
1



2



3



4



5



Note: This is a build slide.  Click to advance the various boxes.

The importance of the activated platelet in the pathogenesis of ACS is highlighted 
on this slide.  Many of the key questions surrounding this area of investigation and 
pharmacotherapy are presented in a sequential fashion, however as the spokes and 
bidirectional arrows indicate, there is significant inter-relatedness of these issues 
and indeed, the therapeutic and prognostic considerations linked to these issues 
share considerable overlap.
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The platelet, once thought to be solely involved in clot formation, is now known to be 
a key mediator in various others processes such as inflammation, thrombosis, and 
atherosclerosis. Supported by the wealth of evidence from clinical trials 
demonstrating their benefits in patient outcomes, antiplatelet agents have become 
paramount in the prevention and management of variousdiseases involving the 
cardiovascular, cerebrovascular, and peripheral arterial systems. Despite being 
among the most widely used and studied classes of medical therapies, new 
discoveriesregarding important clinical aspects and properties of these agents 
continue to be made. As our understanding of plateletbiology expands, more 
effective and safer novel therapies continue to be developed. The use of more 
refined agents in conjunction with a better understanding of their effects will further 
the ability to provide more optimized care on an individual basis.

Reference :

Meadows TA, Bhatt DL. Clinical aspects of platelet inhibitors and thrombus 
formation. Circ Res. 2007;100:1261-75.
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Role of Platelet Activation and Aggregation in Ischemic Syndromes is 
shown in this graphic. Platelets flow in the blood as smooth disks until they 
are activated and change their conformation into spiny spheres (Panel A). 
Healthy endothelium secretes nitric oxide (NO) and prostacyclin (PGI2), 
which help keep the platelets in an inactive state. CD39 on the endothelial 
surface converts adenosine diphosphate (ADP) a powerful activator of 
platelets into adenosine monophosphate (AMP); CD73 converts AMP into 
adenosine, which further prevents the activation of platelets. Injury to the 
endothelium exposes numerous ligands such as von Willebrand factor and 
collagen, which can bind their respective receptors, such as glycoprotein 
Ib/IX/V and glycoprotein VI, on platelets (Panel B). The activated platelet 
then releases numerous prothrombotic factors, such as thromboxane A2 
(TxA2) and ADP, which themselves further activate platelets and amplify 
the thrombotic process (Panel C). Cross-linking by means of fibrinogen 
binding to the glycoprotein IIb/IIIa receptor on platelets leads to the 
formation of platelet aggregates (Panel D). The P2Y12 subtype of the ADP 
receptor is the site of action of both prasugrel and clopidogrel, as well as of 
other compounds currently in development (Panel E). Both prasugrel and 
clopidogrel are thienopyridines that are prodrugs (Panel F). Their active 
metabolites bind irreversibly to the P2Y12 ADP receptor and inhibit platelet 
activation and subsequent aggregation.

Reference :

Bhatt DL. Intensifying platelet inhibition – navigating between Scylla and 
Charybdis. N Engl J Med. 2007;357:2078-81.



Injury to the vasculature either by shear forces, plaque rupture, or percutaneous 
interventions cause an initial activation of platelet responsiveness related to a 
adenosine diphosphate (ADP) and thromboxane A2. These receptors stimulate 
intracellular pathways that affect the ITG B3 gene which encodes the glycoprotein 
Iib/IIa receptor, activating a process of platelet aggregation.

Platelets are the principal effectors of cellular hemostasis and key mediators in the 
pathogenesis of thrombosis. A variety of membrane receptors determine platelet 
reactivity with numerous agonists and adhesive proteins, and therefore represent 
key targets for the development of antiplatelet drug therapies. In this regard, several 
rapid-onset and rapid-offset reversible ADP antagonists are in clinical development, 
including reversible oral and rapid-acting intravenous P2Y12 receptor antagonists. 
Novel inhibitors of platelet adhesion in early development target vWF-GPIb/IX and 
collagen-GPVI interactions. Since platelet aggregation also plays such a critical role 
in the pathogenesis of arterial thrombosis, more potent agents that interfere with 
platelet aggregation via other pathways (e.g., the thrombin receptor) are also under 
clinical investigation.

Reference :
Gurbel PA, Becker RC, Mann KG, Steinhubl SR, Michelson AD. Platelet function 
monitoring in patients with coronary artery disease. J Am Coll Cardiol. 
2007;50:1822-34.
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The platelet, once thought to be solely involved in clot formation, is now known to be 
a key mediator in various others processes such as inflammation, thrombosis, and 
atherosclerosis. Supported by the wealth of evidence from clinical trials 
demonstrating their benefits in patient outcomes, antiplatelet agents have become 
paramount in the prevention and management of variousdiseases involving the 
cardiovascular, cerebrovascular, and peripheral arterial systems. Despite being 
among the most widely used and studied classes of medical therapies, new 
discoveriesregarding important clinical aspects and properties of these agents 
continue to be made. As our understanding of plateletbiology expands, more 
effective and safer novel therapies continue to be developed. The use of more 
refined agents in conjunction with a better understanding of their effects will further 
the ability to provide more optimized care on an individual basis.

Reference :

Meadows TA, Bhatt DL. Clinical aspects of platelet inhibitors and thrombus 
formation. Circ Res. 2007;100:1261-75.



The array of antiplatelet therapies available or in clinical development as well as 
their platelet targets and route of administration are illustrated.



The relevant PK/PD properties of clopidogrel and prasugrel are summarized in this 
slide.  Both compounds are thienopyridine pro-drugs which require first-pass hepatic 
metabolism to be converted to the active metabolite capable of irreversibly binding 
the ADP P2Y12 platelet receptor however the metabolic pathway of prasugrel is 
more efficient, yielding a greater amount of active drug as reflected by the 
differential bioavailability and greater inhibition of platelet aggregation, as compared 
with clopidogrel.

Reference :

Macauley TE. Prasugrel: An antiplatelet on the horizon. Cardiology Reviews. 2008. 
Available at: http://www.cardiologyreviewonline.com/issues/articles/2008-05_16.asp. 
Accessed 09/14/09. 
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Novel P2Y12 receptor inhibitors offer promise to overcome many, if not all of the 
limitations associated with clopidogrel.  Prasugrel is an oral thienopyridine derivative 
that binds irreversibly to the P2Y12 receptor.  Prasugrel provides more rapid, more 
potent and more uniform / consistent platelet inhibition than clopidogrel as shown.

References :

Wiviott SD, Antman EM, Gibson CM, Montalescot G, Riesmeyer J, Weerakkody G, 
Winters KJ, Warmke JW, McCabe CH, Braunwald E; TRITON-TIMI 38 
Investigators. Evaluation of prasugrel compared with clopidogrel in patients with 
acute coronary syndromes: design and rationale for the TRial to assess 
Improvement in Therapeutic Outcomes by optimizing platelet inhibitioN with 
prasugrel Thrombolysis In Myocardial Infarction 38 (TRITON-TIMI 38). Am Heart J. 
2006;152:627-35



Platelet reactivity directly affects outcomes of PCI.  Those patients with the 
most reactive platelets (pre-procedure) have the worst outcomes following 
PCI.



The prasugrel dose used in TIMI 38 (60 mg oral load; 10 mg daily) was 
compared with an increased clopidogrel dose regimen (600 mg oral load; 
150 mg daily) in the principle TIMI 44 study. As shown, prasugrel provides 
significantly greater platelet inhibition early (6 hours) and late (14 days) 
following initiation of therapy.
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Clopidogrel provided a 20% relative risk reduction in the composite outcome of MI, 
stroke or CV death (95% CI 0.72-0.90, P < 0.001). Overall there were 719 (11.4%) 
first events in the placebo group and 582 (9.3%) in the clopidogrel group. The 
hazard rate curves began to separate within the first few hours after therapy 
initiation and continued to diverge over the remainder of the trial.
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For the end point of MI or cardiovascular death from time of randomization to end of 
follow-up, treatment with clopidogrel in addition to aspirin and other standard 
therapy resulted in a 31% RRR (8.8% clopidogrel vs. 12.6% placebo, P = 0.002). 
The curves diverged early and continued to separate over the course of 12 months. 
This end point included events that were prevented prior to PCI, in addition to those 
following the procedure.

There were consistent reductions in MI or cardiovascular death in almost every 
subgroup examined



Of the 15,603 patients enrolled in CHARISMA, 3,846 (24.6%) of patients were 
noted to have a history of prior myocardial infarction.  In these patients, extended 
dual antiplatelet therapy with aspirin and clopidogrel was associated with a 
significant 1.7 absolute decrease (HR=0.774 (95% CI [0.613–0.978])

p = .031) in the risk of major cardiovascular events, as compared with aspirin and 
placebo.

Bhatt DL, et al. J Am Coll Cardiol. 2007;49:1982-1988
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Study design for the TRITON TIMI 38 study.



In the TRITON TIMI-38 randomized trial 13,608 patients with moderate to high-risk 
ACS (74% NSTE-ACS, 26% STEMI) scheduled to undergo percutaneous coronary 
intervention were randomized to clopidogrel 300 mg oral loading dose and 75 mg 
daily maintenance dose vs. prasugrel 60 mg oral loading dose and 10 mg daily 
maintenance dose. The primary efficacy end point was death from cardiovascular 
causes, nonfatal myocardial infarction, or nonfatal stroke. The key safety end point 
was major bleeding.  As noted, a 19% relative risk reduction (2.2% ARR) was 
observed in the prasugrel-treated group.  Overall mortality was not different 
between the two groups.  A 32% relative (0.6% absolute increase) in TIMI major 
non-CABG related bleeding was observed (2.4% vs. 1.8%; hazard ratio 1.32; P < 
0.001) with increases in life-threatening bleeding (1.4% vs. 0.9%;P = 0.01), 
including nonfatal bleeding (1.1% vs. 0.9%; hazard ratio, 1.25; P = 0.23) and fatal 
bleeding (0.4% vs. 0.1%; P = 0.002).

Wiviott SD et al. Prasugrel versus Clopidogrel in Patients with Acute Coronary 
Syndromes.  N Engl J Med. 2007;357:2001-2015. 

26



Of note, the rate of definite or probable stent thrombosis, as defined by the 
Academic Research Consortium, was significantly reduced in the prasugrel group 
as compared with the clopidogrel group, (1.1% vs. 2.4%; hazard ratio, 0.48; 95% CI, 
0.36 to 0.64; P<0.001). This observation extended to patients receiving bare metal 
stents alone (hazard ratio, 0.52; 95% CI, 0.35 to 0.77; P<0.001) as well as those 
receiving at least one drug-eluting stent (hazard ratio, 0.43; 95% CI, 0.28 to 0.66; 
P<0.001).

27



In a post-hoc analysis of the TRITON TIMI-38 data, three key patient subgroups 
were identified, in whom overall clinical efficacy was reduced and the observed 
bleeding risk appeared to be greater than the overall study population.  Patients with 
prior history of stroke or TIA did numerically worse on prasugrel with respect to the 
primary efficacy endpoint and also had an increase in major bleeding including 
intracranial hemorrhage.  Elderly patients (> 75 years of age) and patients of low 
body weight (< 60 kg) neither had net clinical benefit or net clinical harm.

28



The Duke LANDMARK study analyzed more than 4000 patients following 
DES or BMS through 2 years follow-up. Patients self-reported clopidogrel 
compliance at 6 and 12 months.  As shown, DES-treated patients who 
remained on clopidogrel at 6 months enjoyed a reduction in death or non-
fatal MI through 2 years compared with BMS-treated patients regardless of 
clopidogrel status.  Furthermore (not shown), DES patients who were 
clopidogrel-compliant at 1 year enjoyed a survival advantage through 2 years 
when compared with BMS-treated patients regardless of clopidogrel status.



The Duke LANDMARK study analyzed more than 4000 patients following 
DES or BMS through 2 years follow-up. Patients self-reported clopidogrel 
compliance at 6 and 12 months.  As shown, DES-treated patients who 
remained on clopidogrel at 6 months enjoyed a reduction in death or non-
fatal MI through 2 years compared with BMS-treated patients regardless of 
clopidogrel status.  Furthermore (not shown), DES patients who were 
clopidogrel-compliant at 1 year enjoyed a survival advantage through 2 years 
when compared with BMS-treated patients regardless of clopidogrel status.



The duration of dual antiplatelet therapy (clopidogrel plus aspirin) was 
evaluated in a large DES registry experience.  Approximately 80% of 
patients were compliant to 6 months therapy.  Although stent thrombosis was 
increased in those who discontinued clopidogrel before 6 months, the risk of 
stent thrombosis did not differ by clopidogrel compliance status after 6 
months.  This study suggest that 6 months of dual antiplatelet therapy may 
be adequate following DES.



In this study SES was implanted in 2,853 lesions (52.9%) and PES in 2,536 lesions 
(47.1%).  Overall 1.9% of patients experienced stent thrombosis at 18 months 
followup with 1.4% occurring within the first 6 months.  From 6 months to 18 
months, use of thienopyridine therapy did not seem to impact the incidence of stent 
thrombosis. Renal failure, treatment with glycoprotein IIb/IIIa inhibitors, use of an 
intra-aortic balloon pump, and stent implantation in the left anterior descending 
artery were all more frequent in patients who developed stent thrombosis.

32



Thienopyridine noncompliance has been identified as a significant 
contributor to DES thrombosis.  In a large registry experience, the 
discontinuation of clopidogrel within 3 months following Cypher or 6 months 
following Taxus stent deployment was associated with a significant (~ 70 X) 
increase in stent thrombosis. 

Iakovou I, Schmidt T, Bonizzoni E, et al. Incidence, predictors, and outcome of thrombosis after 
successful implantation of drug-eluting stents. JAMA.2005;293:2126-2130.



How long is enough for dual antiplatelet therapy?  Data from the U.S. VA 
hospital system analyzed mortality in 1500 patients treated with BMS (66%) 
or DES by clopidogrel compliance in follow-up.  As shown, longer-term 
clopidogrel compliance appears to be associated with a survival advantage 
for both BMS and DES-treated patients.



Patients receiving dual antiplatelet treatment with aspirin and clopidogrel are commonly 
treated with proton pump inhibitors (PPIs). Attenuating effects on platelet response to 
clopidogrel have been reported solely for the PPI omeprazole. PPIs differ in their 
metabolization properties as well as their potential for drug-drug interactions. The aim of 
this study was to investigate the impact of different PPIs (pantoprazole, omeprazole, 
esomeprazole) on platelet response to clopidogrel in patients with previous coronary stent 
placement under chronic clopidogrel treatment. In a cross-sectional observational study, 
consecutive patients under clopidogrel maintenance treatment (n = 1,000) scheduled for a 
control coronary angiography were enrolled. Adenosine diphosphate (ADP)-induced 
platelet aggregation (in AU*min) was measured with multiple electrode platelet 
aggregometry (MEA). From the entire study population, 268 (26.8%) patients were under 
PPI treatment at the time point of platelet function testing (pantoprazole, n = 162; 
omeprazole, n = 64; esomeprazole, n = 42). Platelet aggregation (median [interquartile
range]) was significantly higher in patients with omeprazole treatment (295.5 [193.5-571.2] 
AU*min) compared to patients without PPI treatment (220.0 [143.8-388.8] AU*min; p = 
0.001). Platelet aggregation was similar in patients with pantoprazole (226.0 [150.0-401.5] 
AU*min) or esomeprazole (209.0 [134.8-384.8] AU*min) treatment compared to patients 
without PPI treatment (p = 0.69 and p = 0.88, respectively). Attenuating effects of 
concomitant PPI treatment on platelet response to clopidogrel were restricted to the use of 
omeprazole. No attenuating effects on platelet response to clopidogrel were observed for 
pantoprazole or esomeprazole. Specifically designed and randomized clinical studies are 
needed to define the impact of concomitant PPI treatment on adverse events after 
percutaneous coronary intervention.
Sibbing D, Morath T, Stegherr J, Braun S, Vogt W, Hadamitzky M, Schömig A, Kastrati A, 
von Beckerath N. Impact of proton pump inhibitors on the antiplatelet effects of clopidogrel.
Thromb Haemost. 2009;101:714-9
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Association between acid-reducing therapies and adverse outcomes. Current use of 
proton pump inhibitors (within 30 days before the index date) was associated with 
recurrent infarction within 90 days and 1 year following hospital discharge after 
treatment of acute myocardial infarction (MI) among patients who were receiving 
clopidogrel. No such association was apparent with earlier therapy or among 
patients who were not receiving clopidogrel following acute MI. Treatment with 
histamine H2-receptor antagonists or pantoprazole, neither of which inhibits 
cytochrome P450 2C19, was not associated with recurrent infarction, whereas 
treatment with other proton pump inhibitors (omeprazole, lansoprazole and 
rabeprazole) was associated with reinfarction. Risk of death was not increased 
during therapy with proton pump inhibitors.

Juurlink DN, Gomes T, Ko DT, Szmitko PE, Austin PC, Tu JV, Henry DA, Kopp A, 
Mamdani MM. A population-based study of the drug interaction between proton 
pump inhibitors and clopidogrel. CMAJ. 2009;180:713-8. 
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Results from the only randomized controlled trial to compare the proton pump inhibitor (PPI) 
omeprazole with placebo in patients taking clopidogrel has found absolutely no difference 
in the risk of cardiovascular events or MI and a benefit in terms of reduced GI effects in 
patients taking the PPI.
COGENT trial was a phase 3 study testing the CGT-2168 in patients requiring clopidogrel 
for at least 12 months, typically following non-ST-segment-elevation ACS, STEMI, or stent 
implantation. CGT-2168 was to be a once-daily pill that combined 75-mg clopidogrel with 
20 mg of omeprazole. 
The study was stopped with only 3627 patients enrolled out of the roughly 5000 
investigators had hoped to recruit. Mean follow-up was 133 days (and a maximum of 362 
days), with 136 adjudicated CV events and 105 adjudicated GI events. An additional 14 
events have not yet been adjudicated.
Of the adjudicated events, 67 cardiovascular events—a composite of CV death, nonfatal 
MI, CABG or PCI, or ischemic stroke—occurred in the placebo group and 69 in the 
omeprazole group. For the end points of MI alone and revascularization procedures alone, 
results were identical.
In analyses taking into account baseline variables or medical history, there was no signal of 
increased cardiovascular events for patients treated with omeprazole in any subgroup. By 
contrast, looking just at GI events (upper-GI bleeding, symptomatic upper-GI bleeding, pain 
of presumed GI origin with underlying multiple erosive disease), researchers found that 
event rates were significantly higher in patients randomized to placebo.

Reference:
COGENT: no cardiovascular events but significant gastrointestinal benefits of PPI, 
omeprazole. Available at: http://www.theheart.org/article/1007145.do. Accessed 09/28/09.
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Montalescot G, Sideris G, Meuleman C, Bal-dit-Sollier C, Lellouche N, Steg PG, 
Slama M, Milleron O, Collet JP, Henry P, Beygui F, Drouet L; ALBION Trial 
Investigators. A randomized comparison of high clopidogrel loading doses in 
patients with non-ST-segment elevation acute coronary syndromes: the ALBION 
(Assessment of the Best Loading Dose of Clopidogrel to Blunt Platelet Activation, 
Inflammation and Ongoing Necrosis) trial. J Am Coll Cardiol. 2006;48:931-8.
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In the PREPAIR study, patients undergoing elective angiography and PCI (n=148) 
were randomly assigned to one of 3 treatment regimens: Group A, clopidogrel 300 
mg the day before

+75 mg the morning of the procedure; Group B, clopidogrel 600 mg the morning of 
the procedure (at least 2 hours); and Group C, clopidogrel 600 mg the day before 
and 600 mg the morning of the procedure (2 hours). Peak and late platelet 
aggregation were measured in platelet rich plasma, with researchers blinded to 
treatment allocation.

Figure 1 plots the percentage of patients that are hypo-responsive by 3 definitions 
of resistance: <10%, <20% and <40% decrease in peak platelet aggregation to 20 
mmol/L ADP.  For all definitions, there is no significant difference between Groups A 
and B and significant differences between Groups C vs. A or B.  Figure 2 illustrates 
that late aggregation using 2 concentrations of agonist is suppressed more 
effectively by a 600 mg double-load of clopidogrel than either of the single load 
regimens.
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Bonello and colleagues evaluated the value of serial oral clopidogrel loading doses 
of 600 mg up to a maxiumum of 2,400 mg in patients undergoing PCI, using VASP 
phosphorylation guidance.  A total of 162 PCI patients deemed non-responsive 
(VASP ratio > 50%) to a 600 mg oral load of clopidogrel 24 hours prior to testing 
were randomized to a control group vs. a VASP-guided therapy group.  Patients in 
the VASP-guided group received up to 3 additional doses of 600 mg clopidogrel 
were given in a stepped fashion in 24 hour increments, prior to PCI in an effort to 
drive the VASP ratio below 50%.  The control group underwent PCI without 
additional boluses of clopidogrel.  At 30 day followup there were significantly fewer 
major adverse cardiac events (0% vs. 10%, P = 0.007) in the VASP-guided group 
as compared with the control group, with no increase in major and minor bleeding 
(5% vs. 4%, P = 1.0). 
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In the OPTIMUS study, patients with Type II diabetes mellitus and a history of CAD 
on chronic dual antiplatelet therapy (n=64) were screened to identify suboptimal 
clopidogrel response (defined as >50% maximal aggregation by 20 mmol/L ADP-
stimulated PRP aggregometry, Timepoint 1, n=40).  These suboptimal responders 
were then randomized to 2 maintenance regimens of clopidogrel for 30 days: 75 mg 
daily vs. 150 mg daily.  Platelet aggregometry was performed at 30 days on 
allocated therapy (Timepoint 2).  Thereafter all patients resumed the standard 75 
mg oral daily dose and aggregometry was again performed 30 days later (Timepoint 
3).  After 30 days on randomized therapy maximal adenosine diphosphate–induced 
(20 mol/L) platelet aggregation was significantly reduced in the 150-mg group 
compared with the 75-mg group (52.3% vs. 63.1%; P = 0.002).  Despite this, 
approximately 60% of the patients on 150 mg therapy still manifested suboptimal 
response.  All platelet aggregation parameters in the 150 mg maintenance group 
returned to baseline (Timepoint 1) after the 75 mg maintenance dose was 
reinstituted.
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Acute ASA dosing (325/325 vs. 325/81) in ACS  
Objective
To evaluate the efficacy and safety of (1) a higher loading and initial maintenance dose of 
clopidogrel compared with the standard-dose regimen and (2) high-dose ASA compared 
with low-dose ASA in patients with ST or non–ST-segment-elevation ACS managed with an 
early invasive strategy.
Design
Multicenter, international, randomized, 2×2 factorial design trial evaluating a clopidogrel 
high-dose regimen (600 mg loading dose on day 1 followed by 150 mg once daily on days 
2 to 7, followed by 75 mg once daily on days 8-30) compared with the standard-dose 
regimen (300 mg loading dose on day 1, followed by 75 mg once daily on days 2-30) and 
high-dose ASA (300-325 mg daily) versus low-dose ASA (75-100 mg daily) in patients with 
ST or non–ST-segment-elevation ACS managed with an early invasive strategy. The 
clopidogrel dose comparison is double-blind and the ASA dose comparison is open-label. 
The primary outcome is the composite of death from cardiovascular causes, myocardial 
(re)infarction or stroke up to day 30. The primary safety outcome is major bleeding. The 
sample size is 18,000 to 20,000 patients.

1. Mehta SR, Bassand JP, Chrolavicius S, Diaz R, Fox KA, Granger CB, Jolly S, Rupprecht
HJ, Widimsky P, Yusuf S; CURRENT-OASIS 7 Steering Committee. Design and 
rationale of CURRENT-OASIS 7: a randomized, 2 x 2 factorial trial evaluating optimal 
dosing strategies for clopidogrel and aspirin in patients with ST and non-ST-elevation 
acute coronary syndromes managed with an early invasive strategy. Am Heart J. 
2008;156:1080-8.
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There was no significant difference in the overall cohort of patients who received a 
higher loading and maintenance dose of clopidogrel, most likely because the 
patients who did not undergo PCI had no significant coronary disease by 
angiogram, or the drug was stopped when patients were scheduled for CABG 
surgery. 

In focusing on the 17 232 patients who underwent PCI, there was a significant 15% 
reduction in cardiovascular, death, MI, and stroke, and this reduction was driven by 
a significant 22% reduction in the risk of MI. In addition, there was a significant 42% 
reduction in the risk of definite stent thrombosis.

clinical implications of this study are such that for every 1000 patients with ACS 
receiving PCI, doubling the loading and maintenance dose of clopidogrel will 
prevent an additional six MIs and seven stent thromboses with an excess three 
severe bleeds and no increase in fatal, CABG-related, or TIMI major bleeds. For 
those not undergoing PCI, they should continue using the standard dose of 
clopidogrel,
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Pena et al. examined the impact of various maintenance doses of clopidogrel as well as prasugrel 10 mg on residual platelet a



BACKGROUND: The inhibitory response to clopidogrel varies widely among individuals. Data 
suggest that patients with high residual platelet reactivity despite clopidogrel therapy are at 
greater risk for thrombotic events after percutaneous coronary intervention (PCI) with drug-
eluting stents (DES). The Gauging Responsiveness with A VerifyNow assay--Impact on 
Thrombosis And Safety (GRAVITAS) trial is designed to evaluate whether tailored clopidogrel 
therapy using a point-of-care platelet function assay reduces major adverse cardiovascular 
events after DES implantation. STUDY DESIGN: GRAVITAS is an international, randomized, 
multicenter, double-blinded, placebo-controlled, clinical trial. Approximately 2,800 patients with 
stable angina/ischemia or non-ST-elevation acute coronary syndrome undergoing PCI with 
DES will be enrolled. Patients with high residual platelet reactivity on clopidogrel therapy 12 to 
24 hours post-PCI will be randomized to standard maintenance clopidogrel therapy (75 mg 
daily) or high-dose clopidogrel therapy (additional loading dose followed by 150 mg daily) for 6 
months. A random sample of patients without high residual reactivity will be followed and 
treated with standard clopidogrel therapy for 6 months. The primary end point is the time to 
first occurrence of cardiovascular death, nonfatal myocardial infarction, or definite/probable 
stent thrombosis. Platelet function analyses will also be performed at 30 days and 6 months. 
Major safety end points include GUSTO severe and moderate bleeding unrelated to coronary 
artery bypass surgery. CONCLUSIONS: GRAVITAS is the first large-scale clinical trial 
designed to examine whether adjustment of clopidogrel therapy on the basis of platelet 
function testing using a point-of-care assay safely improves outcomes after PCI with DES.
Price MJ, Berger PB, Angiolillo DJ, Teirstein PS, Tanguay JF, Kandzari DE, Cannon CP, Topol
EJ. Evaluation of individualized clopidogrel therapy after drug-eluting stent implantation in 
patients with high residual platelet reactivity: design and rationale of the GRAVITAS trial. Am 
Heart J. 2009;157:818-24, 
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Following a 300 mg oral clopidogrel load and 75 mg daily, marked inter-individual 
variability in platelet inhibitory response is evident.  At 5 and 30 days following 
initiation of clopidogrel therapy, between 15 and 31% of patients will demonstrate 
resistance.



Increasing loading dose reduces the prevalence of “resistance” from 28-8%.  
Resistance is not eliminated by the higher loading dose.
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Patients show a heterogeneous response to clopidogrel treatment, with a very wide 
range of platelet inhibition (from <5% to 90% with a roughly normal distribution).55

Several mechanisms have been proposed to account for this variation in response: 
inadequate dosing, individual variability in absorption49, 56 and metabolism of 
clopidogrel,14 genetic polymorphisms that affect CYP45057 or the P2Y12 receptor,58

drug–drug interactions (e.g. with CYP3A4 inhibitors),18 increased platelet turnover, 
and high baseline platelet reactivity associated with comorbid diseases such as 
diabetes mellitus Yusuf S, Zhao F, Mehta SR, et al. Effects of clopidogrel in addition 
to aspirin in patients with acute coronary syndromes without ST-segment elevation. 
N Engl J Med. 2001;345:494-502.

Wallentin L, Varenhorst C, James S, et al. Prasugrel achieves greater and faster 
P2Y12 receptor–mediated platelet inhibition than clopidogrel due to more efficient 
generation of its active metabolite in aspirin-treated patients with coronary artery 
disease. Eur Heart J. 2008;29:21-30.

Jernberg T, Payne CD, Winters KJ, et al. Prasugrel achieves greater inhibition of 
platelet aggregation and a lower rate of non-responders compared with clopidogrel 
in aspirin-treated patients with stable coronary artery disease. Eur Heart J. 
2006;27:1166-1173.
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Most if not all clopidogrel non-responders (blue) respond to prasugrel



For this study, a non-responder was defined as a subject with IPA <25% in response 
to 5 µM ADP (panel A) or <20% in response to 20 µM ADP
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BACKGROUND: Clopidogrel requires transformation into an active metabolite by cytochrome P-450 
(CYP) enzymes for its antiplatelet effect. The genes encoding CYP enzymes are polymorphic, with 
common alleles conferring reduced function. METHODS: We tested the association between 
functional genetic variants in CYP genes, plasma concentrations of active drug metabolite, and 
platelet inhibition in response to clopidogrel in 162 healthy subjects. We then examined the 
association between these genetic variants and cardiovascular outcomes in a separate cohort of 
1477 subjects with acute coronary syndromes who were treated with clopidogrel in the Trial to 
Assess Improvement in Therapeutic Outcomes by Optimizing Platelet Inhibition with Prasugrel-
Thrombolysis in Myocardial Infarction (TRITON-TIMI) 38. RESULTS: In healthy subjects who were 
treated with clopidogrel, carriers of at least one CYP2C19 reduced-function allele (approximately 
30% of the study population) had a relative reduction of 32.4% in plasma exposure to the active 
metabolite of clopidogrel, as compared with noncarriers (P<0.001). Carriers also had an absolute 
reduction in maximal platelet aggregation in response to clopidogrel that was 9 percentage points 
less than that seen in noncarriers (P<0.001). Among clopidogrel-treated subjects in TRITON-TIMI 
38, carriers had a relative increase of 53% in the composite primary efficacy outcome of the risk of 
death from cardiovascular causes, myocardial infarction, or stroke, as compared with noncarriers
(12.1% vs. 8.0%; hazard ratio for carriers, 1.53; 95% confidence interval [CI], 1.07 to 2.19; P=0.01) 
and an increase by a factor of 3 in the risk of stent thrombosis (2.6% vs. 0.8%; hazard ratio, 3.09; 
95% CI, 1.19 to 8.00; P=0.02). CONCLUSIONS: Among persons treated with clopidogrel, carriers 
of a reduced-function CYP2C19 allele had significantly lower levels of the active metabolite of 
clopidogrel, diminished platelet inhibition, and a higher rate of major adverse cardiovascular events, 
including stent thrombosis, than did noncarriers.
Mega JL, Close SL, Wiviott SD, Shen L, Hockett RD, Brandt JT, Walker JR, Antman EM, Macias W, 
Braunwald E, Sabatine MS. Cytochrome p-450 polymorphisms and response to clopidogrel. N Engl 
J Med. 2009;360:354-62
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BACKGROUND: Clopidogrel and low-dose aspirin have become the mainstay oral antiplatelet regimen to 
prevent recurrent ischaemic events after acute coronary syndromes or stent placement. The frequent 
genetic functional variant 681 G>A (*2) of cytochrome P450 2C19 (CYP2C19) is an important contributor to 
the wide variability between individuals of the antiplatelet effect of clopidogrel. We assessed whether the 
CYP2C19*2 polymorphism affected long-term prognosis of patients who were chronically treated with 
clopidogrel. METHODS: Between April 1, 1996, and April 1, 2008, 259 young patients (aged <45 years) 
who survived a first myocardial infarction and were exposed to clopidogrel treatment for at least a month, 
were enrolled in a multicentre registry and underwent CYP2C19*2 determination. The primary endpoint 
was a composite of death, myocardial infarction, and urgent coronary revascularisation occurring during 
exposure to clopidogrel. Follow-up was every 6 months. The key secondary endpoint was stent thrombosis 
proven by angiography. FINDINGS: Median clopidogrel exposure time was 1.07 years (IQR 0.28-3.0). 
Baseline characteristics were balanced between carriers (heterozygous *1/*2, n=64; homozygous *2/*2, 
n=9) and non-carriers (n=186) of CYP2C19*2 variant. The primary endpoint occurred more frequently in 
carriers than in non-carriers (15 vs 11 events; hazard ratio [HR] 3.69 [95% CI 1.69-8.05], p=0.0005), as did 
stent thrombosis (eight vs four events; HR 6.02 [1.81-20.04], p=0.0009). The detrimental effect of the 
CYP2C19*2 genetic variant persisted from 6 months after clopidogrel initiation up to the end of follow-up 
(HR 3.00 [1.27-7.10], p=0.009). After multivariable analysis, the CYP2C19*2 genetic variant was the only 
independent predictor of cardiovascular events (HR 4.04 [1.81-9.02], p=0.0006). INTERPRETATION: The 
CYP2C19*2 genetic variant is a major determinant of prognosis in young patients who are receiving 
clopidogrel treatment after myocardial infarction.

Collet JP, Hulot JS, Pena A, Villard E, Esteve JB, Silvain J, Payot L, Brugier D, Cayla G, Beygui F, 
Bensimon G, Funck-Brentano C, Montalescot G. Cytochrome P450 2C19 polymorphism in young patients 
treated with clopidogrel after myocardial infarction: a cohort study. Lancet. 2009;373:309-17.
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BACKGROUND: Both clopidogrel and prasugrel require biotransformation to active 
metabolites by cytochrome P450 (CYP) enzymes. Among persons treated with clopidogrel, 
carriers of reduced-function CYP2C19 alleles have significantly lower levels of active 
metabolite, diminished platelet inhibition, and higher rates of adverse cardiovascular 
events. The effect of CYP polymorphisms on the clinical outcomes in patients treated with 
prasugrel remains unknown. METHODS AND RESULTS: The associations between 
functional variants in CYP genes, plasma concentrations of active drug metabolite, and 
platelet inhibition in response to prasugrel were tested in 238 healthy subjects. We then 
examined the association of these genetic variants with cardiovascular outcomes in a 
cohort of 1466 patients with acute coronary syndromes allocated to treatment with 
prasugrel in the Trial to Assess Improvement in Therapeutic Outcomes by Optimizing 
Platelet Inhibition With Prasugrel-Thrombolysis in Myocardial Infarction 38 trial. Among the 
healthy subjects, no significant attenuation of the pharmacokinetic or the pharmacodynamic 
response to prasugrel was observed in carriers versus noncarriers of at least 1 reduced-
function allele for any of the CYP genes tested (CYP2C19, CYP2C9, CYP2B6, CYP3A5, 
and CYP1A2). Consistent with these findings, in subjects with acute coronary syndromes 
treated with prasugrel, no significant associations were found between any of the tested 
CYP genotypes and risk of cardiovascular death, myocardial infarction, or stroke. 
CONCLUSIONS: Common functional CYP genetic variants do not affect active drug 
metabolite levels, inhibition of platelet aggregation, or clinical cardiovascular event rates in 
persons treated with prasugrel. These pharmacogenetic findings are in contrast to 
observations with clopidogrel, which may explain, in part, the different pharmacological and 
clinical responses to the 2 medications.

Mega JL, Close SL, Wiviott SD, Shen L, Hockett RD, Brandt JT, Walker JR, Antman EM, 
Macias WL, Braunwald E, Sabatine MS. Cytochrome P450 genetic polymorphisms and the 
response to prasugrel: relationship to pharmacokinetic, pharmacodynamic, and clinical 
outcomes. Circulation. 2009;119:2553-60.
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BACKGROUND: Both clopidogrel and prasugrel require biotransformation to active 
metabolites by cytochrome P450 (CYP) enzymes. Among persons treated with clopidogrel, 
carriers of reduced-function CYP2C19 alleles have significantly lower levels of active 
metabolite, diminished platelet inhibition, and higher rates of adverse cardiovascular 
events. The effect of CYP polymorphisms on the clinical outcomes in patients treated with 
prasugrel remains unknown. METHODS AND RESULTS: The associations between 
functional variants in CYP genes, plasma concentrations of active drug metabolite, and 
platelet inhibition in response to prasugrel were tested in 238 healthy subjects. We then 
examined the association of these genetic variants with cardiovascular outcomes in a 
cohort of 1466 patients with acute coronary syndromes allocated to treatment with 
prasugrel in the Trial to Assess Improvement in Therapeutic Outcomes by Optimizing 
Platelet Inhibition With Prasugrel-Thrombolysis in Myocardial Infarction 38 trial. Among the 
healthy subjects, no significant attenuation of the pharmacokinetic or the pharmacodynamic 
response to prasugrel was observed in carriers versus noncarriers of at least 1 reduced-
function allele for any of the CYP genes tested (CYP2C19, CYP2C9, CYP2B6, CYP3A5, 
and CYP1A2). Consistent with these findings, in subjects with acute coronary syndromes 
treated with prasugrel, no significant associations were found between any of the tested 
CYP genotypes and risk of cardiovascular death, myocardial infarction, or stroke. 
CONCLUSIONS: Common functional CYP genetic variants do not affect active drug 
metabolite levels, inhibition of platelet aggregation, or clinical cardiovascular event rates in 
persons treated with prasugrel. These pharmacogenetic findings are in contrast to 
observations with clopidogrel, which may explain, in part, the different pharmacological and 
clinical responses to the 2 medications.

Mega JL, Close SL, Wiviott SD, Shen L, Hockett RD, Brandt JT, Walker JR, Antman EM, 
Macias WL, Braunwald E, Sabatine MS. Cytochrome P450 genetic polymorphisms and the 
response to prasugrel: relationship to pharmacokinetic, pharmacodynamic, and clinical 
outcomes. Circulation. 2009;119:2553-60.
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Oestreich J. SCH-530348, a thrombin receptor (PAR-1) antagonist for the
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In the Phase 2 trial TRA-PCI, a total of 1,031 patients scheduled for angiography 
and possible elective stenting were randomized to SCH 530348 or placebo in a 3:1 
ratio. All patients also received aspirin, clopidogrel, and antithrombin therapy 
(heparin or bivalirudin). Patients randomized to SCH 530348 received one of three 
single-loading doses (10, 20, or 40 mg) prior to  angiography.  In the 573 patients 
who proceeded to PCI, a second randomization was performed for maintenance 
therapy with one of three doses (0.5, 1.0, or 2.5 mg daily) for two months. The 
primary end point was bleeding at 60 days in the PCI cohort; the secondary end 
point was death or major cardiac event. 

Becker RC, Moliterno DJ, Jennings LK, Pieper KS, Pei J, Niederman A, Ziada KM, 
Berman G, Strony J, Joseph D, Mahaffey KW, Van de Werf F, Veltri E, Harrington 
RA; TRA-PCI Investigators. Safety and tolerability of SCH 530348 in patients 
undergoing non-urgent percutaneous coronary intervention: a randomised, double-
blind, placebo-controlled phase II study. Lancet. 2009;373:919-28.
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There was no significant increase in TIMI major and minor bleeding with all doses of 
TRA compared with placebo.
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Although the study was not powered to find differences in ischemic events, there 
was a numeric decrease in ischemic events in patients treated with all doses of TRA 
vs. placebo.
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PRT- 060128 (elinogrel); it is the only reversible inhibitor of P2Y12 in clinical 
development, which may reduce the incidence of bleeding compared with the likes 
of clopidogrel and prasugrel. It also has the benefit of an instant onset of action, as 
it has no prodrug properties. Both iv and oral formulations are under development 
for acute (hospital) and chronic settings. It is currently in a Phase II trial comparing it 
to clopidogrel in patients undergoing non-urgent percutaneous coronary intervention 
(PCI), to assess if these favourable chemical properties translate into a safer and 
more efficacious drug.
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