disease

▪ Retrospective descriptive analysis of 350,000

patients with type 2 finds that those with CVD were

more likely to have any new DM medication class

added (51% vs. 44%, p < 0.001), but no more likely

than those without CVD to have a GLP-1 or SGLT2

added (p = 0.70).

▪ Patients with CVD were more likely to be prescribed

insulin than those without evidence of CVD (20.2%

vs. 10.3%, p < 0.001).

▪ From the 3-year period ending 1Q16 to that ending

1Q18, GLP-1 and SGLT2 prescriptions increased 3%

and 4%, respectively, among all patients with type 2.

Cost Effectiveness of Using DPP-4i and

SGLT2i Combination Therapy vs.

Switching to GLP-1 Therapy for the

Management of Type 2 Diabetes

▪ Metformin/DPP-4/SGLT-2 inhibitor triple therapy

(pathway 1) was associated with an increase in total

life years (Δ=0.049) and quality-adjusted life years

(QALY) (Δ=0.026) vs. metformin and GLP-1 alone

(pathway 2).

▪ Total medical costs (including drug costs, cost of

complications and adverse events (Δ =-$9,511) were

lower for patients in pathway 1 vs. pathway 2.

Patients with T2D Are Willing To Do

More than Their HCPs Expect to

Overcome Therapeutic Inertia

▪ Online quantitative survey (n=305 with type 2 on

basal insulin >1 year and n=240 HCPs) showed the

similarities and differences in patient and HCP views

and priorities.

▪ Top patient priorities were to: maintain goals long

term (62%), stay healthy (44%), and avoid weight

gain (43%) vs. HCPs: avoid side effects (55%),

consider treatment affordability (53%), and maintain

goals long term (45%).

▪ More patients expected to reach goals in 1-5 years

(42% vs. HCPs 16%); both groups wanted to reach

goals in 6-12 months.

www.closeconcerns.com 156

https://closeconcerns.box.com/s/haru0flib7msg8oslbbjsvxuf3pqwzy8
https://closeconcerns.box.com/s/haru0flib7msg8oslbbjsvxuf3pqwzy8
https://closeconcerns.box.com/s/haru0flib7msg8oslbbjsvxuf3pqwzy8
https://closeconcerns.box.com/s/haru0flib7msg8oslbbjsvxuf3pqwzy8
https://closeconcerns.box.com/s/g5vxstlodunv74biliwe8mu41hbnxmfb
https://closeconcerns.box.com/s/g5vxstlodunv74biliwe8mu41hbnxmfb
https://closeconcerns.box.com/s/g5vxstlodunv74biliwe8mu41hbnxmfb
https://closeconcerns.box.com/s/g5vxstlodunv74biliwe8mu41hbnxmfb
https://closeconcerns.box.com/s/dpl885o4drdngbcccixbyuagysjj0a8x
https://closeconcerns.box.com/s/dpl885o4drdngbcccixbyuagysjj0a8x
https://closeconcerns.box.com/s/dpl885o4drdngbcccixbyuagysjj0a8x
https://closeconcerns.box.com/s/dpl885o4drdngbcccixbyuagysjj0a8x
https://closeconcerns.box.com/s/uwa6drptxfjwo4g00w9srjw3g07f4lm9
https://closeconcerns.box.com/s/uwa6drptxfjwo4g00w9srjw3g07f4lm9
https://closeconcerns.box.com/s/uwa6drptxfjwo4g00w9srjw3g07f4lm9


▪ More patients would try harder to reach goals than

HCPs expected (37% vs. 16%), be willing to visit their

HCP more often (42% vs. 17%), consider treatment

changes (40% vs. 18%), and try a different injectable

(45% vs. 34%).

Obesity, Prediabetes, and Remission

Symposium: Results and Comparisons from the RISE Clinical Trial-Adult
Medication Study

Rationale, Trial Design, Statistical Approach

David Ehrmann, MD (The University of Chicago, IL)

Dr. David Ehrmann presented on the study rationale, trial design, and statistical approach of RISE:

▪ Study question: in adults with impaired glucose tolerance or recently diagnosed type 2 diabetes,
can beta cell function be preserved or improved during 12 months of pharmacologic intervention
and maintained for three months following the withdrawal of therapy?

▪ Inclusion criteria: Ages 20-65 years, BMI 25-50, diabetes duration <1 year, diabetes medication
naïve, and an A1c ≤7.0%.

▪ Study design: Participants (n=267) were randomized to one of four arms: (i) placebo; (ii)
metformin; (iii) liraglutide plus metformin; or (iv) insulin glargine followed by metformin

◦ Key time points: participants were screened and underwent a three-week run-in period
followed directly by a hyperglycemic clamp and OGTT. They were then randomized to a
treatment arm for 12 months, after which another hyperglycemic clamp and OGTT were
performed. Finally, there was a three-month washout period, and then another
hyperglycemic clamp and OGTT at 15 months post randomization.

Baseline Characteristics and Primary Outcomes

Kieren Mather, MD (Indiana University, Bloomington, IN)

Dr. Kieren Mather presented primary outcomes from RISE, disappointingly showing that there were no
sustained improvements in beta cell function in any treatment group after three months of medication
withdrawal. However, some improvements were seen during the 12 months of treatment: first and second
phase C-peptide responses improved in all three active treatment groups (metformin, liraglutide plus
metformin, and insulin glargine followed by metformin), with the greatest effects in the liraglutide plus
metformin arm. The plots below show the effect of these treatments over time on beta cell function:
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Secondary Outcomes

Sharon Edelstein, ScM (George Washington University, DC)

Ms. Sharon Edelstein presented secondary outcomes, paralleling the discouraging primary outcome results.
BMI decreased during the active intervention period for all groups, but reverted during the washout period to
baseline levels. A similar trend was seen with A1c, as levels decreased during the intervention period but then,
perhaps unsurprisingly, creeped upward during washout period. The greatest A1c drops during the treatment
period were seen with the liraglutide + metformin group. Notably, A1c levels at 15 months post-washout were
higher than the baseline levels for the glargine and metformin groups. Ms. Edelstein concluded that these
observations "suggest that continued interventions may be required to alter the progressive loss of beta cell
function in those with IGT or early type 2 diabetes." The full paper has now been published in Diabetes Care.
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Symposium: PREVIEW Study Results-Prevention of Diabetes through
Lifestyle Intervention and Population Studies Around the World

Prevention of Diabetes through Lifestyle Intervention-Results from the
Multicenter PREVIEW Study

Ian MacDonald, PhD (University of Nottingham, England)

In a jam-packed session, Dr. Ian MacDonald presented results from the highly-anticipated PREVIEW study
(n=2,223 adults with prediabetes) - the largest multinational RCT to date on the prevention of type 2 diabetes
in adults with prediabetes through diet and exercise. In the 2x2 factorial design, permutations of high
protein/moderate protein diets and high-intensity physical activity (75 min/wk)/moderate-intensity physical
activity (150 min/wk) were tested over three years following an 8-week, low-calorie diet run-in. After 3 years,
just 4% of the population that remained in the study (see more on attrition below) had been diagnosed with
type 2 diabetes, and there were no differences between diets or exercise regimes. A placebo arm for the study
was deemed unethical based on unequivocal evidence that lifestyle programs reduce type 2 diabetes
incidence, though researchers estimated that the incidence rate over three years in this population would have
been 21% without the interventions, 16% with the medium protein diet, and 11% with the high protein diet
prior to the study. For reference, the US DPP program (n=3,234) achieved type 2 incidence rates of ~9% with
lifestyle changes alone, ~16% with metformin alone, and ~23% with placebo at 3 years, suggesting
PREVIEW's program to be an irrefutable success (though the patient populations may also have differed to
some extent) relative to other prevention strategies. Dr. MacDonald attributed PREVIEW's success, and the
equality across the study groups, to the large initial and mostly sustained weight loss throughout the trial.
During the low-calorie diet run-in period, 79% of all eligible subjects achieved ≥8% weight loss (from a mean
starting weight of 100 kg), with the average weight loss coming to 10.7 kg. After the 3 years, 737 of the 945
completers (78%) still had weight loss from baseline: 31% between 0%-5%, 26% between 5%-10%, and 21%
≥10%.

▪ After the calorie-restricted run-in, at least 35% of participants no longer had
prediabetes, but this dropped to ~19% of completing participants (175 of 945) after the
3-year weight maintenance phase. The former result was based on fasting plasma glucose only,
while the latter was based on both fasting and 2-hour glucose. Intriguingly, the average fasting
plasma glucose values and A1c's of each group rebounded nearly to their starting points at the end of
the 3-years, which Dr. MacDonald called a "cause for concern". However, 2-hour glucose and insulin
levels rebounded only marginally, similar to weight.

▪ Only 43% of participants completed the 3-year program, demonstrating how difficult
it can be to sustain these significant lifestyle changes. Attrition rates were similar across the
four groups, suggesting no perceived difference in difficulty between the different arms. Physical
activity rates were consistent for all groups across the three years (for completers), suggesting strong
internal validity on this variable. Protein intakes were different between the two diets in the first
12-18 months, suggesting good adherence to the dietary advice early on, but in the second 18
months, the intake became similar (though they remained above pre-study levels). In the future, Dr.
MacDonald believes adherence to these programs will prove a key barrier, and one that is deserving
of more research. Personally, we'd be interested to see if long-term attrition rates improve with a
coach - similar to Virta's low-carb + continuous remote care program - as we've heard multiple
people attribute the success of such programs to the support system rather than the diet. According
to Dr. MacDonald, the support system for participants was extensive in the first 12 months, with
cognitive behavioral therapy and motivational interviewing major parts, but these visits were
intentionally reduced in years 2 and 3 to mimic clinical practice.
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Symposium: Understanding Heterogeneity in Pediatric Diabetes - First
Step to Improving Outcomes

Type 2 Diabetes Across the Lifespan - Who Is Worse Off, Youth or Adults?

Silva Arslanian, MD (University of Pittsburgh Medical Center, PA)

The RISE study measured the outcome of different diabetes therapies on beta cell function in patients recently
diagnosed with type 2 diabetes, enrolling both adult and youth cohorts. RISE found that in adults, beta-cell
function improved or remained stable during treatment but was not sustained after treatment withdrawal.
However, in youth, beta-cell function deteriorated during treatment as well as after withdrawal. The study,
which administered active treatment for 12 months and followed patients three months after treatment
withdrawal, also found a number of additional significant differences between youth and adults with type 2
diabetes. Compared with adults, insulin resistance in youth with type 2 diabetes is roughly 50% worse and
beta cells deteriorate three to four times as fast. The study also found that, for all levels of insulin sensitivity,
youth have hyperresponsive beta cells compared with adults. OGTT C-peptide, clamp C-peptide, and insulin
responses are all greater in youth compared to adults with type 2 diabetes. These characteristics of type 2
diabetes in youth, Dr. Arslanian emphasized, severely limit treatment possibilities and effectiveness for
patients. Additionally, the study found that youth with type 2 have a higher mortality rate than youth with
type 1 diabetes and that complications tend to progress much faster in this population. Overall, Dr. Arslanian
concluded, youth with type 2 diabetes are much "worse off" than adults with the same disease.

Symposium: Diabetes Management and Macrovascular Outcomes

Long-Term Effects of Intensive Lifestyle Intervention on Cardiovascular Risk
Factors in Patients with Diabetes in Real-World Clinical Practice: A 10-Year
Longitudinal Study

Osama Hamdy, MD, PhD (Joslin Diabetes Center, Boston, MA)

Dr. Osama Hamdy presented the 10-year results from Joslin Diabetes Center's Why WAIT program (offered
for both type 1 and type 2 diabetes), which demonstrated that sustained weight loss is associated with
significant A1c reductions and decreased incidence of nephropathy. Dr. Hamdy opened by sharing that
previous data (last presented at ADA 2015) showed that maintenance of significant weight loss for up to five
years was attainable in real-world clinical practice among patients with diabetes and obesity and had a
positive impact on cardiovascular risk factors. Regarding these new 10-year data, the aim was to evaluate the
follow-up changes in A1c, lipid profile, blood pressure, and cardiovascular risk factors in response to
sustained weight loss vs. weight regain beyond one year of enrollment in the Why WAIT program (a 12-week
intensive lifestyle intervention). Specifically, at one year, the research team divided participants into groups
that either maintained <7% weight loss (group A; n=61) or maintained >7% weight loss (group B; n=68), who
were then followed for 10 years. The results for groups A and B showed that at 10 years, weight loss was 4.3%
vs. 9.3% (p<0.001) and A1c levels were 8.0% vs. 7.3% (p<0.05). Regarding blood pressure changes, both
groups returned back to baseline. Changes in lipid profile showed an increase in HDL and decrease in LDL;
both total cholesterol and triglyceride levels decreased at three months and then sharply increased back to
baseline out to 10 years. Regarding the incidence of microvascular complications, group B had significantly
lower incidence of nephropathy at most after 6 years (p<0.05) even in patients who experienced A1c
worsening, but there was no significant difference in the incidences for retinopathy and neuropathy between
the two groups. In conclusion, Dr. Hamdy emphasized that significant weight reduction in people with
diabetes and obesity can be maintained for up to 10 years in real-world clinical practice and is predicted by
ability to maintain weight loss after one year. Additionally, sustained weight loss is associated with a
significant reduction in A1c compared to weight regain; notably, A1c and triglycerides worsened with weight
regain, while other improvements in lipid profile were maintained for 10 years. These results are certainly
promising and show the power of lifestyle intervention - we hope that such data can reinforce the need to
develop larger-scale and more accessible lifestyle intervention programs.
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Questions and Answers

Q: What is the difference between those who managed to lose weight and those who did not?
Any predictors?

A: We did one study looking retrospectively at these two groups. There were three common predictors: (i)
continued exercise, especially strength exercise; (ii) continued use of diabetes nutrition formulas and plans;
and (iii) encouragement and motivation to weigh themselves every day. Nowadays, we're asking patients to
test more often and to get more data. I think we know that those who use CGM do much better.

Symposium: Making a Difference in Five Minutes-Interventions in Diabetes
for Anyone

Strategies Around Weight Loss in Diabetes

David Flomo (University of Regina, Canada)

As immigrant populations grow in countries like the US and Canada, interventions are needed to support
diabetes care and management with cultural sensitivity and humility. Dr. David Flomo discussed different
programs in Canada that serve to do so. Currently, people who identify as South Asian, Black, Indigenous, or
Métis are 2.3, 2.1, 1.9 and 1.5 times more likely to have diabetes than white adults. This disparity could be due
to healthcare access and lack of cultural considerations in behavioral health interventions (i.e., food, religion,
language, gender roles, immigration status). For example, the Dads Coaching Dads program aims to engage
fathers, who hold roles as head of household in many cultures, to engage in conversation about their family's
healthcare. Dr. Flomo emphasized that showing cultural sensitivity in this way can improve type 2
management through improvements in ethnic identity, self-esteem, and self-efficacy.

Symposium: Powerhouse Rules-The Role of the Mitochondrion in Health
and Disease

State-of-the-Art Lecture-The Mighty Mitochondrion in the Regulation of
Metabolic Health

Orian Shirihai, MD, PhD (University of California Los Angeles, CA)

Mitochondria, the powerhouses of the cell, are arranged in tight networks to maximize fuel efficiency. As Dr.
Shirihai showed in his talk, however, excess nutrients in the form of glucose and fatty acids can disrupt this
architecture. Whereas a high energy demand but low supply promotes mitochondrial coupling and
elongation, excess supply and low demand (found in conditions such as obesity and diabetes) promotes
fragmentation and decreased efficiency. This switch is seen in brown adipocytes where adrenergic
stimulation-mediated signal cascade fragments the mitochondrial network. Interestingly, mitochondria in the
cells present two distinct morphologies near the LD, as (i) peridroplet mitochondria (PDM), directly in
contact with the LD, and (ii) cytosolic mitochondria (CM). PDM are significantly elongated compared to CM.
Previously thought to attach to LD to oxidize fat, Dr. Shirihai showed how the reality of PDMs is quite the
opposite.

▪ Peridroplet mitochondria feed the lipid droplet in brown adipocytes rather than
oxidizing fat. Dr. Shirihai pointed out how upon activation of thermogenesis in brown adipocytes,
PDM interaction with LD decreased by about 20%, indicating that they were not oxidizing fat. By
using a special isolation procedure, PDMs and CMs were separated and tested for their pyruvate
oxidation and fatty acid oxidation capacities. PDMs were found to be primarily involved in pyruvate
oxidation and ATP generation while CMs were involved in fatty acid oxidation and fusion-fission
dynamics. There was no mixing between the two types of mitochondria. Furthermore, an
unpublished proteomic analysis of PDMs and CMs has displayed distinct and diverging protein
clusters between the two.
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▪ Perilipin 5, an LD-associated protein, provides physical and metabolic linkage to
mitochondria. Studies investigating how to tether mitochondria to LDs and test their effect on LD
formation, found that the protein Perilipin 5 (Plin 5) contained a mitochondrial recruiting sequence
(MRS). Indeed, Plin 5 knockouts showed PDMs detached from LDs in contrast to tightly associated
PDM-LDs in wild type cells. Triacylglyceride (TAG) synthesis was found to be higher in attached
PDMs driven primarily by their ATP synthesis.

▪ Obesity and prediabetes models show increased proton leak which contributes to
hypersecretion of insulin. Dr. Shirihai shared a series of very exciting unpublished studies
tracing the contribution of PDM dynamics to insulin secretion. PDMs leave LDs in peri-gonadal fat
in diet-induced obesity models (high fat and cholesterol diet) and fragment, increasing proton leak.
In humans, increased levels of islet proton leak are correlated with increased insulin secretion, and
pharmacological induction of proton leaks is enough to induce secretion even when glucose levels
are low. The Mitochondrial Permeability Transition Pore (PTP) contributes to fatty acid-induced
proton leaks. Pharmacological inhibition of PTP has been shown to reduce fasting insulin levels and
improve glucose tolerance in obese mice indicating that this might be a new avenue for type 2
diabetes treatment. As the current compound is not appropriate for long term use, additional
compounds are now being developed.

Symposium: Is Intermuscular Adipose Tissue (IMAT) a Friend or a Foe to
Metabolic Health?

Clinical Implications of IMAT in Obesity

Bret Goodpaster, PhD (Translational Research Institute for Metabolism and Diabetes,
Orlando, FL)

Even though the first study describing Intramuscular Adipose Tissue (IMAT) was published in 1988, Dr.
Goodpaster was disappointed to share that the role of IMAT in health and disease is still an emerging concept.
Focusing on obesity and aging, Dr. Goodpaster, claimed that IMAT actually lies at an important intersection
of the two. IMAT exists between the muscle fibers and under the fascia and should not be confused with
intramuscular triglyceride (IMCL). It is negatively related to insulin sensitivity and seems to explain insulin
resistance that is associated with age, sex and ethnicity. IMAT increases with age and its content in the muscle
is inversely related to muscle strength.

▪ Dr. Goodpaster emphasized that IMAT has strong associations with increased insulin
resistance and is also a major marker of aging. IMAT was found to be significantly higher in
individuals with obesity, along with subcutaneous fat, when measured in thigh muscles by CT
scanning. Reduction in IMAT had a higher negative correlation with insulin resistance compared to
both subcutaneous and subfascial fat. CT imaging also showed that IMAT perceptibly increases with
aging. However, incorporation of physical activity can significantly reduce the rate of increase,
though it will not eliminate or reverse the trend. From a longitudinal study he conducted, Dr.
Goodpaster claimed that even though subjects lost muscle and subcutaneous fat with time, the
relative proportion of their IMAT increased. Increase in IMAT was a consistent signature
independent of weight or lifestyle and distinguished patients with type 2 diabetes more clearly than
muscle atrophy or increase in subcutaneous fat.

How Bad Can It Be? Comparing IMAT to Subcutaneous and Visceral Adipose
Tissue

Bryan C. Bergman, PhD (University of Colorado Anschutz Medical Campus, Aurora, CO)

Dr. Bryan Bergman addressed whether IMAT plays a role in causing insulin resistance. Due to the proximity
of IMAT to its associated muscle fibers, it has the potential to have a dramatic impact and could present a
novel therapeutic target for T2D. Using new methods to obtain conditioned media from IMAT, a study found
dramatic increases in the percentage of 1, 2 DAG from IMAT conditioned media, on par with those obtained

www.closeconcerns.com 163

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3220284/
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-0404.1988.tb05881.x?sid=nlm%3Apubmed&
https://academic.oup.com/ajcn/article/71/4/885/4729092
https://academic.oup.com/ajcn/article/90/6/1579/4598100
https://academic.oup.com/ajcn/article/90/6/1579/4598100
http://care.diabetesjournals.org/content/26/2/372.short
https://www.physiology.org/doi/abs/10.1152/ajpendo.00243.2018


from Visceral Adipose Tissue (VAT). IMAT further released consistently higher amounts of fatty acids along
with VAT in comparison to subcutaneous fat. A transcriptome analysis showed that IMAT, muscle, and
subcutaneous fat all form distinct clusters, emphasizing the independent functionality of IMAT. Dr. Bergman
then described a model in which IMAT contributes to insulin resistance by promoting the release of
inflammatory cytokines, fatty acids that become bioactive lipids, and alterations in the extracellular matrix
around the muscle fibers. Overall, the IMAT secretome was at least similar or worse than VAT in terms of its
effects on insulin sensitivity.

Joint ADA/ASMBS Mini-Symposium

Interventional Treatment of Diabetes-The Scientific and Clinical Evidence
Regarding Metabolic Surgery and Implementation into Clinical Practice

David D'Alessio, MD (Duke University, Durham, NC); David E. Cummings, MD (University of
Washington, Seattle, WA)

Vertical Sleeve Gastrectomy (VSG) and Roux-en-Y Gastric Bypass (RYGB) involve different anatomical
procedures, however, as Dr. D'Alessio showed in his talk, they lead to very similar physiologies of glucose
metabolism. Both RYGB and VSG cause a 4-5-fold higher loss in weight and about 2-fold higher decrease in
A1c compared to medical therapy. The two surgeries also produce similar patterns of glucose flux. Dr. Alessio
argued that the improvements seen in glucose regulation in patients who have undergone GB are significantly
better than what has been achieved by traditional medical therapy.

Dr. Cummings covered the great potential for bariatric surgery as a treatment option for type 2 diabetes. He
conveyed his disappointment that, even though there are studies showing GB induces improvements in
glucose tolerance through weight-independent mechanisms, there is yet to be any mention of GB on the
treatment algorithm for type 2. He covered two key trials. The CROSSROADS trial involved people with type 2
and high BMIs, compared for either RYGB and associated care or an intensive medical-lifestyle intervention
distinguished by its rigor. The patients were mostly equivalent at baseline, but the surgery group happened to
have a longer history of diabetes. The second trial, COSMID, was the first RCT to exclusively recruit South
Asian type 2s with high BMIs. Patients were matched at baseline and randomized between either RYGB and
standard post-op care or medical-lifestyle intervention.

▪ Dr. D'Alessio emphasized that GB could induce improved glucose tolerance
independent of weight and cause changes in β-cell transcriptome. He further proposed a
mechanism of β-cell response to GB: RYGB and VSG increased insulin sensitivity in patients by
about 2-fold and increased β-cell function (insulin secretion) by about 4-fold. Patients who lost an
equivalent amount of weight either through dietary changes or through GB had a much higher
decrease in blood glucose through surgery. This was even more dramatic in insulin secretion where
pre-diet, post-diet and pre-surgery patients produced similar amounts of insulin, yet post-surgery
patients produced significantly higher levels. A recent study validated these results by comparing the
effects of diet vs. surgery in weight matched mice and found that VSG improved glucose tolerance
within 10 days independent of weight loss. Furthermore, mice with GB were found to have 500
genes in β- cells that were transcribed differently. Dr. D'Alessio proposed that in the early post-
surgery period, β-cell function increases and incretin effect is improved. Over time the patient loses
weight and insulin sensitivity improves, which reduces the insulin secretion response. Overall the
effect is much more dramatic than that achieved by traditional therapy.

▪ Dr. Cummings argued that both the CROSSROADS and COSMID trials support the
superiority of GB over med-lifestyle intervention for multiple diabetes and
cardiovascular outcomes. He concluded by suggesting metabolic surgery as a
treatment option for T2D with a BMI of ≥30 kg/m or ≥27.5 kg/m for South Asians.22

Diabetes remission in CROSSROADS after a year was 60% for patients with GB and only 6% for
those on the med-lifestyle intervention. Asian Indians were also found to have an increased risk for
diabetes at lower BMI levels. The COSMID trail corroborated these findings while also showing a
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60% remission rate at the end of 2 years for GB patients compared to only 2.5% for the medical-
lifestyle group. Patients with GB also had a drastically higher reduction of A1c and use of diabetes
medication.

Mini-Symposium: The Vitamin D and Type 2 Diabetes (D2d) Study-A
Multicenter Randomized Controlled Trial for Diabetes Prevention

Outcomes

Anastassios Pittas, MD (Tufts, Boston, MA)

In the D2d trial of vitamin D (vitD) for prediabetes (n=2,423), supplementation with 4,000 IU/day of vitamin
D3 did not significantly decrease risk of progression to type 2 diabetes compared to placebo (HR=0.88, 95%
CI: 0.75-1.04, p=0.12). There were no significant subgroup interactions. See the full publication in NEJM and
the Kaplan-Meier curve below. Of note, an exploratory per-protocol analysis identified a stronger trend
toward benefit (HR=0.84, 95% CI: 0.71-1.00) when censoring (i) stopping of study pills (n=135 in vitD arm),
(ii) initiation of diabetes or weight-loss medication (n=29 in placebo arm), and (iii) taking out-of-study vitD
above 1,000 IU/day (n=63 in placebo arm) - indicating protocol violations may have dampened the efficacy of
vitD. Indeed, the Kaplan-Meier curve reflects a dynamic outlined by Dr. Erin LeBlanc (Kaiser Center for
Health Research) in her presentation of baseline characteristics. More patients in the placebo group than the
vitD group started taking out-of-study vitamin D above 1,000 IU/day during the trial, and that trend grew
stronger toward the end of the trial, peaking at 581 members of the placebo group in month 48 (2.4% more
participants compared to the vitD group; 95% CI: 0.9%-4.0%). At the same time, the nonsignificant trend
toward benefit with vitD aligns with two other RCTs of vitD in prediabetes: Norway's Tromso study (n=511)
achieved a HR of 0.90 vs. placebo (95% CI: 0.69-1.18), and Japan's DPVD study (n=1,256) achieved a HR of
0.87 vs. placebo (95% CI: 0.68-1.09). In his presentation of study results, Tuft's Dr. Anastassios Pittas pointed
to the consistency between these trials and D2d's primary outcome as an indicator of the results' reliability.
From where we stand, consistent trends toward benefit in three RCTs should be viewed positively, but also
balanced against an apparently low magnitude of benefit: The rate of new-onset diabetes in D2d was 9.4
events/100 person-years with vitD compared to 10.7 with placebo (293 vs. 323 total events). For comparison,
DPPOS has demonstrated significant reductions in diabetes incidence out to 15 years (HR=0.82, 95% CI:
0.72-0.93) with metformin - a similarly low-cost and simple approach to diabetes prevention. Data on
glycemic parameters, as continuous variables, is forthcoming.

▪ This high degree of vitamin D supplementation proved safe: There were no significant
differences in prespecified adverse events of interest, including high calcium, low GFR, and kidney
stones. As Dr. Pittas described, there has been concern over toxicity with achieved vitamin D levels
above 50 ng/mL, and 4,000 IU/day is considered the upper limit of safe supplementation. To our
understanding, D2d serves as the best evidence to date on the long-term safety of high vitamin D
supplementation.
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Rationale and Study Design; Recruitment, Retention, and Baseline
Characteristics

Myrlene Staten, MD (NIDDK, Bethesda, MD); Erin LeBlanc, MD (Kaiser Center for Health
Research, Portland, OR)

D2d randomized 2,423 people with prediabetes, defined by meeting two of three ADA diagnostic criteria: A1c
5.7%-6.4%, FPG 100-125 mg/dl, or 2-hour OGTT 140-199 mg/dl). All participants were overweight and at
least 30 years old, and the study excluded those taking diabetes medications or who were planning to begin
obesity treatment; all received currently-recommended care for prediabetes (including recommended lifestyle
changes), as well as for vitamin D and calcium intake. At baseline, the study cohort had an average age of 60
years and BMI of 32 kg/m , was 67% white, and was 55% male. Mean FPG was 108 mg/dl, A1c 5.9%, and 2-hr2

PG 137 mg/dl. While both groups started with a serum 25(OH)D level of 28 ng/mL, the vitD group climbed to
52 ng/mL at year one and 54 ng/mL at year two, compared to stagnation at 28 and 29 ng/mL in the placebo
group. Retention in both arms was 93%, and median follow-up was ~3 years.

www.closeconcerns.com 166



▪ Both A1c and FPG were checked every six months and an annual 2-hour OGTT was
performed to monitor for progression to type 2 diabetes. A type 2 diabetes outcome required
meeting diagnostic criteria on two of the three tests. The study was designed for 508 diabetes events,
assuming a fairly strong 25% risk reduction with vitamin D for 90% power.

▪ D2d was sponsored by the NIDDK, ADA, Office of Dietary Supplements, and National
Diabetes Education Program and run through Tufts. As a reminder, the study was
undertaken in light of (i) observational studies indicating an association between vitamin D levels
and diabetes and (ii) an NIDDK-sponsored pilot study of 92 participants over 16 weeks linking vitD
supplementation to improvements in Disposition Index (adjusted insulin secretion).

Mini-Symposium: Evolving Treatments for Obesity

Medications for Adolescent Obesity Treatment

Daniel Hsia, MD (Pennington Biomedical Research Center, Baton Rouge, LA)

Dr. Daniel Hsia reviewed the current landscape of medications for pediatric obesity - an important area, as
19% of youth are currently living with obesity and childhood obesity is strongly associated with adult obesity.
Unfortunately, treatment options for youth remain limited compared to an already somewhat sparse adult
armamentarium. While lifestyle modifications remain the primary treatment recommendation,
pharmacotherapy is recommended for adolescents with comorbidities or in those who go through lifestyle
programs but don't achieve the intended weight loss. Currently, orlistat is the only medication FDA-approved
for long-term use, while phentermine is approved for short-term use. Combination pharmacotherapy may
become a treatment option, and potential new agents include centrally-acting therapies, gut hormones,
incretin targets, leptin analogs, and dual incretin receptor agonists.

▪ Orlistat reduces fat absorption by ~30% via inhibition of GI lipases. Orlistat had shown
significant decreases in BMI up to 1.7 kg/m2, though we understand tolerability issues are a
common barrier to extended use. Phentermine suppresses appetite by increasing activity of
catecholamines and serotonin. Though studies have shown decreases in BMI in adolescents taking
phentermine, there is limited data on safety and efficacy, per Dr. Hsia.

▪ Off-label use of popular diabetes therapies, including metformin, exenatide, and
liraglutide, is gaining popularity. As few obesity drugs have been approved by the FDA in the
past 20 years, and even fewer for use in those under the age of 18, diabetes medications are being
prescribed for short-term use.

▪ Studies are currently underway to determine the clinical utility of GLP-1 agonist
liraglutide for adolescent obesity - Saxenda (liraglutide 3.0 mg) is already approved
for adults, and we'd love to see investigation of next-gen GLP-1 semaglutide in youth
obesity as well. Liraglutide slows gastric emptying, increases feelings of satiety, and decreases
appetite. While a 5-week study in adolescents aged 12-17 showed no difference in BMI between
those taking liraglutide and a placebo, a 56-week RCT - sponsored by maker Novo Nordisk - is
currently underway.

Oral Presentations: Synergy of the Pancreas, Liver, and Gut in the Control
of Glucose Homeostasis

Remission of Type 2 Diabetes for Two Years Is Associated with Full Recovery of
Beta-Cell Functional Mass in the Diabetes Remission Clinical Trial (DiRECT)

Roy Taylor, MD (Newcastle University, UK)

Newcastle's Prof. Roy Taylor unveiled an exciting new cut of the two-year DiRECT (diabetes remission) data
demonstrating that the impairments in beta cell function seen in type 2 diabetes can be reversed if excess fat
is removed from the pancreas with intensive weight management early in the progression of the disease. In
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addition to the usual intervention (~800 calories/day for three-five months with stepped food reintroduction
and structured long-term weight maintenance support), a subgroup of DiRECT participants were subjected to
the Stepped Insulin Secretion Test with Arginine (SISTA) at baseline and at 24-months follow-up to measure
insulin secretory response during three sequential hyperglycemia challenges. At baseline, DiRECT
participants showed an impaired first-phase insulin secretory response of ~0.5 nmol/min/m (vs. 1.02 nmol/2

min/m for age- and sex-matched controls with no diabetes). However, responders who ultimately achieved2

diabetes remission through year two of the study (n=38) showed recovery of first-phase insulin secretory
response of the beta cells sufficient to allow return to a non-diabetes level of function. This became apparent
as soon as 4 months into the trial. In contrast, the beta cell maximal capacity (response to arginine during
hyperglycemia) was around 50 % of normal at baseline. It improved gradually 0.94 nmol/min/m , during the2

SISTA hyperglycemia challenges at 12 and 24 months to reach levels indistinguishable from non-diabetes
controls. The non-responders (n=18) experienced no change in either first-phase or maximal insulin secretory
response throughout the 24 months. Though early, these results are extremely hopeful and shed light on
precisely how this diabetes remission comes about. In a sentence, Prof. Taylor summarized the results as
"good news for people with diabetes" and we couldn't agree more.

▪ A previous study by Prof. Taylor sheds light on the potential mechanism for this
phenomenon: Modifications in liver and pancreatic fat. In this study, after a DiRECT-like
weight loss intervention, participants experienced a dramatic reduction in liver fat (leading to
normalization of liver insulin sensitivity within one week) as well as a decrease in intra-pancreatic
fat levels over the course of eight weeks (as assessed by MRI).

▪ Characteristics of the responder and non-responder populations were nearly identical
at baseline, with the exception of diabetes duration: 2.7 years for responders vs. 3.8
years for non-responders. Responders and non-responders had no meaningful differences in
mean age (53 years), sex (42% vs. 50% female), body weight (100.6 kg [221.7 lbs] vs. 102.1 kg [225.0
lbs]), or BMI (34.9 kg/m vs. 35.7 kg/m ). Responders and non-responders even experienced the22

same weight loss over the two year trial (11.6 kg [25.5 lbs] vs. 11.8 kg [26.0 lbs]), indicating that
diabetes remission is not dependent on weight loss writ large. All together, this data intriguingly
suggests that intervention time is the major determiner of a person's likelihood to achieve diabetes
remission, though this would need to be substantiated in future, larger studies. When the issue of
genetic differences between responders and non-responders arose during Q&A, Prof. Taylor
explained that this is an active area of follow-up, though the small study population may make it
impossible to draw a strong conclusion.

▪ As a reminder, full two-year data from the DiRECT study demonstrated impressive
36% diabetes remission following the intensive weight loss program. For those who lost
>10 kg (22 lbs), diabetes remission rates rose to 64%. From where we stand, it's hard to over-
emphasize the significance of these results: Not only does DiRECT achieve an impressive rate of
diabetes remission, but it shows that can be done in the primary care setting through nurses and
dieticians with fairly minimal training. We are thrilled to think about this moving to standard of care
and all the people that could do so much better with appropriate investment in this intervention -
and further investigations into the mechanisms underlying its effectiveness.

Oral Presentations: Insulin Resistance (With State-of-the-Art Lecture)

Insulin Resistance in the Liver, but Not Muscle or Adipose, Is Essential for
Remission from Newly Diagnosed Type 2 Diabetes by Short-Term Insulin
Intensive Therapy

Xuesi Wan, MD (Sun Yat-sen University, Guangzhou, China)

Dr. Wan presented research on the use of a 2-3 week long intensive insulin regimen to induce glycemic
remission. Short-term intensive insulin therapy induced rapid improvements in insulin resistance,
particularly in hepatic tissue. Required insulin doses were reduced for all treatment groups by the day 14 of
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intensive insulin treatment. Insulin resistance was reduced in all assessments, however, only HOMA-IR was
associated with an improvement in glycometabolism. This study aimed to improve understanding of the cause
and effect relationship between tissue-specific insulin resistance and glucometabolism to provide further
insight into the pathogenesis of T2D remission and improve treatment strategies, particularly by using short-
term intensive insulin therapy (SIIT) in newly diagnosed patients. The patient cohort (n=160) and healthy
controls (n=37) were placed in an open-label RCT, in which four different treatments were administered for 2
weeks to groups of 40 patients: continuous subcutaneous insulin infusion (CSII), CSII+Metformin (MET),
CSII+rosiglitazone (RSG), and CSII+alipoic (ALA). For the CSII+ MET and CSII+RSG groups, the non-
insulin therapy was continued for an additional 10 weeks after the initial 2 weeks of insulin therapy. Patients
were followed every 3 months until either relapse to type 2 or until the 5-year point. Tissue specific insulin
resistance was assessed using HOMA-IR for hepatic tissue, Adipo-IR for adipose tissue and intramyocellular
lipid content (IMCL) in the soleus and tibialis anterior muscles.

▪ Only the improvement of hepatic insulin resistance was critical for the remission of
type 2 diabetes, as evidenced by improved HOMA-IR values for patients after SIIT.
There was no difference in the normoglycemia remission rate between the four therapy groups in the
long term. However, patients with lower HOMA-IR had a higher normoglycemia remission rate, and
vice versa for patients with a higher HOMA-IR. Future studies will illuminate the long-term effects
of SIIT in the early stage of diabetes on the natural progression of insulin resistance.

Oral Presentations: From Obesity to Type 2 Diabetes in Youth - New
Insights into Pathogenesis and Management

Impact of Withdrawal of Interventions in the Restoring Insulin Secretion (RISE)
Pediatric Medication Study

Tamara Hannon, MD (Children's Hospital of Pittsburgh, PA)

Last year at ADA, we learned that neither insulin glargine (Sanofi's Lantus) nor metformin were able to
preserve beta cell function in youth with prediabetes or recent-onset type 2 diabetes in the RISE Peds study.
This year, Dr. Tamara Hannon presented unpublished follow-up data from RISE Peds - what happens after
medication has been withdrawn for nine months? In both groups (glargine vs. metformin), BMI increased
after medication was stopped, even reaching higher than baseline (~36 kg/m ) among insulin-treated2

participants (p<0.05). A1c was flat during active treatment but climbed quickly once medication was stopped,
surpassing baseline levels (~5.7%) in both groups (both p<0.05). Of course the main objective of RISE was to
look at beta cell preservation. Dr. Hannon showed rapid decline in c-peptide index during the off-mediation
period. She explained how this result indicates "very fast deterioration of beta cell function," and furthermore,
shared that some data was lost because patients experienced metabolic failure (A1c ≥8%) and had to be put
back on some pharmacotherapy. In other words, the participants who weren't included in the final analysis
faced an even bleaker prognosis. Dr. Hannon concluded that we urgently need new approaches to preserving
beta cell function in youth. Indeed, a major theme of last year's RISE symposium was the differing
pathophysiology of type 2 diabetes in youth vs. adults, and how approaches to treatment must reflect this. No
answers have come to light in the past 12 months… we're hoping for more progress on this front by ADA
2020. In the meantime, we look forward to more granular data on the RISE Peds follow-up once Dr.
Hannon's analysis is published.

Select Questions and Answers

Q: These findings are intriguing and depressing at the same time. What were the criteria for
"metabolic failure," and did all instances of metabolic failure occur in patients with pre-
existing diabetes (as opposed to prediabetes)?

A: No, the cases of metabolic failure weren't all in the pre-existing diabetes subgroup. Metabolic failure
occurred in some individuals who started with only glucose intolerance. The definition of metabolic failure we
used was A1c ≥8%.
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Q: From the initial RISE study, the conclusion was that neither glargine nor metformin
preserved beta cell function, but they at least maintained A1c and body weight. After
medication stopped, there was a significant deterioration in these outcomes. So is it fair to say
that the initial medication did do something?

A: Unfortunately, I can't directly answer that question because RISE Peds lacked a placebo group. We don't
know if untreated kids would have had the same progression of disease over these 21 months in total. All I can
say is that during 12 months of active therapy, glargine and metformin seemed to keep things somewhat
stable in terms of glycemic measures, but measures of beta cell function deteriorated. This is foreboding of
what will happen in the future. I can't compare with the natural history of untreated kids. I don't have a good
answer as to whether we should treat, keep kids on therapy, or what. I mean, we absolutely need better
strategies. That's what we need.

Oral Presentations: Evaluation of Trends for Diabetes Management
Strategies

Primary Care Implementation Study to Increase Diabetes Prevention Program
Referrals

Karen Roper, PhD (University of Kentucky, Lexington, KY)

A pragmatic cluster randomized implementation study found that the Diabetes Prevention Program (DPP), a
lifestyle intervention program for patients at risk for diabetes, was vastly underutilized despite evidence
supporting its efficacy. Specifically, clinicians who received a clinical intervention (including lists of patients
with prediabetes with next-day appointments, an order set for EHR-based referral to DPP and other
educational supports) referred patients to DPPs only 6.9% of the time - compared to 1.5% of the time for
patients with no intervention (3.8 times increased odds of DPP referral). This indicates that the interventions
only marginally improved the much broader problem of underutilization.

▪ Though many clinicians are very knowledgeable about prediabetes management, a
large proportion still have low familiarity with DPPs (45.2% of clinicians) or program
locations (41.9%). In Dr. Roper's own institution, she acknowledged that many clinicians were
unaware of a DPP program down the hall from their offices. Additionally, even basic information
about prediabetes is often poorly communicated to patients. A focus group of patients at Dr. Roper's
institution, for example, found that over half of patients with prediabetes were unaware of their
diagnosis.

▪ Clinicians surveyed frequently cited systemic obstacles, including a lack of materials
to provide to patients or a single order for patient referral, as primary barriers to
referring more patients to DPPs. More broadly, Dr. Roper noted that many institutions
typically do not flag patients with prediabetes, making it difficult for DPPs to coordinate with
caregivers and access information about patients that could benefit from their program. Dr. Roper
emphasized that the lack of DPP referrals is symptomatic of a much broader lack of awareness
surrounding prediabetes. See below for how she visualized the extensive gaps in care that exist for
patients at risk for diabetes, culminating in a <5% referral rate to DPPs:
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▪ During Q&A, one audience member asked how the increasing presence of digital DPPs could
impact these findings. Though Dr. Roper sees digital DPPs as promising, she also noted that the
same barriers to referrals still exist for digital programs, and, in some cases, barriers to access can be
even greater, including due to poor reimbursement. In the community of patients treated by her
institution, many of whom come from low socioeconomic status, lack of internet access and
understanding of technology present unique obstacles to digital health implementation.

Oral Presentations: The Wide-Ranging Field of Clinical Nutrition Research
- From the Role of Nutrients to How We Eat

Prediabetes Conversion to Normoglycemia is Superior Adding a Low
Carbohydrate Formula Diet to Lifestyle Intervention - A 12-Month Subanalysis of
the ACCORH Study

Stephan Martin, MD (West-German Center of Diabetes and Health, Dusseldorf, Germany)

Dr. Stephan Martin presented new results from a sub-analysis of the ACCORH study, a nutritional
intervention study of 463 adults with a BMI of 27-35 kg/m , including 141 people with prediabetes (those with2

diabetes were excluded from the study). Participants were randomized 1:2 into a control group, which
received routine care through telemedicine, and an intervention group, which received the same care plus a
nutritional intervention. Those in the intervention arm were required to eat a very low carb, high protein
formula diet: during week 1, participants had the formula diet for all three meals; during weeks 2-4,
participants had the formula for breakfast and dinner, but ate a normal lunch; during weeks 5-12, participants
had breakfast and lunch as normal, and drank the formula diet for dinner. The researchers followed up with
patients at the 6 and 12-month points after the study. Dr. Martin presented a sub-analysis of the 141
participants who had prediabetes at the beginning of the study. In the control group, the percentage of people
with prediabetes dropped from 100% to 69% one year after the study. For the intervention group, the
percentage of people with prediabetes dropped from 100% to 50% one year after the study. For weight, the
difference between groups was not as drastic, but still statistically significant: The control group had lost 2.5
kg after one year, while the intervention group had lost 3.5 kg over the same period. At the 12 week mark (i.e.,
once the intervention was over), the control group saw an A1c reduction of 0.1%, while the intervention group
saw an A1c reduction of 0.2% (p=0.048).
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Professional Interest Group Discussion: Exercise in the News-Fact, Fiction,
or Fad?

Exercise in the News-Fact, Fiction, or Fad?

Jane Reusch, MD (University of Colorado, Denver, CO); Gretchen Reynolds (New York Times,
New York, NY); Wendy Kohrt, PhD (University of Colorado, Aurora, CO)

In a compelling discussion on how exercise is covered in the mainstream media, Ms. Reynolds and Drs.
Reusch and Kohrt championed the importance of accurately conveying messages supported by data in an age
when science goes untrusted in large parts of the country and world. Covering the physical education beat for
the New York Times, Ms. Reynolds tries to base all of her writing on studies from well-known, legitimate,
peer-reviewed journals and additionally uses gate-keepers, usually other scientists and PR professionals, to
sort fact from fiction. She emphasized that she must always explain limitations to readers and be careful of
taking any steps beyond what the data indicates, as this does a disservice to readers. Both Dr. Kohrt and Ms.
Reynolds challenged scientists and authors to do more to disseminate facts grounded in data. Dr. Kohrt
emphasized that researchers must provide methodologic details to facilitate reproducibility, present results in
a balanced unbiased manner, discuss whether findings corroborate or contradict existing knowledge, and
avoid overstating findings. Ms. Reynolds challenged scientists to try to reach as wide an audience as possible
by working with university communications teams, writing clear and balanced press releases, and avoiding
jargon whenever possible.

Diabetes Complications

Symposium: Longitudinal Outcomes in Youth with Type 2 Diabetes-The
TODAY2 Study

Longitudinal Outcomes in Youth with Type 2 Diabetes-The TODAY2 Study

Kimberly Drews, PhD (George Washington University, DC); Lorraine Levitt Katz, MD
(Children's Hospital of Philadelphia, PA); Peter Bjornstad, MD (Children's Hospital Colorado,
Aurora, CO); Neil White, MD (Washington University, St. Louis, MO); Jeanie Tryggestad, MD
(University of Oklahoma, Oklahoma City, OK)

A symposium on the post-intervention follow-up of the TODAY (Treatment Options for Type 2 Diabetes in
Adolescents and Youth) study cohort revealed increased cardiovascular, renal, microvascular, and pregnancy
risks/complications among 517 original TODAY participants with youth-onset type 2 diabetes. While the
cohort is young to have experienced a meaningful number of CV events, there's a clear under-management of
LDL cholesterol, triglycerides, and hypertension. Cumulative incidence at a mean 12 years (from the start of
TODAY) was 26% for high LDL-C (≥130 mg/dl or on lipid-lowering meds), 35% for high triglycerides (≥300
mg/dl), and 55% for hypertension (≥130/80 mmHg, or ≥95 percentile for age, sex, and height, or on ACEith

and with high BP). These all meaningfully increased from baseline, from 3% for high LDL-C, 18% for high
triglycerides, and 19% for hypertension. Examining echocardiography and compared to lean controls, the
TODAY2 cohort had significantly (p<0.0001) higher left ventricular (LV) mass/height , LV relative wall2.7

thickness, left atrial internal dimension, and doppler diastology (E/Em ratio), as well as higher (p=0.0037)
LV ejection fraction. The TODAY2 cohort also had higher (p<0.0001) LV relative wall thickness and doppler
diastology than controls with obesity but without type 2 diabetes, indicating some but not all CV risk may be
attributable to obesity. Across these measures, risk factors included race/ethnicity, hypertensive medication
use, SBP, A1c, sex, BMI, heart rate, and urinary albumin, and 30% had abnormal echocardiography.

Turning to renal outcomes, TODAY2 found 12-year cumulative incidence of 40% for microalbuminuria
(UACR ≥30 mg/g) and 11% for macroalbuminuria (UACR ≥300 mg/g), and this was well-correlated
(p<0.0001 for micro, p=0.0007 for macro) with loss of glycemic control (A1c ≥8%). Looking at eGFR, there
was evidence of early hyperfiltration, as eGFR in the cohort climbed from ~120 to ~130 ml/min/1.73 m over2
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12 years. Incidence of hyperfiltration was 48% (prevalence rose from 12% to 55%) and a highly-concerning
14% of participants had a rapid eGFR decline. There were two cases of CKD and two cases of ESRD.

On microvascular outcomes at 12 years follow-up, "advanced diabetic retinopathy requiring treatment" was
present in 9% of the cohort and progression was predicted by loss of glycemic control. A concerning 49% had
some form of retinopathy at the end of follow-up. Diabetic neuropathy measured by the Michigan Neuropathy
Screening Instrument was present in 28%-33% of the cohort by year 12, as well as in 8% of the cohort when
measured by monofilament.

In terms of pregnancies (n=306, 236 with known outcome), the most striking deviations found in the
TODAY2 cohort were seen in pre-term delivery (23.7% vs. 9.9% NA) and stillbirth (3.8% vs. 0.4% NA). The
average birth weight of about 2100g was notably lower than the 3300g NA. With regard to healthcare
utilization, 88% of participants had health insurance in Medicaid expansion states, and 74% had insurance in
non-expansion states. The 14% of uninsured patients tended to have worse glycemic control; however, mean
A1c was high across all groups.

▪ These findings join other concerning data on the risk of youth-onset type 2 diabetes.
Most notably, ADA 2018 saw the presentation of results from the RISE youth cohort, demonstrating
a lack of approved drugs that can address the pathophysiology and development of type 2 diabetes
in youth. Importantly, TODAY2 found that less than half of participants were on medications to
treat comorbidities like hypertension and hyperlipidemia. Particularly given the lifelong impact of
diabetes - enhanced when the disease begins earlier in life - it's clear that more aggressive and
earlier intervention in youth obesity and diabetes is warranted.

▪ The original, NIH-sponsored TODAY study enrolled 699 people 10 to 17 years old who
were diagnosed with type 2 diabetes within the past two years, randomizing
participants to (i) metformin, (ii) metformin + rosiglitazone, or (iii) metformin +
intensive lifestyle intervention. The study started enrolling in 2004, meaning investigators
have data up to year 14 on some participants. Additionally, TODAY2 follow-up has occurred in two
phases; baseline characteristics for the beginning of TODAY2 Phase 2 include mean age of 21 years,
8 years since diabetes diagnosis, BMI of 36 kg/m , A1c of 9.3%, and 7 years in the TODAY study.2

Currently, mean age is 25 years old and diabetes duration 12 years. Of note, 65% of TODAY
participants were female, ~38% Hispanic, ~34% black, ~20% white, and ~8% other, which was very
consistent across the duration of the study and reflects groups more severely impacted by youth-
onset type 2 diabetes. Also importantly, there's a sharp baseline A1c increase over time, from 6.0%
at the beginning of TODAY, to 8.4% at the beginning of TODAY2 Phase 1 follow-up, then to 9.3%.

Symposium: Diabetes Management and Macrovascular Outcomes

Association Between Hemoglobin A1c and Stroke Risk in Patients with Type 2
Diabetes

Yun Shen, MD, PhD (Pennington Biomedical Research Center, Baton Rouge, LA)

Dr. Yun Shen presented results from the retrospective cohort LEAD (Louisiana Experiment Assessing
Diabetes Outcomes) study, which demonstrated a U-shaped association between A1c and risk of total and
ischemic stroke among patients with type 2 diabetes. This study utilized the PCORnet common data model
with EMRs from 3 REACHnet partners in south Louisiana, including data from patients with type 2 diabetes
during 2013 to 2018. The study used the SUPREME-DM definition of diabetes and study outcomes including
total stroke, hemorrhagic stroke, and ischemic stroke. The results (n=67,544; 27,113 African-Americans and
40,431 whites) had a mean follow up of 3.74 years, during which 8,986 patients developed stroke (8,438
ischemic and 548 hemorrhagic). Multivariable-adjusted hazard ratios across levels of baseline A1c (<6.0,
6.0-6.9, 7.0-7.9, 8.0-8.9, 9.0-9.9, and ≥10%) showed a U-shaped association with stroke events: for total
stroke, HRs were 1.05, 1.00, 1.13, 1.21, 1.24, and 1.35 (p<0.001); for ischemic stroke, HRs were 1.04, 1.00, 1.13,
1.21, 1.24, and 1.35 (p<0.001); and for hemorrhagic stroke, 1.26, 1.00, 1.10, 1.26, 1.22, and 1.40 (p=0.284),
respectively. Across the A1c ranges, stroke risk was lowest among patients with A1c at 6-7%. Dr. Shen showed
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that this U-shaped association was consistent among patients of different age, race, sex, BMI, and across
smoking status. Notably, the U-shaped association was more pronounced among patients taking antidiabetic,
lipid-lowering and anti-hypertensive medications compared to those without such medications. While these
data are preliminary, they may be important in better personalizing A1c goals in the management of
hyperglycemia.

Questions and Answers

Q: Do you think the higher stroke risk for lower A1cs is due to hypoglycemia?

A: It's very possible. The mechanisms for this association may be because those with lower A1cs suffer more
hypoglycemia events, which may contribute to more brain damage. Those with very low A1c levels may also
have other severe comorbidities.

Q: Did you look into the association between low renal function and A1c?

A: We could do a subgroup analysis in those with lower renal function. This is not published yet, but we will
try to look at it.

Symposium: Hypoglycemia in Special Circumstances

Exercise

Michael Riddell, PhD (York University, Toronto, Canada)

Dr. Michael Riddell provided a review of literature on exercise-associated hypoglycemia and shared strategies
on its prevention. He opened by highlighting the "double-edged sword" of aerobic exercise and shared various
stories of the continued prevalence of exercise-associated hypoglycemia despite emerging technologies, even
among elite athletes. He stated that this phenomenon is especially prevalent in patients on insulin therapy,
occurring ~40% of the time if nothing is in place to prevent it. Focusing on youth patient populations, Dr.
Riddell stated that hypoglycemia develops in ~45% of youth during exercise. Specifically, he shared two-year
data (MacDonald, 1987) showing that 16% of young patients with diabetes had a moderate-to-severe
hypoglycemic event attributable to exercise, as well as another study (Tsalikian, 2005) showing that 42% of
children with type 1 diabetes develop nocturnal hypoglycemia. Emphasizing the prevalence of nocturnal
hypoglycemia, he highlighted that this is likely related to increased insulin sensitivity and glycogen stores.
Regarding type 2 diabetes, Dr. Riddell noted that exercise-associated hypoglycemia is less common than in
type 1 diabetes, but occurs more so with insulin therapy and sulfonylurea use. Looking at the mechanisms of
exercise-associated hypoglycemia, Dr. Riddell shared that aerobic exercise (rather than mixed or anaerobic)
tends to lead to decreased blood glucose responses and highlighted how insulin and exercise have different
pathways for glucose uptake into skeletal muscle. In particular, he pointed out that glucose provision during
exercise normally requires liver glycogen mobilization; however, due to these blunted responses in diabetes,
blood glucose maintenance is strained during exercise. Importantly, Dr. Riddell shared strategies on limiting
exercise-associated hypoglycemia, which included: increase carbohydrate feeding; reduce basal/bolus insulin
delivery during exercise and overnight (emphasizing that adjustments must be done well in advance of
activity); change in exercise type; change when the exercise is done; and adding exogenous glucagon.
Specifically, he noted that carbohydrate needs differ depending on the individual's size, intensity of effort, and
timing of activity, ranging from 0.2-1.0 g/kg/hr. While the development of such strategies are very
personalized, we believe that many patients, especially in the pediatrics population, would greatly benefit
from more specific guidance and tools on this area of management, given the severity of its consequences.

Questions and Answers

Q: I've seen some very young patients who development hyperglycemia following exercise and
then hypoglycemia. What are your thoughts on that?

A: We've seen it too. If the activity has some competition or stress component, glucose levels tend to rise. It
happens a lot in hockey players. We think it increases the risk of nocturnal hypoglycemia. This could be
related to norepinephrine and stress hormones.
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Joint ADA/ASN Symposium-Cardiovascular and Renal Protection in
Diabetes-Beyond SGLT2 Inhibitors and GLP-1 Receptor Agonists

Emergence of Novel Mineralocorticoid Receptor Antagonists in the Age of
FIGARO and FIDELIO

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

Dr. Peter Rossing highlighted the promise of novel mineralocorticoid receptor antagonist finerenone, sharing
data of the renoprotective effects of aldosterone blockade in diabetic kidney disease (DKD) and introducing
the significance of Bayer's FIGARO and FIDELIO outcomes trials. Opening his presentation with data on the
prevalence and significance of DKD, Dr. Rossing highlighted that these issues cannot be entirely solved with
ACE inhibitors and ARBs, pointing to mineralocorticoid receptor antagonism (MRA) as an attractive
therapeutic target. He showed the results of nine short-term clinical studies (n=535), which demonstrated
that the addition of an MRA (i.e. spironolactone, epleronone) to ACEi and/or ARB therapy reduced protein
excretion and was associated with a slightly decreased GFR, compared to ACEi and/or ARB therapy alone.
However, Dr. Rossing emphasized that hyperkalemia was the most commonly reported side effect, occurring
in 6.1% of patients, which he noted ultimately contributed to the abandonment of this therapeutic approach.
With this background, he introduced finerenone, a nonsteroidal mineralocorticoid antagonist. Looking at the
clinical data, Dr. Rossing shared results of the ARTS-DN trial, which demonstrated that in patient with type 2
diabetes and persistent albuminuria (UACR≥30 mg/g) who were receiving a RAS blocker, finerenone led to a
dose-dependent reduction in albuminuria at 90 days. Notably, these data also showed that finerenone was
associated with an incidence of adverse events similar to placebo - reassuring for concerns of hyperkalemia.
Dr. Rossing closed by sharing the significance of the potential long-term outcomes of the FIGARO (n=7437)
and FIDELIO (n=5734) trials. As a reminder, these two trials are phase 3 clinical trials looking at the safety
and efficacy of finerenone on cardiovascular morbidity and mortality and progression of kidney disease,
respectively, in patients with type 2 diabetes and DKD. He stated that both are currently ongoing with
recruitment completed and emphasized that these will be the largest studies in DKD to date, with important
long-term data to share regarding both cardiovascular and renal outcomes.

▪ Dr. Rossing highlighted the widespread effects of MRA as an attractive therapeutic
target. Specifically, he pointed to its effects on endothelial dysfunction, fibrosis, apoptosis,
inflammation, electrolyte imbalance, and autonomic dysfunction.

▪ He also stated that finerenone has significant potential due to its unique nature of
being nonsteroidal. In addition, he stated that in contrast to spironolactone and eplerenone,
finerenone has both high potency and selectivity as well as balanced tissue distribution in both the
heart and the kidney. Specifically, he noted that finerenone targets MR overactivation, which is a
major driver of kidney damage.

▪ As a reminder, we recently noted that the expected dates of the FIGARO and FIDELIO
trials have been pushed back to July 2021 and April 2020, respectively.

Questions and Answers

Q: How do you hypothesize these results from FIGARO and FIDELIO will differ from results of
ACEi/ARB dual blockade?

A: All treatments that have been beneficial have lowered albuminuria in the short term. But every drug that
reduces albuminuria will not translate into CV and renal outcomes. Blocking aldosterone may be different
from just blocking ARB and ACE. It has to be tested.

Q: How do we explain that blocking the same receptor leads to different results in
hyperkalemia?
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A: That question has led to a lot of discussion. I can't fully explain it. Is it a dosing issue? I share your interest
in that concept and we are trying to find that out. It might be because it's nonsteroidal or because it has a
different tissue distribution. It's very interesting.

Q: In the ARTS study, you didn't see a dose relationship? Do we have an explanation for that?

A: In the heart failure patients, there was no clear dose relationship. But there was a clear one in patients with
kidney disease. I cannot explain why there is this difference. Perhaps, NT-proBNP is not the best outcome to
measure but I'm not sure.

Q: We do have drugs that will lower potassium. What are your thoughts on considering
combination therapy?

A: Well, I think that potassium-lowering drugs were believed to be used in blocking hypertension systems,
which can help us continue treatment. But we would need more studies showing more long-term translation
of kidney protection. In theory, it's an alternative way to deal with the anti-hypertensive system. It's a good
thought, but could come with a cost.

Future Outlook for Diabetic Kidney Disease - Precision Medicine Bringing Novel
Agents into the Spotlight

Alice Cheng, MD (University of Toronto, Canada)

Dr. Alice Cheng provided a comprehensive illustration of the current state and future of precision medicine in
diabetic kidney disease by describing the structure and utility of the field, sharing examples from the disease
area, as well as highlighting the need of early engagement of stakeholders. Dr. Cheng opened by using the
analogy of clothing to describe the progress of precision medicine in the field of diabetes: a "one size fits all"
scarf represented the 2009 ADA/EASD consensus's general tiers, which has progressed to the different shirt
sizes of the 2012 ADA/EASD consensus's approach of looking at patient characteristics in hyperglycemia
management, and ultimately moving to the ADA/EASD's latest recommendations on patients with heart
failure or CKD. Moving into diabetic kidney disease (DKD), Dr. Cheng stated that the current four pillars of
this disease area include: (i) ACEi or ARB; (ii) blood pressure control; (iii) A1c control; and (iv) SGLT-2
inhibitors. Looking into the precision medicine of this disease area, Dr. Cheng shared specific examples
including the work around the enhanced expression of JAK signaling in human diabetic nephropathy (which
led to development of JAK1/JAK2 inhibition by baricitinib) and targets in the inflammatory pathway
including CCR2 inhibitor CCX140-B and C-C motif-ligand 2 inhibition with emapticap pegol. Importantly, Dr.
Cheng closed by stating that while there is a bright future for precision medicine, existing barriers include the
need for human data (tissue, blood, urine) from both healthy and diseased individuals, artificial intelligence
and computing systems, different approaches to clinical trial design, and collaboration with regulatory bodies
and payers. Notably, Dr. Cheng commented that with the implementation of precision medicine, initial
diagnostic tools may be more expensive and can lead to longer-term savings, which necessitates appropriate
collaboration with our regulators and payers. In conclusion, Dr. Cheng described precision medicine as
"better categorization" which can lead to the exciting future of the "right patient, right medicine, right time,"
as she pushed for engagement of stakeholders for this bright future to come to reality.

▪ Dr. Cheng shared survey results of willingness to participate in a national precision
medicine cohort, which stated that 71% of chronic kidney disease patients at a
Cleveland public hospital would participate (Cooke, J Pers Med 2018). Specifically, 71% of
respondents stated that they would participate in a hypothetical national precision medicine cohort,
send specimens, and share de-identified data. However, Dr. Cheng noted the complicated nature of
the ethics and privacy of such a cohort, as <50% would be willing to install a phone app to track
personal data, 62% stated that receiving the research results would be very important, and 54%
wanted all their research-collected health and genetic data returned to them.

▪ Dr. Cheng highlighted additional potential candidates in DKD, specifically utilizing
proteomics and metabolomics. She pointed to increased urinary retinol-binding protein 4 (a
proximal tubule biomarker for DKD) as a potential candidate in proteomics. In addition, Dr. Cheng
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highlighted how the field can merge metabolomics and proteomics to identify "bridge proteins" that
interact with multiple metabolic pathways, including MDM2 (Mouse double minute 2 homolog)
bridge protein.

Questions and Answers

Q: Many predicted that by this time, we would have several medications rolled out because of
precision medicine. What do you think are the biggest barriers to this happening?

A: Just because something is upregulated doesn't mean that is should be downregulated. There's no guarantee
that the science will work out. There will be a lot of trial and error and a lot of things that will be tried that
won't pan out. There are also the usual barriers including funding and finding the resources. I think the other
part is access to the tissue - without the beginning point from the right people, we won't get the right answers.
We also really need to think about the privacy and ethics stuff. Who owns that data? If I supplied my blood
and urine, who does it belong to? And what should we do with that? The definition of precision medicine was
put together in 2011 so it's still relatively early days but we know that it can work when we look at the
oncology space. So the future is bright.

Q: With respect to precision medicine, are there other areas in diabetes that are being looked
at?

A: Yes, there was a symposium on this yesterday. A lot of the work was around diagnosis and risk
stratification for future complications.

Mini-Symposium: Hypoglycemia and Cardiovascular Events: A Causal
Relationship?

Hypoglycemia and Cardiovascular Events: A Causal Relationship?

David Matthews, MD (University of Oxford, UK); Thomas Pieber, MD (Medical University of
Graz, Austria)

In a lively morning debate session, Drs. David Matthews and Thomas Pieber deliberated whether
hypoglycemia causes cardiovascular events or merely indicates cardiovascular frailty. Indeed, a wealth of
clinical trial data indicates that hypoglycemia and cardiovascular events are tightly correlated. In the
ADVANCE trial (which compared intensive vs. standard glucose lowering), participants who had experienced
at least one episode of severe hypoglycemia had higher rates of major macrovascular events (15.9% vs. 10.2%,
HR=3.53) and CV deaths (9.5% vs. 4.8%, HR=3.79) vs. those with no hypoglycemia. Similarly, in the
EXAMINE trial (which compared the DPP-4 inhibitor alogliptin vs. placebo) participants who experienced
severe hypoglycemia or any hypoglycemia had MACE rates of 35% and 18%, vs. just 11% for participants with
no hypoglycemia. Furthermore, in the LEADER trial (which compared the GLP-1 agonist liraglutide vs.
placebo) and the DEVOTE trial (which compared next-gen insulin degludec vs. insulin glargine), participants'
risk for a MACE event was highest in the week following a severe hypoglycemia event, and remained elevated
relative compared to participants with no hypoglycemia for the duration of the trials (i.e. years).

From this data, Dr. Pieber argued that hypoglycemia and adverse cardiovascular events share a common
cause: Frailty. He contended that this body of evidence is insufficient to demonstrate a causal relationship
between the two, and while severe hypoglycemia may contribute to the onset of MACE events, it is "just as
likely" a marker of vulnerability in general. He further noted that clinical trial evidence also shows a higher
rate of non-CV death in people with a history of severe hypoglycemia, making it unlikely that hypoglycemia
has a cardiovascular-specific effect.

In response, Dr. Matthews rebutted that the fact that hypoglycemia increases the risk for non-CV death (as
well as falls, car accidents, etc.) does not logically detract from any possible causal effect of severe
hypoglycemia on cardiovascular risk. From there he outlined the arguments for this causal effect from three
perspectives: Rational hypothesis, numerical and observational evidence, and statistical induction.
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▪ According to Dr. Matthews, it's rational to hypothesize that hypoglycemia contributes
to cardiovascular events. On the physiological front, hypoglycemia is related to several
responses that increase CV risk, including inflammation, blood coagulation abnormalities,
endothelial dysfunction, and the sympatho-adrenal response. Furthermore, in CGM monitoring
studies, episodes of chest pain and EKG abnormalities occur almost exclusively during episodes of
hypoglycemia as opposed to normoglycemia.

▪ Numerical observations from clinical trials also point to a direct relationship between
hypoglycemia and MACE. On this point Dr. Matthews turned to the LEADER and DEVOTE data
indicating a high period of risk for a CV event in the week following an episode of severe
hypoglycemia. In response to Dr. Pieber's argument that the presence of residual elevated CV risk
years after the hypo event indicates that it is not tightly linked to acute CV disease, Dr. Matthews
retorted that if hypoglycemia really was an indicator of "frailty" as Dr. Pieber claimed then we would
expect the risk of CV events to only rise with time as people become older and frailer.

▪ Turning to statistical induction, Dr. Matthews outlined that for there to be a severe illness co-
morbid with hypoglycemia that itself is the driving cause of CV disease (essentially, the "frailty" that
Dr. Pieber described), it would mathematically need to have a relative risk of 6 and a population
prevalence of 15%. He contextualized that this mysterious co-morbid illness would need to be three
times as poisonous as smoking (which has a relative risk of 2), which strains the credibility of the Dr.
Pieber's general frailty hypothesis.

Mini-Symposium: How to Help Your Patients and Bottom Line Using Novel
Diabetic Retinopathy Diagnostic Tools

Early Treatment Diabetic Retinopathy Study Scale - Stages and Treatment -
Implications for Health Care Providers

Karl Csaky, MD, PhD (Retina Foundation, Dallas, TX)

Dr. Csaky delivered an engaging talk on current practices in early treatment of diabetic retinopathy. In
particular, he focused on the continued relevance of the ETDRS Diabetic Retinopathy Severity Scale that has
been in use since the 80s. As a reminder, the scale exists on a 10- to 85-point scale, with 10 being an absence
of retinopathy and 85 being advanced retinopathy. Even without direct vision acuity issues, there is
substantial evidence that quality of life decreases with advancement on the severity scale. Dr. Csaky
emphasized that the real impact of the scale has been using it as a diagnostic tool, or more specifically, to
generate an index of progression that can be used to prevent severe vision issues later on. Anti-VEGF
treatment has further revived usage of the severity scale, and Dr. Csaky touched upon data from RIDE/RISE,
the first anti-VEGF trials, in which patients given an 0.3 mg intravitreal injection of ranibizumab at 24 and 36
months experienced a rapid and sustained ³2 step improvement in diabetic retinopathy. Although this
treatment is a highly effective prevention measure, Dr. Csaky warned practitioners of assuming that it is
"disease-modifying" - and shared multiple case studies of patients who had started and then stopped anti-
VEGF treatment (due to loss of insurance or an assumption that the disease had been fully resolved), and who
then experienced severe subsequent retinal degeneration. Dr. Csaky is optimistic in the future of retinopathy
screening and emphasized angiography-based capillary bed screening as an important emerging field.

Use of Artificial Intelligence Analysis of Diabetic Retina with Automated
Computer Algorithms and Remote Reading Centers

Aaron Lee, MD (University of Washington Medicine, Seattle, WA)

Next up, Dr. Aaron Lee gave an illuminating presentation on the use of artificial intelligence (AI) in screening
for diabetic retinopathy. Currently, three different delivery of care models exist including (i) the traditional
model - in which patients go directly to an eye care provider; (ii) the reading center model - in which a color
fundus photo taken at the office of a primary care provider is sent to a remote teleretinal reading center; and
(iii) the AI model - in which a color fundus photo is again taken at the office of a primary care provider,
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however, an immediate point-of-care diagnosis can be made using AI technology. As expected, the immediacy
of the AI model provides significant benefits, as well as opportunities for patients without convenient access
to eye care providers. Dr. Lee explained that one major limitation in implementing AI systems is the $20,000
infrastructure investment needed to purchase a color fundus camera, train nurses in using the technology,
and attain an image storage system. Currently, telemedicine still leads in cost benefit with $15/patient.
However, finding eye care providers to read telemedicine images is becoming increasingly difficult, and AI
may be the next best option. As Dr. Lee mentioned in the beginning of his talk, the AI world has advanced at
an astonishing rate, and it "all comes together to a very exciting time we live in today, in which complex
models can achieve, and even surpass, human-level performance." We're so excited to see more advancements
in prevention and diagnostic technology moving forward, especially for those with limited access to
healthcare.

▪ Dr. Lee brought up the important point that while diabetic retinopathy AI is extremely
accurate in diagnosing the specific disease, it is currently unable to also accurately
diagnose other conditions. For example, an eye care provider would be able to recognize a
cancerous malignancy while scanning for diabetic retinopathy; however, an AI system would not.

Oral Presentations: Effective Diabetes Care - At What Cost?

The Burden of Chronic Kidney Disease Progression in Type 2 Diabetes Patients

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

Dr. Lawrence Blonde presented data detailing the financial burden of worsening CKD in the US type 2
diabetes population, using claims data and eGFR measurements from the Optum Clinformatics database
(2010-2017). At each baseline CKD stage, people who eventually progressed to a more severe stage of CKD in
the next 12 months had higher healthcare costs than those who remained in that stage. People with CKD stage
G1-2 who progressed to stage G3a or higher accrued $2,685 in monthly healthcare costs vs. $1,659 for those
whose CKD did not grow more severe. For people with stage 3a CKD, progressors accrued $3,131/month vs.
$2,003/month for non-progressors. For stage 3b CKD, progressors cost $5,138/month vs. $2,396/month.
Finally, for stage 4 CKD, progressors cost $10,925/month vs. $3,475. Notably, the size of the cost difference
between progressors and non-progressors grew with each advance in CKD severity stage. After adjusting for
demographics and other clinical characteristics, the incremental cost of progressors was $674/patient/month
for stage G1-2, $947/patient/month for stage G3a, $2,625/patient/month for stage G3b, and finally a
whopping $10,704/patient/month for stage G4 (reflecting the steep cost of dialysis in stage G5 and, for a
small number of people, kidney transplantation). Dr. Blonde noted that these figures only reflect pure
healthcare costs and don't account for the other substantial costs of CKD in the form of quality of life
reductions, decreased ability for employment, and care-taking responsibilities for family members. He urged
the audience of primarily physicians to keep these costs in mind when treating people with diabetes, in hopes
of preventing or slowing the progression of CKD.

Oral Presentation: Epidemiology of Diabetes Outcomes

Novel Biomarkers Predicting Renal Dysfunction in People with Dysglycemia in the
ORIGIN Trial

Hertzel Gerstein, MD (McMaster University, Canada)

In a follow-up study examining over 239 biomarkers analyzed using stored baseline serum from the ORIGIN
CVOT, Dr. Hertzel Gerstein and his colleagues attempted to identify biomarkers that may identify new risk
factors for the decline of renal function. Among the 7,482 participants in ORIGIN with at least one eGFR
measurement after baseline, Dr. Gerstein and his colleagues examined which markers in patient baseline
serum were associated with accelerated or slowed decline of eGFR after adjusting for age, sex, BMI, smoking
status, mean arterial pressure, Log2ACR, cholesterol, A1c, and baseline eGFR. The team identified 11
biomarkers - alpha-1 microglobulin, IGF-BP4, Fas ligand, GDF-15, NT-proBNP, myoglobin, beta amyloid
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1-40, apolipoprotein A-IV, RAGE, eotaxin-1, and fibulin-1C - that predicted an accelerated decline.
Additionally, there were two - growth-regulated alpha protein and apolipoprotein A-B - that were linked to
slowed decline. This allowed the team to create a model of eGFR decline that, when combined with clinical
variables, was able to better predict eGFR decline (R =.155) vs. clinical variables alone (R =.053). Dr.22

Gerstein concluded with a word of caution toward attempting to use physiology to explain these predictive
biomarkers and by proposing a possible predictive use of such a model down the road.

Microvascular Complications in Latent Autoimmune Diabetes of Adults: Results
from the UKPDS

Ernesto Maddaloni, MD (Bio-Medico University of Rome, Italy)

Dr. Maddaloni spoke about recent work examining the long-term risk of microvascular complications of
patients in the UKPDS study with a particular eye toward participants with LADA. Examining the 5,028
patients with new-onset type 2 diabetes enrolled in the 30-year lasting UKPDS, Dr. Maddaloni and his team
identified 564 auto-antibody 8Asb) positive patients, labeled a LADA cohort. Comparing these to those
without Aab, there were significant baseline differences between the two cohorts: the LADA group was
younger, had a lower BMI, lower systolic blood pressure, higher A1c, lower HOMA-B and better HOMA-IR
scores. Microvascular events were defined as first occurrence of renal failure, death due to renal cause,
blindness in one eye, and vitreous hemorrhage or retinal hemorrhage. The team found different care
trajectories in the two groups, with the type 2 diabetes group experiencing consistent increases in
microvascular events overtime. In contrast, the LADA group saw fewer events over ~9 years with a ~55%
lower risk of microvascular events, though this was followed by a subsequent increase in risk after 9 years to a
hazard ratio (HR) of 1.47. Adjusting for the stably higher A1c levels observed in LADA during the first 9 years
of disease, however, resulted in a HR of 0.99. Dr. Maddaloni said that this analysis suggests that LADA
patients experience microvascular risk later in their disease progression, and this may be due to worse
glycemic control early on after diagnosis. He concluded by emphasizing that testing for AAb in early-onset
type 2 diabetes is important for microvascular risk stratification.

Questions and Answers

Q: Why did you choose nine years and not eight or 10?

A: Based on the plots of hazards against time, at 9 years there is the first visual increase in the hazard for
microvascular events in LADA

Q: Were the clinicians treating these people aware of the antibodies status when treating
them?

A: The clinicians were not aware about AAb results. Furthermore, because the UKDPS was a randomized
clinical trial, patients were treated according to the randomization arm. We adjusted the Cox models for
randomization arm and this did not influence the difference in the microvascular risk we observed between
LADA and T2D

Professional Interest Group Discussion: New Insights and Remaining
Challenges in Diabetes Management and Complications

Recent Resurgence in Selected Complications in Young and Middle-Aged Adults

Edward Gregg, PhD (Imperial College London, UK)

Imperial College London's Dr. Edward Gregg analyzed recent trends in diabetes complications. Risk of
common complications (i.e. MI, stroke, amputation, end stage renal disease, and hypoglycemia-related death)
has decreased in older adults in the US - potentially due to improvements in risk management, integrative
care, self-care, and environmental policies. However, there has also been an increase in the risk of all of these
outcomes in young and middle-aged adults. Dr. Gregg postulated that the socioeconomic climate of 2009-10,
which included new diabetes diagnostic differentials, healthcare reform, and a global recession, may have
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played a role. Specifically, incorporating A1c in the diagnosis of diabetes in 2010 led to fewer official diagnoses
of diabetes which may have increased the hazard ratio for complications. With this, diabetes-related mortality
has decreased with incidence of diagnosis, disproportionally representing a group of people with long-
duration diabetes in the denominator of the hazard ratio. A stall in preventative care, furthered by high rates
of obesity, low healthcare access, low adherence, and income inequality in younger generations, may also
explain increased risk for complications in younger adults. Rising insulin costs, Medicaid expansion, and
increased popularity of high deductible health plans that further limit access to preventative care are also
potentially noteworthy factors. Geographic location further complicates things, as some areas, like the
southern US, show both high incidence of diabetes-related complications and high rates of poverty. Diabetes
complications are multi-factorial, and any treatments or therapies need to consider how these different
factors affect disease progression.

Questions and Answers

Q: How is homelessness and food insecurity related to these trends?

A: We don't have individual-level data in this set, but the next big step is to tabulate geographic data and
correlate it to these factors. However, we need to see it in young and middle-aged adults and find more
detailed data among them-which may be difficult.

Diabetes Complications Poster Highlights

Title Important Details
Autonomic Neuropathy in Type 1

Diabetes (T1D): Findings from the T1D

Exchange

▪ A cohort study found that diabetic autonomic

neuropathy (DAN) was present in 17% of adults in the

T1D Exchange clinic registry who completed the

Survey of Autonomic Symptoms (n=965). DAN was

significantly associated with a higher mean A1c (8.1%

vs. 7.7%, p=0.004) and the percentage of people who

had ≥1 severe hypoglycemia events (16% vs. 7%,

p<0.001).

▪ Participants with DAN were more likely to have

anxiety (OR=1.82, 95% CI: 1.07-3.08), depression

(OR=2.20, 95% CI: 1.46-3.32), CV disease (OR=2.56,

95% CI: 1.34-4.91), opioid use (OR=4.22, 95% CI:

1.76-10.13), gastroparesis (OR=5.35, 95% CI:

2.55-11.23), and peripheral neuropathy (HR=8.05,

95% CI=4.57-14.18).

Growth Differentiation Factor 15,

Coronary Atherosclerosis and Diabetic

Kidney Disease in Adults with Type 1

Diabetes (T1D)

▪ A subanalysis of the Coronary Artery Calcification in

Type 1 Diabetes Study (CACTI), found that people

with type 1 had significantly higher levels of GDF-15

than controls (666.4 ng/L vs. 579.1 ng/L, p<0.0001),

and that each one standard deviation increase in

GDF-15 was significantly associated with an increased

risk of very high presence of coronary artery calcium

(OR=1.62, 95% CI: 1.01-2.58, p=0.04), presence of

high coronary artery calcium (OR=1.67, 95% CI:

1.16-2.41, p=0.006), elevated urinary albumin
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excretion (OR=2.47, 95% CI: 1.60-3.80, p<0.0001),

and stage 3 CKD (OR=4.40, 95% CI: 2.51-7.73,

p<0.0001).

▪ GDF-15 is a marker of oxidative stress and hypoxia,

and one that multiple drug companies, including

Lilly, Novo Nordisk, and possibly Amgen are

currently targeting (preclinical/phase 1).

Micro- and Macrovascular Events in

Patients with T2D-Results from the

Global DISCOVER Study

▪ A subanalysis (n=10,017) of the 38-nation DISCOVER

trial found that people with type 2 diabetes initiating

a second-line glucose-lowering therapy had a

strikingly high prevalence of microvascular (27%) and

macrovascular (15%) complications after two years.

Moreover, the majority of these complications were

present at baseline.

▪ People with macrovascular complications at baseline

were at an extremely high likelihood for recurrent

events (OR=3.82, 95% CI: 2.47-5.90). Each 10-year

increment in age was also significantly associated

with an increase in both microvascular and

macrovascular complications, as was male sex, and

higher baseline blood pressure. A1c itself (either

between 7.0% and 8.0% or ≥8.0%) was not associated

with higher odds for vascular complications.

▪ Notably, the study population had a relatively short

duration of diabetes at baseline (mean=5.7 years) and

was relatively young (mean=56.6 years old),

highlighting opportunities for early and aggressive

risk-factor modifications, particularly in those with

established macrovascular complications.

Policy, Epidemiology, and Education

Symposium: The Environment and Diabetes

Climate Change and Diabetes-Opportunities for Co-Benefits

William Dietz, MD, PhD (George Washington University, Washington, DC)

In this wide-ranging talk, Dr. Dietz drew on his experience on the Lancet Commission on Obesity to highlight
The Global Syndemic, a phenomenon he described as the interaction of the pandemics of obesity,
undernutrition, and climate change in time and place which negatively affect each other and have common
economic, social, and environmental drivers. Taking a global outlook, he presented malnutrition in all its
forms (which includes high BMI, dietary risks, and child and maternal undernutrition) as the highest risk for
ill health and premature death. As obesity prevalence rises in both developed and developing countries, these
parallel curves demonstrate how multiple sources are contributing to the rise in obesity and diabetes
worldwide and will require multipronged solutions. Furthermore, the drivers of malnutrition are intimately
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connected with climate change through cultural norms, policies, and infrastructure. To address these systemic
drivers, he presented the idea of triple duty policy and actions that address environmental and health aims as
interconnected, for example through reduced meat consumption and its impacts on land use, health, and
greenhouse gas emissions. He also pointed to promising developments such as production of meat
alternatives like the Impossible Burger, a 5% annual growth in sustainable products, and meatless Mondays
as disconnected movements that reflect the growing urgency around climate change and urged the audience
to use stealth intervention as a way to advocate for policies that benefit both health and the environment. He
ended his talk with a passionate appeal for activism, saying "Unless we are able to change ourselves, we won't
be able to change others, including our patients who need this the most."

▪ Triple duty policies have multiple effects by intervening in health, sustainability, and
the environment. A particularly impactful example is the reduced consumption of beef, which
leads to a healthier population diet with decreased risk of obesity, diabetes, colon cancer, and
cardiovascular disease, an increase in available land for sustainable agriculture, and lower
greenhouse gas emission from cattle farming.

◦ Ultraprocessed foods account for 60% of the calories in a typical American
diet and contribute to poor health outcomes. Ultraprocessed foods are foods made
from industrial substances with little or no whole food. Studies have shown that an
ultraprocessed diet leads to excess calorie consumption and weight gain, with the increase
in ultraprocessed foods closely tied to rising BMI in Latin American countries.
Interventions that reduce subsidies and encourage labeling on sustainability can
potentially reduce intake.

◦ Reducing car use and increasing physical transport is another powerful triple
duty policy. Decreasing car use has benefits of increasing physical transport as well as
cutting down on greenhouse gas emissions and providing opportunities in urban design to
create other uses for land and redesigned transportation systems.

▪ Dr. Dietz encouraged policies on the national, city, and personal level that take aim at
climate change and "The Global Syndemic." He urged national governments to reduce the
influence of commercial interests in policy, work to provide information on sustainability to
consumers, and to re-orient business to population benefits by reducing externalities. Cities can
invest in infrastructure that encourages public and physically active transport, create urban food
systems, and support community coalitions that foster grassroots change. Finally on a personal
level, he advocated for adopting sustainable dietary and physical activity practices at our institutions
(highlighting Boston hospitals and their move to decrease sugary drink consumption) and
encouraging healthy meals in schools.

▪ We love the idea of stealth intervention, a concept Dr. Dietz invokes as a way to create
momentum that ties together the environmental and public health movements to
effect change. He argues that with the rising movement among millennials to combat climate
change, there is an opportunity to address the obesity and diabetes epidemics without focusing on it
- thus creating a stealth public health intervention.

Questions and Answers

Q: I was surprised you didn't mention food insecurity. One thing we're trying in Santa Barbara
is to have medical providers prescribe food instead of only pharmaceuticals.

A: Food insecurity is a major concern in the developing world and a consequence of climate change. It is also
associated with obesity in this country. There was a recent piece in JAMA that looked at medically indicated
meal programs and that provided benefit to patients (Berkowitz et al, JAMA 2019).
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Symposium: Are Taxes the Solution to the Diabetes Epidemic?

Overview of Food Policy Levers for the Prevention of Obesity and Diabetes

Karen Siegel, PhD (Centers for Disease Control, Atlanta, GA)

Standing in for Dr. Kelly Brownell (who unfortunately missed ADA 2019 due to a cancelled flight!), CDC
epidemiologist Dr. Karen Siegel admirably delivered Dr. Brownell's comprehensive rundown of food policy
levers. She introduced the main problems with food policy and modern diets by listing the top risk factors for
global death, which include high systolic blood pressure, obesity, and high blood sugar. She contrasted these
facts with the observation that 815 million people are undernourished globally, indicating that this is a food
system problem. Dr. Siegel continued by stating how seemingly small changes that use behavioral economics
to promote healthier behavior can have a big impact. She asserted that we currently have disastrous 'defaults'
in our food system - large portions, economics that incentivize unhealthy eating, and too little healthy food.
Positively, this has recently started to slowly change with the advent of new nutrition and warning labels on
packaging. More of these changes in food 'defaults' are critical in combating the obesity crisis and Dr. Siegel
argued that soda taxes are an important and critical lever in the fight against obesity, citing evidence that a 1.5
cent per ounce tax could result in a 38% reduction in consumption. Recently, there has been a key gain of
momentum in this fight, as The American Academy of Pediatrics and American Heart Association jointly
released a policy statement calling for a reduction in sugary drink consumption. However, she cautioned that
this progress isn't uniform, pointing to Philadelphia's recent repeal of a soda tax, driven in part by lobbying
from the soda industry. Dr. Siegel concluded by maintaining that soda taxes are part of the way forward in the
fight against obesity, though they're not a silver bullet and should be used as part of a broader set of
interventions.

Symposium: Language Matters-Improving Communication in Diabetes
Care

Strategies to Improve Communication Between Patient and Provider

Jane Speight, PhD (The Australian Centre for Behavioural Research in Diabetes; Diabetes
Victoria and Deakin University, Australia)

Dr. Jane Speight brought attention to the importance of communication between people with diabetes and
their clinicians, highlighting the #LanguageMatters movement and sharing specific strategies to improve such
communication. In particular, she spoke of the value of continuity of care, noting that potential mechanisms
of its benefits include the perception of the clinician as more trustworthy and responsive, leading to greater
uptake of preventative strategies and increased patient satisfaction. Sharing data on patient communication,
Dr. Speight stated that 58% of adults with type 2 diabetes believe that "taking insulin means I failed to
manage my diabetes with diets and tablets" (Speight, 2016) and that predictors of negative attitudes to insulin
include worries about current medications, diabetes distress, and diabetes stigma (Holmes-Truscott, 2016).
Looking at young adults with type 1 diabetes, she also shared data showing that 40% had severe diabetes
distress and that 23% had not attended a clinic in the past 12 months. She data suggesting that may be due to
teens fearing judgment from clinicians who blame for not having 'textbook' diabetes. Dr. Speight highlighted
recommendations for improving communication in diabetes care, which include: be aware of the language
you use; inform, don't judge; take a holistic approach; and focus on the achievable. Closing her presentation,
Dr. Speight shared the Mytonomy #LanguageMatters video, and advised attendees to remember that
communication is likely the most frequent intervention they use in their clinical practice, and to "aim for
progress, not perfection".
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Symposium: Precision Medicine in Diabetes Mellitus

The Current State of Precision Medicine in Diabetes

Ewan Pearson, MD, PhD (University of Dundee, Scotland)

Prof. Pearson began his summary of the current state of precision medicine in diabetes by emphasizing the
importance of patient phenotype in precision medicine. By simply stratifying by BMI and sex, he explained,
different therapies can be used to maximize patient outcomes. He expounded on monogenic diabetes as the
'poster child' for precision medicine in diabetes, highlighting that this is an area where we've seen incredible
gains for patients in recent years while acknowledging that most patients don't have monogenic diabetes. Still,
for others, genetics can guide clinical decision making. Prof. Pearson cited data indicating that metformin
gives a better response in patients with reduced GLUT2 transport, sulfonylureas are metabolized 3.44 times
better in patients with the CYP2C9 gene, and 5% of patients show an ~150% response to GLP-1 agonists. Dr.
Pearson concluded his talk by reminding that audience that diabetes is not cancer, and that genetics will not
give us all the answers - but they will allow us to better predict responses to therapy.

Symposium: Too Many Patients, Too Little Time-Streamlining Practice to
Care for the Patient with Diabetes

Too Many Patients, Too Little Time-Streamlining Practice to Care for the Patient
with Diabetes

Emmanuel Dalavai, MBA, DBA (Parkland Health, Dallas, TX) and Uma Gunasekaran, MD (UT
Southwestern, Dallas, TX)

Drs. Emmanuel Dalavai and Uma Gunasekaran highlighted the importance of reducing wait times and
ensuring that patients with diabetes get the best and most efficient care possible. Dr. Dalavai emphasized that
we all spend a lot of time waiting, and often times clinics can make waiting feel less onerous by entertaining
patients with gamification, books, and education. In a case-based discussion of maximizing time with complex
patients, Dr. Gunasekaran stressed the importance of bi-directional communication, leaving decisions in the
hands of patients whenever possible, and involving other providers when necessary. In a perfect world, this is
how every visit would go; unfortunately, the pressure on providers to snatch up as many RVUs as humanly
possible and meet ever-growing patient demand makes this utopian vision seem largely unrealistic.

▪ Dr. Dalavai discussed his institution's use of Lean Six Sigma practices, including
tracking unanswered calls, wait time in both waiting room and clinic room, and
overall dwell time, with the goal of reducing the entire visit to 90 minutes. In order to
reach this goal, his team increased staffing at certain periods, accuracy in lab and billing procedure,
and use of mid-level providers and advanced access scheduling.

Symposium: Too Many Patients, Too Little Time-Streamlining Practice to
Care for the Patient with Diabetes

Models to Meet the Challenge of Diabetes Supply and Demand

Linda Siminerio, PhD (University of Pittsburgh, PA)

Dr. Linda Siminerio opened this important symposium with a description of the stark difficulties facing
primary care physicians: Providers see a patient for 10-17 minutes every 3-6 months and have to address an
average of 17 topics and 2 prescriptions while providing counseling during that time. She asserted that 99% of
diabetes is managed in primary care, where there is less access to team-based care, education, self-
management programs, and diabetes educators. In order to address these challenges, her team created the
Glucose To Goal program to increase access to diabetes education by integrating a diabetes educator in the
primary care practice team, improving coordination, and enhancing communication within the team.
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Through this intervention, participant A1c's were significantly reduced from baseline at 6 months and that
drop was largely sustained at 12 months. When stratified by baseline A1c, the greatest improvement came
from those with an A1c >9%. Despite the sustained response, A1c did tend to drift upward by the end of the 12
month study period, demonstrating the need for follow-up and continued education. To further improve
access, Dr. Siminerio's team created the Telemedication for Reach Education & Treatment (TREAT) program,
which also drove a reduction in A1c as well as improvements in behavioral and psychosocial outcomes with
high levels of patient satisfaction. Within their health system, Dr. Siminerio's team has found that diabetes is
one of the most requested diseases for telemedicine care, so they partnered with their institution health plan
to create referrals for diabetes educators in practices without access to educators and in high-risk populations.
Finally, the research team worked on a group medical visit pilot to create diabetes group visits for multiple
people at the same time. Although this resulted in a decrease in A1c, the program struggled with high rates of
no-show visits and was not sustainable despite enthusiasm from providers. Overall, Dr. Siminerio has found
that high-risk management and technology for ongoing support for follow-up have been very popular with
primary care practices. This support is greatly needed and improves A1c outcomes in diabetes care.

Questions and Answers

Q: Which programs do you think will be sustainable?

Dr. Siminerio: The good news is that the major barrier for diabetes educators is payment - deductibles and
copays. Our patients have access to educators and nurse educators all the time. Patients, providers, and
educators are loving it. At first we were told that older adults would never use technology like touch screens
for diabetes education, but it turns out that they do because it saves them a visit. That's sustainability.

Q: I think we need to understand how are physicians doing and feeling. Physicians have
empathy but not enough time to address patient concerns. We have to consider the business
model of Southwest Airlines, which values the wellbeing of employees and needs to be a focus.

Dr. Dalaval: You're spot on. I don't disagree with you. As I alluded to, we have to move from a transactional to
transformative experience. We focus on the administrative effects of productivity a lot. We also need to
improve patient and physician engagement. At the clinic level, our patient satisfaction scores have improved
in Press Ganey, which is great, but the progress is slower than we want.

Oral Presentations: Links Between Diabetes and Cardiovascular Disease

Use of Guideline-Recommended Risk-Reduction Strategies among Patients with
Type 2 Diabetes and Established ASCVD: Insights from Getting to an Improved
Understanding of Low-Density Lipoprotein Cholesterol and Dyslipidemia
Management (GOULD)

Mikhail Kosiborod, MD (Saint Luke's Mid America Heart Institute, Kansas City, MO)

Dr. Mikhail Kosiborod presented baseline results from the Getting to an improved Understanding of Low-
Density lipoprotein cholesterol and dyslipidemia management (GOULD) registry (n=1,735 with clinical
ASCVD and (i) LDL ≥70 mg/dL or (ii) on a PCSK9 inhibitor), which found that a "soberingly poor" 6% of
participants were on guideline-recommended optimal medical therapy. Optimal therapy was defined as a
high-intensity statin, an antiplatelet drug or anticoagulant, an ACE inhibitor or ARB, and among patients with
type 2, either an SGLT-2 inhibitor or GLP-1 agonist. Results were simultaneously published in Circulation. By
subgroup, only 5% of those taking a PCSK9 (n=151) were optimally treated, likely due to high-intensity statin
intolerance according to Dr. Kosiborod. This compares to 7% among those with an LDL between 70-99 mg/dL
and 5% of those with an LDL ≥100 mg/dL. Unfortunately, he noted that this is likely a "best-case scenario"
considering that practices participating in the registry likely provide a better quality-of-care than those that
don't participate. Also, while prescribed medications were documented in the medical record, there was no
ability to measure patient adherence to those medications. This said, it does appear that the vast majority of
participants were taking more than one agent, with 88% taking a statin (the other 12% were likely intolerant,
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according to Dr. Kosiborod), 87% taking an anti-platelet, 72% taking an ACE/ARB, and 71% on a beta blocker.
See graphical representations of these data below.

▪ Only 15% of type 2 patients were treated with cardioprotective SGLT-2 inhibitors or
GLP-1 agonists - and only 55% with metformin. Dishearteningly, Dr. Kosiborod labeled this
as "a typical representation of this day and age in the US." There's no doubt in our minds that so
many more could benefit from these agents, though we understand barriers exist in clinical inertia
and cost. Indeed, session chair and renowned clinical trialist Dr. Darren McGuire (SAVOR-TIMI,
TECOS, DECLARE) posited cost as the main barrier to meeting guidelines, while Dr. Kosiborod
believes clinical inertia is the primary problem. He reminded the audience that only ~10% of the
Registry received ezetimibe despite it being generic (see above). Also, fewer than half of all patients,
including in all subgroups, were receiving a high-intensity statin, despite this being their guideline-
recommended therapy. Seeing as only 55% of those with diabetes were prescribed metformin, it
would certainly appear that clinical inertia is prevalent in the registry, though we think it likely that
cost contributed at least in part to the low uptake of cardioprotective medicines. As a reminder,
overcoming therapeutic inertia in diabetes is a hot topic of late: ADA hosted a symposium on the
topic in November 2018.

▪ During Q&A, one audience member noted that these numbers should be treated as a
baseline for new guidelines, considering that the registry ran from 2016-2018 and
SGLT-2s/GLP-1s were only promoted within ADA/EASD's treatment algorithm in 2018
(though were strongly incorporated into ADA's 2017 Standards of Care). GOULD will
run for another two years, until 2020, which should give a better idea of the effect of these
guidelines. This should also give more time for expanded indications, such as lowered eGFR
thresholds for SGLT-2 inhibitors, to gain more traction, though Dr. Kosiborod noted that this effect
was negligible in this analysis.
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Oral Presentations: Making a Difference in Five Minutes - Interventions in
Diabetes for Anyone (With Richard R. Rubin Award Lecture)

Richard R. Rubin Award Lecture - #DiabetesPsychologyMatters

Frank Snoek, PhD (VU University Medical Center, Amsterdam, The Netherlands)

Dr. Frank Snoek, recipient of this year's Richard R. Rubin award, began the session by presenting findings
from his clinic's Amsterdam Model: Periodic Assessment and Discussion of Wellbeing. Rather than using
psychologists, which most people with diabetes do not see, Dr. Snoek's new model utilizes nurse specialists to
provide indirect psychological intervention. Using the Problem Areas in Diabetes (PAID) Questionnaire and
Diabetes Distress Scale with 2,966 patients, Dr. Snoek's group found that patients fell into three bins: 43% of
patients had low stress, 37% were in the moderate stress bin, and 21% had high stress. Associated with higher
levels of distress were younger age, female gender, and higher A1c. Notably, the type of diabetes (i.e. T1 vs. T2)
did not make a significant difference in stress levels. Dr. Snoek then presented studies of patients' stress levels
tracked over three years. He emphasized the need, with distress studies, to track levels over time: "One
measurement is no measurement; trends are what's interesting." From these studies, Dr. Snoek identified the
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priority group for diabetes stress interventions: the one-third of people with diabetes who had stable, high or
moderate, increasing levels of stress. Risk stratification will increasingly become an important tool in
providers' and health systems' toolboxes.

▪ Dr. Snoek belabored the need to scale psychological interventions. He described four
types of interventions: traditional face-to-face (type 1), face-to-face augmented with technology
(type 2), coach-guided interventions (type 3), and totally automated interventions (type 4). While
type 4 interventions might not be as powerful, they are the only choice for many people and Dr.
Snoek encouraged the audience to embrace technology and the Internet.

▪ Based on a study of 28,000 patients using ecological momentary assessment (mood,
stress, behavior, activity, and context tracking through an app) for 27 days,
researchers found that mood drives behaviors. This underscored one of the biggest
challenges in living with diabetes: attaining emotional wellbeing now, while also doing what is
necessary in the long-run. For this reason, behavior change and depression treatment are oftentimes
antagonistic; according to Dr. Snoek, stress interventions must be designed to be synergistic with
behavior changes.

Overcoming Psychological Insulin Resistance

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

The ever-engaging Dr. William Polonsky gave a 15-minute presentation on quick interventions to help
patients overcoming psychological insulin resistance. People with type 2 diabetes, he said, are often reluctant
to start insulin therapy. In a survey of 3,925 patients who had been recommended insulin, 30% initially
declined and only 38% of those who initially declined started insulin eventually - i.e., more than 1 in 5 who
were recommended insulin never started it. Perhaps more telling, of those 38% who started insulin
eventually, they waited an average of 2+ years after recommendation before initiating therapy. In another
survey analysis, every single patient who started insulin therapy had been provided self-care training from
their HCP, while 84% of those who did not start insulin therapy had been provided the same self-care
training. From these surveys, Dr. Polonsky identified seven obstacles to initiative insulin therapy: (i)
injection-related anxiety; (ii) perceived lack of control; (iii) low self-efficacy; (iv) a sense of personal failure;
(v) not expecting any positive gain; (vi) concerns about adverse effects; and (vii) cost. One of the biggest
obstacles, according to Dr. Polonsky, are the negative attitudes associated with initiating insulin therapy. He
pointed to images of huge and intimidating insulin needles on patient flyers and physicians threatening
patients with insulin if they couldn't make lifestyle modifications. In an international, retrospective study of
594 people with type 2 diabetes who had initially been unwilling to start insulin therapy, but eventually did,
certain HCP statements and actions regarding insulin initiation began to emerge as more helpful than others.
The most helpful HCP action for encouraging patients to immediately start insulin therapy was an in-person
demonstration of the injection process. Actions that encouraged the use of insulin beyond the first week were
explaining insulin benefits and a collaborative relationship between the HCP and patient. Dispelling myths
about insulin made a difference, but this difference fell short of statistical significance (p=0.07). Based on
these results, Dr. Polonsky presented three simple tactics for HCPs to use with their type 2 patients who were
resistant to initiating insulin therapy: (i) Perform an in-office injection of insulin; (ii) Provide patients with a
sense of control by asking them to try insulin for just one month; and (iii) Address any personal obstacles and
misbeliefs patients have about insulin therapy.

Management of Diabetes Burnout

Susan Guzman, PhD (Behavioral Diabetes Institute, San Diego, CA)

Behavioral Diabetes Institute's (BDI) Dr. Susan Guzman used the story of one of her patients as a case study
to frame three strategies she found effective to address diabetes burnout. She framed diabetes management as
a full-time job that you didn't want and you have to pay to do it (and, we'd add, you don't get any PTO!). Dr.
Guzman described "Mike," a 51-year-old recently retired police officer. Mike was diagnosed with type 2
diabetes three years before he visited the Behavioral Diabetes Institute. Despite Mike's already intense
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exercise regimen (12 hours per week), Mike's doctor asked him to exercise even more. He added even more
exercise and changed his eating habits. Still a year later, his A1c was at 12.9% and he started on Victoza,
Jardiance, metformin, Welchol (colesevelam), and Ramipril (ACE inhibitor). As Mike described himself, he
was "a picture of diabetes burnout." By the time Mike appeared at BDI, he felt an "overwhelming sense of
failure" and he "just didn't care anymore." Dr. Guzman's first strategy for managing burnout was to provide
personalized, evidence-based hope. She emphasized the incredible power hope could have for a person. Just
saying, "With some care and effort, you can live a long and healthy life with diabetes," restored some of Mike's
hope and willingness to take control of his health again. However, Dr. Guzman's second strategy was to
establish realistic expectations. She expressed the need for expectations to be personalized and realistic.
While moving someone's A1c from 12% to 9% may not fall into the ADA's guidelines for reversing diabetes, it
would still be a great success. Dr. Guzman's third strategy was setting goals that were "healthy good enough."
These would be goals that were ambitious but realistic, allowing for experimenting and mistakes. These
strategies greatly helped Mike, as his A1c has since dropped to 7.4%. For Mike, the most important thing was
"getting to that content level, with goals that were achievable, and where his doctors and his family and he
would be pleased."

Oral Presentations: Teens with Diabetes-Intervention, Assessment, and
Understanding

A Randomized Controlled Trial to Improve Self-Monitoring of Blood Glucose
among Youth with Type 1

Julie A. Wagner, PhD (University of Connecticut, Farmington, CT)

Dr. Julie Wagner presented an interesting pilot study whose results suggest that monetary compensation
successfully incentivizes greater SMBG frequency in adolescents with low baseline frequency and high A1c,
but positive effects may not sustain after the rewards are withdrawn. After a two-week run-in, the
Connecticut-based researchers divided 60 type 1 adolescents ages 12-19 with baseline A1cs between 7.5%-13%
and <4 BG checks per day into two groups: enhanced usual care (educational session) or reinforcers
(educational session + financial incentives). Those in the reinforcers group were rewarded for fingersticks,
uploading data, completing pattern recognition forms, and reviewing results with HCPs. Over $1,000 was
available to the reinforcement group over 24 weeks before incentives were halted, i.e. a mean of $33 per
participant; SMBG frequency and A1c were compared at 6, 12, 24, and 36 weeks. While participants in the
control arm saw the proportion of days with ≥4 SMBGs decrease over time from a 23% at baseline, percent of
days with ≥4 SMBGs shot up from 15% at baseline to 64% at six weeks in the incentivized group. The
incentives group still tested more than the control group at 12 and 24 weeks, though the proportion of days
with ≥4 SMBGs dropped to 38% by week 24. A1c dropped from 9.5% at baseline to 9% at weeks 6 and 12 in
the incentives arm; in the control arm, baseline of 9.2% remained constant at week six and rose to 9.6% by
week 12. Between-group A1c differences were no longer significant at weeks 24 and 36. Overall, we'd
characterize the results from this study as neutral; monetary rewards seem to incentivize greater SMBG
frequency at first, though the effect wanes over time and the A1c differences had disappeared by week 24,
despite the fact that rewards were still in play. It's possible that the reward simply wasn't strong enough
(~$33 per person?) to show sustained impact, though we'd bet a higher (but still reasonable sum) wouldn't
have made a huge difference in this population. The CITY study showed that CGM can be beneficial in a
similar age group, and we also wonder if the researchers would be more successful making the outcome -
rather than the process - part of the game. That is, grant incentives for a greater number of in-range BG
checks in addition to frequency of checks, similar to Medtronic's Inner Circle program.

Questions and Answers

Q: Were participants making their own treatment adjustments during the time they were
reinforced or were they relying on advice from care providers?
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Dr. Wagner: That's an important point - we were only reinforcing for SMBG as we know that this is important
but not sufficient and we really tried to think about how to get them to correct. That's really what we want and
we didn't do that. So the short answer is they were making those decision on their own.

Policy, Epidemiology, and Education Poster Highlights

Title Important Details
High Health-Care Utilization (HCU) and

Costs Associated with Diabetes Mellitus

(DM) and Nonalcoholic Fatty Liver

Disease/Nonalcoholic Steatohepatitis

(NAFLD/NASH) in Medicare Patients

▪ A retrospective, observational cohort study of a 20%

sample of US Medicare fee-for service coverage from

CMS databases found that NASH patients with

diabetes had high annual healthcare costs (ranging

from $22,000 to $140,000 per year), with inpatient

care as a primary driver.

▪ Costs significantly increased with more severe liver

disease and comorbid diabetes: $21,989 with

NAFLD/NASH alone (n=100,098), $28,554 with

compensated cirrhosis (n=2,412), $80,552 with

decompensated cirrhosis (n=41,806), and $140,287

with liver transplant (n=338). In all groups, costs

were significantly higher when diabetes was also

present (p<0.001) than when not.

▪ Across all liver disease states, CV disease,

hyperlipidemia, hypertension, and renal impairment

were all significantly more prevalent (~10-15% more

common) in those with diabetes than without

diabetes (p<0.05 for all).

▪ Altogether, these costs provide a strong economic

analysis for earlier prevention of chronic disease in

older populations, and we wonder how, if at all, they

influence the priorities of Medicare as a whole.

Authors noted that action needs to be taken soon,

considering that the projected future increase in the

prevalence of diabetes and NASH is likely to have a

profound impact on healthcare resource utilization

and costs in the US.

Final Outcomes of a 5-Year National

Effort to Increase Awareness,

Availability, Referrals, and Coverage for

the CDC-Recognized Diabetes

Prevention Programs and DSMES

Programs

▪ A CDC analysis demonstrating improved access to

and uptake of nationally accredited diabetes self-

management education and support (DSMES) and

diabetes prevention programs (DPPs) after a five-year

national campaign including a push for broader

coverage, patient and provider educational materials,

convened stakeholders, and social/traditional media

advertisements.
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▪ The number of DSMES programs has grown from 511

to 3,650 over five years, and the number of Medicaid

beneficiaries who have DSMES as a covered benefit

has nearly tripled from baseline (1.3 to 3.4 million).

Despite this, the number of people participating in

these programs has only increased by ~18,000, to ~1

million.

▪ 44% of healthcare systems now have policies to refer

those at high risk for type 2 diabetes to accredited

DPPs, up from 27% at baseline. Medicaid access has

slightly improved from 1.3 million beneficiaries to 1.4

million. 156,354 people meeting the criteria for a DPP

enrolled during the national campaign. For scale, as

of AADE 2018, the total number of National DPP

enrollees had grown to nearly 235,000.

NAFLD/NASH

Oral Presentations: Mechanisms of Hepatic and Extrahepatic Insulin
Action in Humans

Pioglitazone Discontinuation in Patients with Nonalcoholic Steatohepatitis
(NASH) Is Associated with Disease Recurrence

Fernando Bril, MD (University of Florida, Gainesville, FL)

University of Florida's Dr. Fernando Bril shared an intriguing, long-term study (n=63) suggesting that
pioglitazone discontinuation may lead to NASH recurrence (see the Diabetes Care publication). In the 3-year
study pioglitazone rapidly normalized ALT and AST levels, two markers for NASH/liver damage.
Compellingly, this reduction was also seen in the placebo arm once open-label pioglitazone use was allowed at
the 18-month mark. However, once therapy was discontinued at month 36, enzyme levels climbed in both
groups. These results add to an ever-growing armamentarium of evidence suggesting NASH benefit with
pioglitazone which, Dr. Bril added, can be rationalized mechanistically. Referencing a paper from himself and
Dr. Ken Cusi (also bullish on pioglitazone, as are Drs. Jay Skyler and Robert Eckel) from 2016, he
hypothesized that the reduction TZDs give in lipolysis redistributes fat from liver and muscle back to
adipocytes (explaining the weight gain seen with the class), thereby decreasing insulin resistance (see below
for a visual representation). The key clinical implication of this work, according to Dr. Bril, is that pioglitazone
treatment for NASH must be considered a chronic regimen.

▪ Pioglitazone faces several barriers preventing its widespread penetration into NASH
treatment, namely that many providers are unaware of its efficacy in NASH, or they feel
uncomfortable prescribing what they assume to be exclusively a diabetes drug ("let's leave that to the
endocrinologists"). We would also add continued baggage and misunderstanding surrounding the
CV effects of PPAR agonists. For what's to come in NASH, see our competitive landscape here.

▪ A recently-published study by Drs. Bril and Cusi suggests that pioglitazone is a more
effective NASH therapy than vitamin E, which has also been identified as a potential,
cheap option based on the PIVENS and TONIC studies. At least in people with type 2
diabetes, no additive benefit is seen across studies with vitamin E on top of pioglitazone, though
there does appear to be significant benefit on its own. Considering that vitamin E has been
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associated with increases in all-cause mortality, prostate cancer, and stroke, its use is somewhat
contentious within the NASH community. That said, it also appears to be, along with pioglitazone
and GLP-1 agonists, one of the few potentially efficacious, currently-available therapies in terms of
NASH resolution, and even compared to the few phase 3 therapies vying for the first NASH
indication (below).
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Oral Presentations: Interventions on Prediabetes/Nonalcoholic Fatty Liver
Disease/Nonalcoholic Steatohepatitis

A series of oral presentations featured five NASH-related studies; three reviewed data from approved diabetes
drugs (dapagliflozin, empagliflozin, TZD), one from a drug in phase 3 for NASH (cenicriviroc), and one, from
Lilly, presenting liver data on tirzepatide, currently under development in diabetes with announced plans for
a phase 2 NASH study to start this year. Both dapagliflozin and empagliflozin were evaluated in 24-week
studies of type 2 patients with NAFLD. Dr. Yoshimasa Aso (Dokkyo Medical University) concluded that
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dapagliflozin improves liver steatosis in parallel with a decrease in liver enzymes, and also attenuates liver
fibrosis (measured via Fibroscan imaging) - more on that just below. Dr. Sabine Kahl (German Diabetes
Center) demonstrated that empagliflozin reduced liver fat (via MR imaging). In both studies, weight loss
could account for the positive results. Dr. Cusi presented data on a novel insulin sensitizer (PPAR agonist)
"with minimal PPAR-gamma activity maximized form mitochondrial pyruvate (MPC) modulation." In interim
(6 month) data from a 12-month NASH study (n=402) with liver biopsy, MPC modulation seems to improve
multiple metabolic measures of type 2 and NASH, while reducing insulin resistance and avoiding peripheral
edema, a TZD side effect. Final data is expected later this year. Dr. Mark Hartman of Eli Lilly presented data
from tirzepatide's (dual GIP and GLP-1 agonist) diabetes trial, which are promising for NASH. Tirzepatide
had a positive effect on apoptosis, fibrogenesis, and inflammation markers; again, weight loss could be a
confounding factor. Finally, Dr. Andrea Coviello of Duke presented data from Allergan's phase 2b CENTAUR
trial of cenicriviroc, specifically the antifibrotic effects which supported its subsequent phase 3 registration.

Effects of Dapagliflozin, an SGLT2 Inhibitor, on Hepatic Steatosis and Fibrosis
Evaluated by Transient Elastography in Patients with Type 2 Diabetes and
Nonalcoholic Fatty Liver Disease

Yoshimasa Aso, MD (Dokkyo Medical University, Tochigi, Japan)

After learning more about the potential for SGLT-2 inhibitors in NASH at WCIRDC 2018, we were excited to
hear new research into the possible therapeutic benefit of SGLT-2s in combating this ever-growing disease.
Dr. Aso opened his talk by highlighting the importance of NASH/NAFLD in diabetes, citing NHANES data
indicating that diabetes was the strongest predictor of advanced fibrosis in patients with NALFD. He then
presented data from a 24-week trial of 60 patients with type 2 diabetes and NAFLD in two arms - aggressive
non-SGLT-2 inhibitor treatment in one arm and the same aggressive treatment plus AZ's Farxiga
(dapagliflozin) in the other. The Farxiga group saw significant decreases in A1c (p<0.0001), HOMA-IR
(p=0.0077), HMW adiponectin (p=0.0002), ALT (p<0.00001), GGT (p=0.003), and CAP score (p=.0424),
while there were no significant decreases in any of these measures in the control group. There was also a small
decrease in liver stiffness in the Farxiga group (p=0.0479 vs. control group). Notably, Dr. Aso emphasized
that there were no changes in fibrosis biomarkers or indexes (Fib-4 or NAFLD score, etc.) in the Farxiga
group and that more research is needed to determine whether there is any protective benefit.

Symposium: Nonalcoholic Steatohepatitis (NASH)-The Overlooked
Complication of Type 2 Diabetes

Dr. Michael Roden (Dusseldorf) chaired the first of two consecutive sessions featuring NASH. The
symposium, "NASH - The Overlooked Complication of Type 2 Diabetes", attracted a packed crowd to one of
the Moscone Center's largest rooms. Dr. Zobair Younossi began by offering "A Practical Review of Current
Approaches" in NASH diagnosis. Using data generated by a number of studies, including NASH trials with
biopsies, Dr. Younossi introduced a cost-effective algorithm comprised of fibrosis scores, liver stiffness
measurements, and serum fibrosis tests to stratify patients into Low, High, and Indeterminate risk classes for
NASH. Dr. Elisabetta Bugianesi (Milan) followed with "Impact of NASH in Type 2 Diabetes - Fact or Fiction?
Should We Screen for NASH in Patients with Diabetes?" Dr. Bugianesi presented data suggesting 55% of
patients with type 2 have NAFLD, a precursor to NASH, and that 37% have NASH. The burden of liver disease
is also increasing dramatically, with end stage liver disease projected to increase 165% by 2030 (from 2015),
reaching over 100,000 cases per year and accounting for over 75,000 deaths annually. Current US liver
society guidance supports screening for NAFLD in patients with obesity, metabolic syndrome, or type 2; the
major European societies only recommend screening for patients over 50 with type 2 or metabolic syndrome.
This symposium concluded with Dr. Kenneth Cusi (U of Florida and "Treatment - Are We There Yet? Current
and Upcoming Treatment Approaches"). Dr. Cusi's perspective was evident from the heading of his first slide,
"Treatment of NAFLD: A Call to Action." He directly compared NASH to diabetic nephropathy in the 1980's
and osteoporosis in the 1990's as a previously under-recognized condition associated with type 2 that needs
treatments; however, unlike nephropathy and osteoporosis, NASH does not have a simple disease marker. His
emphatic response to the rhetorical question of "Why diagnose if there are no pharmacological treatments"
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was to review the major non-pharmacological option (weight loss - very effective if at least 7% and ideally 10%
of body weight, but only 10% of patients achieve this in studies), advocate for stronger AASLD endorsement of
pioglitazone (Dr. Cusi and Dr. Ralph DeFronzo have published, both separately and together, on the long-
term efficacy of pioglitazone in NASH for selected patients), and outline the potential of drugs currently under
clinical development for NASH. All three presentations were explicit about the need for greater coordination
between diabetes and liver specialists. (We do not believe that primary care physicians are generally aware of
NASH risks, and we wonder how quickly endocrinologists refer at-risk NASH patients to liver specialists.)

NAFLD/NASH Poster Highlights

Title Important Details
Cenicriviroc Safety in over 1,200

Subjects
▪ A collated safety analysis of phase 2 trials for

Allergan's CCR2/CCR5 inhibitor cenicriviroc

(CENTAUR and two studies in HIV-1 infected

subjects). The primary conclusion was that

cenicriviroc demonstrated good safety and

tolerability, as it did not increase the risk of

treatment-emergent adverse events compared to

placebo.

▪ As a reminder, cenicriviroc demonstrated no

improvement in the primary endpoint of NAFLD

Activity Score in an interim analysis from CENTAUR.

However, Allergan progressed the candidate to the

phase 3 AURORA trial in F2-F3 fibrosis recruiting

with primary completion expected October 2021

(pushed back from July 2019 and Sept. 2020).

Authors of this paper note that these safety and

tolerability results also support that move.

Antifibrotic Effect of Combination

Dapagliflozin and Metformin Therapy in

Patients with Type 2 Diabetes Mellitus

and Nonalcoholic Fatty Liver Disease

▪ A non-randomized, single treatment study of 45

people with diabetes and NAFLD out of UT San

Antonio (featuring Dr. Ralph DeFronzo) found that

co-administrated SGLT-2 inhibitor dapagliflozin

(Farxiga) and metformin reduced the liver enzyme

ratio AST/ALT (associated with NAFLD/NASH) from

0.83 to 0.74 over 16 months. Alongside this reduction

came slight improvements in A1c (7.17% to 7.05%)

and BMI (31.04 kg/m to 29.55 kg/m ).22

▪ Notably, dapagliflozin/metformin also decreased the

NAFLD scale among participants (-0.941 points to

-1.61, p<0.001), and the number of patients with mild

liver fibrosis increased from 8 (27.6%) to 21 (64.9%).

▪ Several opinion leaders have also expressed interest

in SGLT-2 inhibitors for NASH, and we're glad to see

research groups carrying this momentum forward,
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especially considering that there are no approved

therapies for this very prevalent disease.

GLP-1RA and iSGLT2 Combination

Treatment Effects over Fatty Liver Index
▪ A registry study out of the Diabetes, Obesity, and

Nutrition Spanish Working Group found that co-

administration of GLP-1 agonists with SGLT-2

inhibitors improved the Fatty Liver Index (FLI; a

combination of triglycerides, gamma glutamyl-

transpeptidase, waist circumference, and BMI) in

those with type 2 diabetes over 26 weeks. These

results hardly come as a surprise, considering that the

components of the FLI are right in the wheelhouse of

both novel therapies.

▪ Significant reductions in FLI, BMI, waist

circumference, weight, fasting plasma glucose, and

A1c were found regardless of whether one therapy

was started before another, or they were started

concomitantly.

Award Lectures and Additional Topics

President's Address

President, Health Care & Education Address-It's All about Access!

Gretchen Youssef, MS, RDN, CDE (MedStar Health, Columbia, MD)

CDE extraordinaire Ms. Gretchen Youssef received this year's Outstanding Educator in Diabetes Award,
focusing her award lecture on the ongoing policy battles for improved access to diabetes care. Starting with
her childhood best friend, who tragically passed away in her early 30s due to complications of type 1 diabetes,
Ms. Youssef has worked with countless people with diabetes. From all this experience, she surmised that in
diabetes "access is everything" - specifically access to prevention services, prescription medications, programs
for diabetes education, and providers. To this end, Ms. Youssef highlighted two of the ADA's biggest policy
battles to improve healthcare access for people with diabetes: Insulin affordability and expanding the
availability of diabetes self-management training (DSMT).

▪ On insulin affordability, Ms. Youssef championed the efforts of ADA's Insulin Access and
Affordability working group. Lobbying from this organization and others has spurred 12 federal
hearings on insulin affordability to date, including stakeholders ranging from diabetes thought
leaders to PBMs and manufacturers. The importance of this issue is difficult to overstate. Ms.
Youssef contextualized that this is an issue that affects 7.4 million Americans using insulin - 24% of
whom fall below the federal poverty level and are particularly susceptible to rising prices for this
essential medication. While transparency in the insulin pricing process and permanent solutions for
affordability are not yet a reality, 2019 has seen great strides in the right direction.

▪ On DSMT, Ms. Youssef highlighted the newly-introduced Expanding Access to DSMT Act - a bill
submitted to Congress in March 2019 that would remove co-pay costs and deductibles associated
with DSME services, allow such services to be provided in a community-based location, allow a
wider range of healthcare providers to refer patients to DSMT services, and pave the way for future
Medicare coverage of virtual DSMT programs. At present diabetes education programs are "grossly
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underutilized", with only 7% of people on commercial insurance and 5% of Medicare beneficiaries
taking part. This stands in stark contrast to Ms. Youssef's vision that people be referred for diabetes
education at diagnosis, annually, when new complicating factors arise, and when new transitions in
care occur.

Award Lectures

Banting Medal for Scientific Achievement - "Treasure Your Exceptions" - Studying
Human Extreme Phenotypes to Illuminate Metabolic Health and Disease

Stephen O'Rahilly, MD (University of Cambridge, UK)

This year's Banting award lecture was standing-room-only, and for good reason: Cambridge's Prof. Stephen
O'Rahilly shared key insights from his research on genes implicated in metabolic dysfunction, which could
serve as the foundation for next-generation diabetes/obesity therapies. He discussed GDF15 (growth
differentiation factor 15) as one example. This gene codes for a protein that suppresses food intake and
thereby promotes weight maintenance or weight loss. It's been used to trigger conditional taste aversion, and
typically appears in higher concentration after a prolonged high-fat diet. Dr. O'Rahilly suggested that lack of
GDF15 may predispose someone to greater weight gain on a high-fat diet. At the very least, this protein is
"certainly worthy of further exploration as an anti-obesity agent." He went on to show unpublished data from
a study investigating the interaction between GDF15 and metformin. In the simplest terms, metformin seems
to elevate circulating GDF15, which corresponds to an individual's magnitude of weight loss. On the flip side,
metformin is unable to prevent weight gain in a GDF15 knockout mouse. Dr. O'Rahilly explained that
metformin's ability to enhance insulin sensitivity also depends on GDF15, and he concluded that there's major
potential for a metformin/GDF15 prediabetes intervention. We were inspired by this forward-thinking lecture
and are eager to see Dr. O'Rahilly's research transformed into clinical-stage therapeutics. For more on GDF15
and its role in metabolic disease, see Dr. O'Rahilly's recent publication in Cell Metabolism.

▪ "Discussions on obesity are often simplistically focused on calories in, calories out. But our research
suggests that the size of the bath varies greatly within individuals. Adipose storage capacity is
strongly genetically determined, and has a major role to play on energy balance and whether the
body can handle it or whether it's re-routed to the liver and muscle, causing fatty liver and insulin
resistance." We loved this quote from Dr. O'Rahilly's talk, and indeed, one important takeaway from
his research is that there's a powerful genetic basis underlying obesity and type 2 diabetes. We need
more scientists to share their views in the fight against obesity- and diabetes-related stigma.

Outstanding Educator in Diabetes Award Lecture: The Most Important Thing We
Give to People Is Hope - Overcoming Stigma in Diabetes and Obesity

Virginia Valentine (Clinica La Esperanza, Albuquerque, NM)

The respected and inspirational Ms. Virginia Valentine was given the Outstanding Educator in Diabetes
Award, and she took the opportunity to ground the audience, reminding them that the greatest thing anyone
can give someone with diabetes is hope. Referencing a survey (n=12,000) by diabetes market research group
dQ&A, Ms. Valentine established the pervasive presence of stigma in diabetes, felt by 76% of those with type 1
diabetes and 52% with type 2. Strongly linked to depression, shame, embarrassment, and isolation, the stigma
associated with diabetes can warp the self-perception of diabetes into a character flaw or failure, hindering
self-care and diabetes management in a suffocating negative feedback loop. We must improve. First, Ms.
Valentine encouraged attendees to acknowledge the implicit biases through which we all view the world. For
example, Asian Americans have a 34% lower chance of being screened for diabetes compared to white
Americans and, subsequently, a much larger undiagnosed population, potentially stemming from a stereotype
that all Asians Americans are thin and healthy. We must also re-frame our expectations for those with
diabetes, approaching them with the expectation that they will be able to achieve optimal health and
acknowledging the hard work that is required every day to manage diabetes, rather than beginning with
preconceived notions of failure or laziness. And of course, we must clean up our language to remove all blame
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and shame from diabetes. By using person-first, strengths-based language, as put forth by another great
diabetes educator, Dr. Jane Dickinson, Ms. Valentine concluded that stigma is "100% curable" - an uplifting
ending to an inspirational talk.

Kelly West Award Lecture: Improving Outcomes-Translating Epidemiology to
Clinical Trials

Elizabeth Mayer-Davis, PhD (The University of North Carolina, Chapel Hill, NC)

University of North Carolina's Dr. Elizabeth Mayer-Davis received this year's Kelly West Award, which honors
outstanding achievement in diabetes epidemiology. In her award lecture, Dr. Mayer-Davis explained that her
career has been defined by synergy between observational epidemiology and clinical trials. She specifically
highlighted the landmark SEARCH for Diabetes in Youth study, whose epidemiological insights directly
inspired three of the clinical trials she has led: The Tribal Turning Point study to prevent obesity and type 2
diabetes in Native American youth, the FL3X study of behavioral interventions for adolescents with type 1
diabetes, and a forthcoming study on weight regulation in type 1 diabetes by ACT1ON (Advancing Care for
Type 1 Diabetes and Obesity Network). We applaud Dr. Mayer-Davis for this achievement, and her enormous
contributions to research across the spectrum of diabetes care.

▪ The Tribal Turning Point study was borne from the SEARCH finding pointing to a
disproportionately large increase in the incidence of adolescent type 2 diabetes within the Native
American community. In order to assess whether diabetes education can help break this troubling
trend, Tribal Turning Point enrolled Cherokee and Navajo youth (n=62) at risk for developing
diabetes, exposing them to a DPP-like intervention emphasizing education on healthy eating and
physical activity in a culturally-sensitive manner. The intervention produced a significant beneficial
effect after just an 8 month pilot period, yielding a significant decrease in BMI and waist
circumference.

▪ The FL3X study aims to address poor glycemic control in the pediatric population. It was inspired by
an expansion of the SEARCH study, SEARCH 3, which unveiled the presence of diabetes
complications among youth with diabetes (both type 1 and type 2) - including DKD, retinopathy,
peripheral neuropathy, cardiac autonomic neuropathy, arterial stiffness, and hypertension. In order
to assess whether behavioral intervention can improve outcomes for adolescents with poorly-
controlled diabetes at risk of developing such complications, FL3X exposed adolescents to a diabetes
self-management education program with an emphasis on problem solving skills training and
motivational interviewing. Despite near-perfect participant retention (97%) and very high-quality
data collection and follow-up, there was no improvement in A1c with the behavioral intervention
after 18 months. However, a follow-up study investigating participants' goal-setting behaviors
revealed that participants who set CGM-related goals experienced a 1.3% drop in A1c by the end of
the trial, vs. a 0.3% rise in A1c for those who set blood glucose-related goals. This hints that better
integration of CGM into self-management education could help people in this age group get more
out of this training.

▪ ACT1ON's forthcoming study is designed to establish a scientific foundation for behavioral
interventions that improve glycemic control and weight management for young adults with type 1
diabetes - who, as SEARCH data reveals, have the same high rates of overweight and obesity as the
general, non-diabetes population. Overweight and obesity confer further CV risk in addition to the
existing elevated risk from type 1 diabetes, so interventions that addresses both weight management
and diabetes management are sorely needed. ACT1ON's 18-month pilot study will be two-fold: One
aim is to use metabolic chamber techniques to evaluate energy balance and flexibility in type 1
diabetes to inform caloric intake goals; the other is to inform potential counseling strategies,
particularly around dietary responses to hypoglycemia.
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Norbert Freinkel Award Lecture: Translating Research on Diabetes and Obesity in
Pregnancy into Prevention

Assiamira Ferrara, MD, PhD (Kaiser Permanente Northern California, Oakland, CA)

Delivering the Norbert Freinkel Award Lecture, Dr. Assiamira Ferrara outlined the cyclic nature of diabetes
and obesity as it relates to gestational diabetes (GDM), describing the impact of GDM on a fetus, from
macrosomic infancy to adulthood obesity - meaning the cycle of obesity begins to repeat itself during
pregnancy. Dr. Ferrara argued that the an important way to break this cycle is to identify more diagnostic
criteria for GDM. In the past, National Diabetes Data Group values were used to define GDM, but Dr. Ferrara
characterized the A1c cutoffs as problematic. She called for a concerted effort to define the true prevalence of
GDM, to help drive better implementation of lifestyle interventions to prevent more cases of GDM and
subsequent type 2 diabetes. As gestational weight gain can lead to postpartum weight retention and an
increased risk of progression to type 2, Dr. Ferrara recommended use of Diabetes Prevention Program (DPP)-
based diet, exercise, and breastfeeding intervention programs. Importantly, the DEBI study found that
lifestyle intervention led to more frequent achievement of postpartum weight goals, and the GEM trial (which
included letters about pregnancy, postpartum workbooks, and 13 telephone sessions led by nurses) also
showed benefit on achieving both Institute of Medicine guidelines for weekly gestational weight gain and
postpartum weight goals. However, she mentioned, these studies do contain gaps; for example, the treatment
of GDM has not been shown to prevent child obesity if implemented during the third trimester. Dr. Ferrara
suggested moving forward with studies that take genetics, microbiomes, metabolomics, and environmental
factors into account to further understand the etiology of childhood obesity that may begin in utero. Studies
like these have the potential to create more targeted strategies to prevent childhood obesity.

Outstanding Scientific Achievement Award Lecture: Obesity and the Biology of
Weight Regulation

Sadaf Farooqi, PhD (University of Cambridge, UK)

Dr. Sadaf Farooqi presented this year's Outstanding Scientific Achievement award lecture, sharing the latest
evidence on the genetics of severe obesity. After opening with a discussion on the heritability of BMI, Dr.
Farooqi shared the discovery of human congenital leptin deficiency and leptin's regulation of the
melanocortin pathway in the hypothalamus. She emphasized that many of the genes involved in severe
obesity disrupt leptin signaling, with MC4R mutations representing the most common genetic form of
obesity. In highlighting stratified therapeutic approaches to genetically-characterized severe obesity, Dr.
Farooqi mentioned MC4R agonists, recombinant leptin (licensed in UK), as well as GLP-1 agonists and roux-
en-Y bypass surgery. She also shared findings from the mapping of gene networks, though she noted that the
majority of genes involved remain unexplained. Specifically, she highlighted the genes SEMA3 (obesity-
associated variants disrupt molecular mechanisms in the hypothalamic-melanocortin circuits), SIM1 and OTP
(which are also involved in autistic behavior), and BDNF and TrkB (which are also involved in hyperactivity).
Dr. Farooqi pointed out this interesting link between obesity, anxiety, social interaction, and aggression,
noting that these gene variants likely disrupt neural circuits linking the hypothalamus, hippocampus, nucleus
accumbens, and ventral tegmental area. In addition, Dr. Farooqi shared the importance of studying thinness
to find drug targets for obesity, highlighting the STILTS (Study Into Lean and Thin Subjects) cohort, which
currently has a population of 3,600 with a BMI ≤18 kg/m . Genes PIGZ and C3orf38 have already been2

identified to be associated with thinness. In summary, Dr. Farooqi emphasized that genetic studies have
demonstrated that severe obesity can be viewed as a neurobehavioral disorder caused by disruption of
hypothalamic circuits involved in appetite regulation, which challenges societal stigma as well as concerns
about parental neglect. She noted that clinical guidelines now recommend genetic testing for severe childhood
onset obesity, a sign of the newfound clinical importance of this knowledge. Moving forward, genetic studies
and mechanism-based therapeutic approaches for obesity subtypes can be promising for drug development
and we look forward to closely watching the MC4R agonists' progress through the pipelines.

▪ Dr. Farooqi shared data showing that MC4R signaling is involved in the regulation of
blood pressure. Specifically, MC4R deficient individuals have lower rates of hypertension and
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lower systolic blood pressures. In this discussion, she mentioned Lilly's MC4R agonist LY2112688,
which showed consistent results with increases in blood pressure. Additionally, Dr. Farooqi touched
on Rhythm Pharmaceuticals' second-generation MC4R agonist setmelanotide, which demonstrated
weight loss in POMC deficiency, LEPR deficiency, and a subset of patients with MC4R deficiency.

Richard R. Rubin Award Lecture - #DiabetesPsychologyMatters

Frank Snoek, PhD (VU University Medical Center, Amsterdam, The Netherlands)

Dr. Frank Snoek, recipient of this year's Richard R. Rubin award, began the session by presenting findings
from his clinic's Amsterdam Model: Periodic Assessment and Discussion of Wellbeing. Rather than using
psychologists, which most people with diabetes do not see, Dr. Snoek's new model utilizes nurse specialists to
provide indirect psychological intervention. Using the Problem Areas in Diabetes (PAID) Questionnaire and
Diabetes Distress Scale with 2,966 patients, Dr. Snoek's group found that patients fell into three bins: 43% of
patients had low stress, 37% were in the moderate stress bin, and 21% had high stress. Associated with higher
levels of distress were younger age, female gender, and higher A1c. Notably, the type of diabetes (i.e. T1 vs. T2)
did not make a significant difference in stress levels. Dr. Snoek then presented studies of patients' stress levels
tracked over three years. He emphasized the need, with distress studies, to track levels over time: "One
measurement is no measurement; trends are what's interesting." From these studies, Dr. Snoek identified the
priority group for diabetes stress interventions: the one-third of people with diabetes who had stable, high or
moderate, increasing levels of stress. Risk stratification will increasingly become an important tool in
providers' and health systems' toolboxes.

▪ Dr. Snoek belabored the need to scale psychological interventions. He described four
types of interventions: traditional face-to-face (type 1), face-to-face augmented with technology
(type 2), coach-guided interventions (type 3), and totally automated interventions (type 4). While
type 4 interventions might not be as powerful, they are the only choice for many people and Dr.
Snoek encouraged the audience to embrace technology and the Internet.

▪ Based on a study of 28,000 patients using ecological momentary assessment (mood,
stress, behavior, activity, and context tracking through an app) for 27 days,
researchers found that mood drives behaviors. This underscored one of the biggest
challenges in living with diabetes: attaining emotional wellbeing now, while also doing what is
necessary in the long-run. For this reason, behavior change and depression treatment are oftentimes
antagonistic; according to Dr. Snoek, stress interventions must be designed to be synergistic with
behavior changes.

Symposium: Major Advances and Discoveries in Diabetes-The Year in
Review

Clinical Advancements in Diabetes over the Past Year

Dan Drucker, MD (Lunenfeld-Tanenbaum Research Institute, Toronto, Canada)

A tour-de-force presentation from the great Dr. Dan Drucker tackled major clinical advancements in diabetes
over the past year. While there are many - which Dr. Drucker was truly enthusiastic about - we also noted his
urging the audience to focus more on and invest in implementation science. In his words and in the context of
the REWIND CVOT, "What always nags at me is that even in a study where the drug is provided for free, a lot
of people are stopping the drug and not always doing what they should. This is a real problem with all
diabetes drugs, but especially with GLP-1s…Our attention is focused on the newest and best drugs, but we
really need to work on implementation science, follow through on persistence and adherence, and reinforce
the importance of taking medications." This was a truly standout presentation to a large, packed room, and we
continue to be impressed by Dr. Drucker's balance of scientific and clinical insight - read through his most
notable comments below.
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▪ Diabetes remission. Tipping his hat to the DiRECT study, Dr. Drucker seemed excited about the
quality of evidence emerging that significant weight loss can indeed cause remission of type 2
diabetes. As he tells it, HCPs for years had case reports of patients losing weight and being able to
stop certain medications, but having quality data out to two years - with the intervention now being
rolled into a larger implementation study - is key. Per Dr. Drucker, "We need to be more aggressive
about discussing this with the patients and offering it way before medication." He also pointed to
recently-released two year data from Virta (note: not an RCT), "We can't ignore these results. This
kind of data is very competitive with what we see with many medications."

▪ Type 1 diabetes. Dr. Drucker highlighted brand-new data on teplizumab for type 1 prevention.
Labeling it a "breakthrough" - very positive phase 2 data in people at high risk for type 1 were
presented on Sunday - Dr. Drucker had a fascinating exchange with session chair Dr. Jay Skyler (an
expert in type 1 prevention) about the implications of these results. Dr. Skyler was enthusiastic
about the momentum positive results would create, but pointed to the need to try more things, as
there's still meaningful appearance of type 1 diabetes in the treated group. In his view, it raises a
similar dilemma as that seen in CVOTs: Can you still ethically do a placebo-controlled RCT, and how
do you show benefit against something that works? Dr. Drucker also raised the issue of
immunosuppression, which some people question the use of in young people. To this point, Dr.
Skyler emphasized that the side effects of immunosuppression only appeared while participants
were actively suppressed (for two weeks), and there was no evidence of long-term harm over the five
years of study.

▪ CVD management. In a less obvious choice, Dr. Drucker cited a paper using data from the
Swedish National Registry showing that aggressive risk factor management in type 2 brings residual
risk "almost back down to normal." This goes against conventional wisdom that diabetes is a
cardiovascular risk equivalent - "We love tech and new medications, but there's nothing better than
controlling weight, blood pressure, and cholesterol." Additionally, Dr. Drucker pointed to the
ASCEND study of aspirin in type 2 diabetes (ESC 2018) showing that a clear benefit on vascular
events is balanced against an increased risk of bleeding; as such, its use in primary prevention for
diabetes should be individualized. Finally, he noted REDUCE-IT CVOT results for Amarin's
Vascepa, which came against a backdrop of mixed results from prior fish oil studies.

▪ Outcomes trials. Seven outcomes trials specifically in diabetes have read out in the past year, and
five ahead of Dr. Drucker's presentation. Perhaps most notably, Dr. Drucker addressed the just-
published REWIND CVOT for Lilly's GLP-1 Trulicity, which he called "the Goldilocks study - not too
hot, not too cold." He said that REWIND makes him comfortable talking about a class effect for
GLP-1 mediated cardioprotection, and importantly had a much larger cohort without established
CVD. Also on GLP-1s, he called HARMONY (for GSK's discontinued Tanzeum) a more remarkable
study - not only because it's the first time a diabetes drug has reduced MI while also being
withdrawn from the market for lack of competitive efficacy, but because it showed a profound CV
risk reduction with almost no impact on metabolic endpoints. Turning to SGLT-2s, Dr. Drucker
pointed to DECLARE for AZ's Farxiga as further evidence of a consistent benefit on heart failure and
renal endpoints across levels of risk, but he noted a lack of MACE benefit in a largely primary
prevention population. While CREDENCE corroborated a remarkable effect of this class on clinically
meaningful events - while also demonstrating safety on fractures and amputations for Invokana - he
also criticized the "lag time and inertia" working against these agents. Finally, 2018-2019 was big for
DPP-4s - specifically Tradjenta - with both the CARMELINA and CAROLINA CVOTs reading out.
Dr. Drucker's presentation immediately preceded the CAROLINA presentation (Tradjenta vs. SU
glimepiride), and he explained the data will help figure out "what is the value added on DPP-4s, how
much do we want to pay for it, and what's the difference in risk profiles, drop out, titration needs,
calls to the office, etc." He accurately predicted a difference in hypoglycemia, but qualified it, "If
there's minor hypoglycemia and not really any major adverse events associated and the event rates
are small, even though we might see a three or four fold increase in hypoglycemia, if it's from a low
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number that's going to be tremendously valuable. It may be practice changing and stimulate a large
number of discussions with guidelines committees."

▪ Obesity: Dr. Drucker seemed very optimistic about the future of obesity pharmacotherapy,
commenting that "we're starting to get pretty respectable weight loss." In particular, he referenced
Novo Nordisk's high-dose, once-weekly semaglutide currently in phase 3 and looked toward a future
in which endocrinologists can get results close to those of bariatric surgery and where HCPs will
have more options to offer individuals.

▪ Novel therapies: Highlighting Novo Nordisk's oral semaglutide and Lilly's tirzepatide (the former
submitted to FDA and EMA, the latter just entering phase 3), Dr. Drucker cited great opportunity
balanced against a few specific concerns. On oral sema, he commented that "no one is sure how it's
going to work" in the real world, and explained that when you talk to endos, many say, "Ozempic
works great - why would I use an oral?" However, penetration of GLP-1s in primary care is really
disappointing, and a once-daily oral might make a difference. When it comes to tirzepatide, Dr.
Drucker raised concern over the lack of understanding around the GIP component of the GIP/GLP-1
dual agonist: "People ask me, what is the GIP component. I say I have no idea. We could figure it out
in mice, and it's terribly important to figure out because that's the best way to make the next
generation better. Understanding the science is important."

Symposium: Opportunities and Challenges of Real-World Evidence in
Diabetes

Assessment of the Effectiveness and Safety of Newly Marketed Therapies for
Diabetes in Real-World Patients

Elisabetta Patorno, MD, DrPH (Brigham and Women's Hospital, Boston, MA)

Dr. Elisabetta Patorno - a key member of the FDA-funded Harvard team that has set out to try to replicate
results from 30 RCTs using real-world data (RWD) - presented her group's predictions for the CAROLINA
CVOT. Based on real-world outcomes data from ~50,000 propensity-matched type 2s in Medicare fee-for-
service and large US commercial insurance databases who had recently started on Lilly/BI's DPP-4 inhibitor
Tradjenta (n=24,131) or sulfonylurea glimepiride (n=24,131), the researchers anticipate non-inferiority on
three-point MACE (non-fatal MI, non-fatal stroke, and CV death). Of course, Lilly/BI has already confirmed
this result in a February announcement, but the group specifically projects a 9% non-significant decrease in
MACE with linagliptin vs. glimepiride (HR=0.91; 95% CI: 0.79-1.05). Dr. Julio Rosenstock, the session's chair
and one of the CAROLINA results presenters (on Monday!), jested, "Before you continue, how much do you
want to bet?" Even more granularly, 373 adverse CV events are expected in the linagliptin arm (27 per 1000
patient-years) vs. 458 in the glimepiride arm (30 per 1000 patient-years). As previously noted, CAROLINA
would seem to confirm the CV safety of glimepiride, though we'll wait to hear more on Monday before
drawing any conclusions. Though Lilly/BI didn't share any data related to severe hypoglycemia or incident
ESRD (end stage renal disease) in its topline announcement, Dr. Patorno's group also made estimations here:
(i) In the RWD set, severe hypoglycemia was more than twice as common in the glimepiride arm (HR=2.38;
95% CI: 1.79-3.13) - no surprises here, within 160 severe hypos in the glimepiride arm and 60 severe hypos in
the linagliptin arm; and (ii) There was no significant association between either therapy and incident ESRD
(HR=1.08; 95% CI: 0.66-1.79). We'll be sure to compare these conclusions with the data on Monday. This
exercise was taken on as a more rigorous evaluation of the group's ability to replicate RCT data. Replicating
data, and proceeding to design a RWD analysis, when the outcome is known is one thing, but doing so when
blinded to the outcome may be a completely different animal.

▪ This group has a history of accurately recapitulating RCT data with RWD. For example,
EMPA-REG detected an elevated risk of DKA in the Lilly/BI Jardiance (empagliflozin) arm vs. the
placebo arm (HR=1.9; 95% CI: 0.2-17.2). In a follow-up analysis, Dr. Patorno and colleagues
compared DKA risk in >75,000 type 2s using SGLT-2 inhibitors or DPP-4 inhibitors in the real
world, arriving at essentially identical results, but with greater confidence (HR=2.2; 95% CI:
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1.4-3.6). This result also turned out to be consistent with the elevated DKA risk seen in the CANVAS
(HR=2.3; 95% CI: 0.8-7.2) and DECLARE (HR=2.2; 95% CI: 1.1-4.3) RCTS. There have been other
examples as well.

▪ Dr. Patorno explained that one of the ultimate goals of her group's research is near-
real-time analysis of safety and effectiveness of newly-marketed medications based on
databases. Database studies, such as the much-hyped EMPRISE study, allow for sequential
evaluations as RWD accumulates over time. Confidence and precision increase as the numbers grow.

▪ Another clear end-game is to have RWD studies more frequently replace long, costly
RCTs. During Q&A, Dr. Patorno noted this as a future direction, but added that "we are still
learning, we're at the very beginning of the process. We're trying to move toward potentially trying
to recognize situations where we can avoid trials." From what we've heard, RWD may have the most
promise in replacing control arms ("historical controls"), enriching RCT data, expanding indications
or populations, and meeting post-market requirements. Some of these are already very much in use,
but there will be a continued push to expand their applicability.

Symposium: Precision Medicine in Diabetes Mellitus

Emerging Precision in Phenotypic Diabetes Classification and Diagnosis and
Emerging Precision in Genotypic Diabetes Classification and Diagnosis

Tiinamaija Tuomi, MD (Helsinki University Hospital, Helsinki Hospital, Finland) and Miriam
Udler, MD PhD (Massachusetts General Hospital, Cambridge, MA)

In back-to-back presentations during this fascinating symposium on precision medicine in diabetes, Drs.
Tuomi and Udler compelling and converging arguments on the importance of phenotypic and genotypic
classifications of different types of diabetes. Dr. Tuomi explained how they used cluster analysis of 6 variables
- GAD antibodies, age, BMI, A1c, HOMA2-B insulin secretion, and HOMA2-IR insulin resistance to
phenotype 16,000 new onset patients with diabetes from the ANDIS study. These groups ranged from SAID
(severe autoimmune diabetes) or type 1 diabetes to Severe Insulin Deficient Diabetes (SIDD), Severe Insulin
Resistant Diabetes (SIRD), Mild Obesity-Related Diabetes (MOD), and Mild Age-Related Diabetes (MARD).
Using data from other large databases, these classifications were validated. She explained how these groups,
along with an application that classifies patients could guide treatment decisions and highlight risk factors
explaining how SIRD patients were associated with risk of diabetic kidney disease and MARD with later-onset
and lower risk of complications. We're excited to see how this novel tool could be used in the clinic and hope
to see more from Dr. Tuomi and colleagues.

▪ Dr. Udler detailed efforts by her group to use advanced cluster analysis to generate
different genotypic clusters of patients with diabetes. These 5 clusters - two associated with
insulin deficiency and three with insulin resistance each with corresponded with different
assortments of genetic loci. She remarked that a similar study done at Oxford had achieved similar
results and that the hope is that someday results could make their toward being used in the clinic to
guide decision-making.

Questions and Answers

Q: This is not my field, I heard all of this but I approach it maybe more in a training sense so
the question I'd like to understand - are these clustering techniques already implemented at
the patient level and how does this effect treatment in a real world and how far in the
implementation are we?

Tuomi: They are not being implemented yet, a lot of trials are being done to see if they are valid and then we
need to see how they are being used. We have no ways of saying certain patients should be treated certain
ways but I would say presumably within a few years we should see a lot more data. But when we think about
this data there are people in the center that don't fit into a group yet.
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Mini-Symposium: Current Issues-Rigor and Integrity in Diabetes Research

The Reproducibility Crisis-Realigning Incentives to Restore Scientific Integrity

Daniel Drucker, MD (Mt. Sinai Hospital, Toronto, Canada)

Vocalizing many of the sentiments from his 2016 Cell Metabolism op-ed, University of Toronto's Dr. Dan
Drucker sounded off on the reproducibility "crisis" in scientific research, stating that more than 50% of
published research is not reproducible. Our society, as he sees it, most highly values the spectacular, the
amazing, and the transformative over solid, incremental science. This breakthrough mentality pervades all
elements of academia and research, from training (or a lack thereof) in fundamental scientific processes, to
hiring, journal publication, promotion and tenure, and media coverage. Academics are therefore incentivized
to bias their work toward hypotheses and ignore differing data. While Dr. Drucker underscored that this bias
is more often present in basic science work than clinical science, due to the strict reporting standards when
research is done in humans, other biases exist across the board. For example, TrialNet Chair Dr. Carla
Greenbaum pointed out during Q&A that authors often put a more positive spin on their work than is
warranted. In fact, an unusual peer-review experiment published in the British Journal of Anaesthesia last
week underscored this inherent bias, with original authors of a paper stating that the results for stronger
doses of an anesthetic were "reassuring" on mortality, while a re-write of the exact same data by a different
author found the evidence inconclusive. Altogether, Dr. Drucker underscored that, without a fundamental
shift in research incentives away from garnering headlines and toward sound methods, the scientific
community risks further loss of trust from the public and funders: "If I was a funder and heard that only 50%
of the work I donated to was reliable, I'd go build another football stadium or arts center instead." To this end,
he gave several suggestions on how to bend the curve:

▪ Reallocate 10% of funds each grant cycle toward replication and reproducibility
studies. According to Dr. Drucker, we spend hundreds of millions of dollars (on the low-end)
chasing down high-profile, sloppy science that turns out to be wrong. Instead, let's flip that on its
head and prevent the bad science in the first place. Further, he highlighted the opportunity that
funders have in imbuing the system with a greater emphasis on reproducibility. All they must do is
demand a strong, accountable track record in exchange for funding, rather than focus on misguiding
metrics like impact factor, which unfortunately lends itself to the "groundbreaking" work that does
not stand the test of time.

▪ Hold basic science to the same reporting rigor as clinical trials. Just like all adverse events
and outcomes are reported for every participant in an RCT, Dr. Drucker suggested requiring that
same level of reporting for animal studies. Unfortunately, he noted that most of the basic scientists
to which he's floated this idea are "appalled", since they are so used to trialing the whole gamut of
doses and conditions before passing on those most optimal to human trials. While Dr. Drucker sees
nothing wrong with tinkering to find the best conditions, he did question why other scenarios are
not reported as well. Taking things one step further, Dr. Greenbaum suggested randomization in
preclinical studies as well. While this undoubtedly adds expense, she argued that having a
statistically sound foundation to draw on for human trial decisions outweighs the cost.

▪ Embed reproducibility into hiring, promotion, and award processes. As it stands, tenure
decisions are often made on similar grounds to publications ("wow", impact factor), rather than the
reliability of their results. Moreover, even though the Banting Medal for Scientific Achievement (of
which Dr. Drucker is a recipient) includes reproducibility as one of its requirements, he believes it is
often overshadowed by the claimed grandeur of a discovery. In other words, we need to celebrate
reproducibility for it to gain greater importance.

▪ Clinical trialist Professor Nick Freemantle discussed how RWD could conceivably
augment RCTs to widen their external validity, provided results are similar and bias is
reduced with proper propensity-score matching. However, this isn't always the case. As
examples, he highlighted the tangible (>3 standard error) discrepancy between EMPA-REG and
CVD-REAL on all-cause mortality (see below). While both studies suggest significant mortality
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benefit with SGLT-2 inhibitors (which we believe to be the main takeaway), the discrepancy in the
effect size suggests that they are "measuring something fundamentally different." On a more salient
note, Prof. Freemantle noted that the three released studies comparing next-gen basals Toujeo and
Tresiba also had differing results. While DELIVER D+ and BRIGHT found no significant difference
between the two in hypoglycemia past the first 12 weeks, the CONFIRM real-world study (n=4,056)
suggested that hypoglycemia and treatment discontinuation were both more common with Toujeo
than Tresiba. We'd add that the Novo Nordisk-sponsored, phase 3b head-to-head trial (n=1,609) of
the two agents, which was announced on the company's 1Q19 earnings call, also found overall lower
hypoglycemia risk with Tresiba. Altogether, these studies paint a murky picture of the comparative
effectiveness of these insulins, further clouded by issues of trial sponsorship, according to Prof.
Freemantle. We maintain that the biggest conclusion from these studies should be that next-gen
basal insulins are major improvements over their predecessors, but we agree that this analysis does
demonstrate hurdles in comparing RWD to RCT data.

◦ If you're interested in this space, we ask you to keep an eye on Harvard's
ongoing efforts to replicate 30 RCTs using RWE. Dr. Jessica Franklin's FDA-
funded project has identified 40 replicable RCTs, including six large CVOTs, to figure out
what types of questions are best answered with RWD. Professor Freemantle also noted that
both FDA and EMA are very interested in understanding what ways RWD can complement
RCTs in regulatory decisions.
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Oral Presentations: New Agents and Strategies

The Effect of 14-Day Atorvastatin Treatment on Postprandial Glucose Metabolism
in Healthy Males - A Link to Why Statin Therapy Increases the Risk of Type 2
Diabetes?

Martin Thomasen, MD (Steno Diabetes Center Copenhagen, Denmark)

According to a new study from the Steno Diabetes Center, hyperglucagonanemia could provide the long-
awaited answer as to why statins increase risk of type 2 diabetes. Of course, statins are standard of care for
LDL-cholesterol lowering and used by more than 39 million individuals in the US on a daily basis. However,
the class has also been linked multiple times to a small but meaningfully increased risk of diabetes,
particularly in those already at risk of developing type 2; Dr. Thomasen specifically cited a 9% increased risk
of diabetes. In our observation, most thought leaders argue that the CV risk reduction conferred by statins
strongly outweighs the risk of type 2; however, patient awareness of the risk is also often cited as a reason for
statin non-adherence, and better understanding the risk could help circumvent this issue. In order to
elucidate the potential mechanism behind this relationship, a placebo-controlled, double-blinded, cross-over
study was performed to investigate the effect of atorvastatin on metabolism in a small cohort of healthy male
volunteers (n=15). Participants (mean age 26 years, BMI 25 kg/m , A1c 4.8%) were given a 40 mg daily dose2

of atorvastatin for one week, titrated to 80 mg/day during the second week. A 4-hour mixed meal test
performed after each of the treatment periods showed that atorvastatin did not affect postprandial insulin
concentrations or plasma glucose levels. However, fasting and postprandial plasma glucagon and GIP, as well
as postprandial GLP-1, were increased after treatment. These results suggest that hyperglucagonanemia could
be a potential link between statins and risk of diabetes, rather than a direct effect on insulin. To be sure,
longer and more in-depth studies, especially in patients at risk of type 2, would be necessary to draw a
conclusions on the effect of statins on diabetes risk.

Special Seminar: Innovations in Medical Training

Cardiometabolic Medicine-A Call for a New Subspecialty Training Track to
Address the Diabetes Burden

Robert Eckel (University of Colorado, Denver, CO)

In a compelling argument for a new cardiometabolic medicine subspecialty, ADA President-Elect Dr. Robert
Eckel gave his opinions on myriad topics, ranging from the validity of a prediabetes diagnosis to the CV effects
of bariatric surgery, triglycerides, and GLP-1 agonist Trulicity in REWIND. For those interested in the
subspecialty, we'll direct you to Dr. Eckel's presentation at Endo Fellows 2019, which details the program and
timeline. In his explanation, Dr. Eckel mentioned that only 3%-4% of GLP-1 agonist or SGLT-2 inhibitor
prescriptions come from cardiologists, with the balance coming from internists or endocrinologists. As much
as any statistic, this underscores the siloed nature of diabetes care, which stands in sharp contrast to its
multifactorial effects on the body. For all the talks we hear at diabetes and cardiology conferences
encouraging endos to prescribe cardioprotective drugs (GLP-1s, SGLT-2s, even PCSK9s) and pushing
cardiologists to pay attention to glycemia, progress has been slow and it's exciting to imagine a "one-stop-
shop" where patients can receive the epitome of coordinated care. To say the least, for the sake of individual
patients as well as overall public health, we need HCPs equipped to handle diabetes and all of its
complications/comorbidities. To our understanding, Dr. Eckel has been one of the primary drivers behind
this idea for years now - to which end he deserves much praise. Throughout his engaging talk, Dr. Eckel
opined on a wide variety of topics:

▪ Dr. Eckel was ambivalent about REWIND results presented on day #3 of ADA 2019.
Although the primary outcome was favorable (a 12% risk reduction on 3-point MACE with Trulicity),
it was driven in large part by benefit in non-fatal stroke - similar to Ozempic in SUSTAIN 6. While
this does not diminish the cardioprotection of Trulicity or the GLP-1 class, it does call into the

www.closeconcerns.com 208

https://www.closeconcerns.com/knowledgebase/r/210e63b7#Dr._Eckel_Proposes_New_Medical_Sub-Specialty_Cardiometabolic_Medicine_to_Prepare_Future_HCPs_Confronting_Comorbid_DiabetesCVD_Advocates_for_Aggressive_BP-_and_LDL-Lowering_in_Type_1_Lukewarm_on_Metformin_for_CV_Prevention
https://closeconcerns.us1.list-manage.com/track/click?u=8855a320a24ebfbc0280ac3e1&id=26e5c1d568&e=c9e4c5b355
https://www.closeconcerns.com/knowledgebase/r/a825c97c#REWIND:_Trulicity_Gives_12_RRR_on_3-pt_MACE_Showing_that_GLP-1_Mediated_Cardioprotection_Applies_to_Type_2_Without_Established_CVD_Effect_Driven_by_Stroke_Trend_Toward_Mortality_Benefit_Encouraging_Renal_Data
https://www.closeconcerns.com/knowledgebase/r/210e63b7#Dr._Eckel_Proposes_New_Medical_Sub-Specialty_Cardiometabolic_Medicine_to_Prepare_Future_HCPs_Confronting_Comorbid_DiabetesCVD_Advocates_for_Aggressive_BP-_and_LDL-Lowering_in_Type_1_Lukewarm_on_Metformin_for_CV_Prevention
https://www.closeconcerns.com/knowledgebase/r/5e398ea0#Going_Beyond_Glucose_Control:_The_Role_of_BP_Control_and_Lipid_Management
https://www.closeconcerns.com/knowledgebase/r/40a3af03#Why_Control_Glycemia
https://www.closeconcerns.com/knowledgebase/r/a825c97c#REWIND:_Trulicity_Gives_12_RRR_on_3-pt_MACE_Showing_that_GLP-1_Mediated_Cardioprotection_Applies_to_Type_2_Without_Established_CVD_Effect_Driven_by_Stroke_Trend_Toward_Mortality_Benefit_Encouraging_Renal_Data
https://www.closeconcerns.com/knowledgebase/r/82ce8d9f#Symposium:_SUSTAIN_6


question how much of it is atherosclerotic, which would have come through more on MI and CV
death.

▪ Dr. Eckel has been asked to be involved in planning a CVOT for bariatric surgery with
Cleveland Clinic's Dr. Philip Schauer and Dr. Steve Nissen. While this will likely take
"5-10" years to come to fruition, it is an intriguing prospect. Bariatric surgeons, including Dr.
Schauer, have been singing the praises of surgery for years, yet it is unlikely to be a population-level
solution to the diabetes and obesity epidemics. To-date, there has not been an RCT designed to
assess the CV outcomes of metabolic surgeries, and we're curious how it will work logistically.
CVOTs usually require thousands of patients - would this not be a costly venture? We'll be intrigued
to see what sort of innovation in study design they may make.

▪ He does not believe that triglycerides have been proven to confer CV risk. This came as a
slight surprise to us, considering the ADA just updated its 2019 Standards of Care in March 2019 to
include data from the REDUCE-IT CVOT for Amarin's Vascepa - a triglyceride-lowering therapy
which reduced four-point MACE by 25% vs. placebo. Instead, Dr. Eckel pointed to the PROMINENT
study for pemafibrate, which is set to complete in April 2022, as a key study to solidify the effects of
triglycerides on CV risk. Indeed, some debate exists over precisely how REDUCE-IT and Vascepa
achieved CV risk reduction, and there may be extra-triglyceride-lowering effects to the therapy.

▪ Dr. Eckel wholeheartedly supports the utility of a prediabetes diagnosis, addressing a
new debate sparked by a controversial Science article that received response from an
esteemed group of KOLs - including Drs. Carol Wysham, Silvio Inzucchi, Irl Hirsch,
John Buse, and Rita Kalyani. In his own practice, Dr. Eckel primarily uses an elevated A1c as a
diagnostic for beginning treatment - "5.8% doesn't have me so concerned, but once it reaches into
6.3% or 6.4%, I begin to think about lifestyle and metformin… It could be alarmist, but I think it's
important." In all transparency, we find it important to note that Dr. Eckel is President-Elect of ADA
- the organization which created the prediabetes designation in the first place - but we
wholeheartedly agree with his wisdom on prediabetes diagnosis and treatment. Altogether, we find
that not enough attention is placed on diabetes prevention - or the benefits of earlier intervention -
and ridding our system of a built-in warning sign would certainly do nothing to help.

Corporate Symposia

Amgen Corporate Symposia

James Underberg, MD (NYU School of Medicine, New York, NY); Eliot Brinton, MD (Utah
Foundation for Biomedical Research, Salt Lake City, UT)

Dr. Underberg, in an evening Amgen corporate symposia, and Dr. Eliot Brinton, in an Amgen-sponsored
product theater, both discussed access to and pricing of the company's PCSK9 inhibitor Repatha
(evolocumab). Dr. Underberg noted that approval (i.e., coverage) is more likely in patients already on a high-
intensity statin and ezetimibe and explained the common reasons that patients are denied access, including
providers failing to document appropriate prior treatment attempts or medical history. In addition, he
suggested that providers create a multidisciplinary 'PCSK9 team' within their practice to facilitate payer
approval for patients. Dr. Underberg also made a point to highlight that the most recent iteration of the cost
analysis guidelines was out of date as soon as it was released, as list prices had already decreased.

The next day, Dr. Brinton added that there is a growing movement among insurance plans to only require the
provider to 'check a box' to indicate that a patient meets the indication requirements for Repatha. This has
allowed for Repatha prescriptions to grow by over 50% in the last year. He compared pricing to other drugs,
noting that Repatha is cheaper now than some SGLT-2 inhibitors, GLP-1 agonists and Novartis' Entresto. He
finished by noting that patients with commercial insurance are eligible for a $5 copay card for Repatha.
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Exhibit Hall

Diabetes Therapy

Allergan

Allergan's booth was notable for its "NASH lab", a series of NASH gross anatomy and histopathology stations
aimed at improving provider understanding of fatty liver disease and its stages on a cell and organ level. As a
reminder, Allergan has cenicriviroc, a CCR2/CCR5 inhibitor, in phase 3 for NASH - the AURORA trial in
F2-F3 fibrosis due to NASH is still recruiting. Primary completion is anticipated in October 2021, but topline
results to potentially support regulatory submission should come in 2020. Allergan also has a phase 2
combination study of CVC ongoing with Novartis' FXR agonist tropifexor. Read more about Allergan's
diabetes-related pipeline here.

Amarin

Amarin made its first appearance at an ADA with a well-attended booth in the exhibit hall, mirroring its
continually increasing presence in the diabetes space following the emergence of highly-positive REDUCE-IT
CVOT results for Vascepa. Since those results, we've also seen booths from Amarin at AHA, ACC, and ENDO,
with considerable amounts of interest at each meeting. As a reminder, REDUCE-IT enrolled nearly 60% of its
trial population as those with type 2 diabetes, and we see enormous potential for Vascepa to make a difference
for those with diabetes and CV risk. The ADA apparently does as well - it made the surprising but deserved
move of updating its 2019 Standards of Care to recommend that Vascepa be considered for patients with
diabetes and ASCVD or other CV risk factors (i.e., primary or secondary prevention), who are on a statin but
have high triglycerides (125-499 mg/dl). Even more encouragingly, FDA just granted priority review to
Amarin regarding its sNDA requesting a CV indication for Vascepa. Sales representatives were not able to
comment on either of these pieces of positive news, and could not give further detail on how HCPs are
reacting to the novel data seen in REDUCE-IT. Nonetheless, seeing how large the diabetes cohort was in the
REDUCE-IT trial and the ever-growing importance of CV risk reduction in diabetes care, we imagine that
interest from endocrinologists will grow.

Amgen

Amgen's sizable, front-and-center booth was dedicated entirely to PCSK9 inhibitor Repatha (evolocumab) and
its CV indication for the prevention of heart attack, stroke, and coronary revascularization in patients with
established CV disease. Throughout panels describing vignettes of patients who fit the clinical profile for
Repatha, and the drug's clinical data on LDL-lowering and cardioprotective benefits, a recurring message was
"lower together" - reflecting Amgen's goal of lowering LDL levels and cardiovascular risk for patients, as well
as hassle and cost. On cost, a prominently-placed panel highlighted Repatha's 60% reduced price for
Medicare Part D and commercial insurance, bringing the average monthly list price to $450 - ostensibly on
par with Victoza, Jardiance, and Invokana. In addition to its usual espresso bar, we were extremely pleased to
partake in Amgen's A1c testing and cholesterol testing offerings. Judging by the foot traffic, this was certainly
a hit among ADA exhibit hall-goers.

AZ

AZ occupied a sizable booth, front and center to the exhibit hall entrance. The forward-facing half was
dedicated to SGLT-2 inhibitor Farxiga, GLP-1 agonist and autoinjector Bydureon BCise, and antiplatelet
Brilinta. A wall-sized screen flashed data readouts for all three agents, interspersed with motion blur photos
taken at a booth in the corner of AZ's space. These photos have become a staple since ENDO 2019 and AACE
2019, playing into the theme of early initiation and inertia AZ has keyed into for Farxiga especially. The back
side of the booth was dedicated to general education about the connections within cardio-renal-metabolic
disease. Three touchscreen monitors were available to passers-by to dive into the pathophysiology of these
diseases, which we take as part of the company's preparation for a potential CV indication for Farxiga based
on positive results from the DECLARE CVOT (currently under review at EMA and FDA). We wonder whether
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advertising will at all pivot toward heart failure - the component of the positive co-primary outcome that
drove superiority in DECLARE - seeing as Farxiga is poised to become the first diabetes drug with this
indication.

Bayer

Bayer's presence at ADA 2019 - including both this exhibit and an informational product theater - were
entirely focused on DKD, as in the past. The company is setting the stage for oral finerenone, its phase 3
mineralcorticoid receptor antagonist currently under investigation in the FIGARO-DKD (n=7,437) and
FIDELIO-DKD (n=5,734) trials, which are expected to complete in July 2021 and May 2020, respectively. As
Bayer can't yet promote the candidate, its booth featured educational messaging on the connection between
diabetes-related kidney disease and CV risk and noted that patients with DKD are almost three times as likely
to die from cardiovascular causes than those with type 2 alone. We're glad to see Bayer continue to display
interest in DKD, given the recent success of SGLT-2 inhibitors have been balanced against mixed results and
discontinuations for other candidates (namely, AbbVie's atrasentan). See our nephropathy competitive
landscape for an overview of other candidates in development.

BI/Lilly

BI and Lilly hosted one of the more intriguing (and largest) exhibit hall setups at ADA (similar to its booth at
ACC 2019) - visitors could climb to the second story of the booth and use virtual reality headsets to go on
tours through various scenic spots in San Francisco (and New Orleans). Facts about Jardiance's effect on CV
outcomes were peppered throughout these virtual tours. As always, promotional stands prominently featured
the 38% relative risk reduction on CV death achieved by Jardiance in the EMPA-REG OUTCOME study. We
also saw informational exhibits for Trulicity, Basaglar, and Lilly's entire suite of diabetes products. We're glad
to see this dedicated presence in the exhibit hall from BI/Lilly, especially after Lilly has somewhat scaled back
its own exhibit hall presence at diabetes conferences over the past year or so.

Genfit

Genfit's small booth focused on the company's efforts in NASH, including its work to improve NASH patient
care and education. Indeed, the company's NASH awareness campaign (begun in France in March 2017) led
to the launch of a US NASH Education Program, which seeks to improve medical education around the
disease while also raising general awareness among patients, professionals, and families. The company's
leading NASH candidate, phase 3 elafibranor (a dual PPAR alpha/gamma agonist), is currently under
investigation in the RESOLVE-IT trial (n=2,000) for F1-F3 fibrosis due to NASH. While full primary
completion is expected in December 2021, an interim analysis - that could potentially support approval - is
anticipated in 2019. Additionally, Genfit's booth advertised NIS4, the company's 4-biomarker-based blood
test algorithm to identify NASH and fibrosis, licensed to LabCorp in January 2019. Genfit plans to submit to
FDA for marketing authorization in 2020.

Gubra

Gubra hosted a small but well-staffed booth, featuring materials promoting its CRO services for preclinical
work in diabetes-related CV and renal disease. Notably, Gubra is involved in a number of collaborations that
weren't promoted in its ADA booth (likely due to their early-stage nature).

In June 2018, Gubra joined a partnership with JDRF to develop a new glucose-responsive insulin (GRI).
Additionally, just last month Gubra expanded its partnership with BI, to develop peptide poly-agonists for the
treatment of obesity. This is Gubra and BI's second collaboration, following a partnership penned in
November 2017 for the development of peptide compounds that regulate food intake.

Janssen

Along with regular promotional materials for SGLT-2 inhibitor Invokana, Janssen's booth had a sizable
section dedicated to education on the overlap between CKD and type 2 (slogan: "How stable is a future with
CKD and type 2 diabetes?"). Of course, this outsized promotion of CKD in type 2 makes sense in light of
landmark CREDENCE results showing Invokana's impressive benefit in reducing renal risk. Although sales
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representatives were not able to comment on Invokana's potential renal indication (a possible first among
diabetes drugs!) or FDA's recent decision to grant priority review to review such an indication, we believe this
compound will receive these indications.

Merck

Merck boasted a commanding booth at this year's ADA, with one wing dedicated to DPP-4 inhibitor Januvia
(sitagliptin) and the other to Pfizer-partnered SGLT-2 inhibitor Steglatro (ertugliflozin) - this was by far the
largest Merck booth and most notable promotion of Steglatro that we've seen. The booth had an open floor
plan, interspersed with touch screens highlighting recent clinical data for these two products, plus patient
vignettes to illustrate the clinical profiles that best fit these different therapies. Touch screens for Januvia
were focused on the recently-completed CompoSIT-R and CompSIT-I trials, which investigated Januvia (i) in
patients with mild renal impairment vs. Farxiga and (ii) in patients initiating insulin. Both studies were
positive: Januvia provided superior A1c reductions to Farxiga in the former, which makes sense given the
glucose-lowering mechanism of SGLT-2 inhibitors is strongly dependent on renal function (of course,
SGLT-2s offer cardioprotection and renal-protection that DPP-4 inhibitors do not). On Steglatro, results
supported the continued use of Januvia as a patient adds basal insulin to their diabetes treatment regimen.

Novo Nordisk

Novo Nordisk brought a small city to ADA with two booths: a larger one at the entrance to the exhibit hall
advertising its entire suite of novel diabetes therapies and technology as well as a smaller one focused on
promoting discussion around GLP-1 use in type 2 diabetes. The former was sectioned into six areas:

▪ For next-gen basal insulin Tresiba, an augmented reality game with iPads whereby users pointed the
camera at a swimming pool model and guided their racer down the lane by answering questions
about the DEVOTE CVOT: for example, its size (n=7,637), significant 40% relative risk reduction in
overall rate of hypoglycemia vs. Lantus, non-inferiority on MACE, and improved glycemic stability;

▪ For Ozempic, an ~10 foot tall billboard with results from SUSTAIN 7, demonstrating superiority
over Lilly's Trulicity on A1c (~0.4%) and weight (~5 lbs) over 40 weeks - we note Novo Nordisk was
also keen on promoting these results at ADA 2018;

▪ For NovoLog, a small demonstration of the NFC-enabled NovoPen Echo Plus and its ability to
upload data to Glooko/Diasend;

▪ A one-person booth on Cornerstones4Care, Novo Nordisk's jointly-branded digital tool with Glooko
offering personalized diabetes support, including automated blood sugar and exercise tracking,
trend recognition, charts and graphs, reminders, food and medication databases, and educational
information on diet, exercise, and lifestyle choices;

▪ Another one-person booth on NovoCare, the company's patient access program (we love this focus
on access and affordability at an exhibit hall booth - an all too rare occurrence);

▪ And last but not least, a 1 km stationary biking challenge put together by Team Novo Nordisk. We
arrived just in time to see one person take the top spot on the leader board with a time of 1:34! Let
us know if you beat them.

The smaller booth advertised Novo Nordisk's new website, www.talkGLP1.com, which is dedicated to
explaining GLP-1 pathophysiology in type 2 diabetes and treatment options, for both patients and HCPs.

nPOD

We were pleased to see JDRF's Network for Pancreatic Organ Donors with Diabetes (nPOD) on the scene at
this year's ADA exhibit hall. The small booth featured promotional materials describing nPOD's work
collecting donor pancreas/islet cells from the existing National Organ Donor Registry. This fills an important
unmet need in the type 1 diabetes research arena, given the shortage of donor islet cells and the reality that
data collected from animal models is often not applicable to humans. Over a decade old, the nPOD initiative
has a long history of facilitating cutting-edge work from these tissue samples. As we learned at February's
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nPOD meeting, the organization now has 238 projects in 21 different countries, has collected over 50,000
samples, has created over 24,000 histology images that are available online, and has directly supported over
200 publications - with these statistics, nPOD founder the legendary Dr. Mark Atkinson has argued that
nPOD is the biggest type 1 diabetes project in the world. See our report from nPOD's 2019 annual meeting for
more on this inspiring project.

Sanofi

At 8,000 square feet, Sanofi's booth dominated the exhibit hall. Thematically, the product promotion was
unified by its "Your Type" campaign, comprised of four pillars - medicine, education, integrated care, and
access - geared to "support patients by offering personalized care options for everyone living with diabetes."
However, what impressed us most what the booth's emphasis on education, patient support, and affordability
programs. This included prominent advertisement of Sanofi's Insulins Valyou Savings Program and copay
card offers. We noted that the Valyou program was advertised as "for patients without insurance" - as we
understand it, the programs are for patients on high deductible plans as well. We heard that some were
interested in who utilizes this program, as patients with high insulin needs and/or on high-deductible plans
may both find this to be the cheapest option for them. We know that 74% of those that apply for Sanofi's
patient access programs receive care, which is among the highest rates we have heard; additionally, Toujeo is
included in the programs, which is also unusual. Reps emphasized that the majority of patients currently on
Sanofi insulin already pay <$99/month.
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A front corner of Sanofi's booth featured the company's beyond A1c and type 1 focused campaign, which
debuted at AACE 2018 and was revived there in April. The corner calls for attendees to "join the movement"
and underscored its mission with key stats: 60% of adult type 1s have overweight or obesity, the average type 1
has 2 episodes of symptomatic hypoglycemia each week, and even patients meeting A1c goals can spend up to
9 hours out of range each day. Moreover, ~75% of adult type 1s aren't achieving an A1c <7% - and that number
actually seems to be rising. To be sure, this booth aims to familiarize HCPs with the outcomes beyond A1c
where SGLT inhibitors are very useful. However, Sanofi/Lexicon also recently received a CRL from FDA in
response to their NDA for sotagliflozin in type 1 diabetes. On the other hand, the novel candidate has been
approved for type 1 in Europe.

TrialNet

TrialNet had an informational booth set up in the exhibit hall. We sensed excitement, seeing how it was a
huge ADA for TrialNet - it's phase 2 sponsored trial of teplizumab made a splash with positive results, making
it the first trial to meet a clinical endpoint of delaying type 1 diagnosis. TrialNet plans to further study the
candidate and follow-up with study participants (regardless of whether they were or were not diagnosed with
diabetes in the trial - we love to see this commitment to longer term follow-up).
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Xeris

Xeris brought its largest booth ever (that we know of) to ADA 2019, likely in anticipation of the mid-
conference, June 10 PDUFA date for liquid-stable glucagon autoinjector, Gvoke HypoPen. However, just five
days before a decision was to supposed come, Xeris announced that FDA extended the PDUFA date by three
months, to September 10, following submission of requested data that constituted a Major Amendment.
However, CEO Mr. Paul Edick exuded optimism at the booth, as he did in the conference call held to discuss
the delay, reiterating that the last 8-10 products to have received such a delay were approved. While reps will
not be able to roll out their sales campaign at ADA, it was apparent from the size of the booth and team that
the company will be all-in once approval is achieved.

-- by Melissa An, Ammara Aqeel, Ursula Biba, Albert Cai, Ann Carracher, Abigail Dove, John Erdman,
Martin Kurian, Brian Levine, Nancy Liu, Payal Marathe, William Newton, Peter Rentzepis, Rhea Teng, and

Kelly Close
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	Symposium: Diabetes Management and Macrovascular Outcomes
	Association Between Hemoglobin A1c and Stroke Risk in Patients with Type 2 Diabetes
	Yun Shen, MD, PhD (Pennington Biomedical Research Center, Baton Rouge, LA)


	Symposium: Hypoglycemia in Special Circumstances
	Exercise
	Michael Riddell, PhD (York University, Toronto, Canada)


	Joint ADA/ASN Symposium-Cardiovascular and Renal Protection in Diabetes-Beyond SGLT2 Inhibitors and GLP-1 Receptor Agonists
	Emergence of Novel Mineralocorticoid Receptor Antagonists in the Age of FIGARO and FIDELIO
	Peter Rossing, MD (Steno Diabetes Center, Copenhagen, Denmark)

	Future Outlook for Diabetic Kidney Disease - Precision Medicine Bringing Novel Agents into the Spotlight
	Alice Cheng, MD (University of Toronto, Canada)


	Mini-Symposium: Hypoglycemia and Cardiovascular Events: A Causal Relationship?
	Hypoglycemia and Cardiovascular Events: A Causal Relationship?
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