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Atherothrombosis:
Clinical Manifestations

Acute coronary
syndromes

— STEMI

— NSTEMI

— Unstable angina
Stable CAD

Atrial Fibrillation
Angioplasty

Bare metal stent
Drug eluting stent
CABG

Abdominal aortic
aneurysm (AAA)

Meadows TA, Bhatt DL. Circ Res.

2007;100:1261-1275.

Stroke
TIA
Intracranial stenosis

Carotid artery stenosis
CEA
Carotid stenting

Renal artery stenosis
Renal artery stenting

Peripheral arterial disease
Acute limb ischemia
Claudication

Amputation
Endovascular stenting
Peripheral bypass
Abnormal ABI



Pathogenesis of Atherothrombosis:
Interplay Between Vulnerable Vessel and Blood

Prior thrombotic event
history of bleeding
left ventricular dysfunction Diabetes
left main stent ACS
ACS vs. stable CAD age
* gender Time from
DAPT duration rena_lv :ﬂsufﬁCIency index event

Heightened Hypercoagulability

m. platelet reactIVIty / \

“Sticky Blood” vuinl ‘:‘Bloo d < Inflammation
“Thrombogenecity” ,

Stent type W Diabetes
length hyperggiedemia
number == Stent “healing” ~age
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complex anatomy o

Gurbel P, et al. Eur Heart J 2013; E-pub.



Platelet Agonists and Antiplatelet Agents

" COX-1.-

What is “ideal antlplatele.t agent”?
Anti-thrombotic effect

_|_
Anti-atherogenic effect




ADP-Platelet P2Y,, Receptor Interaction:
Central Role in Thrombosis Progression

PCI ———)  COllagen/vVWF Clopidogrel
Plaque rupture < TXA, Prasugrel
‘ l Cangrelor
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Post-PCl Ischemic Events
Gurbel PA et al. Rev Cardiovasc Med. 2006; 7: S20-S28.




Mechanism of ADP P2Y,, Inhibitors

- Ticagrelor

van Giezen JJ et al. Thromb Res. 2009;124:565-71



Efficacy and Safety Correlated with IPA
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Wallentin et al. N Engl J Med 2009;361:1-13 *IPA = inhibition of platelet aggregation



Preclinical Data for Clopidogrel and Ticagrelor:
Wider Therapeutic Window with a Reversible P2Y, Inhibitor
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At 90% inhibition of the thrombotic At 90% inhibition of the thrombotic
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increase in bleeding time increase in bleeding time

van Giezen JJ, Humphries RG. Semin Thromb Hemost. 2005;31:195-204.



Theoretical P2Y,, Reactivity Therapeutic Window

Ischemic Events
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Adapted from Gurbel PA et al. J Am Coll Cardiol. 2008;51:B86



Ticagrelor Works via a Dual Pathway:
Antiplatelet Effect and 1Adenosine Level

Inhibition of P2Y,, receptor?.2
Red blood cell — Anti-platelet effect

Inhibition of ENT-1 transporter34>

— Enhanced local adenosine response
may result in:*

* Additional inhibition of platelet
aggregation/activationt3

* Cardioprotection®

* Vasodilation>78

* Modulation of inflammation
* Dyspnoea’

Platelet activation/aggregation

# PDE inhibitors (Dipyridamole/Cilostazol) & Ticagrelor:
T adenosine level in the blood by ENT-1 channel blockade

Figure adapted from Nylander S, et al. JTH 2013.
AC, adenylyl cyclase; ADP, adenosine diphosphate; cAMP, cyclic adenosine monophosphate; ENT, equilibrative nucleoside transporter.



APC (L)

Effect of Ticagrelor in ACS Patients

Adenosine level after LD Tx LAD maxCBFV during ADO infusion
2 5m 1.0-
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Bonello L et al. JACC 2014;63:872-7. Alexopoulos D et al. Circ CV Interv 2013;6:277-83.



Platelet Function Beyond Hemostasis

Diverse roles Underlying mechanisms

- Promoting inflammatory - Recruit leukocytes / progenitor cells

' ' lar injury / throm i
and immune response to sites of vascular injury / thrombosis

- Store, produce and release pro-
- Maintaining vascular integrity .
iInflammatory, anti-inflammatory and

- Contributing wound healing  5ngiogenic factors and microparticles
Into the circulation

- Spur thrombin generation

Diseases mediated with platelets

Smyth SS et al. J Thromb Haemost 2009;7:1759-66




Endothelium-Platelet-Leukocyte Cross-talk

Activated
platelets

Initial Released
capture mediators Firm adhesion
Mac-1
Leukocyte PSGL-1_ &_M&) aMpB2 or aVB3 CD36 (GP IV)alp2 oMB2 CD40

RANTES/CCLS5, PAF,
ENA-78, Groa, IL-13

platelet  P-selectin GP Iba allbB3 CD36 (GP IV)ICAM-2JAM3 CD40L

Blood Fibrinogen (fibrin) thrombospondin

Smyth SS et al. J Thromb Haemost 2009;7:1759-66.



Central Role of Platelets in Atherosclerosis

Differentiation
Tissue factor to macrophages
uPA/UPAR . > TNF-a
MMPs \ Y . / IL-8

crancroce [N —

MCP-1 Mac-1
MIP-1a VLA-4

Endothelial ligands of Mac-1:
o, B./fibrinogen, GPIba, or JAM-3

Clin Invest J. 2005:115:3378-84.

Inflammation

/BN

Atherosclerosis

Platelets ;



1. Platelet Function:

Inflammation and Coagulation



Clopidogrel on PLT Activation and Inflammation

Symptomatic CAD on Aspirin: 5-week Clopidogrel (n = 77) vs. Placebo (n = 26)
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Heitzer T et al. ATVB 2006;26:1648-52.




Prasugrel vs. Clopidogrel on Platelet Activation

Stable CAD on Aspirin: 4-week Prasugrel (n = 55) vs. Clopidogrel (n = 55)

P-selectin Expression (MFI)

CD42a expression in PMAs (MFI)
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ADP-induced platelet aggregation (AU*min)
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Relationship Between Platelet Function and
Inflammation/Coagulation in CAD Patients

P<0.001

Stable CAD on Chronic DAPT (n = 1,223)

CRP<5mg/l
(n=1,034)

CRP>5mg/l
(n=189)

ADP-induced platelet aggregation (AU*min)
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ADP-induced platelet aggregation (AU*min)

100 -

' 0

WBC count WBC count

<10x10%/1 >10x109/1
(n=1,150) (n=73)

Fibrinogen Fibrinogen
<350mg/dl >350mg/dl
(n=440) (n=783)

Bernlochner | et al. Thromb Hemost 2010;104:626-33.



Relationship Between Platelet Function and
Thrombogenic Markers in AF Patients on ASA

30-day Clopidogrel (n = 20) vs. Cilostazol (n = 20) vs. PUFA (n = 20)

AhsCRP

AVWF

. r=0.081, p=0.540
)
(]
7 o 8
o o [o)
o 8 °n_:$°%e@rg——&%—u——6‘
8 o, 0° o
34
o
-5
-8 (o]
| I | | I [
-40 =20 0 20 40 60
AADP
1007 r=0.322,p=0.012
80 °
60— o o
)
40—
" c'ooda § 0, ©
o
0 ® oc:o o o ooo °
8
20— o 850 °
o
40 ° ° °
—4|0 —2I,0 l|] 2I0 4|0 6‘0

™ r=0.088, p = 0.502
8 o % oiéf_o;;—ﬁ——
< et ECRA

=250 8 o o

~ AADP
= r=0.339, p = 0.008

100 o o )
(€b) o o
(@) I o ° 8 °o
- o o o °o
» — 0— o] [e]
L o% g) o] [o]
®) o %® o
—_— o
LL ° o
< 100 o
150
| | | | | |
40 20 0 20 40 60

Park Y, Jeong YH, et al

. Unpublished.



2. Platelet Function:

Endothelial Dysfunction and Atherosclerosis



Clopidogrel on Endothelial NO Bioavailability

Symptomatic CAD on Aspirin: 5-week Clopidogrel (n = 77) vs. Placebo (n = 26)
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Heitzer T et al. ATVB 2006;26:1648-52.




FMD (%)

HD Clopidogrel on Endothelial NO Bioavailability

PCl-treated Patients: 75 mg vs. 150 mg Clopidogrel (n = 50, 30-day cross-over)
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Relationship Btw Peripheral ED and HPR

PCl-treated Patients on Chronic DAPT (n = 103): HPR 2 230 PRU

RHI (Reactive

Hyperemia Index):
Peripheral Endothelial
Dysfunction

RHI=Ln{[RH-PAT ratio]*[0.226*Ln(baseline) — 0.2]}
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Fujisue K et al. Circ CV Interv 2013;6:452-9.



Relationship Between Atheroma Burden and HPR

IVUS imaging in PCl-treated Patients (n = 335): PRU > 230 (32.5%)
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* Adjustments for age, sex, DM, and CRF Chirumamilla AP, et al. JACC CV Imaging 2012;5:540-9.



Impact of APT on Peripheral ED in ACS Patients

ACS Pts on Chronic Aspirin 75 mg/d:

. CLPD 75 mg/d vs. PRAS 10 mg/d vs. TICA 90 mg bid (3-12 Mos.)
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Torngren K, et al. Cardiology 2013;124:252-8.



Impact of Ticagrelor on PEP-treated PAD

Clopidogrel-treated Pts (n = 100) Ticagrelor-treated HPR Pts (n = 37)
Event-Free Survival TLR-Free Survival
100.0 — |
L ——— 100.0
<y 80.0 1
= 800 &
g’ 1 ©
g HR 16.9; 95% ClI E 50.0 -
3 5-55; p < 0.001 5
g w
& 600 @ |
& @ 400
S b
v PRU 2 234 o
~Below cut-off value = 200+
40,0 1 Above cut-off value
=1 Survival Funetion
0.0 - —= Censored
% 20 4b  ebo  sbo 100 1200 00 500 1000 1500  20.00

Months Months

PRECLOP. Spiliopoulos S et al. JACC 2013;61:2428-34. Spiliopoulos S et al. CV Interv Radiol 2014.



3. Platelet Function:

Post-stent Neointimal Hyperplasia



Leukocyte Migration Interacting With
PLT-Fibrinogen Clot After Stenting

EE
Arterial Injury
neutrophils
e N monocytes
Thrombus (platelets) Inflammation macrophage
\ / lymphocytes
Growth factors & cytokines Y
D
Signal activation FKBP12
transduction X
S =X smoum@
muscle .
cell | FKBP12/SIROLIMUS
0... -‘_‘)x )
Tx
Smooth muscle cell proliferation
A/X X\‘
Matrix secretion Migration

Inoue T et al. JACC CV Interv 2011:;4:1057-66.




CYP2C19 SNP on Intra-stent Thrombi and TLR

Follow-up OCT imaging in DES-treated Patients on DAPT (n = 125)
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Patients with intra-stent Patients without intra-stent
thrombi (n=47) thrombi (n=73)

Nishio R et al. Circ J 2012;76:2348-55.



Sustained P2Y,, Inhibition by Ticagrelor
to Prevent Subsequent Neointima

3-week Neointima formation in FeCl;-injured carotid artery (C57BL/6 mice)

Patil SB, et al. ATVB 2010;30:2385-91.



4. Platelet Function:

Post-MI Left Ventricular Remodeling



Platelet accmulation

(% infarct area)

Role of Platelets in Mediating Inflammatory
Responses for Post-MI LV Remodeling

Platelet-Leukocyte Accumulation in Infarcted Myocardium (C57BL/6 mice)
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Randomized treatment started 2 hrs after Ml and lasted for 3 days
Low-dose clopidogrel (15/5/5 mg/kg) vs. High-dose clopidogrel (50/15/15 mg/kg)
vs. Prasugrel (5/5/5 mg/kg) vs. PD (platelet depletion) by CD41 antibody
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Liu Y, etal. ATVB 2011:;31:834-41.



Role of Platelets in Mediating Inflammatory
Responses for Post-MI LV Remodeling

Platelet-Leukocyte Accumulation in Infarcted Myocardium (C57BL/6 mice)

>

Acute phase: LV rupture Chronic phase: LV remodeling
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Liu Y, etal. ATVB 2011:;31:834-41.



Novel Role of Platelet Reactivity and Inflammation
In LV Remodeling Following STEMI

REMODELING Study: PPClI-treated STEMI Patients on ASP+CLPD (n = 150)

LV Remodeling: arelative >20% increase in LV EDV between baseline and 1-month F/U

LVR by PRU quartile LVR by hs-CRP quartile

100 100

90 90

80 -

. P=0.015 : P=0.012

60 60

50 50

40 35.1% 40 35.1% 4%
. 23.1% 30

20 20

10.8%
10 10
0 0
1st quartile 2nd quartile 3rd quartile 4th quartile 1st quartile 2nd quartile 3rd quartile 4th quartile

29-175 176-236  237-293 294-403

TICA
PRAS Park Y, Jeong YH, et al. Unpublished.



in LV Remodeling Following STEMI

REMODELING Study: PPCl-treated STEMI Patients on DAPT (n = 150)

Predictors of LV Remodeling

Age 2 65 year old
Female.
Chronic kidney disease

Anemia

PRU < 248 and hs-CRP < 1.4 mgiL vs.

PRUZ 248 and hs-CRP < 1.4 mgIL

PRU< 248 and hs-CRP = 1.4 mgiL

PRU z 248 and hs-CRP 2 1.4 mg/L
LVIDi.stole (PEr Tmm increment)
LVEDV index (per 1mL/m? increment)

LVESV index (per 1mLIm? increment)

Post-PCl slow flow (TIMI flow 2)

2

p value
0.145

0.259
0.559
0.367

0.010
0.001
< 0.001
0.095
0.008

0.029

0.170

Odds ratio

Park Y, Jeong YH, et al. Unpublished.

Cross-talk btw Platelet Reactivity and Inflammation

OR (95% Cl)

273 (0.71,
2.08 (058,
1.55 (0.36,
1.72 (0.53,

5.99 (1.54,
12.50 (2.72,
14.08 (3.61,
0.92 (0.83,
0.86 (0.77,

0.84 (0.73,

3.06 (062,

10.50)
7.41)
6.71)
5.62)

23.26)
58.82)
55.56)
1.02)
0.96)

0.98)

15.11)



The HEALING-AMI Trial

First-time STEMI patients planned to primary PCI

within 12 hours after the onset of symptom
1

1:1 Randomization after informed consent
[ |

TICA group CLPD group
Ticagrelor 180 mg LD Clopidogrel 600 mg LD

Exclusion criteria
Pre-PCITIMI 3 flow, Distal lesion of IRA,
Cardiogenic shock, Medical treatment, CABG, Staged PCI

Primary PCI for IRA (prox. - mid part) with pre-PCI TIMI 0-2 flow grade (n = 322)
TICA group CLPD group

Ticagrelor 90 mg bid MD Clopidogrel 75 mg daily MD

Primary PCI: Pre-/Post-PCl coronary flow/EKG, VerifyNow (VN), hs-CRP

3-day: 3D-Echo, VN, hs-CRP, Bleeding events, Cardiac MRI, Biomarker

30-day: 3D-Echo, VN, hs-CRP, Bleeding events, Biomarker

6-month: 3D-Echo, VN, hs-CRP, Bleeding events, Cardiac MRI
Blue letter: substudy
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Risk-Benefit Balance in Antiplatelet Therapy

Thrombosis risk Bleeding risk

“Classic Concept”

“New Concept”






