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Diabetes Is a Major Global Threat

2017

2045

451
MILLION

693
MILLION

8.4% of global 
population

9.9% of global 
population

Deaths Due to Diabetes 
(18ς99 years) in 2017 

Growing Global Prevalence 
of Diabetes

Diabetes cost ~$850 billion (USD) in global healthcare spending in 2017

~5 million deaths

$

USD, United States dollar. Cho NH, et al. Diabetes Res Clin Pract. 2018.

T2D Doubles the Risk for Macrovascular Outcomes 
Meta-analysis of 102 Prospective Studies

Number

of Cases

26,505

11,556

14,741

3,799

1,183

4,973

3,826

HR (95% CI)

2.00 (1.83ς2.19)

2.31 (2.05ς2.60)

1.82 (1.64ς2.03)

2.27 (1.95ς2.65)

1.56 (1.19ς2.05)

1.84 (1.59ς2.13)

1.73 (1.51ς1.98)

1 2 4

Coronary heart disease

Coronary death

Nonfatal MI 

Stroke subtypes

Ischemic stroke

Hemorrhagic stroke

Unclassified stroke

Other vascular deaths

CI, confidence interval; HR, hazard ratio; MI, myocardial infarction. Emerging Risk Factors Collaboration, et al. Lancet. 2010.
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n=271,174 T2D Patients vs >1 Million Matched Controls

Core Risk Factor Control

VElevated HbA1c

VElevated LDL-c

VAlbuminuria

VSmoking

VElevated blood pressure

Acute MI

Mortality

HF

No Excess 
Risk among 
Patients 
with 5 RF 
Control

Residual 
Risk 
despite 5 
RF Control

Swedish National Diabetes Registry

HbA1c, glycated hemoglobin; LDL-c, low density lipoprotein-cholesterol; RF, risk factor. Rawshani A, et al. N Engl J Med. 2018.

The Resurgence of Complications among 
Younger and Middle-aged Adults with T2D

Acute MI Stroke Lower-extremity amputation Hyperglycemia End-stage kidney disease
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Gregg EW, et al. JAMA. 2019. 
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Glynn P, et al. J Am Coll Cardiol. 2019.

Rise in HF-related Mortality 
Observed in the United States

HF

T2D

ASCVD

CKD

T2D, HF, ASCVD, and CKD Are Interrelated

76.4%
of patients with 
CVD and T2D 

have CKD4

35%ς45% 
of patients with 
HF have T2D1

~35% 
of patients 

with T2D will 
develop CKD2

14% 
of the U.S. 

population has 
diabetes3

32% 
of patients with 
CAD have T2D5

1Packer M. Diabetes Care. 2018; 
2Wanner C, et al. N Engl J Med. 2016; 3Mendola ND, et al. NCHS Data Brief. 2019; 

4Wang T, et al. Diabetes Metab Syndr. 2019; 5Einarson TR, et al. Cardiovasc Diabetol. 2018.

ASCVD, atherosclerotic cardiovascular disease; 
CAD, coronary artery disease; CKD, chronic 
kidney disease; CVD, cardiovascular disease.
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Vaduganathan M, et al. JACC Heart Fail. 2020.

HF Prevention Is a Key Therapeutic Goal

T2D + HFrEF face especially high short-term risks 
of mortality or HF hospitalization.

DM, diabetes mellitus; HFrEF, heartfailure with reducedejectionfraction.

Vaduganathan M, et al. J Am Coll Cardiol. 2019.

Clinically Meaningful Difference
~5 points KCCQ-OS

HF Prevention Is a Key Therapeutic Goal

T2D + HFrEF Face Adverse QOL

KCCQ-OS, Kansas City Cardiomyopathy Questionnaire-overall summary; QOL, quality of life.
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Sumarsono A, et al. JAMA Intern Med. 2019.

Shifting Landscape 
of T2D Therapeutics 

New Therapeutic Options with Accelerating Uptake

A Decade Later

Suggested 3-point MACE ÑHosp for ACS/Revascularization; non-inferiority vs superiority; 
trials should include high-risk patients (established CVD or multiple CVD risk factors)

2008 FDA Guidance and the Focus 
on Atherosclerotic CV Events

Guidance for Industry
Sponsors should establish an independent cardiovascular 
endpoints committee to prospectively adjudicate, in a blinded 
fashion, cardiovascular events during all phase 2 and phase 3 
trials. These events should include cardiovascular mortality, 
myocardial infarction, and stroke, and can include hospitalization 
for acute coronary syndrome, urgent revascularization 
procedures, and possibly other endpoints.

FDA Guidance Document. 2008. Available at: https://www.fda.gov/media/71297/download.

ACS, acute coronary syndrome; 
FDA, Food and Drug Administration; 
MACE, major adverse cardiovascular event.  
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>20 CV Outcomes Trials Encompassing 
>150,000 Patients
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Cumulative # of patients enrolled in CVOTs

Vaduganathan M, et al. Am J Cardiol. 2019.

Cumulative # of CVOTs

Expanding Cardiovascular Safety 
Programs in T2D

Adapted from Vijayakumar S, et al. Circulation. 2018.
DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1; 
PPAR- ,ɹ peroxisome proliferator-activated receptorgamma.

-hglucosidase inhibitors

Dopamine agonists

DPP-4 inhibitors

Glinides

GLP-1 receptor agonists

Insulin

tt!wʴmodulators

SGLT2 inhibitors

Spectrum of CV Risk of Target Populations
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No Specific CV 
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Disease or At High 

CV Risk

Recent Acute 
Coronary 
Syndrome

Established Heart 
Failure

Y
e
a

r 
o
f 

T
ri

a
l P

u
b
lic

a
tio

n

Cycloset
Safety Trial
RECORD

ELIXA

EXAMINE

PROactive

EXSCEL
DEVOTE

ACE
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EMPA-REG OUTCOME
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Turnbull FM, et al. Diabetologia.2009.

Intensive Glycemic Control 
Inconsistent, Neutral Effect on HF

Number of events (yearly rate, %)
ɲHbA1c (%) HR (95% CI)

More intensive Less intensive

Admission to hospital/fatal HF

ACCORD 152 (0.90) 124 (0.75) -1.01 1.18 (0.93, 1.49)

ADVANCE 220 (0.83) 231 (0.88) -0.72 0.95 (0.79, 1.14)

UKPDS 8 (0.06) 6 (0.11) -0.66 0.55 (0.19, 1.60)

VADT 79 (1.80) 85 (1.94) -1.16 0.92 (0.68, 1.25)

Overall 459 446 -0.88 1.00 (0.86, 1.16)

0.5 1.0 2.0

Favours more intensive controlFavours less intensive control

Drug-specific HF Risks with DPP-4i

Study
Study drug

n/N (%)
Placebo
n/N (%)

HR
(95% CI)

P-value

SAVOR-TIMI 53
(saxagliptin)

289/8280
(3.5%)

228/8212
(2.8%)

1.27
(1.07, 1.51)

0.009

EXAMINE
(alogliptin)

106/2701
(3.9%)

89/2679
(3.3%)

1.19
(0.89, 1.58)

0.238

TECOS
(sitagliptin)

228/7332
(3.1%)

229/7339
(3.1%)

1.00
(0.83, 1.20)

0.983

CARMELINA
(linagliptin)

209/3494
(6.0%)

226/3485
(6.5%)

0.90
(0.74, 1.08)

0.264

0 1 2

Schernthaner G, et al. Diabetes Care. 2016; McGuire DK, et al. Circulation. 2019.

Hospitalization for Heart Failure (hHF)

Favors treatment Favors placebo
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U.S. Food and Drug Administration

Saxagliptinand Alogliptin
FDA guidance: May increase the risk of heart failure, 
particularly in patients who already have heart or kidney 
disease (4/5/2016).

Sitagliptin and Linagliptin

Consider the risks and benefits prior to initiating 
treatment inpatients at risk for heart failure, such as 
those with a prior history of heart failure and renal 
impairment (8/10/2017).

FDA.gov; FDA Prescribing Information.FDA, Food and Drug Administration.

Neutral Effects of GLP-1RA on HF Risk

Trial 
(agent)

Hospitalization for Heart Failure

P-value
HR 

(95% CI)Treatment Incidence 
(%)

Placebo Incidence 
(%)

ELIXA 
(lixisenatide)

122 (4.0) 127 (4.2) 0.75 0.96 (0.75ς1.23)

LEADER 
(liraglutide)

218 (4.7) 248 (5.3) 0.14 0.87 (0.73ς1.05)

SUSTAIN-6 
(semaglutide)

59 (3.6) 54 (3.3) 0.57 1.11 (0.77ς1.61)

EXSCEL 
(exenatide)

219 (3.0) 231 (3.1) NR 0.94 (0.78ς1.13)

Pfeffer M, et al. N Engl J Med. 2015; Marso S, et al. N Engl J Med. 2016; 
MarsoS, et al. N Engl J Med. 2016; Holman RR, et al. N Engl J Med. 2017.RA, receptor agonist.
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¢ƘŜ άςŦƭƻȊƛƴǎέ
Four FDA-approved SGLT2is

Canagliflozin

March 2013

Dapagliflozin 

January 2014

Empagliflozin 

August 2014

Ertugliflozin

December 2017

FDA Prescribing Information.

Vaduganathan M, Butler J. Nat Med. 2019.

From Apple Trees to HF 
The Discovery and Study of SGLT2i

1835 2008 2013 2014 2015 2016 2017 2018

T2D with or at high 
risk for ASCVD

French scientists 
isolate phlorizin 

in apple tree bark

Regulatory 
guidance to 

industry 
requiring CVOTs

FDA approval of 
first SGLT2 

inhibitor for 
diabetes

EMPA-REG 
OUTCOME 

(empagliflozin)

CANVAS 
(canagliflozin)

DECLARE
TIMI 58

(dapagliflozin)
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SGLT2 Inhibitors Block SGLT2 and 
Reduce Glucose and Na+ Reabsorption

Remaining 
glucose is 

reabsorbed by 
SGLT1 (10%)

Proximal tubule

Glucose
filtration

Reduced glucose and 
sodium reabsorption SGLT2

SGLT2

Glucose

SGLT2i

Increased urinary 
excretion of 

excess glucoseSodium

Decreased 
intracellular 

sodium 
concentration Based on this MOA, 

the following occur:
Å Diuresis
Å Natriuresis
Å HbA1c reduction
Å Weight loss
Å SBP reduction

Butler J, et al. Euro J Heart Fail. 2017;
MarsenicO. Am J Kidney Dis. 2009; Mudaliar S, et al. Diabetes Care.2016. ATPase, adenosine triphosphatase; SBP, systolic blood pressure.

Spectrum of Efficacy of SGLT2i

Verma S, et al. Lancet.2019.

Primary prevention population
SGLT2i prevent heart failure 

and renal disease but may 
not reduce major adverse 

cardiovascular events

Secondary prevention population
SGLT2i prevent heart failure and 

renal disease, and reduce 
atherosclerotic events (major 

adverse cardiovascular events) 

Diabetes and multiple 
risk factors

Renal 
protection

Hospitalization 
for heart 
failure

Diabetes 
and 

established 
cardiovascular 

disease

Cardiorenal efficiency of SGLT2i

Major adverse 
cardiovascular 

events

Protection against ESRD, hHF, and Major Adverse CV Events

ESRD, end-stage renal disease; HHF, hospitalized heart failure.
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