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/Pre valence of Diabetesin-the Unit
2021 CDC Fact Sheet

* Affects 37.3 million Americans
(1.3% of the population) Type1 ~5%

e Diagnosed: 28.7 million (Approx 2 million)
e Undiagnosed: 8.6 million
(Over1in 5)

e Over 4200 people are diagnosed
daily

* Pre-Diabetes: 96 million Type 2 ~95%

» 38% of adults > age 18 (Approx 35 million)

° 48.8% > 65

e 1in 7 of these patients know it




More than 34 million Americans have
diabetes - 95% of whom have Type 2
Diabetes Mellitus (T2DM).

Diabetes and CVD are the main

causes of chronic kidney disease
(CKD).

Adults with T2DM are twice as
likely to have heart disease, a
stroke, or heart failure.

The presence of diabetes and
CVD in adults with CKD

increases the risk of morbidity Patients with diabetes and heart failure
and mortality. have a 50% 5-year mortality rate.

CDC. Type 2 Diabetes [Internet]. Center for Disease Control [cited 2020 Sep 20]. Available from: https://www.cdc.gov/diabetes/basics/type2.html
National Institute of Diabetes and Digestive and Kidney Diseases. Kidney Disease Statistics for the United States [Internet]. NIH [cited 20 Sep 2020].
Available from: https://www.niddk.nih.gov/health-information/health-statistics/kidney-disease



https://www.cdc.gov/diabetes/basics/type2.html
https://www.niddk.nih.gov/health-information/health-statistics/kidney-disease
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Standards of Care
In Diabetes—2023




Major changes for 2023

Even greater Cardio-renal Protection Theme with consideration of
glucose-lowering therapies

Greater emphasis on weight loss in diabetes management
New LDL-C goal
New BP goal

Emphasis on renal protection
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e ABC’s of Diabetes (Other guideline changes ...)

A1C (and consider ASA)

e <7.0% ADA (< 6.5% ACE)
Blood Pressure

* <130/80
Cholesterol

e LDL-C <70 mg/dL (< 55 mg/dL for those with established ASCVD)
» Statin therapy (moderate to high intensity doses)

e HDL-C > 40 mg/dL (> 50 mg/dL in women)

e TG’s <150 mg/dL (the addition of icosapent ethyl can be
considered)

Smoking Cessation
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ORIGINAL ARTICLE

Empagliflozin, Cardiovascular Outcomes,
and Mortality in Type 2 Diabetes

Bernard Zinman, M.D., Christoph Wanner, M.D., John M. Lachin, Sc.D.,
David Fitchett, M.D., Erich Bluhmki, Ph.D., Stefan Hantel, Ph.D.,
Michaela Mattheus, Dipl. Biomath., Theresa Devins, Dr.P.H.,

Odd Erik Johansen, M.D., Ph.D., Hans J. Woerle, M.D., Uli C. Broed|, M.D,,
and Silvio E. Inzucchi, M.D., for the EMPA-REG OUTCOME Investigators

7,020 people with T2DM, 100% with established CVD
Empa 10 or 25 mg vs placebo (all +SOC); Median observation time of 3.1 years

Primary Endpoint: Composite of CV death, non-fatal Ml and non-fatal stroke (3-pt
MACE)

Zinman B et al. N Engl ] Med. 2015;373(22):2117-28.



EMPA-REG OUTCOME®: STUDY DESIGN

12 weeks

Stable background | Background diabetes and CV therapy adjustment allowed
diabetes therapy | to achieve best care according to local guidelines

Placebo (n=2333)

Empagliflozin 10 mg (n=2345)*

2-week Randomized
_ placebo and treated
=2 run-in (n=7020)

1:1:1

Screening

Pooled

Empagliflozin 25 mg (n=2342)*

3.1 years’ median observation time

« HbA1c 7-10%
» Established CV disease
— History of coronary artery disease, peripheral arterial disease, Ml or stroke

Main inclusion .
- eGFR =230 ml/min/1.73 m?t

criteria

*The two doses have been pooled in the primary analysis; fInitiation of empagliflozin in patients with impaired kidney function should be conducted according to local prescribing

information
eGFR, estimated glomerular filtration rate; HbAlc, glycated haemoglobin; Ml, myocardial infarction

Zinman B et al. N Engl | Med 2015;373:2117




TIMETO OCCURRENCE OF CV DEATH VS PLACEBO ON TOP
OF STANDARD OF CARE™
EMPA-REG OUTCOME
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*Secondary endpoint; Nominal p-value {Standard of care included CV medications and glucose-lowering agents given at the discretion of physicians
ARR, absolute risk reduction; RRR, relative risk reduction

Zinman B et al. N Engl | Med 2015;373:2117




A Primary Outcome

B Death from Cardiovascular Causes
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Liraglutide and Cardiovascular Outcomes in Type 2 Diabetes

Steven P. Marso, M.D., Gilbert H. Daniels, M.D., Kirstine Brown-Frandsen, M.D., Peter Kristensen, M.D., E.M.B.A.,
Johannes F.E. Mann, M.D., Michael A. Nauck, M.D., Steven E. Nissen, M.D., Stuart Pocock, Ph.D.,
Neil R. Poulter, F.Med.Sci., Lasse S. Ravn, M.D., Ph.D., William M. Steinberg, M.D., Mette Stockner, M.D.,
Bernard Zinman, M.D., Richard M. Bergenstal, M.D., and John B. Buse, M.D., Ph.D.,
for the LEADER Steering Committee on behalf of the LEADER Trial Investigators*

9,340 people with T2DM at high risk of MACE

Primary Endpoint: Composite of CV death, non-fatal MI
and non-fatal stroke: 13% reduction

Secondary Endpoint: 22% reduction of CV mortality
15% decrease in overall mortality
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ESTABLISHED IN 1812 JULY 28, 2016 VOL. 375 NO. 4

Liraglutide and Cardiovascular Outcomes in Type 2 Diabetes

Steven P. Marso, M.D., Gilbert H. Daniels, M.D., Kirstine Brown-Frandsen, M.D., Peter Kristensen, M.D., E.M.B.A.,
Johannes F.E. Mann, M.D., Michael A. Nauck, M.D., Steven E. Nissen, M.D., Stuart Pocock, Ph.D.,
Neil R. Poulter, F.Med.Sci., Lasse S. Ravn, M.D., Ph.D., William M. Steinberg, M.D., Mette Stockner, M.D.,
Bernard Zinman, M.D., Richard M. Bergenstal, M.D., and John B. Buse, M.D., Ph.D.,
for the LEADER Steering Committee on behalf of the LEADER Trial Investigators™

9,340 patients with T2DM at high risk of MACE (81% with CVD)
Liraglutide 1.8 mg; Median 3.8 yrs f/u
Primary Endpoint: Composite of CV death, non-fatal MI and non-fatal stroke



Marso SP et al. N Engl ] Med.
2016 Jul 28;375:311-22.

A Primary Outcome
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ORIGINAL ARTICLE

Semaglutide and Cardiovascular Outcomes
in Patients with Type 2 Diabetes

Steven P. Marso, M.D., Stephen C. Bain, M.D., Agostino Consoli, M.D.,
Freddy G. Eliaschewitz, M.D., Esteban Jodar, M.D., Lawrence A. Leiter, M.D.,
lldiko Lingvay, M.D., M.P.H., M.S.C.S., Julio Rosenstock, M.D.,

Jochen Seufert, M.D., Ph.D., Mark L. Warren, M.D., Vincent Woo, M.D.,
Oluf Hansen, M.Sc., Anders G. Holst, M.D., Ph.D., Jonas Pettersson, M.D., Ph.D.,
and Tina Vilsbell, M.D., D.M.Sc., for the SUSTAIN-6 Investigators*

26% reduction of MACE

ABSTRACT

BACKGROUND
Regulatory guidance specifies the need to establish cardiovascular safety of new diabe-
tes therapies in patients with type 2 diabetes in order to rule out excess cardiovascular
risk. The cardiovascular effects of semaglutide, a glucagon-like peptide 1 analogue
with an extended half-life of approximately 1 week, in type 2 diabetes are unknown.
METHODS

We randomly assigned 3297 patients with type 2 diabetes who were on a standard-
care regimen to receive once-weekly semaglutide (0.5 mg or 1.0 mg) or placebo for
104 weeks. The primary composite outcome was the first occurrence of cardiovas-
cular death, nonfatal myocardial infarction, or nonfatal stroke. We hypothesized
that semaglutide would be noninferior to placebo for the primary outcome. The non-
inferiority margin was 1.8 for the upper boundary of the 95% confidence interval
of the hazard ratio.

Sept 16, 2016.

From the Research Medical Center, Kansas
City, MO (S.P.M.); School of Medicine, Swan-
sea University, Swansea, United Kingdom
(S.C.B.); Department of Medicine and Aging
Science and Center of Excellence on Aging
and Translational Medicine, G. d'Annunzio
University, Chieti-Pescara, ltaly (A.C.); CPClin
Research Center/Hospital Israelita Albert
Einstein, S3o Paulo (F.G.E.); Hospital Univer-
sitario Quirdn Salud Madrid, Facultad de
Ciencias de la Salud, Universidad Europea de
Madrid, Madrid (E.)J.); Li Ka Shing Knowledge
Institute and Keenan Research Centre for Bio-
medical Science, St. Michael’s Hospital, Uni-
versity of Toronto, Toronto (L.A.L.), and the
University of Manitoba, Winnipeg (VW.) —
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Semaglutide and Cardiovascular Outcomes
in Patients with Type 2 Diabetes

Steven P. Marso, M.D., Stephen C. Bain, M.D., Agostino Consoli, M.D.,
Freddy G. Eliaschewitz, M.D., Esteban Jodar, M.D., Lawrence A. Leiter, M.D.,
lldiko Lingvay, M.D., M.P.H., M.S.C.S., Julio Rosenstock, M.D.,

Jochen Seufert, M.D., Ph.D., Mark L. Warren, M.D., Vincent Woo, M.D.,
Oluf Hansen, M.Sc., Anders G. Holst M.D., Ph.D., Jonas Pettersson, M.D., Ph.D.,

3,297 patients with T2D Scr{{)srl?%%ﬁ%@ﬁe (83% with CVD and/or CKD)
Semaglutide 0.5 or 1 mg; Medlamgzﬂ AGiS 1/U
Primary Endpgijnt; 3-point MACE

Regulatory guidance specifies the need to establish cardiovascular safety of new diabe-
tes therapies in patients with type 2 diabetes in order to rule out excess cardiovascular
risk. The cardiovascular effects of semaglutide, a glucagon-like peptide 1 analogue
with an extended half-life of approximately 1 week, in type 2 diabetes are unknown.
METHODS

We randomly assigned 3297 patients with type 2 diabetes who were on a standard-
care regimen to receive once-weekly semaglutide (0.5 mg or 1.0 mg) or placebo for
104 weeks. The primary composite outcome was the first occurrence of cardiovas-
cular death, nonfatal myocardial infarction, or nonfatal stroke. We hypothesized
that semaglutide would be noninferior to placebo for the primary outcome. The non-
inferiority margin was 1.8 for the upper boundary of the 95% confidence interval
of the hazard ratio.

From the Research Medical Center, Kansas
City, MO (S.P.M.); School of Medicine, Swan-
sea University, Swansea, United Kingdom
(S.C.B.); Department of Medicine and Aging
Science and Center of Excellence on Aging
and Translational Medicine, G. d'Annunzio
University, Chieti-Pescara, ltaly (A.C.); CPClin
Research Center/Hospital Israelita Albert
Einstein, S3o Paulo (F.G.E.); Hospital Univer-
sitario Quirdn Salud Madrid, Facultad de
Ciencias de la Salud, Universidad Europea de
Madrid, Madrid (E.)J.); Li Ka Shing Knowledge
Institute and Keenan Research Centre for Bio-
medical Science, St. Michael’s Hospital, Uni-
versity of Toronto, Toronto (L.A.L.), and the
University of Manitoba, Winnipeg (VW.) —



A Primary Outcome

B Nonfatal Myocardial Infarction
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Marso SP. N Engl ] Med. 2016; 375: 311-22.




Dulaglutide and cardiovascular outcomes in type 2 diabetes
(REWIND): a double-blind, randomised placebo-controlled
trial

Hertzel C Gerstein, Helen M Colhoun, Gilles R Dagenais, Rafael Diaz, Mark Lakshmanan, Prem Pais, Jeffrey Probstfield, Jeffrey S Riesmeyer,
Matthew CRiddle, Lars Rydén, Denis Xavier, Charles Messan Atisso, Leanne Dyal, Stephanie Hall, Purnima Rao-Melacini, Gloria Wong,

Alvaro Avezum, Jan Basile, Namsik Chung, Ignacio Conget, William C Cushman, Edward Franek, Nicolae Hancu, Markolf Hanefeld, Shaun Holt,
Petr Jansky, Matyas Keltai, Fernando Lanas, Lawrence A Leiter, Patricio Lopez-Jaramillo, Ernesto German Cardona Munoz, Valdis Pirags,

Nana Pogosova, Peter | Raubenheimer, Jonathan E Shaw, Wayne H-H Sheu, Theodora Temelkova-Kurktschiev, for the REWIND Investigators*

Summary 13% reduction in MACE

Background Three different glucagon-like peptide-1 (GLP-1) receptor agonists reduce cardiovascular outcomes in
people with type 2 diabetes at high cardiovascular risk with high glycated haemoglobin A, (HbA,) concentrations.
We assessed the effect of the GLP-1 receptor agonist dulaglutide on major adverse cardiovascular events when added
to the existing antihyperglycaemic regimens of individuals with type 2 diabetes with and without previous
cardiovascular disease and a wide range of glycaemic control.

Methods This multicentre, randomised, double-blind, placebo-controlled trial was done at 371 sites in 24 countries. Men
and women aged at least 50 years with type 2 diabetes who had either a previous cardiovascular event or cardiovascular
risk factors were randomly assigned (1:1) to either weekly subcutaneous injection of dulaglutide (1-5 mg) or placebo.
Randomisation was done by a computer-generated random code with stratification by site. All investigators and
participants were masked to treatment assignment. Participants were followed up at least every 6 months for incident
cardiovascular and other serious clinical outcomes. The primary outcome was the first occurrence of the composite
endpoint of non-fatal myocardial infarction, non-fatal stroke, or death from cardiovascular causes (including unknown
causes), which was assessed in the intention-to-treat population. This study is registered with ClinicalTrials.gov,
number NCT01394952.

@R ®

CrossMark

Published Online

June 10, 2019
http://dx.doi.org/10.1016/
S0140-6736(19)31149-3

See Online/Comment
http://dx.doi.org/10.1016/
S0140-6736(19)31267-X

*Investigators listed in the
appendix

Population Health Research
Institute, McMaster Universit
and Hamilton Health Sciences
Hamilton, ON, Canada

(Prof H C Gerstein MD,

L Dyal MSc, S Hall BA,

P Rao-Melacini MSc,

GWong BSc); University of
Edinburgh, Edinburgh, UK
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to the existing antihyperglycaemic regimens of individuals with type 2 diabetes with and without previous
cardiovascular disease and a wide range of glycaemic control.

Methods This multicentre, randomised, double-blind, placebo-controlled trial was done at 371 sites in 24 countries. Men
and women aged at least 50 years with type 2 diabetes who had either a previous cardiovascular event or cardiovascular
risk factors were randomly assigned (1:1) to either weekly subcutaneous injection of dulaglutide (1-5 mg) or placebo.
Randomisation was done by a computer-generated random code with stratification by site. All investigators and
participants were masked to treatment assignment. Participants were followed up at least every 6 months for incident
cardiovascular and other serious clinical outcomes. The primary outcome was the first occurrence of the composite
endpoint of non-fatal myocardial infarction, non-fatal stroke, or death from cardiovascular causes (including unknown
causes), which was assessed in the intention-to-treat population. This study is registered with ClinicalTrials.gov,
number NCT01394952.
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A  Composite cardiovascular outcome B Cardiovascular death
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CARDIOVASCULAR BENEFIT OF
GLP-1 RA’S

Liraglutide (LEADER) - 13% reduction in MACE (2016)
Semaglutide (SUSTAIN) - 26% reduction of MACE (201 6)
Albiglutide (Harmony Outcomes) - 22% reduction of MACE (2018)
Dulaglutide (REWIND) - 12% reduction of MACE (2019)



Potential Mechanisms for CVD Benefit

Kidney Heart |
A Natriuresis 1 Cardioprotection
1 Diuresis
\ Pancreas
Blood vessel His Ala Glu Gly Thr Phe { Glucose

J Blood pressure J Hypoglycemia

b .
a-Cell
lys Ala Ala GIn Gly Glu Leu Tyr Ser J, Glucagon secretion
GLP-1 B-Cell

™ Insulin secretion
T Insulin biosynthesis
J, Apoptosis

Brain
J- Body weight

Fats and other tissues
4 Inflammation

Adapted from Drucker DJ. Cell Metab. 2016;24:15-30.

lle Ala Trp Leu Val Lys Gly Arg Gly

N\

Platelets

Intestines J- Coagulation

| Postprandial lipids




2019 ACC/AHA CV Disease Primary Prevention
Guideline

Recommendation for adults with type 2
diabetes mellitus

"
Three GLP-1R * For adults with T2DM and additional
agonists have been ASCVD risk factors who require glucose-

found to significantly

lowering therapy despite initial lifestyle
modifications and metformin, it may be

reduce the risk of reasonable to initiate a sodium-glucose

: : cotransporter 2 (SGLT2) inhibitor or a
ASCVD in adults with glucagon-like peptide-1 receptor (GLP-1R)

T2DM who are at high agonist to improve glycemic control and
ASCVD risk." reduce CVD risk.

Arnett DK, et al. Circulation. 2019;140:e596-e646.



GLP-1 RECEPTOR AGONISTS - RISK-TO-BENEFIT RATIO

BENEFITS

RISKS

* Mostly injectables

* Nausea/vomiting

! MACE * ? Pancreatitis risk

Renal * Medullary thyroid cancer
protection (rodents)




Glucagon-like Peptide-1 Receptor Agonism | Glucose-dependent Insulinotropic Polypeptide Receptor Agonism
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= P Insulin
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» J, Ectopic Lipid Accumulation
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Tirzepatide versus Semaglutide Once Weekly
in Patients with Type 2 Diabetes

Juan P. Frias, M.D., Melanie J. Davies, M.D., Julio Rosenstock, M.D.,
Federico C. Pérez Manghi, M.D., Laura Fernédndez Landé, M.D.,
Brandon K. Bergman, Pharm.D., Bing Liu, Ph.D., Xuewei Cui, Ph.D.,
and Katelyn Brown, Pharm.D., for the SURPASS-2 Investigators*

ABSTRACT

BACKGROUND
Tirzepatide is a dual glucose-dependent insulinotropic polypeptide and glucagon-

like peptide-1 (GLP-1) receptor agonist that is under development for the treatment
of type 2 diabetes. The efficacy and safety of once-weekly tirzepatide as compared
with semaglutide, a selective GLP-1 receptor agonist, are unknown.



DUAL GLP-1/GIP RECEPTOR AGONISTS SURPASS-2

Drug Average A Confidence Difference in Average A P-Value

HbA1C (%) Interval HbA1C (%) Relative to

from Baseline Semaglutide 1 mg
Tirzepatide 5 (-0.28 to -0.03) -0.15% 0.02
mg
Tirzepatide 10 (-0.51 to -0.26) -0.39% P <0.001
mg
Tirzepatide 15 (-0.57 to -0.32) -0.45% P <0.001
mg
Semaglutide 1 0 % -
mg
Drug Average A in Body Weight P-Value

(kg)

Tirzepatide S mg -1.6 P < 0.001
Tirzepatide 10 mg -9.3 P < 0.001
Tirzepatide 15 mg -11.2 P <0.001

Semaglutide 1 mg -9.7



A Change in Glycated Hemoglobin Levels from Baseline

Change (percentage points)

ETD -0.15 (-0.28 to -0.03), P=0.02
| 1

ETD -0.39 (-0.51 to -0.26), P<0.001
| 1

ETD -0.45 (-0.57 to -0.32), P<0.001
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A Change in Body Weight
ETD -1.9 kg (-2.8 to ~1.0), P<0.001

1
ETD -3.6 kg (-4.5 to -2.7), P<0.001
I I
ETD -5.5 kg (~6.4 to -4.6), P<0.001

0
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15 mg 1 mg

R
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Body Weight 7% Loss- Semaglutide, Liraglutide

Observed mean change over time* Estimated mean change from baseline to week 68"
(Mean at baseline: 104.5 kg)

0 -

Mean change in body weight (%)

-16 - l
ETD:-9.4 %

95% Cl: [-12.0, —6.8]; p<0.001

_20 | | | | | | | | | | | | | | | | 1 I

0O 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 ETD: -10.5 %
95% Cl: [-12.8, -8.1]; p<0.001

Time since randomisation (weeks)

Semaglutide 2.4 mg Liraglutide 3.0 mg Pooled placebo
In-trial period/treatment policy estimand: [ |
On-treatment period/trial product estimand: [ |

Rubino et al. JAMA 2022; 327(2): 138-150



Tirzepatide, 5 mg M Tirzepatide, 10 mg M Tirzepatide, 15 mg [ Placebo

A Overall Percent Change in Body Weight from Baseline

(treatment-regimen estimand)
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Jastreboff AM et al. N Engl ] Med 2022;387:205-16.
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Garvey WT et al. Lancet; June 24 2023; https://doi.org/10.1016/S0140-6736(23)01200-X
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CHANGE FROM BASELINE (%) IN BODY WEIGHT

50 ~—@— ZEPBOUND 5mg
~—¥— ZEPBOUND 10mg
—4&— ZEPBOUND 15mg
i —4l - Placebo
0.0
.ﬂ
_ .y . B — —g— — ma: Ha
i -5'0_
£
=)
K]
=
§ -10.0
o
£
£ -15.0 8 -150
:
. = Y -195
20.0 209 209
-22.0
-25.0
! ' ' I T T '
0 4 8 12 16 20 24 36 48 60 72 W72 HI
Week Post Randomization
Number of patients
ZEPBOUND Smg 630 601 579 566 630
ZEPBOUND 10mg 636 583 584 569 636
ZEPBOUND 15mg 595 582 571
Placebo 643 593 52 504 643

Zepbound, prescribing information, Eli Lily 2023.
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Canagliflozin and Cardiovascular and Renal
Events in Type 2 Diabetes

Bruce Neal, M.B., Ch.B., Ph.D., Vlado Perkovic, M.B., B.S., Ph.D.,
Kenneth W. Mahaffey, M.D., Dick de Zeeuw, M.D., Ph.D., Greg Fulcher, M.D.,
Ngozi Erondu, M.D., Ph.D., Wayne Shaw, D.S.L., Gordon Law, Ph.D.,
Mehul Desai, M.D., and David R. Matthews, D.Phil., B.M., B.Ch.,

: for the CANVAS Program Collabgrative Group®
14% reduction of prlamary composite otitcome: deat rom%'i:/ugauses, nonfatal

myocardial infarction, or nonfatal stroke

33% relative risk reduction of hospitaifzatidn¥6rheart failure

BACEGROUND
Canagliflozin is a sodium—glucose cotransporter 2 inhibitor that reduces glycemia

as well as blood pressure, body weight, and albuminuria in people with diabetes.
We report the effects of treatment with canagliflozin on cardiovascular, renal, and

safety outcomes.

NEJM 2017;377:644-57.
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Canagliflozin and Cardiovascular and Renal
Events in Type 2 Diabetes

Bruce Neal, M.B., Ch.B., Ph.D., Vlado Perkovic, M.B., B.S., Ph.D.,
Kenneth W. Mahaffey, M.D., Dick de Zeeuw, M.D., Ph.D., Greg Fulcher, M.D.,
Ngozi Erondu, M.D., Ph.D., Wayne Shaw, D.S.L., Gordon Law, Ph.D.,
Mehul Desai, M.D., and David R. Matthews, D.Phil., B.M., B.Ch.,
for the CANVAS Program Collaborative Group*

10,142 patients with T2DM, 2/3’s with established CVD
Cana 100 or 300 mg or placebo; 2.4 year*fiGR A< T

Primary Endpojnt: Composite of CV death, non-fatal Ml and non-fatal stroke

Canagliflozin is a sodium—glucose cotransporter 2 inhibitor that reduces glycemia
as well as blood pressure, body weight, and albuminuria in people with diabetes.

We report the effects of treatment with canagliflozin on cardiovascular, renal, and
safety outcomes.

Neal B et al. NEJM 2017;377:644-57.



| A Death from Cardiovascular Causes, Nonfatal Myocardial Infarction, or Nonfatal Stroke
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Neal B et al. NEJM 2017;377:644-57.
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Dapagliflozin and Cardiovascular Outcomes

1n Type 2 Diabetes No reduction of MACE
17% relative risk reduction of CV death

or hospitalization for heart failure

S.D. Wiviott, |. Raz, M.P. Bonaca, O. Mosenzon, E.T. Kato, A. Cahn, M.G. Silverman,
T.A. Zelniker, J.F. Kuder, S.A. Murphy, D.L. Bhatt, LA. Leiter, D.K. McGuire,
J.P.H. Wilding, C.T. Ruff, LA.M. Gause-Nilsson, M. Fredriksson, P.A. Johansson,
A.-M. Langkilde, and M.S. Sabatine, for the DECLARE-TIMI 58 Investigators*

ABSTRACT

BACKGROUND
The cardiovascular safety profile of dapagliflozin, a selective inhibitor of sodium— The authors' full names, academic de-

glucose cotransporter 2 that promotes glucosuria in patients with type 2 diabetes, grees, and affiliations arelisted in the Ap-
is undefined pendix. Address reprint requests to Dr.

Wiviott at the TIMI Study Group, Division
METHODS of Cardiovascular Medicine, Brigham

. . . . . and Women's Hospital, Hale Building for
We randﬂfnly asggned paue:;ts with type '2 dr.flbetes who }Flﬂd or were at risk for at’r{— Transformative Medicine, §0 Fenweod
erosclerotic cardiovascular disease to receive either dapagliflozin or placebo. The pri- Rd., 7th Fl, Boston, MA 02115, or at
mary safety outcome was a composite of major adverse cardiovascular events (MACE), swiviett@bwh.harvard.edu.
defined as cardiovascular death, myocardial infarction, or ischemic stroke. The pri- *A complete list of the DECLARE-TIMI
mary efficacy outcomes were MACE and a composite of cardiovascular death or hos- 38 investigators and executive commit-
talization for h Eail S d 5 R I e tee and steering committee members
pitalization for heart failure. Secondary efficacy outcomes were a renal composi is provided in the Supplementary Ap-
(240% decrease in estimated glomerular filtration rate to <60 m! per minute per pendix, available at NEJM.org.
2 .
1.73 m? of body-surface area, new end-stage renal disease, or death from renal O 1y,i; . ticle was published on November 10,

cardiovascular causes) and death from any cause. 2018, at NEJM.org.

RESULTS DOI: 10.1056/NEJMoal 812389
We evaluated 17,160 patients, including 10,186 without atherosclerotic cardiovascular copyight © 2018 Massachusetss Medical Society.

disease, who were followed for a median of 4.2 years. In the primary safety outcome
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Dapagliflozin and Cardiovascular Outcomes
in Type 2 Diabetes

S.D. Wiviott, I. Raz, M.P. Bonaca, O. Mosenzon, E.T. Kato, A. Cahn, M.G. Silverman,
T.A. Zelniker, J.F. Kuder, S.A. Murphy D.L. Bhatt, L.AA. Leiter, D.K. McGuire,
J.P.H. Wilding, C.T. Ruff, LA.M. Gause-Nilsson, M. Fredriksson, P.A. Johansson,

17,160 patient's Wit T2PDM;, 3% with 'éstablished=CVD
DAPA 10 mg; 4.2 year mediant fftract
Two primaliy &ffitacy outcom E or cardiovascular death and HHF

cardiovascu ety pl’ﬂ tsdapagﬁmzm a selectve 1tOF O Ui~ The authors' full names, academic de-

glucose cotransporter 2 that promotes glucosuria in patients with type 2 diabetes,
1s undefined.

METHODS

We randomly assigned patients with type 2 diabetes who had or were at risk for ath-
erosclerotic cardiovascular disease to receive either dapagliflozin or placebo. The pri-
mary safety outcome was a composite of major adverse cardiovascular events (MACE),
defined as cardiovascular death, myocardial infarction, or ischemic stroke. The pri-
mary efficacy outcomes were MACE and a composite of cardiovascular death or hos-
pitalization for heart failure. Secondary efficacy outcomes were a renal composite
(240% decrease in estimated glomerular filtration rate to <60 ml per minute per
1.73 m* of body-surface area, new end-stage renal disease, or death from renal or
cardiovascular causes) and death from any cause.

RESULTS

We evaluated 17,160 patients, including 10,186 without atherosclerotic cardiovascular
disease, who were followed for a median of 4.2 years. In the primary safety outcome

grees, and affiliations are listed in the Ap-
pendix. Address reprint requests to Dr.
Wiviott at the TIMI Study Group, Division
of Cardiovascular Medicine, Brigham
and Women's Hospital, Hale Building for
Transformative Medicine, 60 Fenwood
Rd., 7th Fl., Boston, MA 02115, or at
swivictti@bwh.harvard.edu.

*A complete list of the DECLARE-TIMI
58 investigators and executive commit-
tee and steering committee members
is provided in the Supplementary Ap-
pendix, available at NE|M.org.

This article was published on November 10,
2018, at NE|M.org.

DOl: 10.1056/NE)Moal 8l 2389
Copyright © 2018 Muossachusetts Medical Society.



Wiviott SD et al. N Engl J Med.
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A Cardiovascular Death or Hospitalization for Heart Failure
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Cardiovascular Outcomes with Ertugliflozin
in Type 2 Diabetes

C.P. Cannon, R. Pratley, S. Dagogo-Jack, J. Mancuso, S. Huyck, U. Masiukiewicz,
B. Charbonnel, R. Frederich, S. Gallo, F. Cosentino, W.J. Shih, I. Gantz, S.G. Terra,
D.Z.I. Cherne , and D.K. McGuire, for the VERTIS CV Investigators*

8,238 patients with T2DM; 100% CVD

5 or 15 mg or placebo; 3.0-year median f/uaestracr
Primary Endpoint: 3-Point MACE

BACKGROUND
The cardiovascular effects of ertugliflozin, an inhibitor of sodium—glucose co- The authors’ full names, academic de-

pendix. Address reprint requests to Dr.

Cannon at Brigham and Women’s Hospi-
METHODS. . . . . . . tal, 360 Longwood Ave., 7th Fl., Boston,
In a multicenter, double-blind trial, we randomly assigned patients with type 2 dia-  \a 02115, or at cpcannon@bwh.harvard

betes and atherosclerotic cardiovascular disease to receive 5 mg or 15 mg of ertug- -edu.
liflozin or placebo once daily. With the data from the two ertugliflozin dose «a complete list of the VERTIS CV inves-
Cannon CP et al. N Engl groups pooled for analysis, the primary objective was to show the noninferiority of  tigators is provided in the Supplemen-
] Med 2020; DOI: 101056/ ertugliflozin to placebo with respect to the primary outcome, major adverse cardio- 12" Appendix, available at NEJM.org.
: e, vascular events (a composite of death from cardiovascular causes, nonfatal myo- This article was published on September
NEJMoa2004967 cardial infarction, or nonfatal stroke). The noninferiority margin was 1.3 (upper 2> 2020 @t NEM.org.
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DOI: 10.1056/NEJMo0a2004967

A Major Adverse Cardiovascular Event (Primary Outcome)
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CV Outcomes

EMPA-REG
OUTCOME!]

CANVAS Program(®

DECLARE-TIMI 58!c]

VERTIS cv!ld]

*Full analysis set, 95.6% Cl for MACE. TIntention-to-treat analysis set, 95.8% Cl.

MACE

HR (95% Cl)

0.86
(0.74, 0.99)

0.86
(0.75, 0.97)

0.93
(0.84, 1.03)

0.97*
(0.85, 1.11)

CV Death

HR (95% ClI)

0.62
(0.49, 0.77)

0.87
(0.72, 1.06)

0.98
(0.82, 1.17)

0.92
(0.77, 1.11)

HHF
HR (95% CI)
0.65
(0.50, 0.85)

0.67
(0.52, 0.87)

0.73
(0.61, 0.88)

0.70
(0.54, 0.90)

a.Zinman B, et al. N Engl J Med. 2015;373:2117-2128; b. Neal B, et al. N Engl ] Med. 2017;377:644-657; c. Wiviott SD, et al. N Engl J Med. 2019;380:347-
357; d. McGuire DK. Presented at the EASD Virtual Meeting, 2020.



HHF Outcomes in SGLT2 Inhibitor CV Outcomes Trials

EMPA-REG OUTCOME!!
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HR, 0.67
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VERTIS Cvldl

HR, 0.70
(95% CI, 0.54, 0.90)

Placebo
= Ertugliflozin
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a. Zinman B, et al. N Engl J Med. 2015;373:2117-2128; b. Neal B, et al. N Engl J Med. 2017;377:644-657; c. Wiviott SD, et al. N Engl J Med. 2019;380:347-357; d. McGuire DK. Presented at the EASD

Virtual Meeting, 2020. (figure provided by D.K. McGuire, with permission).



i’s With FDA Indications

for Cardiovascular Disease (CVD)
Empagliflozin

e Indicated to reduce the risk of cardiovascular (CV) death in adults with type 2
diabetes mellitus and established CV disease.

Canagliflozin

 Indicated to reduce the risk of major adverse cardiovascular events in adults
with type 2 diabetes mellitus and established cardiovascular disease.

Dapagliflozin
 Indicated to reduce the risk of cardiovascular death and hospitalization for

heart failure in adults with heart failure (NYHA class II-1V) with reduced
ejection fraction.



/

As With FDA Indications

for Cardiovascular Disease (CVD)

Liraglutide

e FDA-approved indication to reduce risk for MACE in adults with T2D
and established CVD.

Semaglutide SQ
e Indicated to reduce the risk for MACE in adults with T2D with established CVD.

Dulaglutide

e Indicated to reduce the risk MACE in adults with T2D with established CVD or
multiple CV risk factors.



Renal Protection
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— Proven Renoprotection in T2DM: RENAAL & IDNT

Doubling of serum creatinine, ESKD, or death
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1
Pl Irbesartan i
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404 0.5 f
ﬁ LA

0.4- ot
30~

0.3-
20~

0.2-

Risk reduction, 20%

0.11 P =0.02

0.0+ “"‘-.I I I I I I I I I
0 6 12 18 24 30 36 42 48 54

Months of Follow-up

Months of Study

Brenner et al. N Engl J Med. 2001; 345:861-869. Lewis et al. N Eng J Med. 2001; 345:851-860.



Kidney Disease Outcomes and Quality Improvement (KDOQI)
CKD Staging Nomenclature'

B Low

Moderately increased
¥ High G1 G3a G3b G4 G5
W Very high GFR 290 GFR 45-59 | GFR 30-44 | GFR 15-29 | GFR <15

Worsening

albuminuria 30-300 mg/g

A3
>300 mg/g

PeerView.com

1. National Kidney Foundation. Kidney Int Suppl. 2013;3:i-xiii, 1-150.



Kidney Composite Outcomes

* Generally consistent definitions: sustained > 40% decline in eGFR, ESKD or renal death
HR (95% Cl)

(a] ' Sustained > 40% reduction in eGFR, renal-replacement 0.55
=WIEA R OUICOMES therapy (dialysis or transplantation), or death from
(post-hoc exploratory) | i —— (0.41, 0.73)
CANVAS Program!(®! Sustained > 40% reduction in eGFR, renal- 0.60

replacement therapy (dialysis or transplantation), or

(prespecified exploratory)
death from renal causes

(0.47, 0.77)

Sustained > 40% decrease in eGFR to 0.53
< 60 mL/min/1.73 m? and/or end-stage renal disease (0.43, 0.66)
and/or renal death

DECLARE-TIMI 58[¢l
(prespecified secondary)

Sustained 2 40% reduction in eGFR, renal- 0.66
replacement therapy (dialysis or transplantation), or (0.50, 0.88)
| death from renal causes e T

/
S A

VERTIS CVdI*
(prespecified exploratory)

*Intention-to-treat analysis set, 95.0% Cl.
a. Perkovic V, et al. Nephrol Dial Transplant.2019;1-9; b. Neal B, et al. N Engl ] Med. 2017;377:644-657; c. Wiviott SD, et al. N Engl ] Med. 2019;380:347-
357; d. Cherney D. Presented at the EASD Virtual Meeting, 2020.
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Canagliflozin and Renal Outcomes in Type 2 Diabetes
and Nephropathy

V. Perkovic, M.J. Jardine, B. Neal, S. Bompoint, H.J.L. Heerspink, D.M. Charytan, R. Edwards, R. Agarwal, G. Bakris,
S. Bull, C.P. Cannon, G. Capuano, P.-L. Chu, D. de Zeeuw, T. Greene, A. Levin, C. Pollock, D.C. Wheeler, Y. Yavin,

H. Zhang, B. Zin _. ini B.M. Brenner, and . K.W. Mahaffey, for the, CREDENCE.Trial Investigators®
4401 patierits w1trﬂ4?2ﬁ)m, eBFR 30-90 ml/min with macro albuminuria (300-5600 mg/g)
Cana 100 mg mg; receiving SOC therapy Median 2.6 yrs f/u
Primary Endpoint: composite of ESRD, a doubling of the SCr level, or renal or CV death

BACKGROUND

Type 2 diabetes mellitus is the leading cause of kidney failure worldwide, but few The authors’ full names, academic de-
effective long-term treatments are available. In cardiovascular trials of inhibitors 8rees. ;"d 35‘3“3“0”5 are listed in the
of sodium-glucose cotransporter 2 (SGLT2), .explnramry r.esults have.suggested g?psgrﬁ;i? atrf;: ;F::g; lr:gtl:tﬁ': f:::
that such drugs may improve renal outcomes in patients with type 2 diabetes. Global Health, University of New South




Perkovik V etal. N Engl ]
Med, 2019;380:2295-306.

| A Primary Composite Outcome
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Dapagliflozin in Patients
with Chronic Kidney Disease

Hiddo J.L. Heerspink, Ph.D., Bergur V. Stefansson, M.D.,
Ricardo Correa-Rotter, M.D., Glenn M. Chertow, M.D., Tom Greene, Ph.D.,
Fan-Fan Hou, M.D., Johannes F.E. Mann, M.D., John ].V. McMurray, M.D.,

4304 patients with-€KD SEGF R 3ge 77l frAiA aﬂﬁsmmamy Alb:Cr 200- 5000 mg/g)

Roberto D. Toto, M.D., Anna-M ngk |de, M.D., and David C. Wheel

On stable renal protection therapy; Dapazo.mg;Median 2.4 yrs f/u; 2/3’s with T2DM

Primary Endpoint: composite of a sustained decline in the eGFR of at least 50%, ESRD,

BSTRACT
or death from renalorecardiovascularcauses

BACKGROUND
Patients with chronic kidney disease have a high risk of adverse kidney and cardio-

The authors' affiliations are listed in the

vascular outcomes. The effect of dapagliflozin in patients with chronic kidney Appendix. Address reprint requests to

disease, with or without type 2 diabetes, is not known.

METHODS

We randomly assigned 4304 participants with an estimated glomerular filtration
rate (GFR) of 25 to 75 ml per minute per 1.73 m? of body-surface area and a uri-
nary albumin-to-creatinine ratio (with albumin measured in milligrams and cre-
atinine measured in grams) of 200 to 5000 to receive dapagliflozin (10 mg once
daily) or placebo. The primary outcome was a composite of a sustained decline in

Dr. Heerspink at the Department of Clini-
cal Pharmacy and Pharmacology, Univer-
sity of Groningen, P.O. Box 30.001, 9700
RB Groningen, the Netherlands, or at
h.j.lambers.heerspink@umcg.nl.

*A complete list of DAPA-CKD committee
members and investigators is provided
in the Supplementary Appendix, available
at NEJM.org.



Table 1. Demographic and Clinical Characteristics of the Participants at Baseline.*

Estimated GFR
(Mean>- ml/min/1.73 m?
Distribution — no. (%)
7~ =60 ml/min/1.73 m? B
45 to <60 ml/min/1.73 m?
30 to <45 ml/min/1.73 m?
: 2
<30 ml/min/1.73 m Y,

o

FiaVaw |l

Heerspink HJL et al. NEJM 2020;
DOI: 10.1056/NEJM0a2024816

Characteristic
Age —yr
Female sex — no. (%)

Race —no. (%)

W it

45 to <60 ml/min/1.73 m?
30 to <45 ml/min/1.73 m?

Urinary albumin-to-creatinine ratio§
Median (interquartile range)
>1000 — no. (%)

Type 2 diabetes — no. (%)

Cardiovascular disease — no. (%)9

Heart failure — no. (%)

Previous medication — no. (%6)
ACE inhibitor
ARB
Diuretic

Statin

Placebo /
(N=2152)

Dapagliflozin

(N=2152)

61.8+12.1 61.9+12.1

709 (32.9) 716 (33.3)

4324123 43.0412.4 O

234 (10.9) 220 (10.2)
646 (30.0) 682 (31.7)
979 (45.5) 919 (42.7)
293 (13.6) 331 (15.4)

646 (30.0) 682 (31.7) ‘

979 (4 919 (42.7) A
1455 1451 @

T MTT oL

965 (472-1903)
1048 (48.7)
1455 (67.6)

813 (37.8)
235 (10.9)

673 (31.3)
1444 (67.1)

928 (43.1)
1395 (64.8)

TFATT M7 AN

934 (482-1868)
1031 (47.9)
1451 (67.4)

797 (37.0)
233 (10.8)

681 (31.6
1426 (66.3
954 (44.3
1399 (65.0

_— e e

—



Heerspink HJL et al. NEJM 2020;
DOI: 10.1056/NE]JM0a2024816

| A Primary Composite Outcome
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C Composite of Death from Cardiovascular Causes or Hospitalization
for Heart Failure
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'S With FDA Indications
for Renal Protection

Canagliflozin

 Indicated to reduce the risk of end-stage kidney disease, doubling of serum
creatinine, cardiovascular death, and hospitalization for heart failure in
adults with type 2 diabetes mellitus and diabetic nephropathy with
albuminuria.

Dapagliflozin

e FDA granted breakthrough therapy designation (10/2/20) for dapagliflozin
for adults with chronic kidney disease with and without type 2 diabetes.

(EMPA-Kidney and SCORED results expected in 2022)



Effect of SGLTs on Renal Endpoint

KIDNEY OUTCOMES
Trial HR (95% Cl)
:
EMPA-REG La : (0.40—0.75)
CANVAS L i (0.47-0.77)
DECLARE 03 l (0.43—0.66)
CREDENCE 038 : (0.53—0.81)
VERTIS-CV ol i (0.64—1.03)
SCORED Tk | (0.46—1.08)
DAPA-CKD 0 : (0.45-0.68)
EMPEROR-R 0 i (0.32-0.77)
0.61 |
Overall L : (0.54-0.70)
12 = 37% :
p=.11 :

0.3

0.4

0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2
Favours SGLT-2is

Giugliano et al. Diabetes Obesity Metabolism 2021; Om-line 12 March



Is the Combined Use of GLP-1 RA and
SGLT2 Inhibitor an Option?

SGLT2I GLP-1 RA Combination

—
+J
—

Appetite

Body weight

Ischemic CV events
Heart failure events
Insulin levels

Glucagon secretion
Hepatic glucose output
Ketone body production
Muscle glucose uptake
Diuresis, natriuresis

Urinary glucose secretion

I 1+
+ ++
+++I NN N++3T+

NN

Renoprotection

Nauck MA, et al. Lancet Diabetes Endocrinol. 2016;963-964; Frias JP, et al. Lancet Diabetes Endocrinol. 2016;4:1004-1016; Lundkvist P, et al. Diabetes Obes
Metab. 2017;19:49-60.






art failure hosp

Secondary endpoint of CVOT’s

EMPA-REG

CANVAS P
OUTCOME rogram

> 35% reduction in > 33% reduction in
heart failure heart failure

hospitalizations hospitalizations
(p=0.002) (p=0.002)

Zinman B et al. N Engl ] Med. 2015;373(22):2117-28.
Neal B et al. N Engl ] Med. 2017;377:644-57.
Wiviott SD et al. N Engl ] Med. 2019; 380:347-357.

DECLARE-TIMI 58

» 27% reduction in
heart failure

hospitalizations
(p=0.005)

o
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| Table 2. Cardiovascular Outcome Trials Involving Patients with Heart Failure.*

Variable DAPA-HF EMPEROR-Reduced
Drug Dapagliflozin Empagliflozin
No. of patients 4744 3730
Type 2 diabetes — % of patients 41.7 49.8
LVEF — % 31.1 27.4
Median NT-proBNP — pg/ml 1437 1907
Mean eGFR — ml/min/1.73 m? 65.7 62.0
Outcomes — hazard ratio (95% Cl)

Cardiovascular death or hospital-  0.74 (0.65-0.85) 0.75 (0.68-0.86)

ization for heart failure
Hospitalization for heart failure 0.70 (0.59-0.83) 0.69 (0.59-0.81)

EMPEROR-Preserved SOLOIST-WHF
Empagliflozin Sotagliflozin
5988 1222
49.1 100
54.3 35
970 1864
60.6 49.9
0.79 (0.69-0.90) 0.67 (0.52-0.85)
0.73 (0.61-0.88) 0.64 (0.49-0.83)

* Data sources for the trials are as follows: DAPA-HF, McMurray et al.”; EMPEROR-Reduced, Packer et al.”; EMPEROR-Preserved, Anker et al.%;
SOLOIST-WHF, Bhatt et al.”” The abbreviation eGFR denotes estimated glomerular filtration rate, LVEF left ventricular ejection fraction, and

NT-proBNP N-terminal pro—-B-type natriuretic peptide.




FARXIGA® (dapagliflozin) Tablets
Dapagliflozin is Now Recommended as a First-Line HFrEF Therapy in the
2022 AHA/ACC/HFSA HF Guidelines

ARNI/

ACEI/ARB?

Core HFrEF Therapy'2

SGLT2

inhibitor

Guideline Recommendation’

COR

LOE

Recommendation for SGLT2 inhibitors

In patients with symptomatic chronic HFrEF, SGLT2 inhibitors
are recommended to reduce hospitalization for HF and CV
mortality, irrespective of the presence of T2D.

Quadruple Therapy Implementation

Early Benefit?

L ]

Simultaneous or rapid sequence
initiation of quadruple therapy is
associated with clinical event reduction
within the first 4 weeks

Projected Event-Free Survival and
Overall Survival®

Treatment with the combination of ARNI,
beta-blocker, MRA and SGLT2 inhibitor is
estimated to afford 2.7 to 8.3 years free
from CV death or first hHF and 1.4 to
6.3 additional years of survival
compared to a combination regimen of
ACEI! or ARB and beta-blocker

“Diuretics are also recommended as needed in patients with fluid retention: "ARNI is recommended as de novo or to replace ACEI or ARB in patients with NYHA class -l In patients with NYHA
class 11V, ACEI, or ARB when intolerant to ACEI due to cough or angioedema, is recommended when ARNI use is not feasible; “One of the 3 beta-blockers proven to reduce mortality; “if eGFR
=30 mL/min/1.73m? and potassium <5.0 mEg/L.
ACC = American College of Cardiology. ACEI = angiotensin-converting enzyme inhibitor; AHA = American Heart Association; ARB = angiotensin-recepior blocker; ARNI = angiotensin-receptor
neprilysin inhibitor; CV = cardiovascular: COR = class of recommendation; eGFR = estimated glomerular filtration rate: HF = heart faillure: HFrEF = heart failure with reduced ejection fraction; hHF
= hospitalization for heart failure, LOE = level of evidence; MRA = mineralocorticoid receptor antagonist, NYHA = Mew York Heart Association; SGLT2 = sodium-glucose cotransporter 2 .

1. Heidenreich PA et al. Online ahead of print. J Am Coll Cardiol. 2022; 2. McMurray JJV et al. Circulation. 2021;143{9).875-877; 3. Vaduganathan M et al. Lancet 2020;396(10244):121-128. © AstraZeneca 2022
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Dapagliflozin in Patients with Heart Failure
and Reduced Ejection Fraction

J.J.V. McMurray, S.D. Solomon, S.E. Inzucchi, L. Keber, M.N. Kosiborod,

F.A. Martinez, P. Ponikowski, M.S. Sabatine, |.S. Anand, ]. Bélohldvek, M. B6hm,

C.-E. Chiang, V.K. Chopra, R.A. de Boer, A.S. Desai, M. Diez, J. Drozdz, A. Dukit,

J. Ge, ).G. Howlett, T. Katova, M. Kitakaze, C.EA. Ljungman, B. Merkely, ].C. Nicolau,
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Dapa 10 mg in addition to recommended therapy; Median 18.2 mos f/u

Primary Endpoint: composite of worsening heart failure (hospitalization or an urgent
visit resulting in-iatsavenous therapy for heart failure) or cardiovascular death.

In patients with type 2 diabetes, inhibitors of sodium—glucose cotransporter 2 (SGLT2) The authors’ full names, academic de-
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Dapagliflozin in Patients with Heart Failure
and Reduced Ejection Fraction

J.J.V. McMurray, S.D. Solomon, S.E. Inzucchi, L. Keber, M.N. Kosiborod,

_—

26% relative risk reduction of composite
of worsening heart failure or CV death

0 . . .
FA. Martinez, P. Ponikowski, M.S. Sabatine, 1.5. Anand, ). Bélohlavek, M. BsAi8 20 Telative risk reduction of CV death
C.-E. Chiang, V.K. Chopra, RA. de Boer, A.S. Desai, M. Diez, J. Drozdz, A. Duligt% relative risk reduction of overall death

J. Ge, ).G. Howlett, T. Katova, M. Kitakaze, C.EA. Ljungman, B. Merkely, ].C. Nicolau,
E. O'Meara, M.C. Petrie, P.N. Vinh, M. Schou, S. Tereshchenko, S. Verma,
C. Held, D.L. DeMets, K.F. Docherty, P.S. Jhund, O. Bengtsson, M. Sjéstrand,
and A.-M. Langkilde, for the DAPA-HF Trial Committees and Investigators*

ABSTRACT

BACKEGROUND

In patients with type 2 diabetes, inhibitors of sodium—glucose cotransporter 2 (SGLT2)
reduce the risk of a first hospitalization for heart failure, possibly through glucose-
independent mechanisms. More data are needed regarding the effects of SGLT2 in-
hibitors in patients with established heart failure and a reduced ejection fraction,
regardless of the presence or absence of type 2 diabetes.

METHODS

In this phase 3, placebo-controlled trial, we randomly assigned 4744 patients with
New York Heart Association class II, 111, or IV heart failure and an ejection fraction
of 40% or less to receive either dapagliflozin (at a dose of 10 mg once daily) or pla-
cebo, in addition to recommended therapy. The primary outcome was a composite
of worsening heart failure (hospitalization or an urgent visit resulting in intravenous
therapv for heart failure) or cardiovascular death.

The authors' full names, academic de-
grees, and affiliations are listed in the Ap-
pendix. Address reprint requests to Dr.
McMurray at the British Heart Foundation
Cardiovascular Research Centre, Univer-
sity of Glasgow, 126 University P, Glasgow
G12 8TA, United Kingdom, or at john
.mcmurray@glasgow.ac.uk.

*A complete list of DAPA-HF committee
members and investigators is provided
in the Supplementary Appendix, avail-
able at NEJM.org.

This article was published on September
19, 2019, at NE|M.org.
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Table 1. Characteristics of the Patients at Baseline.*

Characteristic
Age —yr
Female sex — no. (%)
Body-mass indext
Race —no. (%) 1
White
Black

Asian

NYHA functional classification — no. (%6)
I
Il
IV

Heart rate — beats/min

Systolic blood pressure — mm Hg

Left ventricular ejection fraction — %

Median NT-proBNP (IQR) — pg/ml
unknown

Medical history — no. (%)
Hospitalization for heart failure
Atrial fibrillation
Diabetes mellitus§

Estimated GFR
Mean — ml/min/1.73 m?

Rate of <60 ml/min/1.73 m? — no./total no. (%)

McMurray JJV et al.
N Engl ] Med
2019; 381:1995-2008.

Device therapy — no. (%)

Implantable cardioverter—defibrillator§

Cardiac reevnchronization tharaowl

Dapagliflozin
(N=2373)

66.2+11.0
564 (23.8)
28.2:6.0

1662 (70.0)
122 (5.1)
552 (23.3)

LUV (5.4)

1124 (47.4)
916 (38.6)
993 (41.8)

66.0+19.6
962/2372 (40.6)

622 (26.2)
100 (2 O)

Placebo
(N=2371)

66.5+10.8
545 (23.0)
28.1:5.9

1671 (70.5)
104 (4.4)
564 (23.8)

185 (/.7)

1127 (47.5)
902 (38.0)
990 (41.8)

65.5+19.3
964/2371 (40.7)

620 (26.1)
164 (€ 0)




McMurray JJV et al.
N Engl ] Med 2019;
381:1995-2008.

A Primary Outcome
100+
90
80+
70+
60
504
40
30
20-
10

04
0

Cumulative Incidence (%)

No. at Risk
Placebo
Dapagliflozin

2371
2373

Placebo Dapagliflozin
B Hospitalization for Heart Failure
309 Hazard ratio, 0.74 (95% Cl, 0.65-0.85) 100+ 304 Hazard ratio, 0.70 (95% Cl, 0.59-0.83)
254 P<0.001 a0 25+
20 o, £ 804 20
T 70
~~" RRR26% f ool 0
104 - 3 104 L RRR 30 /0
~ £ 504 -
5| . 5+ -~
e 2 404 —

0 I R R S p— = 304 0 [ R — R —

0 3 6 5 12 15 18 21 24 E 0o 3 6 9 12 15 18 21 24

S 204
U
1G_/
I I I I I I I I 0 I I 1 I T T I
3 6 9 12 15 18 21 24 0 B 9 12 15 18 21 24
Months since Randomization Months since Randomization
No. at Risk
2258 2163 2075 15817 1478 1096 593 210 Placebo 2371 2264 2168 2082 1924 1433 1101 556 212
2305 2221 2147 2002 1560 1146 612 210 Dapaglifiozin 2373 2306 2223 2153 2007 1563 1147 613 210

C Death from Cardiovascular Causes

100 304 Hazard ratio, 0.82 {95% Cl, 0.69-0.98)
EE 254
3? 80 20
g 707 5]
¥ 60 "
£ 50 ]
u 1
2 4] 7
5 0
E 30 0
E] _
O 20
10
0 i I I I I I I
0 3 [ 9 12 15 18 21
Months since Randomization
No. at Risk
Placebo 2371 2330 2279 2230 2091 1636 1219 664
Dapagliﬂozin 2373 2339 2293 2248 2127 1664 1242 671

234
232

D Death from Any Cause

100+ 309 Hazard ratio, 0.83 (95% Cl, 0.71-0.97)
90+ 25
g 80 20—
u.l _
g3 70 154
5 60
B 10- 0
o
£ sl RRR 17%
u -—
= 404
x 0 — T T T I T 1
E 30+ 0 3 6 9 12 15 18 21 24
= -
3 20
10+
O T I I T T I 1
0 6 9 12 15 18 21 24
Months since Randomization
No. at Risk
Placebo 2371 2330 2279 2231 2092 1638 1221 665 235
Dapagliﬂozin 2373 2342 2296 2251 2130 1666 1243 672 233
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Packer M et al. NEJM 2020;
Cardiovascular and Renal Outcomes DOI: 10.1056/NEJMoaz2022190.

with Empagliflozin in Heart Failure

M. Packer, S.D. Anker, J. Butler, G. Filippatos, S.J. Pocock, P. Carson, J. Januzzi,
S.Verma, H. Tsutsui, M. Brueckmann, W. Jamal, K. Kimura, ]. Schnee, C. Zeller,
D. Cotton, E. Bocchi, M. B6hm, D.-J. Choi, V. Chopra, E. Chuquiure, N. Giannetti,
S. Janssens, ). Zhang, ).R. Gonzalez Juanatey, S. Kaul, H.-P. Brunner-La Rocca,
B. Merkely, SJ. Nicholls, S. Perrone, I. Pina, P. Ponikowski, N. Sattar, M. Senni,
M.-F. Seronde, J. Spinar, I. Squire, S. Taddei, C. Wanner, and F. Zannad,

3730 patlents with HFFfEEPWEEF%QsRPI’“‘I‘EICITF&' TVaidEF < 40%) 50% with DM

dian 16 mos f/u
ABSTRALT

Primary Bpom—mlTrpvsteﬂfGVL&eadTOT{TospltahzatrmTfor worsening HF

BACKGROUND
Sodium-glucose cotransporter 2 (SGLT2) inhibitors reduce the risk of hospitaliza- The authors’ full names, academic de-

tion for heart failure in patients regardless of the presence or absence of diabetes. 8rees. and affiliations are listed in the
Appendix. Address reprint requests to

More evidence is needed regarding the effects of these drugs in patients across the ', "pacier at Baylor Heart and Vascular

broad spectrum of heart failure, including those with a markedly reduced ejection Institute, 621 N. Hall St, Dallas, TX
fraction. 75226, or at milton.packer@baylorhealth
.edu.




Table 1. Characteristics of the Patients at Baseline.*

Characteristic

Age —yr

Female sex — no. (%)

ctional class — no. (%)

Body-mass index:
Heart rate — beats/min
Systolic blood pressure — mm Hg
Left ventricular ejection fraction
Mean value
Value of =30% — no. (%)
NT-proBNP
Median value (IQR) — pg/ml
Value of 21000 pg/ml|— no./total no. (%)

LIErLLLD RS

Hypertension

Estimated glomerular filtration rate

Packer M et al. NEJM 2020;
DOI: 10.1056/NEJMoa2022190.

Mean value — ml/min/1.73 m?

Value of <60 ml/min/1.73 m>— no./total no. (%)

Empagliflozin Placebo

(N=1863) (N=1867)
67.2+10.8 66.5:11.2
437 (23.5) 456 (24.4)

71.0+11.7
122.6+15.9

1 3)

1887 (1077-3429)
1463/1862 (78.6)

/////////

1349 (72.4) 1349 (72.3)
61.8+217 62.2:21.5
893/1862 (48.0) 006/1866 (48.6)

71.5+11.8
121.4+15.4

1926 (1153-3525)
1488/1866 (79.7)



-~ A Primary Outcome %

100+ 337 Hazard ratio, 0.75 (95% Cl, 0.65-0.86) Placebo
30 P<0.001
/ 90— ] ~ Empagliflozin
25% RRR T
25
E 804
— 204
g 704
3 15
g : :
< 60 10- Primary endpoint: CV death or HHF
=
® 50— 5]
=
E
o 40 0 T | T | T T | |
- 0 90 180 270 360 450 540 630 720 810
ks Placebo
£ 30 ., — - Empagliflozin
d o 204 === T
10- -
0-+<F—— | | | | | | | !
0 90 180 270 360 450 540 630 720 8lo
Days since Randomization
No. at Risk
Placebo 1867 1715 1612 1345 1108 854 611 410 224 109
Empagliflozin 1863 1763 1677 1424 1172 909 645 473 231 101

Packer M et al. NEJM 2020; DOI: 10.1056/NEJMoa2022190.



B First and Recurrent Hospitalizations for Heart Failure

No. at Risk
Placebo
Empagliflozin

Mean Number of Events per Patient

0.6+
Hazard ratio, 0.70 (95% CI, 0.58—0.85)
P<0.001 0
30% RRR
0.5
Placebo
0.4
_ 4" Empagliflozin
£
0.3 e -
— r
0.2+ LT
e Secondary endpoint: All HHF
o
0.1- L
- F
0.0 - I I I I I I | | |
0 90 180 270 360 450 540 630 720 810
Days since Randomization
1867 1820 1762 1526 1285 1017 732 457 275 135
1863 1826 1768 1532 1283 1008 732 485 272 118

Packer M et al. NEJM 2020; DOI: 10.1056/NEJMoa2022190.



Potential CV and Renal Function Preservation

Mechanisms of SGLT2i That May Benefit Heart Failure

Diuresis!a]
Natriuresis!®

Blood pressure lowering©

Weight loss!®!

Reduction in/prevention of albuminuria,

slowing of kidney function declinel®!

Effects on myocardial and kidney metabolism: shift to

more efficient ketone-based metabolism!
Blockade of kidney and myocardial

sodium-hydrogen co-transporterie

Reduced filling pressures,
pre/afterload reduction
Reduced filling pressures,
pre/afterload reduction
Reduced myocardial work, reduced filling pressures,
pre/afterload reduction
Improved CV risk profile, lower blood pressure
Reduction in Kidney risk profile, possibly lower incident
CV events, including less HF
Improved metabolic efficiency,
less myocardial work-load
Tissue protection: reduction in
kKidney and myocardial injury

a. Heise T, et al. Diabetes Obes Metab. 2013;15:613-621; b. Heise T, et al. Clin Ther. 2016;38:2265-2276; c. Heerspink HJ, et al. Circulation.
2016;134:752-772; d. Ferrannini G, et al. Diabetes Care. 2015:38:1730-1735; e. Wanner Ch, et al. N Engi J Med. 2016;375:1801-1802; 1.
Briand F, et al. Diabetes. 2016:6:2032-2038; g. Uthman L, et al. Front Physiol. 201821;9:1575. 63



Changes in the Estimated GFR.

£ 2
&
aE
3 ZIE |'H'IH““
W= mpaglitlozin -
s 4 } ST
o= :
=~
VE _s5_
& 4
=0
- 2 b7
= Between-group difference in slope, =
% group p
o= 7 1.73 ml per min per 1.73 m? peryr;
< 95% Cl, 1.10-2.37
P<0.001
_8|
-9 | | | [ | | [ |
Base- 4 12 32 52 76 100 124
line Week
No. at Risk
Placebo 1792 1765 1683 1500 1146 745 343 76
Empagliflozin 1799 1782 1720 1554 1166 753 356 20

Packer M et al. NEJM 2020; DOI: 10.1056/NEJMoa2022190.
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Aim: to investigate the safety and efficacy of empagliflozin versus placebo, on top of SOC,

in patients with HFrEF with or without diabetes

Empagliflozin 10 mg qd + SOCS$

Up to 28 days Randomisation
screening 3730 patients

Placebo qd + SOCS$

30-day

post-treatment

End of treatment

Median follow-up: ~16 months

: at 841 primary
outcome events

Secondary endpoints

Change from baseline KCCQ-CSS at
week 52

Key inclusion criteria: time to first event of adjudicated CV death or adjudicated HHF
* NYHA class II-IV with LVEF <40%*

* Elevated NT-proBNP* * First and recurrent adjudicated HHF events

* eGFR 220 ml/min/1.73 m? » Slope of change in eGFR (CKD-EPI) from

 Guideline-recommended medication baseline

stable 21 week prior to first visit

HHF (First event)

CV Death

All-cause mortality
Composite kidney endpoint¥

Empagliflozin is not approved to reduce the risk for progression of kidney disease or to slow kidney function decline in adults with heart failure with reduced ejection fraction.
SGuideline-directed medical therapy. *For =3 months; NT-proBNP-based enrichment of the population: patients with a higher ejection fraction require a higher NT-proBNP level for inclusion);

$Occurrence of chronic dialysis, kidney transplarmtor sustained reduction in eGFR =40%
ClinicalTrials.gov. NCT03057977 (accessed Jan 2021); Packer M et al. Eur ] Heart Fail 2019;21:12770



EMPEROR-Reduced: Time to Cardiovascular Death or Hosk

for Heart Failure (Primary Endpoint)

Placebo

Empagliflozin

40
e

3 30
[
[}
O
O
£

° 20
=
©
o

- 10
)
@)

O —]

Placebo

Empagliflozin

Patients at risk

1867
1863

|
90

1715
1763

|
180

1612
1677

T
270

Days after randomization

1345
1424

|
360

1108
1172

|
450

854
909

|
540

611
645

T
630

410
423

|
720

224
231

810

109
101

462 patients with event
Rate: 21.0/100 patient-years

361 patients with event
Rate: 15.8/100 patient-years

HR 0.75
(95% CI 0.65, 0.86)
P < 0.0001

Packer et al. N Engl J Med. 2020; 383:1413-1424



EMPEROR Reduced Primary Outcome

T 40 - Placebo _ TS 40 - Placebo
) Empaglifiozin 10mg ~ HR 0.72(95% Cl. 0.60, 0.87) & Empagliflozin 10 mg HR 0.78 (95% CI: 0.64, 0.97)
s P=0.0006 s is
8 8 P=0.0225
g 301 g 301
o o
€ =
@ @
Z 204 Z 204
(] (]
E 3
= =
0 10 4 (& 10 =
=] =]
[h] @
g g
g O z 0
L I 1 I ] I I 1 | I ] L I ] I i I 1 1 | I ]
0 90 180 270 360 450 540 630 720 810 0 90 180 270 360 450 540 630 720 810

Patients at risk Study day Patients at risk Study day

Placebo 929 843 793 658 537 416 299 202 111 56 Placebo 938 872 819 687 571 438 312 208 113 53
Empagliflozin 927 875 824 692 563 436 319 221 129 61 Empagliffiozin 936 888 853 732 609 473 326 202 102 40

Anker et al. Circulation 2021; 143: 337-349



reserved



Aim: to investigate the safety and efficacy of empagliflozin versus placebo, on top of SOC,
in patients with HFpEF with or without diabetes

Empagliflozin 10 mg qd + SOCS$

Randomization 30-day
U|: (t:?eZe?l i(;Ilays N= 5988 post-treatment
Placebo gd + SOC$ End of treatment
| : at 841 primary
Median follow-up: ~26.2 months outcome events
Key inclusion criteria: time to first event of adjudicated CV death or adjudicated HHF
* NYHA class II-1V with LVEF >40%* Secondary endpoints
* Elevated NT-proBNP' * First and recurrent adjudicated HHF events * Change from baseline KCCQ-CSS at week 52
* Structural heart changes or HHF within 12 * Slope of change in eGFR (CKD-EPI) from baseline » HHEF (First event)
months of screening « CV Death
* eGFR =20 ml/min/1.73 m? * All-cause mortality
* Guideline-recommended medication stable .

. . . . Composite kidney endpoint*
>1 week prior to first visit

Empagliflozin is not approved to reduce the risk for progression of kidney disease or to slow kidney function decline in adults with heart failure with preserved ejection fraction.

SGuideline-directed medical therapy. *Most recent assessment prior to enrollment and no prior LVEF <40%.tNT-proBNP >300 pg/ml w/o AF or > goo pg/ml with AF; *Occurrence of chronic dialysis, kidney transplant or
sustained reduction in eGFR =40%

ClinicalTrials.gov. NCT03057977; Anker SD et al. Eur ] Heart Failure 2019; doi:10.1002/ejhf.1596. Anker S et al. N Engl ] Med. 2021; DOI: 10.1056/NEJMoa2107038

80



~ EMPEROR-Preserved: ———
Main Inclusion and exclusion criteria

Main Inclusion criteria Main Exclusion criteria
* Age =18 years » MI, coronary artery bypass graft surgery or other major
* Chronic HF NYHA class [I-1V CV surgery, stroke or TIA
* LVEF >40% <9o days before visit
* NT-proBNP: * Heart transplant recipient, or listed for heart transplant
* >300 pg/mL in patients without AF * Acute decompensated HF
* >goo0 pg/mL in patients with AF * SBP =180 mmHg at randomization
* Structural changes in the heart (increases in left * Symptomatic hypotension and/or SBP <100 mmHg
atrial size or left ventricular mass) or HHF within 12 * eGFR <20 mL/min/1.73 m? or requiring dialysis
months of screening

Further criteria apply

Empagliflozin is not approved to reduce the risk for progression of kidney disease or to slow kidney function decline in adults with heart failure with preserved ejection fraction.
SBP, systolic blood pressure; TIA, fransient ischemic attack. 81
Anker S et al. N Engl J Med. 2021; DOI: 10.1056/NE]JMoa2107038



Primar
V death or hospltahzatlon for heart failure

N
U1
1

ARR

20 7| Statistical significance
achieved at day 18 and

maintained Placebo

3.3%

=

v

o

=

v

=)

o

3

i

-

2

=

= E ; o

§ 107 Empagliflozin HR: 0.79

= (95% CI: 0.69, 0.90)

S P<0.001

< 5

=

k=

("]

=

(O T T T T T T T T T T T 1 Empagliﬂozin:
o 6o 1? 18 2 : Z‘f 2730 83 40 415 (13.8%) patients with event
Months since randomization Rate: 6.9/100 patient-years

Patients at risk Placebo: : :
Placebo 2001 2888 2786 2706 2627 2424 2066 1821 1534 1278 961 681 400 511 (17.1%) patients with event
Empagliflozin 2097 2028 2843 2780 2708 2491 2134 1858 1578 1332 1005 709 402 Rate: 8.7/100 patient—years

Empagliflozin is not approved to reduce the risk for progression of kidney disease or to slow kidney function decline in adults with heart failure with preserved ejection fraction.

Cox proportional hazards model, with adjustment for prespecified baseline covariates of age, sex, geographical region, diabetes status, left ventricular ejection fraction and eGFR.

*During a median trial period of 26 months. ARR, absolute risk reduction; Cl, confidence interval; HR, hazard ratio; NNT, number needed to treat; RRR, relative risk reduction. 82
Anker S et al. N Engl ] Med. 2021; DOI: 10.1056/NEJMoa2107038. Packer M. HFSA Emperor-Preserved presentation.
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v Efficacy: Total CV Death, HHF, and Urgent HF Visit

100 A

Placebo 98

» 80 7
=
2 70
o
. 60 -
Q
@ Sotagliflozin
O 40 -+
(7))
S
>
LI 20 - HR 0.67 (95% CI 0.52-0.85), P=0.0009

ARR: 25 Events Per 100 Patient-Years

Treatment Patient-Years to Avoid 1 Event: 4

0 3 6 9 12 15 18

Months Since Randomization
Bhatt et al. N Engl ] Med. 2021; 384: 117-128



/SGLTZ Inhibitors - Risk-to-Benefit Ratio

BENEFITS

RISKS

* Polyuria/dehydration
* Genital mycotic infections
e ?UTIs

{ MACE
| HF

Renal protection

 Small 4 GFR (reversible)
* Euglycemic ketoacidosis
« Small T LDL-C

? T Fracture risk

A

TG = triglycerides; UTI = urinary tract infection; GFR = glomerular filtration rate; LDL-C = low-density lipoprotein-cholesterol




““Bottom Line —Diabetes. =
management

[f a patient has known ASCVD, HF, or CKD, or is at
high risk, the addition of an SGLT2 inhibitor or GLP-1
receptor agonist with proven efficacy should be
provided irrespective of A1(!
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on Giving (to the Heart and Kidneys)
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