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Central Role of Platelets and Interaction with Coagulation 
in the Genesis of Thrombosis
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Metabolism of P2YMetabolism of P2Y1212 Blockers Blockers 
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PRINCIPLE TIMI-44Loading Maintenance
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Clopidogrel LD: Clopidogrel LD: 
Is Higher Dosage Better?Is Higher Dosage Better?

% f 20% f 20 M ADPM ADP i d d tii d d ti% of 20 % of 20 µM ADPµM ADP--induced aggregationinduced aggregation
100100 Ticlopidine 2x 500mg, then 250 BIDTiclopidine 2x 500mg, then 250 BID

Clopidogrel Clopidogrel 300300 mg, then 75 mg QDmg, then 75 mg QD
ClopidogrelClopidogrel 600600 mg then 75 mg BIDmg then 75 mg BID

6060

Clopidogrel Clopidogrel 600600 mg, then 75 mg BIDmg, then 75 mg BID
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Study Design, Flow and Compliance
25,087 ACS Patients (UA/NSTEMI 70.8%, STEMI 29.2%)

Planned Early (<24 h) Invasive Management with intended PCI
Ischemic ECG Δ (80.8%) or ↑cardiac biomarker (42%)

25,087 ACS Patients (UA/NSTEMI 70.8%, STEMI 29.2%)
Planned Early (<24 h) Invasive Management with intended PCI
Ischemic ECG Δ (80.8%) or ↑cardiac biomarker (42%)Ischemic ECG Δ (80.8%) or ↑cardiac biomarker (42%)Ischemic ECG Δ (80.8%) or ↑cardiac biomarker (42%)

Randomized to receive (2 X 2 factorial):
CLOPIDOGREL: Double dose (600 mg then150 mg/d x 7d then 75 mg/d) vs Standard dose (300 mg

Angio 24 769Angio 24 769

CLOPIDOGREL: Double-dose (600 mg then150 mg/d x 7d then 75 mg/d)  vs Standard dose (300 mg 
then 75 mg/d)

ASA: High Dose (300-325 mg/d) vs Low dose (75-100 mg/d)

PCI 
17,232

Angio 24,769
(99%)

Angio 24,769
(99%)

No PCI 7,855 (30%)
,

(70%)

No Sig. CAD 3,616 CABG 1,809 CAD 2,430

Efficacy Outcomes: CV Death, MI or stroke at day 30
Stent Thrombosis at day 30

Safety Outcomes: Bleeding (CURRENT defined Major/Severe and TIMI Major)
Key Subgroup: PCI v No PCI



Clopidogrel: Double vs Standard Dose
Primary Outcome and Components

Standard Double HR 95% CI P Intn P
CV Death/MI/Stroke

PCI (2N=17 232) 4 5 3 9 0 85 0 74 0 99 0 036PCI (2N=17,232) 4.5 3.9 0.85 0.74-0.99 0.036
0.016

No PCI (2N=7855) 4.2 4.9 1.17 0.95-1.44 0.14
Overall (2N=25,087) 4.4 4.2 0.95 0.84-1.07 0.370

MI
PCI (2N=17,232) 2.6 2.0 0.78 0.64-0.95 0.012

0.025
N PCI (2N 7855) 1 4 1 7 1 25 0 87 1 79 0 23No PCI (2N=7855) 1.4 1.7 1.25 0.87-1.79 0.23
Overall (2N=25,087) 2.2 1.9 0.86 0.73-1.03 0.097

CV Death
PCI (2N=17,232) 1.9 1.9 0.96 0.77-1.19 0.68

1.0
No PCI (2N=7855) 2.8 2.7 0.96 0.74-1.26 0.77
Overall (2N=25,087) 2.2 2.1 0.96 0.81-1.14 0.628

Stroke
PCI (2N=17,232) 0.4 0.4 0.88 0.55-1.41 0.59PCI (2N 17,232) 0.4 0.4 0.88 0.55 1.41 0.59

0.50
No PCI (2N=7855) 0.8 0.9 1.11 0.68-1.82 0.67
Overall (2N=25,087) 0.5 0.5 0.99 0.70-1.39 0.950



Clopidogrel: Double vs Standard Dose
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Clopidogrel: Double vs Standard Dose 
Primary Outcome: PCI Patientsy
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TRITONTRITON--Study DesignStudy Designy gy g
ACS (STEMI or UA/NSTEMI) & Planned PCIACS (STEMI or UA/NSTEMI) & Planned PCI

DoubleDouble--blindblind
ASAASA N= 13,600N= 13,600

PRASUGRELPRASUGREL
60 mg LD/ 10 mg MD60 mg LD/ 10 mg MD

CLOPIDOGRELCLOPIDOGREL
300 mg LD/ 75 mg MD300 mg LD/ 75 mg MD 60 mg LD/ 10 mg MD60 mg LD/ 10 mg MD300 mg LD/ 75 mg MD300 mg LD/ 75 mg MD

Median duration of therapy Median duration of therapy –– 12 months12 months

11oo endpoint: endpoint: CV death, MI, StrokeCV death, MI, Stroke
22oo endpoints:endpoints: CV death, MI, Stroke,CV death, MI, Stroke, RehospRehosp--RecRec IschIsch, CV, CV death, MI, UTVRdeath, MI, UTVR

pypy

22 endpoints:endpoints: CV death, MI, Stroke, CV death, MI, Stroke, RehospRehosp Rec Rec IschIsch, CV , CV death, MI, UTVRdeath, MI, UTVR
Stent Stent Thrombosis (ARC definite/prob.) Thrombosis (ARC definite/prob.) 

Safety Safety endpoints:  TIMI major bleeds, Lifeendpoints:  TIMI major bleeds, Life--threatening bleedsthreatening bleedsyy p j ,p j , gg
Key Key SubstudiesSubstudies:: Pharmacokinetic, GenomicPharmacokinetic, Genomic



Balance of Efficacy and SafetyBalance of Efficacy and Safety
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Timing of Benefit (Landmark Analysis)Timing of Benefit (Landmark Analysis)
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Bleeding Events Bleeding Events Safety CohortSafety Cohort
(N=13 457)(N=13 457)
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Diabetic SubgroupDiabetic Subgroup
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PLATO study design

NSTE-ACS (moderate-to-high risk) STEMI (if primary PCI)
Clopidogrel-treated or -naive;

d i d ithi 24 h f i d trandomised within 24 hours of index event 
(N=18,624)

Clopidogrel
If pre-treated, no additional loading dose;
if nai e standard 300 mg loading dose

Ticagrelor
180 mg loading dose, thenif naive, standard 300 mg loading dose,

then 75 mg qd maintenance;
(additional 300 mg allowed pre PCI)

g g ,
90 mg bid maintenance;

(additional 90 mg pre-PCI)

6–12-month exposure

Primary endpoint: CV death + MI + Stroke 
Primary safety endpint: Total major bleeding

PCI = percutaneous coronary intervention; ASA = acetylsalicylic acid; 
CV = cardiovascular; TIA = transient ischaemic attack 



K-M estimate of time to first primary efficacy 
event (composite of CV death, MI or stroke)
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K-M = Kaplan-Meier; HR = hazard ratio; CI = confidence interval   



Secondary efficacy endpoints over time 
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Stent thrombosis
(evaluated in patients with any stent during the study)(evaluated in patients with any stent during the study)

Ticagrelor
(n=5 640)

Clopidogrel
(n=5 649)

HR 
(95% CI) p value(n 5,640) (n 5,649) (95% CI) p value

Stent thrombosis, n (%)

Definite 71 (1.3) 106 (1.9) 0.67 (0.50–0.91) 0.009

Probable or definite

Possible, probable, definite       

118 (2.1)          

155 (2.8)

158 (2.8)

202 (3.6)

0.75 (0.59–0.95)

0.77 (0.62–0.95)

0.02

0.01( ) ( ) ( )

*Time-at-risk is calculated from  first stent insertion in the study or date of randomisation



Time to major bleeding – primary safety event 
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Non-CABG and CABG-related major bleeding
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• Vorapaxar:  
Platelet

Vorapaxar First-in-class
Oral PAR-1 
inhibitorThrombin PAR-1

Vorapaxar

• Metabolism: 
Primarily hepatic 
via CYP 3A4

PAR-4

Thrombin PAR 1

via CYP 3A4
Terminal half-life: 
~126–269 hrs

• Prior trials:
Anionic

h h li id

Clopidogrel
Prasugrel
Ticagrelor
C l • Prior trials:

No increase in 
bleeding and 
f MI

TBX A2
TBXA2-R

phospholipid
surfacesADP P2Y12

Cangrelor

fewer MIs
GP IIb/IIIa

ASA

Chackalamannil S, J Med Chem, 2006



Trial Design NSTE Acute Coronary 
Syndromes

NSTE Acute Coronary 
SyndromesSyndromesSyndromes

Key inclusion criteria
• Within 24 hrs of symptoms
• biomarkers or ECG changes

1:1
Randomized
Double blind VorapaxarPlacebo

• 1 other high-risk feature

Double-blind Vorapaxar
Loading: 40 mg 

Maintenance: 2.5 mg daily

Placebo

Follow up: 1 4 8 12 months then every 6 monthsFollow-up: 1, 4, 8, 12 months, then every 6 months
Standard of care based on practice guidelines

Efficacy Endpoints
Primary: CV death, MI, stroke, hospitalization for ischemia, urgent revascularization
Key Secondary: CV death, MI, stroke

Bleeding Endpoints: GUSTO moderate or severe and clinically significant TIMI bleedingBleeding Endpoints: GUSTO moderate or severe and clinically significant TIMI bleeding



Primary Endpoint
CV Death, MI, Stroke, Hospitalization for Ischemia, Urgent Revascularization C ea , , S o e, osp a a o o sc e a, U ge e ascu a a o

Placebo Vorapaxar
2-year KM rate 19.9% 18.5%

HR (95% CI): 0.92 (0.85, 1.01)
P-value= 0.072

No. at risk
Placebo 6471 5844 5468 5121 3794 2291 795
Vorapaxar 6473 5897 5570 5199 3881 2318 832Vorapaxar 6473 5897 5570 5199 3881 2318 832



Key Secondary Endpoint
CV Death, MI, StrokeC ea , , S o e

Placebo Vorapaxar
2-year KM rate 16.4% 14.7%

HR (95% CI): 0.89 (0.81, 0.98)
P-value= 0 018P-value= 0.018

No. at risk
Placebo 6471 5895 5575 5263 3922 2383 830
Vorapaxar 6473 5949 5684 5356 4023 2427 868Vorapaxar 6473 5949 5684 5356 4023 2427 868



ICH

Bleeding Outcomes
GUSTO M d t /S ICHGUSTO Moderate/Severe 

Placebo Vorapaxar

2-year KM rate 5.2% 7.2%

Placebo Vorapaxar

2-year KM rate 0.24% 1.07%

HR (95% CI): 3.39 (1.78, 6.45)
P-value <0 001P-value <0.001

HR (95% CI): 1.35 (1.16, 1.58)
P-value <0.001

No. at risk
6441 5536 5137 4674 3393 1972 650

No. at risk
6441 5673 5281 4823 3511 2038 6786441 5536 5137 4674 3393 1972 650

6446 5529 5108 4598 3278 1883 625
6441 5673 5281 4823 3511 2038 678
6446 5694 5272 4760 3411 1965 657



Balancing Safety and Efficacy
High risk of

ischemic events
High risk of

bleeding events“Sweet spot”

Inhibition of platelet aggregation

Ischemic risk Bleeding risk
Ferreiro & Angiolillo. Thromb Haemost 2010 (in press)


