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Type 2 diabetes and cardiovascular disease risk

Diabetes is a chronic disease associated with long-term vascular complications

Type 2 diabetes is a multisystem disorder that is also independently
associated with a nearly twofold excess risk for a broad range of

adverse cardiovascular outcomes including coronary heart disease

(CHD), stroke, and cardiovascular death.

Effective strategies to mitigate cardiovascular risk and
prevent or reduce the occurrence of microvascular
complications are the cornerstone of treatment for

patients with diabetes.




Completed and ongoing cardiovascular outcome
trials in type 2 diabetes
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DPP-4 inhibitors and GLP-1 analogues




Heart failure in DPP-4ls CV outcome trials and meta-analysis

Hazard ratio (95% CI),
p value

SAVOR-TIMI : 1.27 91.07-1.51), p = 0.009
Saxagliptin :

EXAMINE — ' 1.19 (0.89-1.58), p = 0.238
Alogliptin .

TECOS ‘ 1.00 (0.83-1.20), p = 0.983
Sitagliptin .

Overall e 1.14% (0.97-1.34), p=nr

————t - - " =42%
0.3 1 3.0

- Hazard ratio (95% Cl)=———————p
—Favour drug Favour placebo=—j»

Singh AK et al., Expert Review of Clinical Pharmacology 2017



3-P MACE in DPP-4ls CV outcome trials and meta-analysis

Hazard ratio (95% CI),
p value

SAVOR TIMI- 3P- ; 1.00 (0.89-1.12), p = 0.99
Saxagliptin .

EXAMINE- 3P~ : 0.96 (# - 1.16), p = 0.32
Alogliptin :

TECQS-3P-= : 0.99 (0.89-1.10), p=0.84
Sitagliptin :

Overall= 0.99" (0.92-1.06), p = nr

T " # - lower bound of 95% ClI
0.45 0.6 1.5 not reported

- Hazard ratio (95% CI)m——p- I = 0%
A Fayour drug Favour placebo —g»

Singh AK et al., Expert Review of Clinical Pharmacology 2017



Liraglutide and Cardiovascular Outcomes in Type 2 Diabetes

A Primary Outcome

Patients with an Event (%)

No. at Risk
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B Death from Cardiovascular Causes
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lower with liraglutide

than with placebo.

Liraglutide 4668 4609 4531 4454 4359 4263 4181 4102 1619 440

Liraglutide 4668 4624 4564 4504 4426 4351 4269 4194 1662 465
Placebo 4672 4613 4513 4407 4301 4202 4103 4020 1594 424

Placebo 4672 4622 4558 4484 4405 4314 4228 4141 1648 445

Marso SP. et al., NEJM, 2016
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Semaglutide and Cardiovascular Outcomes
in Patients with Type 2 Diabetes
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Weeks since Randomization Weeks since Randomization

No. at Risk No. at Risk
Placebo 1649 lele 1586 1567 1534 1508 1479 Placebo 1649 1624 1598 1587 1562 1542 1516
Semaglutide 1648 1619 1601 1584 1568 1543 1524 Semaglutide 1648 1623 1609 1595 1582 1560 1543

In patients with type 2 diabetes who were at high cardiovascular risk, the rate of
cardiovascular death, non fatal myocardial infarction, or non fatal stroke was
significantly lower among patients receiving semaglutide than among those receiving
placebo, an outcome that confirmed the non inferiority of semaglutide.

Marso SP et al., N Engl J Med 2016
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Mo. at Risk
Placebo 1849 1629 1611 1597 1571 1548 1528
Semaglutide 1643 1630 1619 1806 1593 1572 1558
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Weeks since Randomization

No. at Risk
Placebo 1649 1637 1623 1617 1600 1584 1566
Semaglutide 1648 1634 1627 1617 1607 1589 1579

Marso SP et al., N Engl ) Med 2016
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Lixisenatide in Patients with Type 2 Diabetes
and Acute Coronary Syndrome

Hazard ratio, 1.02 (95% CI, 0.89-1.17) In patients with type 2

Lxisenatide .
diabetes and a recent
acute coronary
syndrome, the addition

of lixisenatide to usual

Patients (%6)

care did not significantly

alter the rate of major

cardiovascular
Meonths events or other serious

No. at Risk
Placebo 1566 adverse events.

Lixisenatide 1558

Pfeffer MA et al., N Engl J Med 2015



Cardiovascular safety for once-weekly
dulaglutide in type 2 diabetes: a pre-specified
meta-analysis of prospectively adjudicated
cardiovascular events

Stratum (Dula/Comparators) Hazard Ratio and 98.02% CL HR LCcL ucL
These results suggest that
Phase 2 trils (12) ° 022 oor 37 dulaglutide does not
AWARD.-3_AWARD.S (818) 4&_ 072 023 22 | increase the risk of major
CV events in T2D patients.
AWARD-1 (§/2) 0 149 0.21 10.53

The ongoing CV outcomes

AWARD2 (8/5) {1 048 om 208 study, investigating CV
AWARDA ) D 038 o011 138 events with a weekly
dulaglutide (REWIND),
Overall (26/25) ' 057 030 110
will further assess CV
— —— safety of dulaglutide
0.01 01 1 10 100

Favors Dulaglutide Favors Comparators

Forest plot of the primary 4-component MACE endpoint by stratum. A comparison of the primary
analysis results (HR [98.02 % CI]) in each stratum (study or combinations of studies by which the
primary analysis was stratified) with the overall result. Numbers of CV events per each treatment
group (Dula/Comparators) are indicated in the parentheses in the y-axis under Stratum

Ferdinand KC et al. Cardiovasc Diabetol, 2016



Incretins and CV outcomes
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Elgendy IY et al., International Journal of Cardiology, 2017



SGLT-2 inhibitors




Ongoing and recently completed major CV outcomes trials
of SGLT2 inhibitors

Drug name Abbreviated name of Phase of the trial Primary outcomes Key result
the trial

Empagliflozin ~ EMPA-REG Outcome Completed CV death, non-fatal MI, non-fatal stroke Significantly lower rates of death from cardiovascular
causes; hospitalization for heart failure; death from
any cause among Empagliflozin groups

Canagliflozin Phase IlI CV death, non-fatal MI, nonfatal stroke To be declared in 2017,2018

Canagliflozin Phase IV Progression of albuminuria To be declared in 2017

Canagliflozin ~ CREDENCE Phase Il ESKD, S-creatinine doubling, renal/CV death  To be declared in 2019

Dapagliflozin ~ DECLARE-TIMI58  Phase Ill CV death, non-fatal To be declared in 2019
MI, non-fatal ischaemic stroke
Ertugliflozin Ertugliflozin CVOT ~ Phase Il CV death, non-fatal MI, or non-fatal stroke  To be declared in 2020

Ghosh RK et al., International Journal of Cardiology, 2016



A Primary Outcome
204

Patients with Event (%)
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Empagliflozin, Cardiovascular Outcomes,
and Mortality in Type 2 Diabetes

EmpaReg Outcome Trial

Cardiovascular Outcomes and Death from Any Cause

Hazard ratio, 0.86 (95.02% Cl, 0.74-0.99)

P=0.04 for superiority Empagliflozin

No. at Risk
Empagliflozin
Placebo

4687
2333

T T T
18 24 30

Month

4580
2256

4328
2112

3851
1875

2821
1380

B Death from Cardiovascular Causes

Hazard ratio, 0.62 (95% Cl, 0.49-0.77)
P<0.001

Patients with Event (%)

Empagliflozin

T T T
13 24 30

Month

No. at Risk
Empaglifiozin
Placebo

4687
2333

4651
2303

455
2243

4128
2012

3079
1503

C Death from Any Cause
154

Patients with Event (%)

No. at Risk
Empaglifiozin
Placebo

4687
2333

Hazard ratio, 0.68 (95% Cl, 0.57-0.82)

P<0.001 Empagliflozin

12 18 24 30
Month

4651
2303

4556
2243

4128
2012

3079
1503

1722 414
825 177

4604
2280

D Hospitalization for Heart Failure

Hazard ratio, 0.65 (95% Cl, 0.50-0.85)
P=0.002

Patients with Event (%)

Empagliflozin

18 24 30
Month

No. at Risk
Empagliflozin
Placebo

4427
217

3988
1932

2950
1424

2487
1202

Zinman B. et al., NEJM, 2015

1634
775

395
168




Glycated Haemoglobin Levels

—d— Placebo —a8— Empagliflozin 10 mg —a8— Empaglifiozin 25 mg

ey
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| T T |
&80 94 108 122

Week

Mao. at Risk
Placebo 2204 2272 2188 2133 21131 2063 2008 1967 1741 1456

Empaglifiozin 10 mg 2206 2272 2218 2150 2155 2108 2072 2058 1805 1520
Empaglifiozin 25 mg 2206 2280 2212 2152 2150 2115 2080 2044 1242 1540

Zinman B. et al., NEJM, 2015



Potential mechanisms

blood pressure |

body weight |

arterial stiffness |

cardiac function 1

cardiac oxygen demand |

lack of sympathetic nerve activation
sodium depletion

oxidative stress |

glucagon secretion 1

additional unknown mechanisms

Reduction of

SGLT2 inhibition * CVdeath
(Empagliflozin) overall mortality

* HF hospitalization

EMPA-REG OUTCOME

Potential mechanisms involved in the reduction of cardiovascular events
(cardiovascular death, total mortality, and heart failure hospitalization) observed
in the EMPA-REG OUTCOME trial in T2D patients with prevalent atherosclerotic
cardiovascular disease.

Marx N. et al., European Heart Journal, 2016
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Empagliflozin and Progression of Kidney
Disease in Type 2 Diabetes

Analysis of Two Key Renal Outcomes

B Post Hoc Renal Composite Outcome
100

A Incident or Worsening Nephropathy
100—

50
80|  Hazard ratio, 0.61 (95% CI, 0.53-0.70)

P-=0.001 Hazard ratio, 0.54 [95% CI, 0.40-0.75)

70

P<0.001
60
50
40

30—

20—
Empagliflozin
|

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

Month

Placebo

of Event (34)

Empagliflozin

6 42

Cumulative Probability
Cumnulative Probability
of Event (%)

Manth

Mo. at Risk Mo. at Risk
Empagliflozin 4124 35994 3343 3660 3171 2379 1837 1219 250 Empagliflozin
Flacebo 2061 1946 1836 1703 1433 1016 B33 521  10& Placebo 2323

4045 4500 4377 4241 3729 IF1S 2280 1496 360
2225 2146 2047 1FF1 0 128% 1079 eE0 144

Wanner C. et al., NEJM, 2016



Renal Function over Time: estimated glomerular filtration
rate (eGFR) over a period of 192 weeks

A Changein eGFR over 192 Wk
Fi =

t
:-E..
E
i
2
g
=
L
3

EE T T
Baselin= 4 12

No. at Risk
Placebo
Empagliflozin, 10 mg
Empagliflozin, 25 mg
No. in Follow-up
Analysis
Total 7020 70206996

Wanner C. et al., NEJM, 2016
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Canagliflozin and Cardiovascular and Renal Events in
Type 2 Diabetes

Primary outcome
CV death, nonfatal myocardial infarction or stroke

In two trials involving

Hazard ratio 0.86 (95% CI, 0.75-0.97) patients with type 2
P <0.0001 for noninferiority TR d
p = 0.0158 for superiority labetes and an

elevated risk of
cardiovascular disease,
patients treated with
canagliflozin had a
lower risk of
cardiovascular events
— Placebo than those who
— Canagliflozin } received placebo but a

1 l 1 greater risk of
2 3 4

No. of patients Years since randomization amputation, primarily

Placebo 4347 4153 2042 1240 1187 at the level of the toe
Canaglifiozin 5795 5566 4343 2555 2460
or metatarsal.

Patients with an event (%)

Neal B. et al., N Engl J Med 2017



Composite of 40% reduction in eGFR, end-stage
Other vascular events and death Renal Disease, or renal death

Hazard ratio Hazard ratio 0.60 (95% CI, 0.47-0.77)
(95% CI)

CV death, nonfatal myocardial infarction, - 0.86 (0.75-0.97)
or nonfatal stroke |

CV death 1 0.87(0.72-1.06)
Nonfatal myocardial infarction '_'_r' 0.85 (0.69-1.05)
Nonfatal stroke ——— .90 (0.71-1.15)

— Placebo

= Canagliflozin

Hospitalization for heart failure L 0.67 (0.52-0.87)
CV death or hospitalization for heart failure o= 0.78 (0.67-0.91)
All-cause mortality '—H 0.87 (0.74-1.01)

.'
10 20

Patients with an event (%)

Favors  Favors No. of patients Years since randomization

o Placebo 4347 0227 2029 1274 1229 1173 819
Canagliflozin  Placebo Canaglifiozin 5795 5664 4454 2654 2576 2495 1781

The CANVAS Program met its primary objective of demonstrating cardiovascular

safety, and also showed efficacy of canagliflozin for the prevention of CV events

Neal B. et al., N Engl J Med 2017
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Canagliflozin and Cardiovascular and Renal Events in
Type 2 Diabetes

Lower-extremity amputations

20 7 Hazard ratio 1.97 (95% CI, 1.41-2.75)
18 = Placebo
3 16 Canagliflozin
< 14 71% - toe or forefoot
o 29% - above ankle
> -
v 12
&
P 10
-
-
s ©7
=
§ o4
2 //—____’_’,—’_'_
0 T T T T T T
0 1 2 3 4 5 6
No. at risk Years since randomization
Placebo 4344 4217 3037 1289 1247 1194 844
Canagliflozin 5790 5634 4420 2618 2536 2460 1765

Benefits and risk

180 ¥ Placebo mCanagliflozin

160 -
23 fewer

patients per 1000 patients over 5 years

140 4

120 -

100 -

80 -

Incidence rate
(per 1000 patients over 5 years)

60 -
15 more

16 fewer patients
patients — 5 above ankle
™ 10 toe or
forefoot

; :
Hospitalization for  penal composite Amputation

17 fewer
patients

40

20 A

0 -

MACE

heart failure
R

* These data suggest net overall benefit of canagliflozin for most patients with type 2

diabetes and high cardiovascular risk.

* Canagliflozin use was associated with an increased risk of amputation which should be

taken into consideration when prescribing this agent.

Neal B. et al., N Engl J Med 2017



SAVOR-TIMI to SUSTAIN-6: A critical comparison

of cardiovascular outcome trials of anti-diabetic
drugs

Primary outcomes in all CV outcome trials

Hazard ratio (95% CI),
p value for superiority

TECOS.- 4P- ; 0.98 (0.89-1.08), p = 0.65
Sitagliptin .

EXAMINE- 3P4 0.96 (# - 1.16), p=0.32
Alogliptin :

SAVOR TIMI- 3P+ . 1.00 (0.89-1.12), p= 0.99
Saxagliptin :

EMPA REG- 3P- ! ; 0.86 (0.74-0.99), p = 0.04

Empagliflozin

SUSTAIN 6- 3P- | | 0.74 (0.58-0.95), p = 0.02

Semaglutide

L EADER- 3P- 0.87 (0.78-0.97), p = 0.01
Liraglutide .

ELIXA- 4P — . 1.02 (0.89-1.17), p = 0.81

Lixisenatide

ﬂ'.fllﬁ C o ”.1 o 15 # - lower bound value

< Hazard ratio (95% Cl)— not reported
- Favours Drug Favours Placebho =

Singh AK et al., Expert Review of Clinical Pharmacology 2017



CV death in 3 CV outcome trials

Hazard ratio (95% CI),
p value for superiority

EMPA-REG- : ; 0.62 (0.49-0.77), p < 0.0004

Empagliflozin

LEADER- - B 0.78 (0.66-0.93), p = 0.007

Liraglutide

SUSTAIN-6- - = i 0.98 (0.65-1.48), p = 0.92

Semaglutide

L]
L]
a

1 15

0.45 .
- Hazard ratio (95% CI) =
- Favors Drug Favors Placebo =

Singh AK et al., Expert Review of Clinical Pharmacology 2017



Non-fatal stroke in 3 CV outcome trials

EMPA-REG-

Empagliflozin

LEADER-

Liraglutide

SUSTAIN-6-

Semaglutide

0.2

Hazard ratio (95% CI),
p value for superiority

1,24 (0,92-1.67), p = 0,16

0.89 (0.72-1.11), p = 0.30

0.61 (0.38-0.99), p = 0.04

1

5

<———Hazard ratio (95% Cl)=——p-
<4—Favour Drug Favour Placebo =

Singh AK et al., Expert Review of Clinical Pharmacology 2017



Conclusions

Since the inception of mandatory cardiovascular (CV) safety outcome trial (CVOT)
promulgated by US Food and Drug administration in 2008, several trials have been
published with 3 different classes of anti-diabetic drugs in T2D.

The three CVOT conducted with saxagliptin, alogliptin and sitagliptin respectively,
found them to be CV neutral.

However, both saxagliptin and alogliptin showed an increase in heart failure
hospitalization (hHF), while sitagliptin had no such signal.

The CVOT conducted with lixisenatide (ELIXA) was CV-neutral, but both liraglutide
(LEADER) and semaglutide (SUSTAIN-6) demonstrated superiority in reducing MACE.

LEADER had concordant reduction in all CV endpoints.
SUSTAIN-6 had most robust reduction in 3P-MACE, although no reduction in the
CV-death, all-cause death and hHF were observed.

The trial conducted with empagliflozin (EMPA-REG) found it to be superior in reducing
major adverse cardiac events (MACE).




