Q7 CardioPaTh

=== (ardiovascular Pathophysiology & Therapeutics

Novel therapeutic strategies to the
treatment of ischemic heart
disease

Stephan Windecker

Chairman and Professor
Department of Cardiology
Bern University Hospital Bern
Bern, Switzerland



Prevention
And Rehabilitation

Arterial Interventions

Angiology

. .&!1

/ Venous Interventions

_SW'SS Cardiovascular
Cardiovascular Surgery
——Center Bern Carotid Aorta

Pediatric Cardiology
GUCH

Heart Failure

Psycho Trans- VAD
cardiology ~ Medications plantation

ik & A
A {"\‘fﬂ

o>

S>>y




Bern University Hospital

40000

30000

20000

10000

Case Load 2011

8 38265
| 6806
Cardiology Total

1500 -

1000 -

500 -

DRG Top 5 - 2011

1048
824




S . -]
.Coronary Angiography ... PCI

5000
4000
3000
2000
1000

Anzahl Patienten pro Jahi

2010 2011 2012 2013 2014

5000
4000
3000
2000
1000

2010 2011 2012 2013 2014




(PCl) in all centers during the year 2013 in Switzerland

Morges Hépital (since 12/2013) | 4s
Genolier Clinique [y 138359
Basel St. Claraspital [yd34 349
Genéve Clinique des Grangettes [ 140 39,
Aarau Hirslanden Klinik 5,130 455
Bern Lindenhofspital [=,266 519
Bern Sonnenhofspital [55,218, 55,
Luzern Klinik St. Anna 55,187, 536
Liestal Kantonsspital Baselland 505296, 601

Sion Clinique de la Valére [5,325. 554

Lausanne Clinique de la Source 315 . 779
Winterthur Kantonsspital 405 . 279
Genéve Hépital de La Tour [ 406 ococ “PCl “CA
Biel Spitalzentrum [ 321 949

Kreuzlingen Herzzentrum Bodensee

Chur Kantonsspital S eS98 1153
Solothurn Birgerspital [ 706 1234

Sion Hépital, CHVR [ 698 1339
Lausanne Clinique Cecil [, 494 - 1363
Geneve Hoépitaux universitaires 1377
Bern RNNIK Beau-site S 1414
Zarich Klinik im Park S 1521
Lugano Cardiocentro Ticino 1225 s 1858
Fribourg Hopital [ 848 1947
Luzern Kantonsspital 1366 1962

Zurich Herzzentrum + Herzklinik Hirslanden
—Aarau Kantonsspital + Baden Kantonsspital 1087 2322

Basel Universitatsspital — 2292 I
- ) -

Lausanne Hospitalier universitaire vaudois
Zurich Universitatsspital + Frauenfeld Kantonsspital 2949

LUr = adlsplila — mz
Bern Universitatsspital + Tiefenauspital =

5527
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Quality Control Bern PCI Registry

In-Hospital All-Cause Mortality According to Clinical Presentation
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Cardiac Imaging
Echocardiography and Cardiac MR
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Interventional Electrophysiology 2010-2014
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Center for Congenital Heart Disease

4500
4000
3500
3000
2500
2000
1500
1000
500
0

200
180
160
140
120
100
80
60
40
20

2012

2013

2014

B Consultations Pediatric Cardiology
B Konsultations GUCH

“ Echos

M Cath Pediatric
Cardiology

2012

2013

2014

B Cath GUCH
@ Cardiac Surgery Pediatric

M Cardiac Surgery GUCH



Prevention and Rehabilitatio
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Arterial Hypertension and High Altitude Medicine
2010-2015
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Cardio-Oncology
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Roth GA. N Engl J Med 2015;372:1333-41

Global Burden of Disease Study 2013

EPIDEMIOLOGY OF CORONARY ARTERY DISEASE

Percentage
Deaths Deaths Change,

Disease in 1990 in 2013 1990-2013
Ischemic heart disease 5,737,483 8,139,852 41.7
Ischemic stroke 2,182,865 3,272,924 50.2
Hemorrhagic stroke 2,401,931 3,173,951 30.7
Hypertensive heart disease 622,148 1,068,585 74.1
Cardiomyopathy and 293,896 443,297 51.4

myocarditis
Rheumatic heart disease 373,493 275,054 -26.5
Aortic aneurysm 99,644 151,493 52.1
Atrial fibrillation and flutter 28,916 112,209 288.1
Endocarditis 45,053 65,036 46.3
Peripheral vascular disease 15,875 40,492 155.3
Other cardiovascular and 478,261 554,588 15.2

circulatory diseases
Total 12,279,565 17,297,480 40.8

This increase was driven by changes in population aging (65%) and population
growth (25.1%), despite a decrease in age-specific death (-39.3%)




Global Burden of Disease Study 2013
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DEMOGRAPHIC AND EPIDEMIOLOGIC DRIVERS OF
GLOBAL CARDIOVASCULAR MORTALITY ACROSS REGIONS

Roth GA. N Engl J Med 2015;372:1333-41

High-income Regions
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PREVALENCE OF CAD AND ANGINA

Mozaffarian D. Circulation 2015;131:e29-e322

Heart Disease and Stroke Statistics — 2015

Prevalence of CAD

Age- and sex-adjusted

prevalence rates of angina

by Age and Sex
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PROGNOSIS OF PATIENTS WITH ANGINA

Steg PG. JAMA Int Med 2014;174:1651-59

CLARIFY Registry (n =32,105)

Indicates : Indicates

Outcome by Patient Group HR (95% Cl) Lower Risk : Higher Risk P Value
CV-related death, nonfatal Ml
Ischemia only 0.90 (0.68-1.20) —-— 47
Angina only 1.45 (1.08-1.95) —. 01
Both 1.75(1.34-2.29) I — <.001
CV-related death, nonfatal MI, or stroke
Ischemia only 0.90 (0.70-1.15) - 40
Angina only 1.38 (1.06-1.80) —.— .02
Both 1.57 (1.23-2.01) . <.001
CV-related death
Ischemia only 0.86 (0.58-1.27) — 45
Angina only 1.23(0.80-1.89) — 35
Both 1.89 (1.33-2.70) s <.001
MI2
Ischemia only 0.93 (0.65-1.32) —— 67
Angina only 1.67 (1.18-2.35) = .004
Both 1.66 (1.18-2.33) = .004
0 1.0 2.0 3.0

Hazard Ratio (95% Cl)
Inclusion criteria: 32,105 outpatients with prior myocardial infarction, chest pain and evidence of

myocardial ischemia, evidence of CAD on angiography.
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FOCAL VS SYSTEMIC FOCUS OF ATHEROSCLEROSIS

Tomey M. J Am Coll Cardiol 2014

m FocusIn Atherosclerosim

Local Outlook Systemic Outlook
Focus on Vulnerable Plaques Focus on Vulnerable Patient
Optical Coherence Tomography Novel Systemic Factors and Biomarkers
Near Infrared Spectroscopy PCSK9 Inhibition
Bioabsorbable Stents Statin Therapy
MolecularImaging Polypill

Optimal Medical Therapy

-

Other Non-Invasive Imaging Modalities
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RECENT ADVANCES IN LOCAL
ATHEROSCLEROTIC PLAQUE PROGRESSION

Tomey M. J Am Coll Cardiol 2014

Leukocyte microparticles, IL-6 signaling Mitochondrial DNA damage
miRNA, Lp-PLA2 May modulate May promote plaque progression
Novel circulating biomarkers of CAD plague progression independent of oxidative stress

Blood flow
Local variations in
flow pattern and

shear stress Thin fibrous cap
may induce <54 umin
inflammasome, ruptured plaques

plagque formation
and progression

HDL importance

X Concentration Macrophages

?  Particle size May be recruited early with Free hemoglobin
s Function neutrophils, then undergo Increases oxidative stress

- Particle Number local proliferation and differentiation and plaque progression



Cumulative Survival

SEVERITY OF CORONARY STENOSES AND MORTALITY

Min JK et al. J Am Coll Cardiol 2007;50:1161-70

Left Anterior Descending Artery Duke Prognostic CAD Index

1.00 1.00 < None or Mild (<50%) Plaque (n=422)
22 Mild (30%-49%) Plaque with Proximal Plaque in 1 A
Nene or very mild (<30%) [n=551] 1 Moderate (50%69%) Plaque (r=212), p=0.065
0.98 0.5 2 Moderate (50%-69%) Plague or 1 Severe (270%) Pla
e Mild (30%-49%) [n=109], p=0.47 3 Moderate (50%-69%) Plague or 2 Severe (270%) Pla
- Severe (270%) Proximal LAD Plaque (n=145), p=0.002
0.96 R
Moderate (50%-69%) [n=182], p=0.09 3 Severe (270%) Stenoses or 2 Severe (270%) Stenos;
0.90 ~ with Proximal LAD (n=86), p=0.001
3....\\
0.94 -
Severe (270%) [n=285], p<0.0001 085 S Moderate or Severe (250%)Left Main Plague (v=106),
0.92
000 - Xe=16, p=0.001 0.80 o  X?=51, p<0.0001
1 T T 1 T ¥ i I T T
0 0.5 1 15 2 0 05 1 15 2

Time to Follow-up (Years) Time to Follow-up (Years)

N=1,127 patients with symptoms



NATURAL HISTORY OF
CORONARY ATHEROSCLEROSIS: PROSPECT

Stone G et al. N Engl ] Med 2011;364:226-35

607 ACS patients undergoing 3-vessel CAD and IVUS, IVUS-VH

20 B Present |l Absent

16.4

—
o
|

Rate of Major Adverse Cardiovascular
Events (%)
=
|

TCFA (all) TCFA+MLA <4 mm? TCFA+PB =70% TCFA+PB =270%+
MLA <4 mm?
Lesion hazard ratio (95% Cl) 3.90 (2.25-6.76) 6.55 (3.43-12.51) 10.83 (5.55-21.10) 11.05 (4.39-27.82)
P value <0.001 <0.001 <0.001 <0.001

Prevalence (%) 46.7 15.9 10.1 4.2



THIN-CAP FIBROATHEROMA (TCFA) AND DEGREE
OF CORONARY ARTERY STENOSIS

Tian J et al. J Am Coll Cardiol 2014;64:672-680

3-vessel OCT Examinations from
Absolute Number of Plaques (n) MGH OCT Registry (patients =255)
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100 S
Diameter stenosis (%) 0 30-49% 50-69% >70%
Absolute Number of TCFA (n) TCF defined as plaque with fibrous
80 - cap thickness <65um overlying a
e 58 lipid-rich plaque
40
40 - 33
20 - l .
100 0 -
Diameter stenosis (%) 30-49% 50-69% >70%
Relative Prevalence of TCFA (%)
60 - P = 0.002
50 1 | __P=0003
40 - P =0.891 36%
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o 18%
10 -
100 0 A

Diameter stenosis (%) 30-49% 50-69% >70%



% Luminal Stenosis
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DIAMETER STENOSIS AND MYOCARDIAL INFARCTION

Ahmadi A. Circ Res 2015;117:99-104
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thromb y fibrinolysi d: was the cause of
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(2011) (1994) (1988) (1989) (2012) (1987) (2000) (2012) (2000) 1 (2009) (2010) (2011) (2013)
106 Lesi /74 32 29P 10P 34pP 1sP 20P 7P 20P ' 102 203 P 106 Lesi /74 102p
Patients - Patients

Average luminal stenosis of culprit lesions in various studies
organized relative to the time of MI



Luminal Stenosis

MECHANISM OF RAPID PLAQUE PROGRESSION
BEFORE MYOCARDIAL INFARCTION

Ahmadi A. Circ Res 2015;117:99-104

 Intraplaque
neovascularization
 Intraplaque
— hemorrhage

A y . g . d r 8 ; ' » Subclinical cycles
o e sn sarts o g g ety of rupture and

. healing

| : .

. 1: Coronary artery lumen
2: Fibrous part of plaque

. ] . . : 3: Necrotic Core
- ' 4. Intra plaque neovascularization

Extra Luminal Plaque Growth

- (incompetent vessels)
2 i . .. 5:Red blood cell leakage from

3
’ incompetent intra-plaque vessels
- 6: Intra-plaque hemorrhage
7: Subclinical Plaque Rupture
. I - 8: Thrombus formation

H B H =

Months to years prior to Ml: “Seemingly” non progressive mild plaque that continues to . Weeks to months prior to MI: rapid Plaque
grow outwardly . progression followed by plaque rapture



ISCHEMIA AND BENEFIT OF REVASCULARIZATION

Hachomovitch R et al. Eur Heart J 2011;32:1012-1024

All-cause death among 13,555 pts undergoing MPS

Study period -]
1991-1957 v Medical therapy
Long-term follow- = o
up (mean 8.7 yrs)
o
©
Early B3
revascularization %
within first 90 d o
from MPS -3
Early revascularization
41% CABG;
59% PCI ]

—

0 12.5% 25% 37.5% 50%

% total myocardium ischaemic



EXTENT ISCHEMIA AND CLINICAL OUTCOMES:
FRACTIONAL FLOW RESERVE (FFR)

Johnson NP et al. J Am Coll Cardiol 2014,64:1641-54

40% - : )
5,979 patients with a total of Median Follow-up of 16
958 deaths months (study-level data)
Q 163 non-fatal M| and 14 months (patient-
E: 30% - 552 revascularizations level data)
(&)
<§t ' Clinical events increased as
E medically treated FFR decreased, and
i 20% - revascularization showed
g larger benefit for lower
§ PCI/CABG baseline FFR values
S 10%
O
FFR 0.75-0.80
O% | | ] 1 |

0.4 0.5 0.6 0.7 0.8 0.9 1.0

Fractional Flow Reserve (FFR)
Meta-analysis of study-level (n=9,173) and patient-level (n=6,961) coronary

lesions assesed with FFR.
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PHARMACOLOGICAL THERAPY FOR CHRONIC ANGINA

Husted SE et al. Lancet 2015;386:691-701

* Nitrates

» Beta-blockers

» Calcium-channel
blockers

» Jvabradine
* Nicorandil
e Molsidomine

Healthy baseline physiology

Abnormal baseline physiology

Resting heart rate >60 bpm and
blood pressure >100/80 mm Hg

Resting heart rate <60 bpm or
blood pressure <100/80 mm Hg

!

Initiate standard* anti-angina
therapy

Goal: optimise resting heart rate
(<70 bpm) and blood pressure
(<140/85 mm Hg); to reduce
angina frequency

!

If continued angina
Consider emergingt drugs

\ 4

2

Initiate physiological anti-angina
therapy
Goal: to reduce angina frequency

Initiate metabolic anti-angina
therapy
Goal: to reduce angina frequency

e

o

 Ranolazine
 Trimetazidine
» Allopurinol

—_—



Timing of early Rev in OMT Pts

Fraction Crossed Over

0.05 0.10 0.15 0.20 025

0.00

FREQUENCY AND PREDICTORS OF CROSSOVER TO
REVASCULARIZATION AT 12-MONTH IN THE COURAGE

Spertus J et al Circ Cardiovasc Qual Outcomes 2013;06:409-418

—

16.1%

Predictors of early Rev in OMT Pts

Cox Regression

Hazard 95% Confidence
Characteristic Ratio Interval

Baseline SAQ angina frequency (per —10 points) 1.11 1.03,1.18
Baseline SAQ angina stability score (per —25 points)  1.37 1.18, 1.61

Baseline SAQ treatment satisfaction (per —12.5 1.16 1.03,1.30
points)

Healthcare system: Canada vs VA 1.37 0.96, 1.98
Healthcare system: US non-VA vs VA 1.82 1.19,2.78

o -

Time on Study(months)

OMT indicates optimal medical therapy; and SAQ, Seattle Angina Questionnaire.

Angina frequency and intensity strongly
predicted the need for Revasc in patients
randomized to OMT




PROGRESS WITH METALLIC DRUG-ELUTING STENTS

Piccolo R et al. Lancet 2015;386:702-713

Antiproliferative drug

Polymer material

Platform material and strut thickness

I Durable polymer Il Biodegradable polymer B Stainless steel [ Cobalt-chromium or platinum-chromium



SAFETY AND EFFICACY OF NEW-GENERATION
VS. EARLY-GENERATION DES

Piccolo R et al. JACC CV Intv 2015, in press

Cdeath, MI, TLR Definite ST

HR 0.75 (0.63-0.89), P=0.001 HR 0.40 (0.25-0.65), P<0.001
- 5 —— Early-generation DES
E 20  Eanygeneration DES = New-generation DES
l—_l = New-generation DES ) =
c S
's 154 %’
5 13.2% ]
s 7] =l
= £ 3 2.5%
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5 51 8 14
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Time indi _ ~'me in days

Pooled Analysis of SIRTAX, LEADERS, RESOLUTE, BIOSCIENCE (n =6,081)
New-DES (n =4,554), Early-DES (n =1,527)

Follow-up available in 97.2% of patients at 2-year



@ Recommendations for DES Use

EUROPEAN
SOCIETY OF
CARDIOLOGY

2013 GUIDELINES ON THE MANGEMENT OF STABLE CAD

Montalescot G et al. Eur Heart J 2013;34:2949-3003

Stable CAD

DES is recommended in SCAD patients undergoing stenting if there is no contraindication to prolonged DAPT.

2014 GUIDELINES ON MYOCARDIAL REVASCULARIZATION
Windecker et al. Eur Heart J 2014;35(37):2541-619

NSTE-ACS STEMI

New-generation DES are

indicated for percutanous New-generation DES are
recommended over BMS

in primary PCI.

treatment of significant
coronary lesions in ACS
patients.




Patients randomised (000s)

Accumulation of Data from RCTs using
Different PCl Technologies over Time

Windecker et al. BMJ. 2014 Jun 23;348:93859

100 .
B New generation DES

0 M First generation DES
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PCl VERSUS MEDICAL THERAPY IN STABLE CAD
WITH FFR EVIDENCE OF ISCHEMIA: FAME 2

|Stab|e patients scheduled for 1, 2 or 3 vessel DES stenting |
|

I FFR in all target lesions I

Randomised Trial
—

At least 1 stenosis | When all FFR >0.80 |
with FFR < 0.80

I Randomisation 1:1 I

PCIl + OMT OMT

50% randomly
assigned to FU

Follow-up after 1, 6 months, 1, 2, 3, 4, and 5 years




FAME 2: Two Years Results

De Bruyne et al. NEJM 2014;371(13):1208-17

PRIMARY ENDPOINT: ALL-CAUSE MORTALITY, MYOCARDIAL INFARCTION AND URGENT REVASCULARIZATION

Cumulative Incidence (%)

1
60! - 0-7 days: Hazard ratio, 2.49 (95% Cl, 0.78-8.00)
- ’ pCl 8 days to 2 yr: Hazard ratio, 0.29 (95% Cl, 0.18-0.45)
i P for interaction <0.001
50_ i 20—
1
1
1
. K
1 - .
404! Primary Endpoint: 8.1% vs. 19.5%
1
' 104 Medical therapy HR [95%CI] =0.39 [0.26-0.57]
:
1
3041 0.5-
i
1
1
: 00 I I I I I I 1
20+ i 0 - - 3 4 5 6 7 Medical therapy
! Days since Randomization —
i
1
1
10!
' PCI
' Jr—
1 —
1 _—'_'_,_-'—
1
O : | I I | I | | I | I | |
0 2 4 6 8 10 12 14 16 18 20 22 24

Months since Randomization



FAME 2: Two Years Results

De Bruyne et al. NEJM 2014;371(13):1208-17

PCI Medical Therapy = Hazard Ratio
Variable (N=447) (N=441) (95% CI)§ P value:
no. (%)
Primary end point 36 (8.1) 86 (19.5) 0.39 (0.26-0.57) <0.001
Death from any cause 6 (1.3) 8 (1.8) 0.74 (0.26-2.14) 0.58
Myocardial infarction 26 (5.8) 30 (6.8) 0.85 (0.50-1.45) 0.56
Urgent revascularization 18 (4.0) 72 (16.3) 0.23 (0.14-0.38) <0.001

Cumulative No. of Events

per 100 Patient-Yr

TRIGGERS OF URGENT
REVASCULARIZATION IN THE MEDICAL
THERAPY GROUP

12

—

10+

oo
1

0 4 8 12 16 20 24

Months since Randomization

43% of urgent revascularization
procedures were triggered by

myocardial infarction or ECG
changes

Myocardial Infarction ECG Changes Clinical Features Only
B CCS4 B CCs4 B CCs4
CCS3 CCS3 B CCs3
CCS0-2 CCS0-2 CCS0-2




FAME 2: Two Year Results

De Bruyne et al. NEJM 2014;371(13):1208-17

Damman P et al. Circulation 2012

Long-term cardiovascular mortality after spontaneous or procedure-related Mi

[

Mi Study Hazard ratio for CV death HR (95% CI)
(95% ClI)
Spontaneous FRISC lI —— 4.37 (2.87 - 6.67)
ICTUS : = | 4.29 (2.13 - 8.64)
RITA-3 — . 5.66 (3.42 - 9.38)
Total 4 4.52 (3.37 - 6.06)
Procedure- FRISC II ‘ N ‘ 0.99 (0.44 - 2.23)
related ICTUS = | 0.38(0.12-1.22)
RITA-3 : » | 1.21 (0.30 - 4.87)
Total | & ] 0.66 (0.36 - 1.20)
!




PCl VERSUS OPTIMAL MEDICAL THERAPY

Bangalore S et al. Circulation 2013;127:769-781

Mortality

Spontaneous Mi

PCI MT PCI MT
Trial  Event N Event N IRR (95% CI) IRR (95%Cl) Trial Event N  Event N IRRl (95%Cl) IRR (95%Cl) 9
T
No Stents | No Stents |
ACME-1 5 105 7 107 Y — 0.73(0.23,2.30) ACME-1 3 105 6 1w T 0.51(0.13,2.04)
ACME2 9 51 10 50 — 0.88 (0.36,2.17) ACME-2 5 5 50 — 0.98(0.28,3.39)
ALKK-1 6 149 17 151 —_— 0.36 (0.14,0.91) ALKK-1 9 149 12 151 _f'_ 0.76(0.32,1.80)
AVERT 1 177 1 164 l 0.92 (0.06, 14.79) AVERT 4 am 4 164 _;'_ 0.92(0.23,3.70)
DEFER 5 9 6 91 — 0.84 (0.26, 2.76) DEFER 290 09 ! 5.06(0.24,105.30)
MASSA 6 T2 6 T2 — 1.00(0.32,3.10) MASS-1 o 72 | 1.00(0.20, 4.95)
RTA2 43 504 43 514 —— 1.02(067,1.56) RITA2 %5 504 8 514 | 1.11(0.83,1.95)
SWiss2 6 95 2 105 = ——%— | 0.30 (0.12,0.74) SWiss-2 o % 40105 e 0.25(012,051)
D+L Subtotal (-squared = 21.2%, p = 0.261) O 0.71(0.49,1.03) D+L Subtotal (I-squared = 46.3%, p = 0.071) 5) 0.72(0.43,1.22)
WV Sublota <’? 077 (087.1.09) 1V Subtotal | 0.71(0.50, 1.00)
I |
I 1
Stents | Stents BARI 2D 57 798 62 g7 0.93(0.65,1.33)
BARI2D 102 798 96 807 #‘ 1.07 (0.81,1.42) COURAGE 108 1149 19 113 090 069,1.17)
COURAGE 85 1149 95 1138 0.89(0.66, 1.19) JSAP — ’ @ v 043(0.1,1.66)
SAP- 6 ez T 92 - S 0.86(029,2.55) MASS-2 21205 31 g & 0.67 (0.39,1.17)
MASS2 28 205 35 203 — 0.79 (048, 1.30) D+L Subtotal (l-squared = 0.0%, p = 0.556) G 0.86 (0.71,1.05)
D+L Subtotal (I-squared = 0.0%, p = 0.679) { 0.95(0.79,1.14) 1V Subtotal ( 0.86 (0.71,1.05)
1V Subtotal { 0.95(0.79,1.14) [
: \ D+L Overall (l-squared = 31.6%, p = 0.138) ¢ 0.7 (0.60, 0.99)
D+L Overall (I-squared =7.2%, p = 0.375) § 0.88 (0.74,1.04) |-V Overall {) 0.82 (0.69, 0.97)
| |
Random Effects Poisson Regression ¢ 0.88 (0.75, 1.03)I | Random Effests Polason Regression @ 0.76 (0.58, 0.99) I
P=0.17 =
! |
‘ X 1'0 1 1 10
Favors PCI Favors Medical Therapy

Favors PCI Favors Medical Therapy



Revascularization vs Medical Therapy:
a Network Meta-analysis

Windecker S et al. BMJ 2014 23;348:g3859

100 RCTSs - 93’553 PATIENTS RANDOMIZED
FoLLow - Ur OF 262’090 PATIENT-YEARS

PATIENTS RANDOMIZED 8,920
FoLLow-upP 38,709 py

CABG

PATIENTS RANDOMIZED 6,846

PATIENTS RANDOMIZED 6,920
FoLLow-upP 30,628 pY PTCA

MEDICAL TREATMENT FOLLOW-UP 17,678 Py

PATIENTS RANDOMIZED 15,787
FoLLow-upP 45,467 py

PATIENTS RANDOMIZED 14,802

FoLLow-upP 25,096 pY EES

BMS

PE PATIENTS RANDOMIZED 12,457

PATIENTS RANDOMIZED 2
/035 FOLLOW-UP 28,828 pY

FoLLow-upP 3,134 py R-ZES

PATIENTS RANDOMIZED 9,187 E-ZES SES PATIENTS RANDOMIZED 19,391
FoLLow-upP 27,384 pY FoLLow-upP 45,679 py



Revascularization vs Medical Therapy:
a Network Meta-analysis

Windecker S et al. BMJ 2014 23;348:g3859

PRIMARY ENDPOINT: ALL-CAUSE MORTALITY

100 RCTs, 93’553 RANDOMIZED PATIENTS, 262’090 PATIENT-YEARS OF FOLLOW-UP, 5’346 EVENTS

RATE RATIO (95%CI)

SURGERY CABG 0.80 (0.70, 0.91)
EARLY PCI PTCA — 0.85 (0.68, 1.04)
TECHNIQUES BMS 0.92 (0.79, 1.05)

PES 0.92 (0.75, 1.12)
EARLY-GENERATION
DRUG-ELUTING STENTS 0> —M- 0.91(0.75, 1.10)
E-ZES —l- 0.88 (0.69, 1.10
NEW-GENERATION R-ZES u 0.65 (0.42, 1.00)
DRUG-ELUTING STENTS EES e 0.75 (0.59, 0.96)
- i J

3 3
FAVOURS REVASCULARISATION FAVOURS MEDICAL THERAPY

-—



DEVICES FOR THE TREATMENT OF
ACUTE MYOCARDIAL INFARCTION

Windecker S et al. Lancet 2013; 382:644-57

L, [
BT

Scaffolding function Caged Vessel
and drug release

- B
Scaffolds [ m T

Scaffolding function Bioresorption Restoration of vascular
and drug release physiology and lumen
enlargement



ERIAL ANGIOGRAPHIC ASSESSMENT — BERN
CASE

Pre

Post

MLD 2.16mm
RD 2.88mm
%DS 24.9

MLD 1.93mm
RD 2.43mm
%DS 20.5

1-year

MLD 2.02mm
RD 2.64mm

%DS 23.5

MLD 2.02mm
RD 2.33mm
%DS 25.1

5-year

MLD 1.89mm
RD 2.65mm

%DS 28.5

MLD 1.99mm
RD 2.29mm
%DS 25.1




Serial OCT Through 5 Years (RCA/
Post Lﬁ@r 5-year

<
@)
(a'd
MLA 3.38 mm? MLA 3.41 mm?
MLD 2.07 mm MLD 2.08 mm
()
<
-
MLA 6.10 mm? LA5.28
MLD 2.77 mm MLD256 mm MLD 2.43 mm




CHRONIC STABLE \

CAD AND ROLE OF
REVASCULARIZATION




PREVALENCE AND IMPACT OF RESTENOSIS
AFTER CORONARY STENTING

10,004 PCI-Patients with routine control angiography at 6-8 months

All-cause mortality @4 Yrs

Restenosis during 1998-2009

Cassese S et al. Circulation 2013;127:769-781

Restenosis with BMS (30.1%),
Early DES (14.6%), New DES (12.2%)

Q

N REra R

estenosis

Cass

20 -

[y
(=)}
1

Mortality (%)

F~Y
1

o
I

=
N
1

[+ <}
I

ese S et al. Eur Heart J 2015;36:94-99

Adjusted HR: 1.23 (1.03-1.46); P= 0.02

9.69%, Restenosis
e

Years after control angiography

2643 2411 2171 1865 1616
7361 6512 5835 4785 3821



Substrates of ISR

Alfonso F. et al. J Am Coll Cardiol 2014

Underexpansion

Stent fractures

—

Misplacement

\

Hypersensitivity




Percutaneous Treatment Options of ISR

Drug-eluting stents

Drug-coated ballons

Bare-metal stents

Rotablation

Vascular
brachytherapy




Evidence from RCTs

BMS-ISR

Gamma-1  ISAR-DESIRE
START RIBS-II

Reymen, 2006 SISR PACCOCATH-ISR I&lI
ARTIST  TAXUS VISR Habara 2013
ROSTER  Schukro, 2007

RIBS INDEED
Ragosta, 2004 RIBS V

Alfonso, 2005 PEPCAD Il




Evidence from Network Meta-analysis

Siontis GC et al. Lancet 2015;386:655-64

.ROTA

BMS
[ 3

.VBT

PES

% .
SES EES
o

27 trials eligible, 5923 patients -

angiographic follow-up for 4975 (84%)

Trial

Gamma-1
START
Reynen K., et al

ARTIST
ROSTER

RIBS

Ragosta M., et al
Ragosta M., et al
Alfonso F., et al

ISAR-DESIRE
RIBS-II

SISR

TAXUS V ISR
Schukro C., et al
INDEED
ISAR-DESIRE 2
CRISTAL

Song H., et al
Song H., et al
RIBS-V
RIBS-IV

PACCOCATH-ISR 1&II
PEPCAD II

Habara S., et al
PEPCAD-DES
HabaraS., et al
ISAR-DESIRE 3
PEPCAD China ISR

Year Type of ISR
Vascular brachytherapy
2001 BMS
2002 BMS
2006 BMS
Rotablation
2002 BMS
2004 BMS
Bare-metal stents
2003 BMS
2004 BMS
2004 BMS
2005 BMS
Drug-eluting stents
2005 BMS
2006 BMS
2006 BMS
2006 BMS
2007 BMS
2008 BMS
2010 DES
2012 DES
2012 DES
2012 DES
2014 BMS
2014 DES

Drug-coated ballons

2006 (1), 2008 (1) BMS & DES

2009 BMS
2011 DES
2012 DES
2013 BMS & DES
2013 DES
2014 DES

Interventions

BA vs. VBT
BA vs. VBT
BA vs. VBT

BA vs. ROTA
BA vs. ROTA

BA vs. BMS
BA vs. BMS
ROTA vs. BMS
BA vs. BMS

BA vs. PES vs. SES

BA vs. SES
VBT vs. SES
VBT vs. PES
VBT vs. PES
VBT vs. SES
PES vs. SES
BA vs. SES
BA vs. SES
SES vs. EES
DCB vs. EES
DCB vs. EES

BA vs. DCB

PES vs. DCB
BA vs. DCB
BA vs. DCB
BA vs. DCB

BA vs. PES vs. DCB
PES vs. DCB

Sample size

252
476
165

298
200

450
58
55
40

300
150
384
396
37
129
450
197
96
66
189
309

108

131
50
110
210
402
215



Evidence from Network Meta-analysis

Siontis GC et al. Lancet 2015;386:655-64

- Assessed outcomes:

- Primary outcome:

v" Percent diameter stenosis

- Secondary outcomes:

v' Binary restenosis
v Target lesion revascularization
v" Myocardial infarction

v" All-cause mortality



Evidence from Network Meta-analysis

Siontis GC et al. Lancet 2015;386:655-64

Everolimus-eluting stents

1.0 —— Percent diameter stenosis
— Binary restenosis

—— Target-lesion revascularisation
0-754
2
E
= 050
o
[a T
0-25 =
0 | | | |
t1) 2 3 4 5 6 7 8

Ranking



Evidence from Network Meta-analysis

Siontis GC et al. Lancet 2015;386:655-64

PES | |
1.0 - —— Percent diameter stenosis

— Binary restenosis
—— Target-lesion revascularisation

0-75 -

Probability

| | |
1 2 3 4 5

Ranking

N
N
0



Evidence from Network Meta-analysis

Siontis GC et al. Lancet 2015;386:655-64

VBT
1.0

0-75

0-50

Probability

0-25+

BMS

—— Percent diameter stenosis
— Binary restenosis
—— Target-lesion revascularisation

BA
1.0

0-75

Probability
o
Ul
o
|

0-25+

Ranking

Ranking



EES

DCB

SES

PES

VBT

BMS

BA

ROTA

Primary outcome: % Diameter stenosis

Evidence from Network Meta-analysis

Siontis GC et al. Lancet 2015;386:655-64

EES DCB

99:6 -9-0%

(0-98) (-15-8,-2-2)
737
(0-00)

SES
-9-4%

(-17-4,-1-4)

-02%
(6-2,5.6)
72-8
(0-01)

PES
-10-2%

(-18-4,-2-0)

-12%
(~64,4:2)
-0-8%
(~6-4,4-6)
67-7
(0-01)

VBT
-19-2%

(-28-2,-10-4)

-10-2%
(-17-0,-3-4)
~10-0%
(=15-4,~4-4)
-9:0%
(-15-6,-2-4)
38.9
(0-00)

BMS
-23-4%
(=36-2,-10-8)
-14-4%
(=25-6,-3-2)
-14-2%
(=25-2,-3-2)
-13-2%
(=24-6,-2-0)
-4-2%
(=15-4,7.0)
243
(0-00)

BA
—24-2%
(=32-2,-164)
-15-2%
(=20-4,-10-2)
~15-0%
(=19-4,-10-4)
~14-2%
(-19-4,-8-8)
-5-0%
(=10-2,-0-00)
-0-8%
(-10-8,9-2)
19-7
(0-00)

ROTA
-31-8%
(—44-8,-18-6)
-22:8%
(~34-4,-11-0)
-22-4%
(-33-8,-11-0)
-21-6%
(-33-2,-9-8)
-12:6%
(-24-2,-0-8)
-82%
(-22:8,6-2)
~7-4%
(-18:0,3-0)
3-2
(0-00)



Evidence from Network Meta-analysis

Siontis GC et al. Lancet 2015;386:655-64

EES DCB PES SES VBT BMS ROTA BA
99.1 0-36 0-34 0-34 0-17 0-14 0-09 0-09
EES (0:97) (0-14,0-94) (0-12,1-00) (0-12,0:97) (0-06,0-51) (0-04,0-47) (0-03,0-31) (0-03,0-25)
73.7 0-93 0-93 0-47 0-38 0-26 0-24
DCB 0-01 (0-51,1-71) (0-55,1-58) (0-26,0-86) (0-17,0-84) (0-12,0-55) (0-15,0-40)
(0-01)
70-7 100 0-50 0-41 0-28 0-26
PES (0:02) (0-59,1-68) (0-30,0-84) (0-19,0-90) (0-13,0-59) (0-16,0-42)
70-0 0-50 0-41 0-28 0-26
SES (0-01) (0-30,0-85) (0-19,0-90) (0-13,0-58) (0-16,0-41)
38.0 0-82 0-55 0-52
VBT (0-00) (0-38,1:76) (0-27,1:14) (0-34,0-80)
30-3 0-68 0-64
BMS (0-00) (0-32,1-46) (0-34,1-21)
ROTA 110 094
(0-00) (0-53,1-67)
oA 7-3
(0-00)

Secondary outcome: Target-lesion revascularisation



REVASCULARIZATION IN MULTIVESSEL CAD

PCI

-less invasive

-shorter
hospitalisation

-lower risk of CVA

-quality of life

PCl versus CABG

CABG

Bypass grafting addresses the

Stenting addresses the existing
lesion but not future lesions. existing lesion and also future

culprit lesions.

Gersh et al. NEJM 2005

CABG

-more complete
revascularization

-fewer repeat
revascularizations

-protection against
future events



CHoOICE OF CONDUITS IN PATIENTS UNDERGOING CABG

Piccolo R et al. Lancet 2015;386:702-713

Coronary distribution

LAD RCA LCx

Internal mammary artery (left) Saphenous vein Second internal mammary artery (BIMA)
Saphenous vein, if internal mammary
artery is not indicated*

Internal mammary artery (left) Saphenous vein for 70-90% diameter Second internal mammary artery (BIMA)
stenosis Radial artery, if internal mammary artery
Radial artery for >90% diameter stenosis is not indicated*®

B AD BRCA [l LCx [PMLADorRCA [ LADor LCx [ RCA or LCx



OPTIMAL MEDICAL THERAPY IN PATIENTS
UNDERGOING PCI| or CABG

Igbal J et al. Circulation 2015;131:1269-77

Death
HR (95% CI)

0.29 (0.22, 0.39) <0.001

Drug Group P-value

Overall
CABG
PCI

Any DAPT Overall

[ T—
—
——
—_—
CABG s 0.16 (0.11, 0.24) <0.001
—_——
—
—_——
—_—

Aspirin

0.22 (0.15, 0.33) <0.001

0.37 (0.23, 0.59) <0.001
0.20 (0.15, 0.27) <0.001

PCI 0.25 (0.15, 0.41) <0.001
- Overall 0.31(0.24, 0.41) <0.001
CABG 0.21 (0.14, 0.31) <0.001
PCI 0.43 (0.29, 0.64) <0.001
Overal —.— 0.70(054,091)  0.010
CABG e of 0.70 (0.47, 1.05) 0.091
PCI —— 0.69 (0.48, 0.99) 0.041
Overall —— 0.47 (0.36, 0.62) <0.001
CABG —_— 0.46 (0.30, 0.70) <0.001
PCI —— 0.48 (0.33, 0.70) <0.001
Overall — 0.65(0.49,0.86)  0.002
CABG —— 0.54 (0.35, 0.84) 0.008
PCI —_— 0.70 (0.49, 1.01) 0.049
I

| | I
0.1 0.2 0.5 1 2 5 10

Favours using drug Favours omitting drug

N=1,800 patients included in the SYNTAX. FU: 5 years

*OMT defined as the combination of at least 1 antiplatelet drug, statin, 3-blocker,
and angiotensin-converting enzyme inhibitor/angiotensin receptor blocker.



MACCE TO 5 YEARS BY SYNTAX SCORE

Mohr FW et al. Lancet 2013;381:629-38

Low Scores (0-22)

Baseline SYNTAX score 0-22

Intermediate Scores (23-32)

Baseline SYNTAX score 23-32

High Score =33

Baseline SYNTAX score =33

504 — CABG p=0.43 - p=0-008 p<0-0001
_ — Pl 36.0%
% 32:1% 44-0%
2 1 ]
,f_>: 28:6% 25.8% 26-8%
£
7 1I2 2I4 6I0 (I) 1I2 2I4 3I6 4I8 6IO (I) 1I2 2I4 3I6 4I8 6I0
Months since allocation Months since allocation Months since allocation
Death Death Mi Death Mi
PCI 8.9 13.8 11.2 19.2 10.1
CABG 10.1 12.7 3.6 11.4 3.9
P=0.64 P=0.68 P=0.0009 P=0.005 P=0.004



Hazard ratio of ischemia-driven TLR

SAFETY AND EFFICACY OF NEW-GENERATION VS.

EARLY-GENERATION DES AcCCORDING TO SYNTAX SCORE

5 10 20
I J

2.5

Piccolo R et al. JACC CV Intv 2015, in press

Target-lesion revascularization Definite Stent Thrombosis

P, for SYNTAX score and type of DES =0.25 P,,.for SYNTAX score and type of DES =0.11
o
©

8 S

(7]

23

£

° o

£ <t

t o |

8«

n

&g 4

£ T

5 o

s

e
l/ - - Early-generation DES E .

New-generation DES T Y.~ Early-generation DES
/ New-generation DES

0 S 10 15 20 25 30 35 40 45 50 55 60 (I) I5 1I0 1I5 2I0 2I5 3I0 3I5 4I0 4I5 5I0 5I5 6I0

SYNTAX score SYNTAX score

Preserved benefit of New-generation DES across the overall spectrum of CAD
Pooled Analysis of SIRTAX, LEADERS, RESOLUTE, BIOSCIENCE (n =6,081)



EVEROLIMUS-ELUTING STENT VS CABG IN MVD: BEST

Park S et al. NEJM 2015;372:1204-12

EES vs. CABG (n =880) — 49.5% of the planned sample (n =1,776)

Randomized non inferiority trial
27 centers in East Asia (South Korea, China, Malaysia, and Thailand)

Death, Ml or TVR* Death, MI, or Stroke

. b — Pcl
P=0.04 by log-rank test
20 80 —— CABG
PCI
17.0% - )
15— 60 P=0.27 by log-rank test
11.7%
10+ 40-
CABG
B 207 8.0 10.1 1.0 13.4
0 0 54 7 s.|1 o 9.I3 1o,|2
(-T) ::- é :; A é 0 1 2 3 4 5

Death, MI, or Stroke: 13.4% in EES vs. 10.2% in CABG (p=0.27)

*primary endpoint
55% of patients (n=487) enrolled at one site.
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No. at Risk

PCI

CABG

EES: 13.4%

CABG: 6.6%

BEST: ANALYSIS OF REPEAT REVASCULARIZATION

Any Repeat
Revascularization

30+

— PCI
—— CABG
20+ P=0.003
13.4
1.
104 8
10 9.2
7 6.8
5.8 6.6
35 4.2 54
0 T T T T 1
0 1 2 3 4 5
Years Since Randomzation
438 393 335 257 164 80
442 414 365 286 189 87

Park S et al. NEJM 2015;372:1204-12

- -
Target-lesion New Lesion
- - - -
Revascularization Revascularization
30+ 30+

2 — PCI 2 — PCI

o -~ CABG [} -~ CABG

2 2

ﬁ 204 P=0.19 ﬁ 204 P=0.013

£ £

2 2

5 10 61 6.1 5107 6.5

g 3.7 49 55 2 so 45 48 55

5 5 :

© 53 28 33 36 45 o 1.8 24 24 2:4

0 { T T T 1 0 T T T T 1
0 1 2 3 4 5 0 1 2 3 4 5

No. at Risk Years Since Randomization No. at Risk Years Since Randomization
PCI 438 408 365 310 247 130 PCI 438 416 370 317 254 138
CABG 442 424 386 334 267 147 CABG 442 427 389 337 270 149

EES: 6.1%

CABG: 4.5%

EES: 6.5%

CABG: 2.4%

Complete revascularization (no residual stenosis >50% in all diseased segments with
RVD22.00 mm) was higher in the CABG than in the PCI group (71.5% vs. 50.9%, p <0.001)



EES vs CABG IN MVD:
NEW YORK STATE CARDIAC REGISTRY

Bangalore S et al. NEJM 2015;372:1213-22

18,446 patients included in propensity-score matched analysis

Repeat revascularization

%g_ . PCl
1ed P=0.50 P<0.001 A
204 -~

0 1 2 3 4

EES: 3.1% per year

EES: 7.25% per year

CABG: 2.9% per year

CABG: 3.1% per year

*primary outcome



EES vs CABG IN MVD:
NEW YORK STATE CARDIAC REGISTRY

Bangalore S et al. NEJM 2015;372:1213-22

Effect of Completeness Rev on MI*

Myocardial infarction

164 P<0.001

EES: 1.9% per year

CABG: 1.1% per year

*Complete revasc: 3,822 (20.7%)

*Incomplete revasc: 14,624 (79.3%)

Ml rate (%) per year

N
|

A
1

Incomplete
Revasc

=0.02
A

mt

P=0.93 P<0. 001

1,43

r—*—\
1,37 I

EES

CABG CABG



PCl ITERATIONS VS. CABG IN THE NEW YORK
STATE CARDIAC REGISTRY: EFFECT ON MORTALITY

Hannan et al. JACC 1999;33:63

Death Hannan et al. NEJM 2005;352:2174
e Hannan et al NEJM 2008;358:331
3VD without prox LAD 0.5 0.75 1 1.5 2.0 Bangalore et al. NEJM 2015 372:1213

'BAvs CABG o N =2,644
'BMS vs CABG - — N =7,112
 Early DES vs CABG* - B N =2,672

New DES vs CABG —l— N =2,574

3VD with prox LAD 05 075 1 15 20

'BAvs CABG - — N =16,507
'BMS vs CABG - — N =23,022
 Early DES vs CABG* —— N =5,011

New DES vs CABG N =1,460

*CABG imrpoved survival in the overall 3VD  PC| better CABG better



PERIOPERATIVE STROKE WITH CABG

Tarakji K et al. JAMA 2011;305:381-390

Prospective study conducted from 1982 to 2009 at single US centre

(N =45,432)
Instantaneous risk of stroke Survival rate (%) after stroke

0.35- 100
e Overallhazard No stroke
2 0307 e Early phase 80 Stroke
&5 0.95- Constant phase
O
& 0.20- 60+
= 0.15-
© 40
3 0.10-
9
8 0.05 207
o

12%

Days

Stroke occurred in 1.6% patients — Intraoperative stroke in 40% of cases
Risk factors: older age, small BSA, previous stroke, perioperative AF




CABG vs PCl — RISK OF STROKE

Palmerini T et al. J Am Coll Cardiol 2012;60(9):798-805

Study N. pts with strokeftotal n. pts
OR (95% Cl) CABG  PC
I
ARTS 1 (2001) —_—— 1.49 (0.42, 532) 6605  4/600
AWESOME (2001) -~ 144 (024,871) 3232 222
BARI (1996) . 352(0.73,17.01) 7014  2/915
]
Budriot (2011) — 505 (0.24, 106.53) 2/101  0/100
|
EAST (1994) . 309(0.32,3001) 3194  1/198
ERACI 2 (2001) : - 504 (0.24, 105.67) 2225  0/225
GABI (1994) — 520 (0.25,100.07) 2M77  0/182
I
LE MANS (2008) . 510 (0.24, 108.77) 253 0/52
Lelpzig (2002) ': 303(012,7513) 1110  0/110
MASS Il (2004) - 300(062,1550) 6203  2/205
RITA (1993) — 513 (060, 4408) 5501  1/510
I
SIMA (2000) + ; 034 (001,863) 059 1/62
SYNTAX (2009) : - 6.11(1.36,27.37) 12897 2/903
Seoul (2005) — > 516 (0.21, 128.236) 1/70 0/119
Fixed effects (I-squared=0.0%) <> 204(169,500) 524341 1514403
Random effects <> 294 (169, 509)
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RISK OF STROKE:
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Bangalore S et al. NEJM 2015;372:1213-22

5- HR: 0.62 (0.50-0.76)

4 P<0.001 CABG

EES: 0.72 per year CABG: 0.97% per year



REVASCULARIZATION ACROSS DIFFERENT
ANATOMICAL AND CLINICAL SUBSETS

Piccolo R et al. Lancet 2015;386:702-713
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CORONARY ARTERY DISEASE

Remains most common cause of death and Ml

or Revascularization

— 1 Quality of life

— Avoids procedural risk — 1 Exercise time
— | Angina
— | Antianginal drugs
— | Revascularization
— | Death or Ml



