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Global estimates of the prevalence of diabetes for 2010 and 2030.
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Diagnosis of Diabetes Mellitus .

Hb,,c >6.5%"
or

Fasting plasma glucose =126 mg/dL (7.0 mmol/L)
(Fasting : no caloric intake for at least 8 hours)

or
2-hour plasma glucose >200 mg/dL (11.1 mmol/L)
(Glucose tolerance test :glucose load containing the equivalent of
75 g anhydrous glucose dissolved in water)

or

Random plasma glucose >200 mg/dL (11.1 mmol/L)
(Classic symptoms of hyperglycemia or hyperglycemic crisis)

Diabetes Care 37(Suppl 1):S14-S80, 2014




Role of insulin resistance on the features of type 2 DM
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[ Genetics ] inactivity

L [ Insulin resistance ] J

!

[ Hyperinsulinaemia I
/ \ e

Glucose =
metabolism [ Dyslipidaemia [ Haemndrnamics] [ Haemostasis ]

V v v v

[ Hyperglycaemia ] T Triglycerides [T Sympathetic act'nritr] T PAI-1

L HOL, T LDL T Na* retention T Fibrinogen

/ T Platelet
l l ; Agagregation

l Endothelial dysfunction - Diabetic dyslipidaemia - Hypertension - Thrombaosis

b[ CORONARY ARTERY DISEASE ]J




Pathophysiology of CAD in DM

Inflammation

hs-CRPT, IL-6T, VCAM-1T, ICAM-1T
P-selectinT, sCD40LT, TNF-aT, TSP-1T

Endothelial dysfunction
Hyperglycemia

Free fatty acid

Insulin resistance
RAGE/AGET
Dyslipidemia
Bioavailability NO.
Oxidative stress

Diabetes-associated

coronary artery disease

Prothrombotic state
GP lib/llla receptorsT
Platelet factor 4T
FibrinogenT, TFT, vWFT
PAI-1T

Protein CT, AT Il

Restenosis
Hyperinsulinemia
RAGE/AGET
PPAFI? modulation
TSP-1

Associated conditions
Renal dysfunction

Obesity

Peripheral vascular disease

Atherosclerotic burden
Diffuse disease

Multivessel disease
Negative remodeling

Plaque instability
Endothelial progenitor cellsl




Cardiac adaptive and maladaptive metabolic modifications in DM

Adult cardiac FFA metabolism
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Perturbations * Diabetes ¢ |schemia
e Hypertrophy
Metabolic T PPAR-a @ | PPAR-a
adaptation — 7 e e activity activity
Secondary ¢ Ischemia * Diabetes
stress * Hypertrophy
T FFA > glucose T FFA > glucose
Metabolic ¢ | Cardiac efficiency « | Cardiac efficiency
maladaptation * Inability to L PPAR-o. activity * Inability to T PPAR-o. activity
« Cellular lipid accumulation for T FFA levels
* Lipotoxicity ¢ Cellular lipid accumulation
e Lipotoxicity

Cardiac failure /




“Diabetic cardiomyopathy”

Pathophysiologic Abnormalities Associated with
Cardiac Dysfunction, Congestive Heart Failure, and Adverse Outcomes in Diabetes

Sympathetic nervous system activation

Renin-angiotensin-aldosterone system activation

Increased sodium and free water retention

Decreased vascular compliance

Elevated endothelin levels (in diabetes)

Loss of “dipping” nocturnal blood pressure pattern

Increased free fatty acid levels

Dysregulated myocardial glucose and fatty acid metabolism

Increased left ventricular hypertrophy or mass via myocyte hypertrophy
Deposition of advanced glycation end products in extracellular matrix
Increased cardiac fibrosis

Increased cardiac steatosis




Effects of type II DM on platelet activation

//f”'__T_z[]ﬁ e
GlyLDL, Hyperglycaemia, j

|
!

i -.,&I—h{hyperinsulinaemii S
Inhibition of e
Na/K ATPase | -

ofPKC = »
—\__,_:—'—"'-H-F J

Impaired Cal2+]
) hd.meustiy

@pmdu ction

ﬂ ; T ROS
production

on

9

N @
lycation of
GPs

Ferroni P. et al. J Thromb Haemost. 2004;2:1282-91.




Trends in all-cause and CVD mortality among women and men

with and without DM in the Framingham Heart Study.
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Adverse clinical outcomes after acute coronary syndromes during
more than 1 year of follow-up, according to diabetes status

TRITON-TIMI 38 trial

INCIDENCE (%)
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Association of systolic blood pressure with macrovascular and
microvascular complications of type 2 DM (UKPDS)

HAZARD RATIO
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Aspirin for primary prevention of cardiovascular events in DM (M-A)

Study Risk ratio
(95% Cl) % Weight
PHS : 0.59 (0.33-1.06) 5.7
ETDRS 0.85 (0.73-1.00) 482
PPP 0.49 (0.17-1.43) 1.8
WHS - 1.34 (0.85-2.12) 9.1
CA D JPAD —_— 0.87 (0.40-1.87) 3.4
events POPADAD - 1.09 (0.82-1.43) 21.5
TPT 0.90 (0.28-2.89) 15
BMD » 1.00 (0.42-2.40) 26
HOT = 0.77 (0.44-1.35) 6.2
Overall (95% Cl) < 0.91 (0.79-1.05)
0.5 1 5
Risk ratio
Study Risk ratio
(95% CI) % Weight
ETDRS E 1.18 (0.88-1.58) 24.1
PPP 0.90 (0.38-2.09) 7.3
WHS — 0.45 (0.25-0.82) 12.0
JPAD —+ 0.65 (0.39-1.11) 14.1
POPADAD - 0.74 (0.49-1.12) 18.6
HOT —B— 0.91 (0.52-1.61) 12.9
TPT = 0.67 (0.06-7.06) 1.2
PHS 1 1.50 (0.69-3.25) 8.5
BMD = 1.39 (0.15-12.86) 1.3
Overall (95% Cl) 3 0.85 (0.66-1.11)
T T
05 1 2
Risk ratio

Pignone M, et al: Circulation 121:2694, 2010




Cardiac outcomes after screening for
asymptomatic CAD in patients with type 2 DM.
DIAD study
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Revascularization versus medical therapy
DM & stable CAD eligible for revascularization
BARI 2D trial — 5 years

Event-free survival (%)

100

90

80 -

70

60

50 -

40

30

20

10 A

Revascularization

Medical therapy

75.9

| | I

1 2 3 4 5
Years since randomization

—

ascularization

« = « = Medical therapy

A Survival in PCI Stratum

100+
90+
80+
704
60
50

89.2
Revascularization

Survival (%)

401 p=0.48
304
20+
10

o

] 1 2 3 4 5

Years since Randomization

No. at Risk 1605 1562 1529 1505 1306 863

B Survival in CABG Stratum

T e o g Revascularization
W,Mj
80 ‘836
704 Medical therapy
& 0
T sod
E 404 p=033
304
20+
10<‘
0 T T T T 1
0 1 2 3 4 5
Years since Randomization
No. at Risk 763 734 718 692 586 333

C Freedom from Major Cardiovascular Events in PC| Stratum

100y .

P=0.15

Event-free Survival (%)
B

T T T T 1
] 1 2 3 4 5
Years since Randomization

No. at Risk 1605 1426 1350 1239 1012 593

D Freedom from Major Cardiovascular Events in CABG Stratum

100+

904

80

70 W,
69.5

Medical therapy

Revascularization
77.6

60
P=0.01

Event-free Survival (%)
3

T T T T 1
0 1 2 3 4 5
Years since Randomization

No. at Risk 763 668 634 568 421 230

Frye RL, etal: N Engl J Med 360:2503-2515, 2009




Specific recommendations for revascularization in patients with diabetes

Recommendations

In patients presenting with
STEMI, primary PCl is
recommended over fibrinolysis
if it can be performed within
recommended time limits.

In patients with NSTE-ACS, an
early invasive strategy is
recommended over non-
invasive management.

In stable patients with
multivessel CAD and/or
evidence of ischaemia,
revascularization is indicated in
order to reduce cardiac
adverse events.

In patients with stable
multivessel CAD and an
acceptable surgical risk, CABG
is recommended over PCI.

In patients with stable
multivessel CAD and SYNTAX
score < 22, PCl should be
considered as alternative to
CABG.

New-generation DES are
recommended over BMS.

Bilateral mammary artery
grafting should be considered.

In patients on metformin, renal
function should be carefully
monitored for 2 to 3 days after
coronary angiography/PCI.

Class® | Level®

363

180,338,
364-366

93,367

106,175,349

346,350

351,352

368

2014 ESC/EACTS Guidelines on myocardial revascularization.

Eur Heart J 2014;35:2541-619.




NSTE ACS :

early invasive management

Primary criteria

|. Relevant rise or fall in troponin

2. Dynamic ST- or T-wave changes (symptomatic or silent)
3. GRACE score > 140

4. Diabetes mellitus

5. Renal insufficiency (eGFR <60 mL/min/1.73 m?)

6. Reduced LV function (ejection fraction <40%)

7. Early post-infarction angina

8. Recent PCI

9. Prior CABG

10. Intermediate to high GRACE risk score (http://www.gracescore.org)

2014 ESC/EACTS Guidelines on myocardial revascularization.

Eur Heart J 2014;35:2541-619.



Drug eluting vs bare metal stents in people with and without diabetes:
collaborative network meta-analysis.

-5- Bare-metal stent (BMS)
-~ Paclitaxel-eluting stent (PES)
=~ Sirolimus-eluting stent (SES)
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Stettler C, et al: BMJ 337:a1331, 2008.




Diabetes mellitus as an independent predictor of DES thrombosis

Hazard ratio/odds ratio
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Roffi M, et al. Euro Heart J 32:2748-2757, 2011




NSTEMI, diabetic with MRF, male 52 year-old, smoker.

Hx of Gl ulcers & upper Gl bleeding
Day 1, PCI 1




Day 1, PCI 1

Final result




Day 3, PCI 2




Day 5, PCI 3

LCx subacute stent thrombosis




Day 12, PCI 4




Greater clinical benefit of more intensive oral antiplatelet
therapy with prasugrel in patients with ACS and DM.
TRITON TIMI-38
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Greater clinical benefit of more intensive oral antiplatelet
therapy with ticagrelor in patients with ACS and DM.

Primary end point

PLATO trial
207 Diabetes No diabetes
— Ticagrelor = — Ticagrelor

- == Clopidogrel =-- Clopidogrel

I I | I 1
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Days after randomization

James S, et al. Eur Heart J 31:3006-3016, 2010




RCTs comparing PCI with DES vs CABG in DM with multi-vessel CAD

INCLUSION/EXCLUSION

CRITERIA

PRIMARY
ENDPOINT

NUMBER
RANDOMISED

RESULTS

PATIENTS

MV CAD:;
! DM: MACCE at Syears:
Left main disease 1,800
SYNTAX [115] Amenable for PCl and CABG MACCE 452 DM PCI: 46 5% vs CABG: 29.0%;
: P < 0.001
Diabetes subgroup
DM 1-year: Death, stroke, MI: 13%
CARDIA [114] MV Cﬁ;nD, Death, stroke, or 510 DM PClvs. 10.5% CABG; p=ns

amenable for PCl and CABG

non-fatal Mi

TVR: 11.8% PClvs. 2% CABG;
p<0.001

FREEDOM [113]

DM; MV CAD;
amenable to PCl and CABG;

All- cause mortality,
MI and stroke

2 400 DM projected;

1,900 finally
included

18.7% CABG vs. 26.6% PCI
P=0.005 at 5 years




PCI vs CABG in diabetic patients

CARDia trial.
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PCI vs CABG in diabetic patients

SYNTAX trial.
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PCI vs CABG in diabetic patients
FREEDOM trial.
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Effect of bilateral internal mammary artery on long-term survival (M-A)
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SYNTAX score calculation

Step | Dominance The weight of indi varies according to coronary artery dominance (right or

left). Co-dominance does not e:dst :s an option in the SYNTAX score.

Step 2 Coronary segment The diseased coronary segment directly affects the score as each coronary segment is assigned a
weight, depending on its location, ranging from 0.5 (i.e. posterolateral branch) to 6 (i.e. left main in case
of left dominance).

Step 3 Diameter stenosis The score of each diseased coronary segment is multiplied by 2 in case of a stenosis 50-99% and by 5
in case of total occlusion.
In case of total occlusion, additional points will be added as follows:
- Age >3 months or unknown +1
= Blunt stump +1
- Bridging +1
- First segment visible distally +1 per non visible segment
- Side branch at the occlusion +1 if <1.5mm diameter
+| if both <1.5 and 21.5mm diameter
+0 if =1.5mm diameter (i.e. bifurcation lesion)
Step 4 Trifurcation lesion The presence of a trifurcation lesion adds additional points based on the number of diseased segments:
- | segment +3
- 2 segments +4
- 3 segments +5
- 4 segments +6
Step 5 Bifurcation lesion The presence of a bifurcation lesion adds additional points based on the type of bifurcation according
to the Medina classification:*
- Medina 1,0,0 or 0,1,0 or 1,1,0:add | additional point
-Hedina 11,1 or 0,0,1 or 1,0,1 or 0,1,1: add 2 additional point
the presence of a bifurcation angle <70° adds | iti point.

Step 6 Aorto-ostial lesion The presence of aorto-ostial lesion segments adds | additional point

Step 7 Severe tortuosity The presence of severe tortuosity proximal of the di d adds 2 itional points
Step 8 Lesion length Lesion length >20 mm adds | additional point
Step 9 Calcification The presence of heavy calcification adds 2 additional points

Step 10 Thrombus The presence of thrombus adds | additional point

Step 11 Diffuse disease/small vessels The presence of diffusely diseased and narrowed segments distal to the lesion (i.e. when at least 75% of
the length of the segment distal to the lesion has a vessel diameter of <2mm) adds | point per segment
number

2014 ESC/EACTS Guidelines on myocardial revascularization.

Eur Heart J 2014;35:2541-619.




Risk models to assess medium to long term (= 1 year) outcome

032005 |  50%
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2014 ESC/EACTS Guidelines on myocardial revascularization.

Eur Heart J 2014;35:2541-619.



Risk models to assess short term (in-hospital or 30-day) outcome

11

In-hospital
01/2006 or 30-day’
n=77488| = 100% mortality, hepy/riskealests. | 15,
STSScore | \Muicentre | 122006 | (pcaBG | andin- L org 16
hospital
morbidity*
_ 05/2010 F
EuroSCORE| n=16828 g 47% 8 In-hospital 1aB | WbC >10 www.euroscore.org| ||
I Multicentre ()CABG mortality i [calc.heml
0712010
n= 4557 2001 In-hospital [Agelejection
ACEF St - - 3 or30-dyy* | IBC | WBC | 5-10 fraction (%)] | 22
2003 mortality + 4
01/2004 .
CavCl | Mitire | - | 19%FC| 8 ey BB | < - |
0312006 i
09/1995
n=19030 64% Operative WWW.eUroscore.org
BroSCORE| Multicenwe | | ~oc | icaBG | mortality gl Jealeoldheml | 78

ACEF = age, creatinine, ejection fraction; (i))CABG = (isolated) coronary artery bypass grafting; NCDR = National Cardiovascular Data Registry; PCl = percutaneous coronary

intervention; STS = Society of Thoracic Surgeons.
“References.
“Whichever occurs last.
“Permanent stroke, renal failure, prolonged ventilation, deep sternal wound infection, re-operation, length of stay <6 or >14 days.
9f creatinine is >2 mg/dL.

2014 ESC/EACTS Guidelines on myocardial revascularization.

Eur Heart J 2014;35:2541-619.




Parameters guiding the choice of revascularization strategy in diabetic patients

Coronary anatomy Clinical setting Coexisting conditions
SYNTAX score Stable CAD EUROSCORE
Targets adequate/not Non-ST-ACS STS score
adequate for GABG STEMI Ventricular function

Lesions can/cannot
be treated with PCI

Ischemic burden

Cardiogenic shock Age

Valvular heart disease
Renal insufficiency
Patient-related factors Pulmonary disease
Coagulation/bleeding disorders
Cerebrovascular disease
Peripheral vascular disease
Previous cardiac surgery
Life expectancy

Frailty
Preference
Compliance to antiplatelet agents
Tolerance of dual-antiplatelet therapy
Scheduled noncardiac surgery
Need for anticoagulation

Roffi M, et al. Euro Heart J 32:2748-2757, 2011



Diabetes and mortality following acute coronary syndromes

STEMI UA/NSTEMI
— Diabetes — Diabetes
14 - -== No diabetes =--- No diabetes

Days after ACS

Donahoe SM, et al. JAMA 298:765-775, 2007




Trends in STEMI in-hospital mortality stratified by diabetes status
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STUDY FEATURE/RESULT
No. of patients

Age (mean, years)

BMI (mean, kg/m?)

Follow-up (mean, years)
HbA1c target

Baseline HbA1c (mean)
Endpoint HbA1c (mean)
Severe hypoglycemic events
Weight change

Major macrovascular or
microvascular event

Nonfatal Ml/stroke, CV death

Main Results from 3 Large Cardiovascular RTs

in Patients with Type 2 DM at High CVD risk

Intensive versus standard glucose control

ACCORD

10,251

62

32

3.5

<6.0% versus 7.0%-7.9%

8.3%
Intensive 6.4% Standard 7.5%
Standard 3.5%

Standard +0.4 kg

Intensive 10.5%
Intensive +3.5 kg

Not reported

HR 0.9 (0.78-1.04); P=0.16

ADVANCE
11,140
66
28
5
<6.5% versus “standard”
7.5%
Intensive 6.4% Standard 7.0%
Standard 1.5%
Standard —1.0 kg

HR 0.9 (0.82-0.98); P = 0.01

Intensive 2.7%

Intensive —0.1 kg

HR 0.94 (0.84-1.06); P=0.32

VADT
1791
60
31
5.6
<6% versus 8%-9%
9.4%
Standard 8.4%
Standard 2.1%
Intensive +8.1% Standard +4.1%

HR 0.88 (0.74-1.05), P = 0.14

Intensive 6.9%

Intensive 8.5%

Not reported

All-cause mortality

HR 1.22 (1.01-1.46); P = 0.04

HR 0.93 (0.83-1.06); P =0.28

HR 1.07 (0.81-1.42); P = 0.62

Nonfatal Ml

HR 0.76 (0.62-0.92); P= 0.004

HR 0.98 (0.77-1.22); P= NS

HR 0.82 (059-1.14); P=0.24




Summary of Selected Randomized Trials Assessing the Effect of Insulin
Infusion on Major Adverse Cardiovascular Outcomes Among Patients with
Acute Coronary Syndrome Events

STUDY FEATURE
No. of Patients
Dose (units/hour)
Infusion period (hours)
Glucose target (mg/dL)

Results

DIGAMI ECLA (c]] 43 CREATE HI-5 POL-GIK
620 407 940 20,000+ 240 954

5 1.4/5.2 5 5 2.0 1.3-0.8
24-72 24 8-12 24 24 24
126-180 126-198 126-198 126-198 72-180 (<300)

1 Mortality 1 Mortality 1 Mortality* Neutral T Mortality* T Mortality

Summary of Randomized Trials Comparing Normalization of Blood Glucose
Concentration with Insulin Infusion, Against Standard of Care, in a Variety of
Intensive Care Unit Settings

STUDY
Van den Berghe-1
Van den Berghe-2
VISEP*
GIST-UK*
European Glucontrol*
NICE-SUGAR

POPULATION
SICU (n = 1548)
MICU (n = 1200)
MICU, sepsis (n = 488)
Stroke ICU (n = 933)
MICU (n = 1101)
MICU (n = 6104)

GLUCOSE TARGET
(mg/dL)

80-110 versus 180-200
80-110 versus 180-215
80-110 versus 180-200
72-126 versus usual care
80-110 versus 140-180
81-108 versus <180

PRIMARY
ENDPOINT

ICU death
Hospital death
28-day death
90-day death
Hospital death
90-day death

RESULT
% RRR
No difference
T Mortality trend
No difference

T Mortality trend

\_14% T Mortality /

FREQUENCY OF
HYPOGLYCEMIA

7.2% (<40 mg/dL)
18.7% (mean, 32 mg/dL)
17.0% (<40 mg/dL)
15.7% (<70 mg/dL)
8.6% (<40 mg/dL)

6.8% (<40 mg/dL)




Elements of decision making to determine glycemic targets

Approach to management of
hyperglycemia:

Patient attitude and
expected treatment efforts

Risks potentially associated with
hypoglycemia, other adverse events

Disease duration

Life expectancy

Important comorbidities

Established vascular
complications

Resources, support system

More Less

stringent stringent
‘f

Highly motivated, adherent, Less motivated, nonadherent,

excellent self-care capacities poor self-care capacities

Low High

Newly diagnosed Long-standing

——

Long Short

‘—

Absent Few / mild Severe
——

Absent Few / mild Severe

‘—_

Readily available Limited

Inzucchi SE, et al. Diabetes Care 35:1364-1379, 2012.




FDA regulatory guidance for type 2 DM drugs

12 drug class options (2018)

FDA News Release
December 17, 2008

FDA Announces Mew Recommendations on Evaluating Cardiovascular Risk
in Drugs Intended to Treat Type 2 Diabetes

The U.S. Food and Drug Administration recommended today that manufacturers developing new drugs and
biobogics for type 2 diabetes provide evidence that the therapy will not increase the risk of such cardiovascular
events as a heart attack. The recommendation is part of a new guidance for industry that applies to all diabetes
drugs currently under development,

"We need 10 better understand the safety of new antidiabetic drugs. Therefore, companies should conduct a
more thorough examination of their drugs’ cardiowascular risks during the product’s development stage,” said
Mary Parks, M.D., director, Division of Metabolism and Endocrinology Products, Center for Drug Evaluation and
Research (CDER], FDA. "FDA's guidance outlines the agency s recommendations for doing such an assessment.”

“..sponsors should demonstrate that
the therapy will not result in an
unacceptable increase in
cardiovascular risk.”

Requires ~15,000 patient-years of exposure.

wowrw. fda, gov/MNewsEvents/Newsroom/Pressannouncements/ 2008 ucm 116994 htm.

* Options for T2DM

* Metformin * Sulfonylureas
* GLP-1 RA * Glinides
* SGLT-2i * Colesevelam
* DPP-4i * Bromocriptine QR
* Alpha-glucosidase * Insulin
inhibitors * Pramlintide
*TZD

Garber AJ, et al. Endocr Prace. 2016.



Metformin vs other treatments
All-cause mortality
Pooled, adjusted Risk Ratios

Risk ratio
: log [risk ratie] ; g IV, random, 95%Cl  Year

Evans -0.5108 0.25 2.6% 0.60(0.37,0.98) 2005
Eurich -0.4156 0.2 4.1% 0.66(0.45,0.98) 2005
Masoudi -0.1393 0.06 29.0% 0.87 (0.77,0.98) 2005
Inzucchi -0.0834 0.13 8.9% 0.92(0.71,1.19) 2005
Shah -0.2357 0.4 1.1% 0.79(0.36,1.73) 2010
MacDonald -0.4308 0.15 6.9% 0.65(0.48,0.87) 2010
Roussel -0.3711 13 5.9% 0,69 (0.53, 0.89) 2010
Andersson =L 16d5 D0EE2 24.6% 0.85 (0,74, 0.97) 2010
Aguilar —0.2744 ol 13.9% 0.6 (062, 0.93) 2011
Total (95%Cl) 100,05 0.80(0.74, 0.87)

Hetiropenety: Taut=0u00; Chil=9.4%, df=8 [P=0.31]; #=15%
T fed ewerall @ffect: o5, 25 (Po0.00001)

Observational data!

Ewrich DT, e1 al. Circ Heort Fail. 2013,




Cardiovascular outcome trials (CVOTs)

Recent & ongoing

i iﬁ‘slll::’;iﬂ'-l Ha) '.'-'IE- T-2i)
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0 JO05 = RESALTS 3 J0AT = RESALTS

[ ongoing |

LW
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s QF 2013 - RESULTS w5 0= 2015 - RESLLTS
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n=T.00%; doratksn =& yi
compéetion 04 2017

i |'F' Dipr-ki) mr'a.l.! m!-l:h'l' -2
Wi, ENaTin,

n-:tl .gl duration 3 yri n=d 028 duration 3.1

Q1 2015-RESULTS i 02 FOUS-RESULTS

v v
2013 2014 2015 2016 2017 2018 2019 2020 2021
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[l.n:-!hp‘m DPP-ai vi SU)
n=i, 07 2; duration <8

Comphitian O J'I:II‘;“

voww chnicaltrials. gov As of November 13, 2017.



DPP-4i CVOTs

Hospitalization for Heart Failure
SAVOR-TIMI 53, EXAMINE & TECOS

{os part of usual cone)
SAVOR-TIMI 53 ¢ 120 C
Established CVD
and/or multiphe risk factors

EXAMINE | Alogliptin |
Acswihin e — il

2.1

15 1090 days

TECOS

€V death, Nonfatal Mi, 1.00

or Monfatal stroks (0.89,1.12)
CV death, Nonfatal Mi, 0.96

or Monfatal stroke {£1.16)

CV death, Nonfatal MI,
Nonfatal stroke, or UA 0.98

o [
s, Yl requlring hospitalizatic_{0-89: 1.08)
Linagliptin CV death, Nonfatal MI, .
CARMELINA  55-100 Ongoing Monfatal stroke, orUa  Ongoing
Highwvascular risk soabo

CAROLINA

High €V risk

requiring hospitalization

CV death, Nonfatal MI,

Dol
or Nonfatal stroke Bong

Setagliptin
1]
s i
Unagliptin Il i
T

Randomization Year 1 Year2 Fiear 3

Median Duration of Follow-up

Green IB, et al. N EnglJ Med. 2015;

Scirica BM, et al. N EnglJ Med. 2013; White' WB, et al. N Engl J Med. 2013; wenw.clinicaltrials.gow,

e
Ratio

Placebo
—

2178/8,212

Study Drug
n/N (%)

289/8,280

SAVOR-TIMI 53

(saxagliptin vs placebo) (3.5%) (2.8%) 1.27 1.07,1.51  0.007
F::E'r:pll::vsﬂ[acebu} lf;gf;;:;}l 3?;:;,;?;9 119 0.89,1.59  0.235
-{Sfiigisminvsplambq] 22:?;52132 22{93{:'32?9 1.00 0.84,1.20 1.000
QR DY, THBE MM oy sgam o

Adapted from Armstrong PW, Van de Werf: TECOS. European Seciety of Cardiolagy. 2015; Scirica BM, et al.
N Engl ) Med. 2013; Zannad F, et al. Loncet. 2015; Green JB, et al. N Engl J Med_ 2015.




Summary of CVOTs with GLP-1 RAs ELIXA, LEADER, SUSTAIN-6 and EXSCEL

Primary Endpoint and the Individual Components

E SUSTAIN-6 EXSCEL
Intervention  Main Inclusion Criteria
1 Lixisenatide  ACS event s180 days prior to 2. 1years
ELIXA Placebo screening 6,068 4P-MACE Expanded MACE median 1° composite 1.02 _— 0.87 o0l 0.74 — 0.91 s
MACE {0.89-1.17) {0.78-0.97) (0.58-0.95] (0.82-1.00)
] Liraglutide Established CVD (250 years), 3.8years
| LEADER Placebe or 260 years + 21 CV risk 9,340 3IP-MACE Expanded MACE 4 "‘:j.
= e factor meckan ol 0.98 He 0.78 00 0.98 - 0.88 e
3 10.78-1.22) (0.66-0.93) (0.65-1.48) (0.76-1.02)
a . o Established CVD, HF or CKD
| sustaing® STIBIET ipens (50yearshor 3,297 3P-MACE Expanded MACE % VERS Myacardial 103 ” 086 oo 074 s DROS7
260years + 1 CV risk factor infarction (0.87-1.22) {0.73-1.00) (0.51-1.08) (0.85-1.10)
ety 112 0.86 0.61 0.85
1 Exenatide ER*  Any level of CV risk, including mortality, HHF, 3.2 years . . . ;
EXSCEL Placebo prior OV event 14,732 3P-MACE hospitaliration for ~ median Stroke {0.79=1.58) NS {0.71=1.06) N3 (0.38=0.99) 8.4 (0.70=1.03) N5
ACS
*ance weekly; tvia DURDS device Unstable 1.11 -
angina {0.47-2.62)

Ipfeffer MA, et al. N Engl ) Med. 2015; *Marso SP, et al; LEADER Investigators. W EnglJ Med, 2016; . )
*Marso SP, ot al; SUSTAIN-6 Investigators, N EnglJ Med. 2016; *Holman R, et al, ¥ Englf Med, 2017; Adapted from Pleffer MA, et al. N EnglJ Med. ZD!! 5; Marso 5P, etal; LEADER Trial Investigators. N Engl J Med. 2016;
“orwrw.clinicaltrials.gov. Marse SP, et al; SUSTAIN-6 Trial Investigators. N EnglJ Med. 2016; Holman RR, et al, N Engl J Med, 2017,




CV Outcomes Trials with GLP-1 RAs

Discontinuation
rate

Study setting and
Bazeling follow-up
characteristics of
study cohort (age,
diabetes duration, .rf_l::_MH N
ALC, % CV diseass, Dresgs allowed i \ Mortality | ———
etc) *Usual Care” arm 7 Non-fatal

GLP-1 RA
Vs
*Usual Care”

Mm-far:;HJ

- i
"'\-\.\_
s SRCE ﬁns‘cahll I‘-.m Stroke

L]
[
[
:
: system (anti- ~Angina :}. AR
I

|- Body Welght infla
mmatory, anti-
atherosclerotic) and U__,f’"_'—‘“--u.H
other targets {* A All-cause
4 Hypoglycemis e f“"““L/

——

fExendin-based GLP-1 RA vs.

4 ALC, Blood Pressure, Lipids

human GLP-1 RA analogs?




SGLT-2 inhibitors RCTs

Study drug Empagliflozin Canaglifiozin
CV risk Established CVD (99%) Established CVD (65%) f MRF (35%)
Sample size, N 7,020 10,142
Mean duration of diabetes, §7% >10 years 135
years
Mean ALC, % 8.1 8.2
Mean age, years B3 b3
History of heart failure, % 10 14.4
ACE-inhibitors [ ARBs, % a1 80
Statins, % 77 75
Acetylsalicylic acid, % 83 74
Jinman B, et al. & Engl J Med. 2015; Neal B, et al. N EnglJ Med. 2017,




EMPA-REG outcomes

Patients with
eventfanalysed
Empaglifiozin Placebo HR Pvalue
Primary outcome:
3-point MACE 490/4, 687 282/2,333 .86 (0.74, 0.99)* 0.0382
TV death 17208, 687 137/2,333 .62 (0.49,0.77) <001
Non-fatal nl 213/4,687 121/2,333 0.87  (0.70, 1.09) 0.2189
Non-fatal stroke 150//4,687 602,333 1.24 (0,92, 1.67) 0.1638

Cont regression analysis, 3-point MACE: Time to first occurrence
of OV death, non-fatal MI or non-fatal stroke,
*95.02% CI Zinman B, et al. N Engl ! Med. 2015,

HF hospitalization

3 3 Eariyseperation HR (95%CI) Pvalue g3 Early separation — HR(9%5%0)  Puwaiue
i 3
E 5 Empaglifiozin (pooled) 0.62 (0.49,0.77)  pzp.o001 E 2 Empaglifiozin (pooled) 0.65(0.50,0.85)  p=0.0017
- -
'E 1 Empaglifiozin 10mg 0.65 (0.50, 0.85)  P=0.0016 'E 1 é Empaglifiozin 10 mg 0.62 [0.45, 0.86)  P=0.0044
ko "TALF’-’?— Empaglifiozin 25 mg 0.59 (0.45, 0.77)  P=0.0001 Eo Empaglifiozin 25 mg ~ 0.68(0.50,093)  P-0.0166
& 6
Menths Menths
— Placebo — Placebo
—— Empaglifiozin —— Empagliflozin
Zinman B, et al. N EnglJ Med. 2015, T ont B ol ) gLl oo, 2013




CANVAS outcomes

Canagliflozin Placebo

Mo, of participants Ha, of pankcipants

peer 1000 pationt yr por 1000 patlent yv

3-point MACE 26.9 31.5 0.86  (0.75,0.97) Q.02

CV death 11.6 12.8 0.87 (0.72, 1.06) MR
Mon-fatal M 9.7 11.6 0.85 0.69, 1.05}) NE
Mon-fatal stroke 71 B4 080  (0.71,1.15) MR
Hospitalization for i w7 067  (0.52,0,87) MR

heart failure

Participants treated with 21 dose of study drug
Rate=per 100 patient-years
tePoyvalue for superiority

Meal B, et al. N Engl] Med. 2017,




Proposed Mechanism of Cardiorenal Protection
with SGLT-2 Inhibitors

Reproduced with permission from [JAMA Condial, 2017, Volume{2): 939-940],
CopyrightS 201 7] Amercan Medical Assoclation. Al ights resensed. Verma 5 ot al. JAAA Cordial, 2017,




CVD — REAL study

Patient Population — All Countries/Databases Combined

1,392,254
new users of SGLT-2 inhibitor or other
glucose-lowering drug fulfilling the
eligibility criteria

1,226,221
other glucose-
lowering drug

166,033
SGLT-2 inhibitor

i 11,505 (7%} ! 1,071,603 (87%) !
E excludedduring  j+-- --I 1:1 propensity match |»— i excluded during |}
' H

[ 1:1 match process | ' 1:1 match process |
52
tihly mhf:‘illl.lcise-
SGLT-2 inhibitor =
lowering drug

Kosiborod M, et al. Circuiation. 2017.

Absolute Rates of CV Events in Patients

Treated with SGLT-2i and oGLD

P<0.001 for all comparisons
10 - Established Cardiovascular Disease Mo Known Cardiovascular Disease
E g | M serai [ SGLT-2i
E [] o6LD 6.8 [ eGLD
Z 6
% 4 - 34 35 3.6
g 2.2 o
e 2 - ;
0.8 1.0
g i‘ H 0.4 0.5
$ 0.102
g 5 - - . S N I
Heart Failure Death Heart Failure Heart Failure Death Heart Failure
or Death or Death

SGLT-2i=pndiven-glucete cotrantponer-2 inhibitors
ool Deother gluecoselowering drug

Cavender M, at al. Presented at ADA Scientific Sessions, 2017,




CAD & DM: 10 key points

Diabetic > 40 year-old : + 15 year-old equivalent

Diabetic vs non-diabetic CAD mortality: x2 (persistent over time)

CAD is more prevalent, more severe and appears earlier in diabetics.

Accelerated atherosclerosis in diabetes: chronic hyperglycemia, dyslipidemia, oxidative stress & insulin resistance lead to
enhanced inflammation, pro-thrombotic state & endothelial dysfunction.

Screening for CAD in diabetics: for symptomatic and asymptomatic with high risk features.

In diabetics with stable CAD not requiring immediate revascularization OMT is a valuable alternative.

Diabetics with ACS: more aggressive management : early invasive strategy and potent platelet inhibition.

Choice of revascularization strategy: based on anatomic complexity / surgical risk, threshold for CABG low.

Optimal glycemic control: beneficial for microvascular, new agents collaterally benefit macrovascular complications.

With advanced age, disease duration, CVD , comorbidities less stringent glycemic control is needed.
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