Managing T2DM and CVD
Exploring New Evidence
and Opportunities

Darshi Sunderam, MD
Chief of Endocrinology

East Orange General Hospital



Objectives

. Pathophysiology and disease progression
. Glycemia and CVE
. Glycemic control

Intensive vs conservative

Early vs Ilate

. CV outcome trials



Worldwide Prevalence of Diabetes:
Expected to Increase
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Pathophysiology
and

Disease Progression



Pathogenesis of T2DM:

¢ Multiple defects contribute to the progression of type 2 diabetes
mellitus

Decreased
Incretin Effect

Decreased

A )

Increased
Glucagon
Secretion

P’P"-",
Increased _ f/

Hepatic “1

Glucose
Production S

www.HealthAndLovePage.com



Progression of T2DM
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Cardiovascular Disease and Diabetes

~65% of deaths are due
to CV disease

Coronary heart
disease deaths
[2- to 4-fold

Stroke risk
12- to 4-fold

Heart failure
12- to 5-fold

Bell DSH. Diabetes Care. 2003;26:2433-41.
T2DM = type 2 diabetes mellitus Centers for Disease Control (CDC). www.cdc.gov.



Incidence of Fatal or Nonfatal Mi
With or Without T2DM

50 -
= 40
=
L
2808
o M~
<5
©3 20
8=
IE'E*-—-'
10+

Diabetes = Heart Disease Equivalent

™ No priorMl  ® Prior MI 45
|
|
18.8 20.2
—
3.5
No Diabetes Diabetes

£<0.001 between patients with diabetes vs
patients without diabetes. Haffmer SM, et al. M Engl J Med. 1998;339:229-234.




Mortality and A1c in T2DM:
Kalser-Permanente Cohort
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UKPDS: Risk Reduction in Diabetes-
Related Complications

Risk reduction with 1% decline in updated HbA,_

| P<0.0001 | P=0.035  P=0.021 P<0.0001

45 - Micro- PVD" M Stroke Heart C ataract
vascular failure extraction
disease

"Lower extremity amputation or fatal PVD.

Stratton IM et al. BMJ. 2000, 321: 405-412.



UKPDS 80: “Legacy” Effect of Intensive
Glucose Control on Mi

N = 4209 with newly diagnosed T2DM

MEarly Intensive
Glycemic
Control Reduces

0.001)

157 7-89



DCCT-EDIC: Long-Term Risk of
Macrovascular Complications

Any Cardiovascular Qutcome
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Intensive Glycemic Control

Controversial Results!
WHY?



Early vs Late Intervention in
Type 2 Diabetes

Inten Arm No Patie tl Macrovascu lar

Trial HbA., Rd ctio Trial Duratio Disease Severity

may not be the

best glucose-
lowering strategy

2008 '350-1577-1589.



Does Intensive Lifestyle Intervention
Have an Effect on CV Outcomes?



Look AHEAD: No Reduction in CV
Events with Lifestyle Changes

death from CV causes, nonfatal MI, nonfatal stroke, or
hospitalization for angina

¥ Intensive Lifestyle Intervention (n=2,570)
¥ Diabetes Support & Education (control) (n=2,575)

500 HR, 0.95 (95% CI, 0.83-1.09); P=0.51

( Primary outcome: composite of first occurrence of ]

Events, no




CVD-Risk Specific To
Anti-hyperglycemic Agents



Hyperglycemia in Type 2 Diabetes
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Meta-analysis of SU CV Safety Trials
Found No Consistent Association with
MACE Risk

CV safety of SUs cannot

be considered established

unless evaluated in long-
term CVOTs




UKPDS 34 Provides Some Evidence for
Beneficial CV Effects of Metformin in
Overweight Patients

There remains a paucity

of evidence from large,
long-term placebo-
controlled CV outcome
trials.




Separate Meta-analysis Suggested
Differing CV Effects of Drugs within the
TZD Class

No clinical trial directly compares the CV
effects of pioglitazone and rosiglitazone




Adverse CV Events Led the FDA to
Require Demonstration of CV Safety for
New Glucose-lowering Drugs




Origin Glargine Trial

30 - ® Insulin glargine (N=6,264)

. 25 - » Standard care (N=6,273)
=
E 20 - 16.6 16.1
3 (1,041) (1,013)
E 15 -
z HR, 1.02
S 10 - (95% ClI, 0.94-1.11);
" P=0.63
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D 1

ORIGIN=0utcome Reduction with Initial Glargine Intervention

The ORIGIN Trial Investigators. N Engl J Med. 2012; Jun 11. Epub ahead of print.



Ongoing Cardiovascular Outcome
Trials: DPP-4 Inhibitors

DPP-4
inhibitors
TECOS Sitagliptin/ 14,000 | Established | CV death, NF Dec 2014
Placebo CcvD M or stroke,
| | hosp for UA
EXAMINE Alogliptin/ 5400 | ACS 1590 CV death, NF Dec 2014
Placebo days before | Ml or stroke
SAVOR-TIMI53 | Saxagliptin/ | 16,500° | CVDorz2 | CVdeath, NF | Apr2014
Placebo RF Ml or ischemic
| stroke
CAROLINA Linagliptin/ 6000 | CVDorz2 CV death, NF Sept
Glimepiride RF Ml or stroke, 2018
; hosp for UA

Adapted from: 1-Goiden SM Am J Cardiod 2091108 (Suppl ) 588478,
i¥ooseca V. Am J Cardiol 2011708 (supp) S78-5181; 3- Chaicaltrials gov



SAVOR TIMI 53: No Increase in CV
Events with Saxagliptin in Patients
with or At-risk for CVD

Primary endpoint: composite of CV death,
nonfatal M|, or nonfatal ischemic stroke

20 -
. HR, 1.0 (95% ClI, 0.89-1.12);
-*3: 0 45 . P=0.99 for superiority
2 -§' P<0.001 for noninferiority
=
2 510 -
3 g
xXE 5 7.3% 7.2%
(n=613) (n=609)
0
SEVEs| oy Placebo
(n=8,280) (n=8,212)

Saxagliptin is not FDA approved for cardiovascular risk reduction
SAVOR-TIMI 53=Saxaglptin Assessment of Vascular Outcomes Recorded in Patients with Diabetes Meliitus—Thrombolysis in
Myocardial Infarction 53, CV=cardiovascular, MI=myocardial infarction

Scirca BM et al, for the SAVOR-TIMI 53 Steering Committee and Investigators.
New Engl J Med. 2013. DOI:10.1056/NEJMoa1307684



EXAMINE: No Increase in CV Events
with Alogliptin Primary Endpoint

Primary endpoint: composite of CV death, nonfatal M,
or nonfatal stroke

20 -
p— HR, 0.96 (95% CI, £1.16%);
% IEJE . P=0.32 for superiority
w3z P<0.001 for noninferiority
S0
-l 11.3% 11.8%
-l = .
&5 9
0
Alogliptin Placebo
(n=2,701) (n=2,679)

*Upper boundary of one-sided repeated CI
Median follow-up: 18 months
Alogliptin is not FDA approved for cardiovascular risk reduction
EXAMINE=Examination of Cardiovascular Outcomes with Alogliptin versus Standard of Cara
CV=cardiovascular; Ml=myocardial infarction
White WB et al; for the EXAMINE Investigators. New Engl J Med. 2013;369:1327-1335.




TECOS: No Increased CV Risk with
Sitagliptin vs Placebo in High Risk
Subjects with Type 2 DM

Primary composite endpoint:
CV death, nonfatal M,

Randomization + usual care*:
1 _ 2 R s ;
Sitagliptin Placebo ; ﬁ:tai%g’;'" S
(n=7,332) (n=7,339)

~ nonfatal stroke, hospitalization for UA About TECOS
§ HR=0.98 Cardiovascular safety study of
S _ - 95% Cl, 0.88-1.09 the DPP-4 inhibitor, sitagliptin
2= | : :
28 11 4% P<0.001 44 694 Randomized, double-blind,
2 placebo-controlled, event-driven
§ 2 10 trial
e g N=14,671 subjects with type 2
235 57 diabetes and CVD
=3
w
R

TECOS=Trial Evaluating Cardiovascular Outcomes with Sitagliptin

HR=hazardratio; UA=unstable angina
*Or 50 mg/dif baseline eGFR =30 and <50 mi/min/1.73 m?; *Stable doses of one or two oral antihyperglycemic agents

(metformin, pioglitazone, or sulfonylurea) or insulin (with or without metformin)
Green JB, etal. N Engl J Med. 2015, DOI: 10.1056/NEJMoa 1501352



SAVOR-TIMI 53: Saxagliptin Increased
Hospitalization for Heart Failure
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HR, 1.27 (95% ClI, 1.07-1.51), P=0.007

Hospitalization for
heart failure, %
=
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Saxagliptin Placebo
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Saxagliptin is not FDA approved for cardiovascular risk reduction
SAVOR-TIMI 53=5axagliptin Assezsment of Vascular Ouicomes Recorded in Patients with Diabetes Mellitus=Thrombolysis in
Myocardial Infarction 53

Scirica BM et al; for the SAVOR-TIM| 53 Steering Committee and Investigators.
New Eng! J Med. 2013. DOI:10.1056/NEJMoa 1307584




Ongoing Cardiovascular Outcome
Trials: GLP-1 Agonists

LEADER Liraglutide/ 8754 | CVD, PAD, CV death, NF Jan
Placebo CKD, CHF or M or stroke 2016
RF if >60yrs
EXSCEL Exenatide 9500 | Not specified CV death, NF Mar
LAR/ Placebo M or stroke 2017
ELIXA Lixisenatide/ 6000 | ACS leadingto | CV death, NF Oct
Placebo hosp <180 days | MI, NF stroke, | 2013
before hosp for UA
REWIND Dulagtutide/ 9622 | CVDorz2RFIf | CVdeath, NF Apr
Placebo age = 60 yoars | MI, or NF stroke | 2019

Adapted from: 1-Golden SH._Am J Cardiol 2011108 (Suppl): 598478
IF¥orseca V. Am J Cardiol 2011308 (supp) 5785881 3- Chnicaltrials gov



ELIXA: No CV Risks or Benefits
with Lixisenatide vs Placebo

Primary composite endpoint:
CV death, nonfatal MI,

20 nonfatal stroke, hospitalization for UA About ELIXA
§ HR=1.02 First events-driven CV outcomes
S 95% Cl, 0.89-1.17 study to provide data for a
85 157 13.4% 1399 GLP-1 receptor agonist
Q.
o T Randomized, double-blind,
.§ =10 placebo-controlled trial
2 N=6,068 subjects with type 2
28 95 diabetes and recent ACS event
-
2 Randomization:
N 0. _ L : %
Lixisenatide Placebo = l;:(alzzggtlde il
(n=3,034) (n=3,034)

"Up- or down-titrated to maximum 20 mcg/d

ELIXA=Evaluation of Cardiovascular Qutcomes in Patients With Type 2 Diabetes

After Acute Coronary Syndrome During Treatment With Lixisenatide

HR=hazardratio, UA=unstable angina

Lixisenatide is an investigational agent; not yet FDA Pleffer MA, et al. Presented atthe American Diabetes Association 75th
approvedinthe United States Scientific Sessions. June 5-9, 2015; Boston, Massachusetts



EMPA-REG
OUTCOME TRIAL

The first glucose-
lowering agent to

show CV benefit in
an outcome trial.




EMPA-REG OUTCOME:
Design and Baseline Characteristics

e CVOT for the SGLTZ2 inhibitor, empagliflozin

e /7,020 subjects with type 2 diabetes at high CV risk on standard care
randomized to:

Empagliflozin 10 mg « Empagliflozin 25 mg « Placebo
e Primary composite endpoint: CV mortality, nonfatal MI, nonfatal stroke
e Key secondary composite outcome: Primary plus hospitalization for UA
e Median 3.1-yrfollow-up

Select baseline characteristics

Placebo (n=2,333) Empagliflozin (n=4,687)
Age, yrs 63.2 63.1
CV history 2,307 (98.9%) 4,657 (99.4%)
A1C 8.08% 8.07%
Dual glucose-lowering therapy 1,148 (49.2%) 1,380 (29.4%)

CVOT=cardiovascular oulcome trial,
UA=unstable angina Zinman B, &1 al; for the EMPA-REG OUTCOME Investigators. N Engl J Med. 2015, DO 10.1056/HE Moa 1504720



EMPA-REG OUTCOME: Cumulative
Incidence of Death from CV Causes

In patients with T2DM and at high risk of CV events, in addition to standard care
9- .
Placebo
- !
2 74 =y
c J
v 6= 7
& e
£ 1 -
2
g ¥ ~
=
g 3- Empagliflozin
g ,.
{ P<0.001
Hazard ratio, 0.82 (85% CI, 0.43-0.77)
0+ | | | | | | 1 |
0 b 12 18 24 30 36 42 48
Month
Adapted from: Zinman ef af, NEJM 2015




EMPA-REG OUTCOME:
Hospitalization for Heart Failure

In patients with T2DM and at high risk of CV events, in addition to standard care

Patients with Event (%)

F
Placebo

6
5=
A
3 =
. Empagliflozin
1 P=(.002

Hazard ratio, (.65 {95% CI, 0.50-0.85)
0 | | T | | | |

0 12 18 24 30 36 42 48

Maonth

Adapted from: Zinman #f af,, NEJM 2015



Take Home Messages:

Targets matter - A1C:

°As low as possible

°As early as possible

°*As long as possible

°As safely as possible
°As rationally as possible

Strategies matter:

Avoidance of hypoglycemia
*BP and lipid control
eChoice of anti hyperglycemic agents



Intensive Glycemic Control and
CV Risk in Diabetes.

«== After observation and analysis,

when you find that anything agrees
with reason and is conducive to the
good and benefit of one and all, then
accept it and live up to it.

Lord Buddha (c. 563- c. 483 BC)




Thank You







Look AHEAD: No Reduction in
Secondary CV Outcomes with Lifestyle
Changes

¥ Intensive Lifestyle Intervention (n=2,570)
¥ Diabetes Support & Education (control) (n=2,575)

HR, 0.94 (95% CI,

700 HR, 0.93 (95% CI, 0.84-

600 0.82-1.05); P=0.23 1.05); P20edOn
2 500 577 600

~ HR, 0.93 (95% (I, | 529
. :gg 0.79-1.10); P=0.42 e B
g 200 -
- e 267 283
0 Death from Death from any cause, Death from any cause,

CV causes, nonfatal MI,

or nonfatal stroke

nonfatal MI,

nonfatal MI, nonfatal stroke,
or nonfatal stroke

hosp for angina, CABG, PCI,
hosp for heart failure, carotid
endarterectomy, or PVD

Look AHEAD=Action for Health in Diabetes \
| CABG=coronary artery bypass grafting ; Cl=confidence interval; CV=cardiovascular; hosp=hospitalization; HR=hazard ratio;
Mi=myocardial infarction; PCl=percutaneous coronary intervention; PVD=peripheral vascular disease
The Look AHEAD Research Group, N Engl J Med, 2013;369(2):145-154,



CV Safety of TZDs

« TZDs cause or exacerbate heart failure in some patients?

« CV meta-analyses in 2007 suggested differing effects on CV
outcomes

* Pioglitazone was associated with significant 16% reduction
in 3P-MACE (as a secondary endpoint) vs placebo in
PROactive?

* Rosiglitazone open-label RECORD data showed no increase in
CV death?

* FDA ysttiias

Wwild The FDA has mandated that each agent
&L within this class be evaluated individually.

1 AVANDIA US Prescribing information



A1C Lowering with Empaglifilozin vs
Placebo in High-Risk Patients with Type

2 Diabetes

g. ;
8.5
8.2%
7.9%
g . 7.9%
7.7%
75 —
7.4%
= 7.3% _ .
Baseline Wk 12 Wk 94 Wk 206

Zinman B, et al; forthe EMPA-REG QUTCOME Investgators. N Engl J Med. 2015, DOL 10.1056MEJMoal 04720

A— Placebo (n=2,333)

—4— Empaglifiozin 10 mg (n=2,345)

—8— Empaglifiozin 25 mg (n=2,342)

Mean A1C changevs placebo
Empa 10mg Empa 25mg
Wk12 -0.54% -0.60%
(-0.58,-0.49) (-0.64,-0.55)
Wk 94 -0.42% 0.47%
(-0.48,-0.36) (<0.54,-0.41)
Wk 206 -0.24% -0.36%
(-0.40,-0.08) | (-0.51,-0.20)




Multiple Risk Factors and Mortality in Men:
MRFIT Study

-
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B No diabetes B Diabetes

=t =
Mo G 2 D R
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per 10,000 person-years

L=

Age-adjusted CVD death rate

None One only Two only All three

“Serum cholestercl > 200 mgidl, smoking, SBPF =120 mmHg
Stamler ] at al. Diabetes Care 1997;16:434-44 4 bl a



Impact of Intensive Glycemic Therapy
on T2DM Outcomes

Microvascular

B Initial trial B Long-term follow-up




