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Objectives

* Review landmark clinical trials and outcomes

* Evaluate the success and pitfalls of older
medications

* Describe the timeline of emerging newer oral
and non-insulin injectable agents

* Understand the cardiovascular and renal
outcomes of newer drugs

* Summarize the role of newer drugs w
practical approach to patient care




Prevalence

* Today, an estimated 9.3% of adults aged 20-79 years
— a staggering 463 million people — are living with
diabetes.
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Diabetes & Cardiovascular Disease

* Several studies have shown that
patients with diabetes have higher
mortality and morbidity rates than
patients without diabetes after an
acute myocardial infarction

Malmberg K, Ryde’n L. Myocardial infarction i ients with diabetes mell
Herlitz J, Malmberg K, Karlsson B, et al. Mortality and morbidity during a fi foll f diab h myocardial infarction. Med
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Diabetes & Cardiovascular Disease

* The Organization to Assess Strategies for Ischemic
Syndromes (OASIS) registry results provided long-
term information on 8013 patients with unstable
coronary artery disease from 6 different countries
and 95 hospitals.

* Mean age was 65 years for patients with and
without DM

* They also had significantly more previous
cardiovascular events, including Ml, congestive heart
failure, stroke, and more revascularization
procedures.

1. Malmberg K, Ryde’n L. Myocardial infarction in patients with diabetes mellitus. Eur Heart J. 1988;9:256-264.

2. Herlitz J, Malmberg K, Karlsson B, et al. Mortality and morbidity during a five year follow-up of diabetics with myocardial infarction. Acta Med ¢

3. Granger C, Califf R, Young S, et al. Outcome of patients with diabetes mellitus and acute myocardial infarction treated with thrombolytic agent:
1993;21:920-925.




Diabetes & Cardiovascular Disease
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Diabetes & Cardiovascular Disease

Combined Endpoint New Congestive Heart Failure
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Landmark DM Trials
Trial  [DCCT  [EDIC  |UKPDS | UKPDS 10-Yr

Participants 1441 1357 5102 1525
Duration 6.5 years 10 years
Intensive Arm  Pump or MDI SU or Insulin
or Metformin
Conventional 1 or 2 daily Dietary
Arm insulin therapy
injection
Median Alc 7.4% and 7.9% and
(IA & CA) 9.1% 9.1%
Primary 41% | in 42% | heart 16% ] in 15% § in MI;
Outcome major CV and disease; 57% | fatal and 13% lin
PVD (NS) non-fatal MIl,  nonfatal Ml de
stroke, CVD and sudden an
death death (NS)

1. The Diabetes Control and Complications Trial/Epidemiology of Diabetes Interventions and Complications (DCCT/EDIC) Study Research Group. Inte
Treatment and Cardiovascular Disease in Patients with Type 1 Diabetes. N Engl J Med 2005;353:2643-2653.
2. Group UKPDS. The Lancet. 1998;352(9131):837-853.




Landmark T2DM Trials

Participants 10,251 11,140 1,791

Duration 3.4 years 5 years 5.6 years

DM Duration 10 years 7.9 years 11.5 years

Mean Alc 8.3% 7.5% 9.4%

H/o CV Event 35.2% 32.2% 40.2%

Intervention  Atleast 2 Gliclazide + other Glimepiride or

Arm hypoglycemic drugs Metformin +
agents + other Roziglitazone OR insulin
drugs (max doses)

Control Arm Diet or meds or Current therapy Glimepiride or
both Metformin +

Roziglitazor

Primary 6.9% vs. 7.2% 18% vs. 20% 29.5% vs
Outcome (NS) (S*) (NS)




In Summary: Landmark Trials

* The DCCT/EDIC and the UKPDS did not show any
significant reduction in cardiovascular risk until their
observational follow-up 10 years later, indicating a
"legacy effect”

Bl Initial trial Bl Long-term follow-up

Study HbA,, Microvascular CVvD Mortality

Baseline Study End
Std Intensive

DCCT/EDIC S 9 4
UKPDS 2 5.9 7
ACCORD 8.3 L. 6.4
ADVANCE 7.5 7.0 6.4
VADT 9.4 8.5 6.9

Group UKPDS. The Lancet. 1998;352(9131):837-853.
The Action to Control Cardiovascular Risk in Diabetes Study Group. N Engl J Med 2008; 358:2545-2559

The ADVANCE Collaborative Group. N Engl J Med 2008; 358:2560-2572

Duckworth W et al. Glucose Control and Vascular Complications in Veterans with Type 2 Diabetes. New England Journal of Medicine. 2009;360(2):1



Drug Discovery Timeline

1918-Early work with
€ guanidine (Synthalin use
stopped in early 1920s)

¢ 1983-Recombinant 2008-Colesevelam
human insulin approved for diabetes

¢ 1984-$econd-generation’ 2009-Bromocriptine
SUs approved for diabetes
* 1995-First AGI (ac@rbose)

€ 1946-NPH insulin 2013-First SGLT-2

1922-First exogenous inhibitor (canagliflozin)
€ insulin administered to a 2 .
Hasthin 1996-First TZD
(troglitazone)
1915 1935 1955 1975 1995 2015

& 1936-PZl insulin " 25 1997-First meglitinide
1956-First commericially 4 (repaglinide)

available SU in United

States _Fi . ;
1923-Insulin (lletin) ¢ 1208 F('F;f; ;w:::z;gomst
€ commercially available in 1956-Lente insulins :
the United States . 1959-Metformin A1 2005-It:Irst GLF_'—1t
introduced (outside reit:gec:aat!gjzl;ls
United States;
¢ introduced to United ¢ 2
States in 1990s) inh

White, J. A Brief History of the Development of Diabetes Mediccations. Diabetes Spectrum 2014 May;
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Existing Favorites — Metformin,
Sulfonylureas, and TZDs

* Randomized controlled trials'-3 that evaluated metformin
in patients with type 2 diabetes indicated significant
improvements in cardiovascular outcomes.

* There exists controversial data regarding cardiovascular
disease risk with sulfonylureas*-.

* A meta-analysis of pioglitazone reported lower risk of
recurrent MACE, stroke, or Ml in patients with vascular
disease. Pioglitazone did not lower the risk for all-cause
mortality; however, increased the risk for new heart
failure®

UK Prospective Diabetes Study Group. Effect of intensive blood-glucose control with metformin on complications in overweight patients with type 2 diabetes (UKPDS 34). Lancet. 1998;352:854-¢
Kooy A, de Jager J, Lehert P, et al. Long-term effects of metformin on metabolism and microvascular and macrovascular disease in patients with type 2 diabetes mellitus. Arch Intern Med. 2009;1
Hong J, Zhang Y, Lai S, et al. Effects of metformin versus glipizide on cardiovascular outcomes in patients with type 2 diabetes and coronary artery disease. Diabetes Care. 2013;36(5):1304-1313.
Rados DV, et al. The Association between Sulfonylurea Use and All-Cause and Cardiovascular Mortality: A Meta-Analysis with Trial Sequential Analysis of Randomized Clinical Trials.2016: PLoSMe
Rosenstock J, Marx N, Kahn SE, et al. Cardiovascular outcome trials in type 2 diabetes and the sulphonylurea controversy: rationale for the active-comparator CAROLINA trial. Diab Vasc Dis Res. .
de Jong M, van der Worp HB, van der Graaf Y, Visseren FLJ, Westerink J. Pioglitazone and the secondary prevention of cardiovascular disease. A meta-analysis of randomized-controlled trials. Ca
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Cardiovascular Focus & DM

* In 2007, Rosiglitazone was associated with a
significant increase in risk of Ml

* |n 2008, FDA mandated evaluation of newer DM
drugs to show no increase in cardiovascular risk

* All CVOT are industry funded, multicenter,
randomized, double-blinded, placebo-controlled
trials

Nissen SE, Wolski K. Effect of rosiglitazone on the risk of myocardial infarction and death from cardiovascular causes. N Engl J Med 2007;356:245"
Sheahan KH, Wahlberg EA, Gilbert MP. An overview of GLP-1 agonists and recent cardiovascular outcomes trials. Postgrad Med J. 2020;96(1133):




AACE/ACE 2020 Algorithm for Glycemic Management

Lifestyle Modifications and Ongoing Glucose Monitoring (CGM preferred)

Independent of Glycemic Control, If Established or High ASCVD Risk andlor CKD, Recommend SGLT2i and/or LA GLP-1 RA
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'
Entry AMC 27.5%9.0% U Dual Therapy
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Newer DM Drug Categories

Glucagon Like Peptide — 1 Agonists  Dipeptidyl Peptidase 4 Inhibitors

DPP-4 enzyme
inactivates GLP-1

DPP-4
x inhibitors
block the
DPP-4 Stimulates

Food % enzyme insulin
mow v _/ secretion
\» %.3% > GLP-1
V v \Su

Small g
intestine S




Newer DM Drug Categories

Glucagon Like Peptide — 1 Agonists  Dipeptidyl Peptidase 4 Inhibitors

* Lixisenatide (®Adlyxin) » Sitagliptin (®Januvia)

* Liraglutide (®Victoza) - Saxagliptin (®Onglyza)
» Semaglutide (®*Ozempic) _ L :

* Linagliptin (®Tradjenta)
* Exenetide (®Byetta)

. e @ :
 Exenatide LAR (®Bydureon) Alogliptin (°Nesina)

* Dulaglutide (®Trulicity)

* Oral Semaglutide (®Rybelsus)




GLP-1 CVOT - ELIXA
Lixisenatide (®Adlyxin)

T2DM; N = 6068; Avg Alc 7.7%; Duration = 2yrs
Acute coronary event — 180 days prior to screening
Run-in period of placebo injections

Lixisenatide QD Placebo QD

Primary Endpoint
Death from CV cause, nonfatal MI, nonfatal
stroke or hospitalization for unstable angin:

Muskiet MHA, Tonneijck L, Huang Y, et al. Lixisenatide and renal outcomes in patients with type 2 diabetes and acute coronary syndrome: a
the ELIXA randomised, placebo-controlled trial. Lancet Diabetes Endocrinol. 2018;6(11):859-869. doi:10.1016/52213-8587(18)30268-7




GLP-1 CVOT - ELIXA
Lixisenatide (®Adlyxin)

100+ 20
90+

Hazard ratio, 1.02 (95% Cl, 0.89-1.17) 8.0+

Lixisenatide 1
80 154 ‘ Placebo

70 Placebo
60 10

7.5

504

Patients (%)

40 Lixisenatide

30+

7.0+

20+ 0 12 24 36
10+

Mean Glycated Hemoglobin (%)

6.5+

Months

0
No. at Risk 0 1I2 2|4 316

Placebo 3034 2759 1566 476
Lixisenatide 3034 2785 1558 484 Months

e Results showed non-inferiority to placebo as primary
endpoints were similar in both groups.

* The reduction in HbAlc values was significantly gre
among patients in the lixisenatide group vs. placeb

Muskiet MHA, Tonneijck L, Huang Y, et al. Lixisenatide and renal outcomes in patients with type 2 diabetes and acute coronary syndrome: a
the ELIXA randomised, placebo-controlled trial. Lancet Diabetes Endocrinol. 2018;6(11):859-869. doi:10.1016/52213-8587(18)30268-7




GLP-1 CVOT - LEADER
Liraglutide (®Victoza)

T2DM; N = 9340; Avg Alc 8.7%; Duration = 3.5yrs
Patients with pre-existing CVD 81.3% and
24.7% with >CKD3
Run-in period of placebo injections

Liraglutide QD Placebo QD

The primary composite outcome in the time-to-eventarn
was the first occurrence of death from cardiovascular ca
nonfatal (including silent) myocardial infarction, or nonf:

stroke.

Marso SP, Daniels GH, Brown-Frandsen K, et al. . Liraglutide and cardiovascular outcomes in type 2 diabetes. N Engl J Med 2016;375




GLP-1 CVOT - LEADER
Liraglutide (®Victoza)

A Primary Qutcome B Death from Cardiovascular Causes
1009 209 yazard ratio, 0.87 (95% CI, 0.78-0.97) G 1000 207 ozard ratio, 0.78 (95% CI, 0.66-0.93)
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Menths since Randomization Months since Randomization
Mo. at Risk Mao. at Risk
lir.a.glutide A568 4593 4496 4400 4280 4172 4072 3982 1562 424 Liraglutide 4668 4641 4599 4558 4505 4445 4382 4322 1723 484
Placeba 4672 4588 4473 4352 4237 4123 4010 3914 1543 407 Placebe 4672 4648 4601 4546 4470 4407 4338 4267 L1709 465

A — Primary composite outcome occurred in fewer patients in
Liraglutide group (13%) vs. placebo group (14.9%)

B — Death from CV causes occurred in fewer patients in Liraglutide
group (4.7%) vs. placebo group (6.9%)

Marso SP, Daniels GH, Brown-Frandsen K, et al. . Liraglutide and cardiovascular outcomes in type 2 diabetes. N Engl J Med 2016;375:31



GLP-1 CVOT - LEADER
Liraglutide (®Victoza)

C MNonfatal Myocardial Infarction

1009 209 fsard ratio, 0.88 (95% CI, 0.75-1.03)
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Placebo
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D MNonfatal Stroke
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# 80~
E 04 10
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] ] 12 18 24 30 i 42 48 54
Months since Randomization
Mo, at Risk

Liraglutide 4668 4624 4564 4304 4426 4351 4269 4194 1662 465

Placebo

4672 45622 4558 4484 4405 4314 4228 4141 1648 445

The frequencies of nonfatal myocardial infarction and nonfata

were lower in the liraglutide group than in the placebo group,
the differences were not significant

Marso SP, Daniels GH, Brown-Frandsen K, et al. . Liraglutide and cardiovascular outcomes in type 2 diabetes. N Engl J Med 2016;3’
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GLP-1 CVOT - LEADER
Liraglutide (®Victoza)

E Death from Any Cause

100+ 207 Mazard ratio, 0.85 (95% Cl, 0.74-0.97)
S0 - P=0.02
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F Hospitalization for Heart Failure

1009 209 iosard ratio, 0.87 (95% CI, 0.73-1.05)
50 P=0.14
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Months since Randomization
Mo. at Risk

Liraglutide 4668 4612 4550 4483 4414 4337 4258 4185 1662 467

Pacebo

4672 4612 4540 4464 4372 4288 4187 4107 1647 442

E — The rate of death from any cause was lower in the liraglut
(8.2%) vs. placebo group (9.6%)

F — 18% of patients participating in this trial had NYHA Class |
the rate of hospitalizations was not significant

Marso SP, Daniels GH, Brown-Frandsen K, et al. . Liraglutide and cardiovascular outcomes in type 2 diabetes. N Engl J Med 2016;37




GLP-1 CVOT - LEADER
Liraglutide (®Victoza)

* There were also significant mean differences
between the liraglutide group and the placebo
group in the change from baseline to 36 months
in the following variables:

* Weight loss was 2.3 kg (95% Cl, 2.5 to 2.0)
higher in the liraglutide group

* The systolic blood pressure was 1.2 mm Hg
(95% Cl, 1.9 to 0.5) lower in the liragluti

group

Marso SP, Daniels GH, Brown-Frandsen K, et al. . Liraglutide and cardiovascular outcomes in type 2 diabetes. N Engl J Med 2016;3’




GLP-1 CVOT - SUSTAIN-6
Semaglutide (®0zempic)

T2DM; N = 3297; Avg Alc 8.7%; Duration = 2.1yrs
83% patients had CVD and CKD3 or higher
59% patients had CVD without CKD
Run-in period of placebo injections

Semaglutide 0.5 mg or Matched Placebo 0.5 mg
1.0 mg once/week or 1.0 mg once/week

The primary composite outcome was the first '
occurrence of death from cardiovascular causes,

nonfatal myocardial infarction (including silent), or
nonfatal stroke.

Marso SP, Bain SC, Consoli A, et al. . Semaglutide and cardiovascular outcomes in patients with type 2 diabetes. N Engl ] Me¢




GLP-1 CVOT - SUSTAIN-6
Semaglutide (®0zempic)

The primary
composite
cardiovascular
outcome occurred
in 6.6% of patients
in the semaglutide
group vs. 8.9% in
the placebo
group, which was
statistically
significant.

Marso SP, Bain SC, Consoli A, et al. . Semaglutide and cardiovascular outcomes in patients with type 2 diabetes. N Engl J M
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Patients with Event [35)

GLP-1 CVOT - SUSTAIN-6
Semaglutide (®0zempic)

Nonfatal stroke
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There were significantly fewer non-fatal strokes in the
semaglutide group (1.6%) vs. placebo group (2.7%*

MACE reduction was primarily due to reduction in

non-fatal Ml and non-fatal stroke

Marso SP, Bain SC, Consoli A, et al. . Semaglutide and cardiovascular outcomes in patients with type 2 diabetes. N Engl ] Me




GLP-1 CVOT - SUSTAIN-6
Semaglutide (®0zempic)

. ChreedHemogloi The mean HbA1c level in the
F72.1 .
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Marso SP, Bain SC, Consoli A, et al. . Semaglutide and cardiovascular outcomes in patients with type 2 diabetes. N EnglJ N




GLP-1 CVOT - SUSTAIN-6
Semaglutide (®0zempic)

* The mean systolic blood pressure in the semaglutide
group vs. placebo was 1.3 mm Hg lower in the group
receiving 0.5 mg (P=0.10) and 2.6 mm Hg lower in
the group receiving 1.0 mg (P<0.001)

* New or worsening nephropathy occurred in 3.8%

patients in Semaglutide group vs. 6.1% in placebo
group (P=0.005)

* In contrast, diabetic retinopathy occurred in 3%
patients in Semaglutide group vs. 1.8% in pla
group (P=0.02)

Marso SP, Bain SC, Consoli A, et al. . Semaglutide and cardiovascular outcomes in patients with type 2 diabetes. N EnglJ N




GLP-1 CVOT - EXSCEL
Exenatide LAR (®Bydureon)

T2DM; N = 14,752; Avg Alc 8.0%; Duration = 3.2yrs
73% patients had CVD
NO run-in period of placebo injections

Exenatide 2 mg once/wk Placebo 2 mg once/wk

The primary outcome was defined as the first occurrence ¢’
component of the composite outcome of death from cardi
causes, nonfatal myocardial infarction, or nonfatal stroke (i
component MACE outcome), in a time-to-event analysis.

Holman RR, Bethel MA, Mentz RJ, et al. . Effects of once-weekly exenatide on cardiovascular outcomes in type 2 diabetes. N E



GLP-1 CVOT - EXSCEL
Exenatide LAR (®Bydureon)

A Primary Cardiovascular Outcome

B Death from Any Cause

Holman RR, Bethel MA, Mentz RJ, et al

.. Effects of once-weekly exenatide on cardiovascular outcomes in type 2 diabetes. N En;
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GLP-1 CVOT - EXSCEL
Exenatide LAR (®Bydureon)

A Glycated Hemoglobin B Body Weight
8.5 Overall least-squares mean difference, 957 Overall least-squares mean difference,
—0.53% (95% Cl, —=0.57 to —0.50); P<0.001 —1.27 kg (95% Cl, —1.40 to —1.13); P<0.001
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Exenatide 7313 5561 5342 5095 4996 3802 3095 2486 2081 1324 791 Exenatide 7334 6783 6452 6108 5777 4501 3464 2867 2387 1581 960
C systolic Blood Pressure D Heart Rate
1409 Overall least-squares mean difference, 807 Overall least-squares mean difference,
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Exenatide 7346 6841 6502 6166 5818 4547 3489 2878 2396 1590 968 Exenatide 7320 6804 6460 6119 5780 4508 3462 28t

Holman RR, Bethel MA, Mentz RJ, et al. . Effects of once-weekly exenatide on cardiovascular outcomes in type 2 diabetes. N En;




GLP-1 CVOT - REWIND
Dulaglutide (®Trulicity)

T2DM; N =9901; Avg Alc 7.2%; Duration = 5.4yrs
31.5% patients had CVD
3-week run-in period of placebo injections

Dulaglutide 1.5 mg Placebo 1.5 mg
once/week once/week

erstein HC, Colhoun HM, Dagenais GR, et al. . Dulaglutide and cardiovascular outcomes in type 2 diabetes (REWIND): a double-blind, randomised placebo-controll

The primary outcome was the first occurrence of
composite endpoint of non-fatal myocardial infar
non-fatal stroke, or death from cardiovascular cal




GLP-1 CVOT - REWIND
Dulaglutide (®Trulicity)
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Gerstein HC, Colhoun HM, Dagenais GR, et al. . Dulaglutide and cardiovascular outcomes in type 2 diabetes (REWIND): a double-blind, randomised placebo-cor
2019;394:121-30.




GLP-1 CVOT - PIONEER 6
Semaglutide (®Rybelsus)

T2DM; N = 3183; Avg Alc 8.2%; Duration = 1.3yrs
84.7% patients had CVD

Semaglutide 14 mg PO QD Placebo 14 mg PO QD

Primary Outcome: The time from randomization to the fir -
occurrence of a major adverse cardiovascular event, a cor
death from cardiovascular causes (including undetermine
of death), nonfatal myocardial infarction, or nonfatal strol

Husain M, Birkenfeld AL, Donsmark M, et al. . Oral Semaglutide and cardiovascular outcomes in patients with type 2 diabetes. N E|



GLP-1 CVOT - PIONEER 6
Semaglutide (®Rybelsus)

A Composite Primary Outcome
W 1{;: Hazard ratio, 0.79 (95% CI, 0.57-1.11)
90+ Oral semaglutide, 61 events

w 80 8- Placebo, 76 events

t 7 P<0.001 for noninferiority

2 707 6 P=0.17 for superiority Placebo

& 60 54

G

o 4+

Q 50_

P A _

£ 40+ 24 Oral semaglutide

S 30- 14

& 20._ 0 | | | | | I | | I

0 9 13 27 36 45 54 63 72 &3
10
0 f I | | | | | |
0 9 18 27 36 45 54 63 72 83
Weeks since Randomization

No. at Risk
Oral semaglutide 1591 1583 1575 1564 1557 1547 1512 1062 735
Placebo 1592 1577 1565 1551 1538 1528 1489 1032 713

Husain M, Birkenfeld AL, Donsmark M, et al. . Oral Semaglutide and cardiovascular outcomes in patients
diabetes. N Engl ) Med 2019;381:841-51




GLP-1 Agonist — Class Eftects

* GLP-1 agents in general are known to
significantly reduce

* HbAlc values
* Weight (in kg)
* Systolic blood pressure

* Composite cardiovascular outcomes™ (LEADER,
SUSTAIN-6, and REWIND trials)




GLP-1 CVOT Comparison

Median % with CV % of statin Baseline Baseline Primary composite CV

L S R F/u (yrs) disease* use HbA1lc BMI  outcome HR (95% Cl) Pvalue
Lixisenatide: ELIXA 6068 2.1 100% 93% 7.70% 30.1 1.02 (0.89 to 1.17) 0.81
Liraglutide: LEADER 9340 3.8 81% 72% 8.70% 32.5 0.87 (0.78 to 0.97) 0.01

Semaglutide:
3297 2.1 60% 73% 8.70% 32.8 0.74 (0.58 to 0.95 0.02
SUSTAIN-6 ’ ’ ’ ( )

Exenatide QW: EXSCEL 14752 3.2 73.10% 74% 8.00% 31.8 0.91 (0.83 to 1.00) 0.06

Dulaglutide: REWIND 9901 54  31.50% 66% 7.20% 323  0.88(0.79 to 0.99) 0.026

Semaglutide Oral:

3183 1.3 84.70% 85% 8.20% 32.3 0.79 (0.5
PIONEER 6 0 0 0 (

Sheahan KH, Wahlberg EA, Gilbert MP. An overview of GLP-1 agonists and recent cardiovascular outcomes trials. Postgrad Med J. 2020;96(1




Newer DM Drug Categories

Glucagon Like Peptide — 1 Agonists  Dipeptidyl Peptidase 4 Inhibitors

* Lixisenatide (®Adlyxin) * Sitagliptin (®Januvia)

* Liraglutide (®Victoza) o

 Saxagliptin (®Onglyza)
* Semaglutide (®*Ozempic)

L T :
. Exenetide (®Byetta) Linagliptin (®Tradjenta)
* Exenatide LAR (®Bydureon) * Alogliptin (®Nesina)

* Dulaglutide (®Trulicity)

* Oral Semaglutide (®Rybelsus)




DPP4-1 CVOT

* EXAMINE Trial — Alogliptin (°Nesina)

Table 3. Major Safety End Points.
Hazard Ratio for
Placebo Alogliptin Alogliptin Group
End Point (N =2679) (N=2701) (95% CI) P Value*
no. (%)
Primary end point 316 (11.8) 305 (11.3) 0.96 (<1.16) % 0.32
Components of primary end point
Death from cardiovascular causes 111 (4.1) 89 (3.3) 0.79 (0.60-1.04) 0.10
Nonfatal myocardial infarction 173 (6.5) 187 (6.9) 1.08 (0.88-1.33) 0.47
Nonfatal stroke 32 (1.2) 29 (1.1) 0.91 (0.55-1.50) 0.71
Principal secondary end point{ 359 (13.4) 344 (12.7) 0.95 (<1.14)% 0.26
Other end points
Death from any cause 173 (6.5) 153 (5.7) 0.88 (0.71-1.09)
Death from cardiovascular causes 130 (4.9) 112 (4.1) 0.85 (0.66-1.10)

White WB, Cannon CP, Heller SR, Nissen SE, Bergenstal RM, Bakris GL, Perez AT, Fleck PR, Mehta CR, Kupfer S, et al. Alogliptin afte
in patients with type 2 diabetes. N Engl J Med. 2013;369:1327-1335.




DPP4-1 CVOT

* SAVOR-TIMI 53 - Saxagliptin(®*Onglyza)

Table 2. Prespecified Clinical End Points.*
Saxagliptin Placebo Hazard Ratio
End Point (N =8280) (N=8212) (959 ClI) P Value
no. (%6)
Cardiovascular death, myocardial infarction, or 613 (7.3) 609 (7.2) 1.00 (0.89-1.12) 0.99
stroke: primary efficacy end point
Cardiovascular death, myocardial infarction, 1059 (12.8) 1034 (12.4) 1.02 (0.94—1.11) 0.66
stroke, hospitalization for unstable angina,
heart failure, or coronary revascularization:
secondary efficacy end point
Hospitalization for heart failure 289 (3.5) 228 (2.8) 1.27 (1.07—1.51) 0.007
Hospitalization for coronary revascularization 423 (5.2) 459 (5.6) 0.91 (0.80—1.04) 0.18
Doubling of creatinine level, initiation of dialysis, 194 (2.2) 178 (2.0) 1.08 (0.88—1.
renal transplantation, or creatinine >6.0 mg/dl
(530 pymol/liter)
Hospitalization for hypoglycemia 53 (0.6) 43 (0.5) 1.22 (0.82—1.

* Event rates and percentages are 2-year Kaplan—Meier estimates.

Scirica BM, Bhatt DL, Braunwald E, Steg PG, Davidson J, Hirshberg B, Ohman P, Frederich R, Wiviott SD, Hoffman EB, et al. Saxagliptin and cardic
with type 2 diabetes mellitus. N Engl J Med. 2013;369:1317-1326




DPP4-1 CVOT

* TECOS - Sitagliptin (®Januvia)
* CARMELINA - Linagliptin (®Tradjenta)

TECOS CARMELINA

N=14671 N=697/9
Alc 6.5% - 8% Alc 6.5% - 10%

Duration = 3 years Duration = 2.2 years

4-point MACE 3-point MAC

. Green JB, Bethel MA, Armstrong PW, Buse JB, Engel SS, Garg J, Josse R, Kaufman KD, Koglin J, Korn S, et al. Effect of sitagliptin on ca
outcomes in type 2 diabetes. N Engl J Med. 2015;373:232-242

. Rosenstock J, Perkovic V, Johansen OE, Cooper ME, Kahn SE, Marx N, Alexander JH, Pencina M, Toto RD, Wanner C, et al. Effect of L
placebo on major cardiovascular events in adults with type 2 diabetes and high cardiovascular and renal risk: the CARMELINA randc
JAMA. 2019;321:69-79




DPP4-1 CVOT

Clinical trial Intervention Primary CV | HR,ORorRR
outcome risk (95% CI)

DPP-4 inhibitors

EXAMINE [8] Alogliptin versus placebo 3-point MACE | < HR 0.96 (< 1.16)a
N=5380

SAVOR-TIMI 53 [7] Saxagliptin versus placebo 3-point MACE | < HR 1.00
N=16,492 (0.89-1.12)
TECOS [5] Sitagliptin versus placebo 4-point MACE | < HR 0.98
N=14,671 (0.88-1.09)
CARMELINA [6] Linagliptin versus placebo 3-point MACE | <

N=6979

Santamarina M, Carlson CJ. Review of the cardiovascular safety of dipeptidyl peptidase-4 inhibitors and the clinical relevance of t
BMC Cardiovasc Disord. 2019;19(1):60.




SGLT2 - Inhibitors

The kidneys play a major role in the regulation of glucose,
reabsorbing 99% of the plasma glucose that filters through
the renal glomerular tubules

Collecting
duct

Proximal 1
Distal

tubule

Glomerulus

§

Loop of Henle




SGLT2 - Inhibitors

Canagliflozin Dapagliflozin Empagliflozin Ertugliflozin
(®Invokana) (®Farxiga) (®Jardiance) (®Steglatro)

Doses 100 mg, 300 mg 5 mg, 10 mg 10 mg, 25 mg 5mg, 15 mg
eGFR>60 No change No change No change No change
eGFR 45-60 100 mgonly Don’t start No change Consider
stopping
eGFR 30-45 Don't start Don’t start Stop Consider
stopping

eGFR <30 Contraindicated Contraindicated Contraindicated Contraindicated

FDA March 2013 January 2014 August 2014 D
Approved




SGLT2-I CVOT - CANVAS & CANVAS-R

Canagliflozin (®Invokana)

4 )
T2DM S
N = 10, 142 Canagliflozin 100 mg:
Alc 7% - 10.5% Canagliflozin 300 mg:
' Matching Placebo
J
GFR >30 ml/min
Age 30 + symptomatic FAD 4 CANVAS - R
Age 50 + 2CAD/Renal risks 1:1
Canagliflozir
Duration 3.6 years ,\Zt\évhﬁg

Neal B, Perkovic V, Mahaffey KW et al (2017) Canagliflozin and cardiovascular and renal events in type 2 diabetes. N Engl ) Med 377:64




SGLT2-I CVOT - CANVAS & CANVAS-R

Canagliflozin (®Invokana)

A Death from Cardiovascular Causes, Nonfatal Myocardial Infarction, or Nonfatal Stroke

B Death from Cardiovascular Causes

100+ 209 Hazard ratio, 0.86 (95% Cl, 0.75-0,97) — 100+ 129 Hazard ratio, 0.87 (95% Cl, 0.72-1.06)
90 ]1‘2_ P<0.001 for noninferiority Placebo 90 104
T 80 144 P=0.02 for superiority T 80- o
£ 704 124 Canagliflozin 2 204
g 10 g 61 Aoxi
[TV 3 [ Canagliflozin
= -
« 4
= 50 6+ & 504
B 4- B
2 40 2 40+ 24
2 27 a
5 304 0 T T T T T T T T T T T T T 4:, 30+ 0+ T T T T T T T T T T T T T
= 0 26 52 78 104 130 156 182 208 234 260 286 312 338 = 0 26 52 78 104 130 156 182 208 234 260 286 312 338
s 20 £ 5 20+
10 10 JEp—
0 T T T T T T T T T T T T T 0 I I T T T T T T T T T T T
0 26 52 78 104 130 156 182 208 234 260 286 312 338 0 26 52 78 104 130 156 182 208 234 260 286 312 338
Weeks since Randomization Weeks since Randomization
No. at Risk No. at Risk
Placebo 4347 4239 4153 4061 2942 1626 1240 1217 1187 1156 1120 1095 789 216 Placebo 4347 4316 4279 4236 3119 1759 1356 1344 1328 1310 1292 1280 924 258
Canagliflozin 5795 5672 5566 5447 4343 2984 2555 2513 2460 2419 2363 2311 1661 448 Canagliflozin 5795 5768 5723 5679 4576 3182 2761 2736 2710 2687 2651 2615 1904 532
C Nonfatal Stroke D Nonfatal Myocardial Infarction
100+ 3 100+ 3
0 . Hazard ratio, 0.90 (95% Cl, 0.71-1.15) 90 7 Hazard ratio, 0.85 (95% Cl, 0.69-1.05) Placebo
X 804 ? Placebo £ 80 g
E 704 A es- 704 . Canagliflozin
& g0 3 Canagliflozin O g0 3
S 2 & 2
£ 507 1 £ N 1
= =
2 404 0 T T T T T T T T T T T T T H 40+ 0 T T T T T T T
.E - 0 26 52 78 104 130 156 182 208 234 260 286 312 338 .ﬁg 30 0 26 52 78 104 130 156 18:
g ] g 7
5 20 5 20-
10 10+
PP
0 I 1 T T T T T T T T T T T 0 I T T T T T T T T
0 26 52 78 104 130 156 182 208 234 260 286 312 338 0 26 52 78 104 130 156 182 208 23
Weeks since Randomization Weeks since Randomizatio
No. at Risk No. at Risk
Placebo 4347 4270 4197 4123 3004 1667 1274 1255 1232 1208 1177 1155 829 232 Placebo 4347 4256 4187 4109 2986 1647 1255 1233 1207 11.

Canagliflozin 5795 5702 5615 5530 4414 3043 2621 2588 2543 2511 2464 2415 1751 481

Canagliflozin 5795 5711 5625 5513 4405 3029 2602 2565 2516 24.




SGLT2-I CVOT - CANVAS & CANVAS-R

Canagliflozin (®Invokana)

Canagliflozin  Placebo
Outcome (N=5795) (N=4347) Hazard Ratio (95% Cl)
no. of participants per 1000 patient-yr
Death from cardiovascular causes, 26.9 31’5 —o— 0.86 (0.75-0.97)
nonfatal myocardial infarction, !
or nonfatal stroke .
Death from cardiovascular causes 11.6 12.8 I—.—H 0.87 (0.72-1.06)
Nonfatal myocardial infarction 9.7 11.6 —&—- 0.85 (0.69-1.05)
Nonfatal stroke 7.1 8.4 [ o— 0.90 (0.71-1.15)
Fatal or nonfatal myocardial infarction 112 12.6 I—.—E—I 0.89 (0.73-1.09)
Fatal or nonfatal stroke 7.9 9.6 —e— 0.87 (0.69-1.09)
Hospitalization for any cause 118.7 13] 1 e 0.94 (0.88-1.00)
Hospitalization for heart failure 5.5 8.7 b @ | 0.67 (0.52-0.87)
Death from cardiovascular causes 16.3 20.8 —e— 0.78 (0.67-0.91)
or hospitalization for heart failure
Death from any cause 12.3 19.5 —®— 0.87 (0.74-1.01)
Progression of albuminuria 89.4 128.7 @& 0.73 (0.67-0.79)
40% reduction in eGFR, renal-replacement 5.5 9.0 |l L i

therapy, or renal death :

A

-
L

Canagliflozin Better | Placebo Better

Neal B, Perkovic V, Mahaffey KW et al (2017) Canagliflozin and cardiovascular and renal events in type 2 diabetes. N Engl ) Med 377:64




SGLT2-I CVOT - CANVAS & CANVAS-R

Canagliflozin (®Invokana)

Adverse Effects Ca nagllflozm m

Diabetic ketoacidosis (adjudicated) 0.14
Amputation 6.3 3.4 <0.001
Fracture (adjudicated):
All 15.4 11.9 0.02
Low-trauma 11.6 9.2 0.06
Venous thromboembolic events 1.7 1.7 0.63
Infection of male genitalia§ 34.9 10.8 <0.001

Serious and nonserious adverse events of interest
collected in CANVAS alone¥|

Osmotic diuresis 34.5 153 <0.001
Volume depletion 26.0 18.5 0.009
Hypoglycemia 50.0 46.4 0.20
Acute kidney injury 3.0 4.1 0.33
Hyperkalemia 6.9 4.4

Urinary tract infection 40.0 37.0

Mycotic genital infection in women 68.8 175

Severe hypersensitivity or cutaneous reaction 85 6.1

Hepatic injury 7.4 9.1

Renal-related (including acute kidney injury) 19.7 17.4




SGLT2-1 CVOT - CREDENCE

Canagliflozin (®Invokana)

* The study was designed to formally test whether canagliflozin -
reduced the risk of kidney failure and cardiovascular events in
patients with T2DM and markers of established kidney disease
compared to placebo when used in addition to standard of care.

@ @ Canagliflozin
Alc 6.5 GFR >30 and P 100 mg

<90 ml/min . ACEi
F/u or
UACR >300 . 262  ARBx Matched
Alc <12% and <5000 N= " yrs 4 wks Placeb
mg/g 4401 aceno

The primary outcome was a composite of
- end-stage kidney disease (dialysis for at least 30 days, kidney transplantat
estimated GFR of <15 ml per minute per 1.73 m? sustained for at least 30

- doubling of the serum creatinine level from baseline sustained for at leas
- death from renal or cardiovascular disease.

Perkovic V, Jardine MJ, Neal B, et al. Canagliflozin and Renal Outcomes in Type 2 Diabetes and Nephropathy. N Engl J Med. 2019;380(24):2295-2306. doi:1




SGLT2-1 CVOT - CREDENCE

Canagliflozin (®Invokana)

A Primary Composite OQutcome

Hazard ratio, 0.70 (95% Cl, 0.59-0.82)
P=0.00001

Placebo

Canagliflozin

T T T T T T

6 12 18 24 30 36

42

100 304
—_ 90 25
3
% 80 204
=1
E 704 154
= 60 104
£ 50 5
£ 404 o
2 304 0
2 20
(]
o 10_
0 T
0 6
No. at Risk
Placebo 2199 2178
Canagliflozin 2202 2181

T T T T T

12 18 24 30 36
Months since Randomization

2132
2145

2047
2081

1725
1786

1129
1211

621
646

42

170
196

B Renal-Specific Composite OQutcome

1009 209 {azard ratio, 0.66 (95% Cl, 0.53—0.81)
209 15| P<0.001
‘:-_.— 304 Placebo
= -
E 70+ 10
g 601 s -
= 50+ Canagliflozin
E 404‘ 0 1 T Vl T T T T 1
£ 304 0 6 12 18 24 30 36 42
U
= 20
(3]
o 104 R
o T T T - T T T 1
0 6 12 18 24 30 36 42
Months since Randomization
No. at Risk
Placebo 2199 2178 2131 2046 1724 1129 621 170
Canagliflozin 2202 2181 2144 2080 1786 1211 646 196

C End-Stage Kidney Disease

ol }2: Hazard ratio, 0.68 (95% Cl, 0.54—0.86)
g 99 3] p=0.002
< 80 Placebo
< 10+
E 70+ 8
= 60 6
= 504 4 Canagliflozin
= 2+
E 40+ 0
n ] T T T T T 1
£ 304 0 6 12 18 24 30 36 42
.% 204
& 104 ——
0 I I T T T T 1
0 6 12 18 24 30 36 42
Months since Randomization
No. at Risk
Placebo 2199 2182 2141 2063 1752 1152 641 178
Canagliflozin 2202 2182 2146 2091 1798 1217 654 199

D Dialysis, Kidney Transplantation, or Renal Death

100
90
80
70+
60
50
40
30
20
10

0

Patients with an Event (%)

109 Hazard ratio, 0.72 (95% Cl, 0.54-0.97)

8-

6 Placebo _
4

2+ Canagliflozin
0 T T T T

0

No. at Risk
Placebo 2199
Canagliflozin 2202

Months since Randomizz

2183
2184

2147
2148

2077
2100

1776 1
1811 1




SGLT2-1 CVOT - CREDENCE

Canagliflozin (®Invokana)

Table 2. Efficacy and Safety.*
Hazard Ratio
Variable Canagliflozin Placebo Canagliflozin Placebo (95% CI) P Value
events/
no./total no. 1000 patient-yr
Efficacy
Primary composite outcome 2452202 340/2199 43.2 612 0.70 (0.59-0.82) 0.00001
Doubling of serum creatinine level 118/2202 188/2199 207 338 0.60 (0.48-0.76) <0.001
End-stage kidney disease 116/2202 165/2199 204 294 0.68 (0.54-0.86) 0.002
Estimated GFR <15 ml/min/1.73 m? 78/2202 125/2199 136 222 0,60 (0.45-080) NA
Dialysis initiated or kidney transplantation 76/2202 100/2199 133 17.7 0.74 (0.55-1.00) NA
Renal death 22202 5/2199 03 09 NA NA
Cardiovascular death 110/2202 140/2199 19.0 244 0.78 (0.61-1.00) 0.05
Secondary outcomes
Cardiovascular death or hospitalization for heart failure 179/2202 253/2199 315 454 0.69 (C
Cardiovascular death, myocardial infarction, or stroke 217/2202 269/2199 38.7 48.7 0.80 ((
Hospitalization for heart failure 89/2202 141/2199 15.7 253 0.61 ((
End-stage kidney disease, doubling of serum creatinine 153/2202 224/2199 270 404 0.66 ((

level, or renal death

Perkovic V, Jardine MJ, Neal B, et al. Canagliflozin and Renal Outcomes in Type 2 Diabetes and Nephropathy. N Engl J Med. 2019;380(24):2295-2306. doi:1




SGLT2-1 CVOT - EMPA-REG OUTCOMES
Empagliflozin (®]ardiance)

IEmpainrozin 10mg‘
Adult with T2DM

BMI < 45 kg/m?2

Established cardiovascular
disease (prior Ml, CAD,
stroke, unstable angina or

IEmpainrozin 25mg‘

occlusive PAD)
A1C 7-10% Placebo

The primary outcome was a composite of death from cardiovascular ca
nonfatal myocardial infarction (excluding silent myocardial infarction), ¢
stroke.

Zinman B, Wanner C, Lachin JM, et al. Empagliflozin, Cardiovascular Outcomes, and Mortality in Type 2 Diabetes. N Engl J Med. .




SGLT2-1 CVOT - EMPA-REG OUTCOMES
Empagliflozin (®]ardiance)

A Primary Outcome B Death from Cardiovascular Causes
20+ 95 Placebo
i — 84
£ Placebo £ )
5" £
e Hazard ratio, 0.8_6 (?5.02% Cl, 0.74-0.99) - o 7| Hazard ratio, 0.62 (95% Cl, 0.49-0.77) Empagliflozin
= P=0.04 for superiority Empagliflozin £ 54 P<0.001
s 104 2 44
w wv
E €
) g 31
s 5 s 5
o a 2
1,
c T T T T T T T 1 G T T T T T T T 1
0 6 12 18 24 30 36 42 48 0 6 12 18 24 30 36 42 48
Month Month
No. at Risk No. at Risk
Empagliflozin 4687 4580 4455 4328 3851 2821 2359 1534 370 Empagliflozin 4687 4651 4608 4556 4128 3079 2617 1722 414
Placebo 2333 2256 2194 2112 1875 1380 116l 741 166 Placebo 2333 2303 2280 2243 2012 1503 1281 825 177
C Death from Any Cause D Hospitalization for Heart Failure
159 75 Placebo
Placebo
€ g
g 10 §
i Hazard ratio, 0.68 (95% Cl, 0.57-0.82) @ Hazard ratio, 0.65 (95% Cl, 0.50-0.85)
= P<0.001 Empagliflozin < 49 P=0.002 Empaglifiozin
= £ N i e
8 8
= 5. T
@ 0]
- = 24
© ©
o o
l_
G T T T T T T T 1 G T T T T
0 6 12 18 24 30 36 42 48 0 6 12 18 24
Month Month
No. at Risk No. at Risk
Empagliflozin 4687 4651 4608 4556 4128 3079 2617 1722 414 Empagliflozin 4687 4614 4523 4427 3988 2
Placebo 2333 2303 2280 2243 2012 1503 1281 825 177 Placebo 2333 2271 2226 2173 1932 1




SGLT?2-I Renal - EMPA-REG OUTCOMES
Empagliflozin (®]ardiance)

Empagliflozin 10mg

Adult with T2DM
BMI < 45 kg/m?2
Established CAD

Empagliflozin 25mg

A1C 7-10%

At baseline, the eGFR was 45 — 59 ml/min in 17.8% of the patients and
30 - 44 ml/min in 7.7% patients

e 28.7% had microalbuminuria, and 11.0% had macroalbumin
* Intotal, 80.7% of the patients were taking ACEi or ARBs at b

Placebo

Zinman B, Wanner C, Lachin JM, et al. Empagliflozin, Cardiovascular Outcomes, and Mortality in Type 2 Diabetes. N Engl J
2015;373(22):2117-2128.




SGLT2-I Renal - EMPA-REG OUTCOMES
Empagliflozin (®]ardiance)

A Incident or Worsening Nephropathy

Cumulative Probability
of Event (%)

No. at Risk
Empagliflozin
Placebo

100+
90
80
704
60
50
40
304
20
104

Hazard ratio, 0.61 (95% Cl, 0.53-0.70)
P<0.001

Empagliflozin

T T T T T T T 1
0 6 12 18 24 30 36 42 48

Month

4124
2061

3994
1946

3848
1836

3669
1703

3171
1433

2279
1016

1887
833

1219
521

290
106

B Post Hoc Renal Composite Outcome

100+
90+
80 8
70 79 |Hazard ratio, 0.54 (95% Cl, 0.40-0.75)
Fy 6+ |P<0.001
= 60 5]
2 4
'@é 50 3 Placebo
a e 1
-
E w 304 14 Empagliflozin
2 ° — O T T T T T T T 1
§ 20 0 6 12 18 24 30 36 42 48
o 104
0 I I T T T T T 1
0 6 12 18 24 30 36 42 48
Month
No. at Risk
Empaglifiozin 4645 4500 4377 4241 3729 2715 2280 1496 360
Placebo 2323 2229 2146 2047 1771 1289 1079 680 144

Wanner C, Inzucchi SE, Lachin JM, et al. Empagliflozin and progression of kidney disease in type 2 diabetes. N Engl J Med. :




SGLT2-I Renal - EMPA-REG OUTCOMES
Empagliflozin (®]ardiance)

Empagliflozin Placebo
no. with event/  rate/1000 no. with event/  rate/1000 b i

Renal Outcome Measure no. analyzed (%)  patient-yr no. analyzed (%) patient-yr Hazard Ratio (95% Cl) P Value
Incident or worsening nephropathy or cardiovascular death 675/4170 (16.2)  60.7 497/2102 (23.6) 959 0.61 (0.55-0.69) <0.001
Incident or worsening nephropathy 5254124 (12.7) 473 388/2061 (18.8)  76.0 0.61 (0.53-0.70) <0.001
Progression to macroalbuminuria 459/4091 (11.2) 4138 330/2033 (16.2) 649 0.62 (0.54-0.72) <0.001
Doubling of serum creatinine level accompanied by eGFR 7074645 (L.5) 5.5 60/2323 (2.6) 9.7 —o— 0.56 (0.39-0.79) <0.001

of <45 ml/min/1.73 m?
Initiation of renal-replacement therapy 13/4687 (0.3) 1.0 14/2333 (0.6) 21 ——t—o 0.45 (0.21-0.97) 0.04
Doubling of serum creatinine level accompanied by eGFR 81/4645 (1.7) 6.3 7112323 (3.1) 115 e 0.54 (0.40-0.75) <0.001

of <45 ml/min/1.73 m? initiation of renal-replacement

therapy, or death from renal disease
Incident albuminuria in patients with a normal albumin level 1430/2779 (51.5) 2525 703/1374 (51.2)  266.0 i 0.95 (0.87-1.04) 0.25

at baseline

T

T T T 1
0125 025 05 10 20 40

=+ =

Empagliflozin better Placebo better

Wanner C, Inzucchi SE, Lachin JM, et al. Empagliflozin and progression of kidney disease in type 2 diabetes. N Engl J Med.




SGLT2-1 CVOT - DECLARE-TIMI 58
Dapagliflozin (®Farxiga)

T2DM (Alc 6.5 — 12%)
CAD or Risk
GFR > 60 ml/min
N=17,160

Dapagliflozin .
10 mg Qb ﬁ Placeb

Wiviott SD, Raz I, Bonaca MP, et al. Dapagliflozin and cardiovascular outcomes in type 2 diabetes. N Engl ] Med. 2018;3&




SGLT2-1 CVOT - DECLARE-TIMI
Dapagliflozin (®Farxiga)

A Cardiovascular Death or Hospitalization for Heart Failure B MACE
T005"""65 Hazard ratio, 0.83 (95% Cl, 0.73—0.95) 100 104 Hazard ratio, 0.93 (95% CI, 0.84—1.03)
90 P=0.005 for superiority 90+ 94 P=0.17 for superiority
= 54 Placebo = 2 Placebo
£ 804 & s 7 g
§ 70 & g 70+ 6 /l'ﬂ i
S 60 34 Dapagliflozin | 60 54 Dapaglitiozin
v o
£ 504 | £ 504 41
S 40 $ wd 2]
B 1 1 k| | 2
=S 304 = 304 ol
S £
=] 20 0 T T T T T T T 1 = 20 0 T T T T T T T 1
9 10 0 180 360 540 720 900 1080 1260 1440 o 10 0 180 360 540 720 900 1080 1260 1440
= o -1 #—’.l_d___gﬁ,sﬁ.
0 T T T - T T T T 1 0 T T T T T T T 1
0 180 360 540 720 900 1080 1260 1440 0 180 360 540 720 900 1080 1260 1440
Days Days
No. at Risk No. at Risk
Placebo 8578 8485 8387 8259 8127 8003 7880 7367 5362 Placebo 8578 8433 8281 8129 7969 7805 7649 7137 5158
Dapaglifiozin 8582 8517 8415 8322 8224 8110 7970 7497 5445 Dapaglifiozin 8582 8466 8303 8166 8017 7873 7708 7237 5225
C Renal Composite D Death from Any Cause
1004 64 Hazard ratio, 0.76 (95% Cl, 0.67—0.87) 1004 64 Hazard ratio, 0.93 (95% Cl, 0.82—1.04)
- 904 5 Placebo - 30 5
£ 80 & 30
@ 4 @ 4 i i
g 70+ g 70 Piscelis Dapagliflozin
< 604 3 B raiis < 604 3
o < apagliflozin S 56
© 24 » 24
2 40 2 40
— [} —
Lé 304 ! RS *
=] 20 0 — T T T T T T 1 = 20 0 T T T T T T
v 104 0 180 360 540 720 900 1080 1260 1440 e 104 0 180 360 540 720 900 10¢
. [
c 1 T T T T T T 1 0 T T T T T 1
0 180 360 540 720 900 1080 1260 1440 0 180 360 540 720 900 10
Days Days
No. at Risk No. at Risk
Placebo 8578 8508 8422 8326 8200 8056 7932 7409 5389 Placebo 8578 8542 8484 8414 8337 8258 81
Dapaglifiozin 8582 8533 8436 8347 8248 8136 8009 7534 5472 Dapagliflozin 8582 8554 8495 8437 8369 8305 82

Wiviott SD, Raz I, Bonaca MP, et al. Dapagliflozin and cardiovascular outcomes in type 2 diabetes. N Engl ] Med. 2018;3&




SGLT2-1 CVOT - DECLARE-TIMI
Dapagliflozin (®Farxiga)

Dapagliflozin
Outcome (N=8582)
rate/1000
no. (%) patient-yr
Cardiovascular death or hospitalization 417 (4.9) 12.2
for heart failure

MACE 756 (8.8) 22.6
=40% decrease in eGFR 370 (43) 108
to <60 ml/min/1.73 m2,

ESRD, or death from renal
or cardiovascular cause

Death from any cause 529 (6.2) 15.1

ization for h ilur 212 (2.5) 6.2
Myocardial infarction 393 (4.6) 11.7
Ischemic stroke 235 (2.7) 6.9
Death from cardiovascular cause 245 (2.9) 7.0
D om noncardiova 211 (2.5) 6.0
240% decrease in eGFR 127 (1.5) 3.7

to <60 ml/min/1.73 m2,
ESRD, or death from
renal cause

Placebo
(N=8578) Hazard Ratio (95% Cl)
rate/1000
no. (%) patient-yr
496 (5.8) 14.7 .
803 (9.4) 242 —o—
480 (5.6) 14.1 —a—

16.4 —e
8.5 —e—

13.2 —e—

7:1

6.8 —&—

7.0 —e—

T T
0.40 0.50 1.0 L5

Dapagliflozin Placebo
Better Better

0.83 (0.73-0.95)

0.93 (0.84-1.03)
0.76 (0.67-0.87)

0.93 (0.82-1.04)
0.73 (0.61-0.88)
0.89 (0.77-1.01)
1.01 (0.84-1.21)
0.98 (0.82-1.17)
0.88 (0.73-1.06)
0.53 (0.43-0.66)

Wiviott SD, Raz I, Bonaca MP, et al. Dapagliflozin and cardiovascular outcomes in type 2 diabetes. N Engl ] Med. 2018;3&

P Value

0.005

0.17




SGLT2-1 CVOT - DECLARE-TIMI
Dapagliflozin (®Farxiga)

* This trial included more than 10,000 patients without
evident atherosclerotic cardiovascular disease

* Dapagliflozin prevented cardiovascular events,
particularly hospitalization for heart failure, regardless
of a history of atherosclerotic cardiovascular disease or
heart failure.

* Majority of patients did not have a history of heart
failure, so the prevention of new clinical heart failure is
notable.

Wiviott SD, Raz I, Bonaca MP, et al. Dapagliflozin and cardiovascular outcomes in type 2 diabetes. N Engl ] Med. 2018;3&



SGLT2-1 CVOT - DAPA - HF Trial
Dapagliflozin (®Farxiga)

* In the DAPA-HF trial, 4443 patients were
involved with NYHA Class Il HF and EF <40%,
optimally treated for HF

* Only 42% of patients in this trial had a h/o
T2DM.

* Patients also completed a Kansas City
Cardiomyopathy Questionnaire (23 item
guestionnaire)

McMurray et al. Dapagliflozin in patients with heart failure and reduced ejection fraction. N Engl J Med. 2019,381:1995-




SGLT2-1 CVOT - DAPA - HF Trial
Dapagliflozin (®Farxiga)

Outcome Dapagliflozin Placebo HR (95% Cl) p-value
Cardiovascular Death, Hospitalization for Heart Failure or Urgent Heart Failure Visit : 0.52
<65.6 (n=1487) 162/768 209/719 —_— 0.70(0.57, 0.86)
65.7-87.5 (n=1564) 119/773 152/791 —_—! 0.77 (0.61, 0.98)
>87.5 (n=1392) 73/693 116/699 il : 0.62 (0.46, 0.83)
Cardiovascular Death or Hospitalization for Heart Failure ' 0.53
<65.6 (n=1487) 160/768 205/719 —=—— | 0.71(0.57,0.87)
65.7-87.5 (n=1564) 118/773 150/791 —_— 0.77 (0.61, 0.99)
>87.5 (n=1392) 73/693 115/699 _— ' 0.62 (0.46, 0.83)
Hospitalization for Heart Failure or Urgent Heart Failure Visit | 0.38
<65.6 (n=1487) 99/768 134/719 _— s | 0.67 (0.51, 0.86)
65.7-87.5 (n=1564) 78/773 101/791 —'—:' 0.76 (0.56, 1.02)
>87.5 (h=1392) 43/693 78/699 - | 0.54(0.37,0.78)
Hospitalization for Heart Failure I 0.40
<65.6 (N=1487) 96/768 130/719 —_— : 0.67 (0.51, 0.87)
65.7-87.5 (n=1564) 76/773 98/791 _— 0.76 (0.56, 1.03)
>87.5 (n=1392) 43/693 77/699 S = ' 0.55(0.38,0.79)
Cardiovascular Death : 0.82
<65.6 (n=1487) 107/768 121/719 ——— (.84 (0.64, 1.09)
65.7-87.5 (n=1564) 63/773 81/791 - : 0.78 (0.56, 1.09)
>87.5 (n=1392) 39/693 54/699 = i 0
Death from Any Cause !
<65.6 (n=1487) 134/768 142/719 it 10
65.7-87.5 (n=1564) 76/773 99/791 —— 0
>87.5 (n=1392) 46/693 67/699 = ' 0

f T T
04 0.6 08 1 1.2
&

)
Dapagliflozin Better Plac




SGLT2-I CVOT - VERTIS CV
Ertugliflozin (®Steglatro)

[ Multicenter, randomized, double-blind, placebo-controlled, event-driven trial }

L Randomization 1:1:1 }

Ertugliflozin 5 mg Ertugliflozin 15 mg

[Primary endpoint (non-inferiority): J

+ Composite outcome of MACE (CV death, nonfatal MI, nonfatal stroke)

/.’;‘;econdary endpoints (superiority): A fOther prespecified endpoints: W
* Composite outcome of CV death/HHF * Individual components of « Fatalorn =+ '*"
* CVdeath MACE « Fatalorn
* Renal composite (renal death,  Composite of MACE-plus * HHF
dialysis/transplant, doubling of serum (MACE plus hospitalization ~ « All-cause

\ creatinine) /\ for unstable angina)




LS mean change (95% Cl) in
HbA1c (%)
)
S

SGLT2-1 CVOT - VERTIS CV

Ertugliflozin (®Steglatro)

HbAlc

Placebo -e-Ertugliflozin 5 mg =+Ertuglifiozin 15 mg

Difference in LS mean (95% Cl) at Week 18:

Ertugliflozin 5 mg: -0.5% (0.5, -0.4); P<0.001 -4 4 Ertugliflozin 5 mg: 2.4 kg (£3.9)
Ertuglifiozin 15 mg: 0.5% (~0.6, ~0.5); P<0.001 Ertuglifiozin 15 mg: 2.8 kg (+4.0)
. ; ; : . : : . ; ; i ; , 5 Placebo: 0.4 kg (+3.6)
2% 8 ¥ 8 @ B TR e 2 0 6 12 18 26 39 52 69 8 103 120 137 154 171 189 206
Weeks Weeks
Systolic BP
25 Placebo -+Ertugliflozin 5 mg -«Ertugliflozin 15 mg

LS mean change (95% Cl) in
SBP (mmHg)

=

2

=
3

o

.

LS mean change (95% Cl) in
body weight (kg)
b

]
prs
s

1
w
s

Body Weight

Placebo -e-Ertugliflozin 5 mg -a-Ertugliflozin 15 mg

Mean decrease (SD) in body weight N
at Week 52: 3

Difference in LS mean (95% CI) at Week 52:
Ertugliflozin 5 mg: —2.6 mmHg (-3.3, —1.9); P<0.001
Ertugliflozin 15 mg: —3.2 mmHg (-3.9, —2.5); P<0.001

T

39

52

69 86
Weeks

103 120 137 154 171

189




SGLT2-I CVOT - VERTIS CV
Ertugliflozin (®Steglatro)

Ertuglifiozin  Placebo HR (Cl) P Value
=5499 n=2747
Rate/100 patient-years
MACE 39 4.0 —— 0.97 (0.85, 1.11) <0.001 (for
: non-inferiority)
CV Death/HHF' 23 2.7 —.— 0.88 (0.75, 1.03) 0.11
CV Death' 1.8 1.9 ——— 0.92(0.77,1.11) 0.39
HHFT 0.7 1.1 —— 0.70 (0.54, 0.90) 0.006
Reiil Coffipasie! 09 1.2 —e—h | 081(063,104)
0.5 113 2

Favors Ertugliflozin Favors Placebo




SGLT-2 Inhibition Leads to Benefits in Cardiorenal Outcome
In Several Patient Populations

Renal Hospitalization
protection for HF

Major adverse

CV events Secondary prevention population

SGLT-2i prevent HF and renal disease, and reduce

Diabetes atherosclerotic events (major adverse CV events)
and established

CVvD

Primary prevention population
Diabetes and multiple risk factors SGLT-2i prevent HF and renal disease
but may not reduce MACE

* According to a recent meta-analysis of three randomized CVOTs in patients with T2D with either establishec
CVD or multiple risk factors (~60% with established CVD), SGLT-2i reduced the risk of'2:

— Hospitalization for HF by 31% (HR=0.69; 95% CI, 0.61-0.79; P<.0001)

— CV death or hospitalization for HF by 23% (HR=0.77; 95% CI, 0.71-0.84; P-

— Major MACE by 11% (HR=0.89; 95% ClI, 0.83-0.96; P=.0014)

— Progression of renal disease by 45% (HR=0.55; 95% ClI, 0.48-0.64; P<.000
CVD=cardiovascular disease; CVOT=cardiovascular outcome trial; MACE=major adverse cardiovascular event.

1. Verma S, et al. Lancet. 2019;393(10166):3-5. 2. Zelniker TA, et al. Lancet. 2019;393(10166):31-39. 3. Scheen RJ. Cir,
2019;14(1):23-32




In Summary

All the DPP4 inhibitor trials met the non-niferiority

criteria but none of them met superiority criteria for CV
outcomes

Among the GLP-1 agents, Liraglutide (Victoza),
Semaglutide (Ozempic), and Dulaglutide (Trulicity)
showed statistically significant and real world clinically
significant benefits for CV disease and nephropathy

Among the SGLT-2 inhibitors, Canagliflozin (Invokana),

Empagliflozin (Jardiance), and Dapagliflozin (Farxiga) are
noted to significantly reduce hospitalizations for
progression of renal disease, and MACE outcome




In Clinical Practice

65 y/o male with poorly controlled T2DM (Alc 8%)
complicated with history of CAD s/p 1 stent, CHF (EF 40%), and
CKD2 is referred to you by PCP for management of T2DM. His
BMl is 32 kg/m2 and BP is 144/94 mm Hg. He admits to a FH
of Ml in his father at age 40. He is adherent to diet and
exercise, takes Metformin 1000 mg BID, Lisinopril 5 mg QD,
and Atorvastatin 40 mg QHS.

Which of the following agents would be of consideration for
him in addition to Metformin?

Pioglitazone (Actos)
Dulaglutide (Trulicity)
Saxagliptin (Onglyza)
Empagliflozin (Jardiance)
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