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despite progress in the diagnosis and treatment of stroke, it is estimated that 
>900 000 patients each year in the United States have a new stroke or transient 
ischemic attack (TIA) with an annual risk of 3% to 4% for recurrent events.1 The 

incidence of stroke or TIA is even higher in some countries such as China.2 Preventing 
stroke is therefore a major worldwide public health issue.

Clopidogrel, in addition to 3 weeks of aspirin therapy, has been effective in re-
ducing the risk of recurrence at 3 months in Chinese patients with TIA or a minor 
acute ischemic stroke, mainly by reducing the risk of recurrent ischemic stroke.3 To 
become active, clopidogrel needs to be metabolized via a 2-step oxidation process 
involving several hepatic cytochrome P450 isoenzymes, notably CYP2C19, and irre-
versibly binds to P2Y12 receptors.4 Conversion of clopidogrel to its active metabolite 
depends on CYP2C19 genetic polymorphisms, with decreased platelet inhibition 
in carriers of 1 or 2 loss-of-function alleles (ie, intermediate or poor metabolizers).

Several studies have shown that in patients with acute coronary syndromes 
treated by clopidogrel, carriers of at least 1 CYP2C19 loss-of-function allele, nota-
bly CYP2C19*2, were at increased risk of major cardiovascular events and stent 
thrombosis, with a gene-dose relationship.5–8 Conversely, the CYP2C19*17 variant 
allele has been related to enhanced levels of active clopidogrel metabolites, greater 
inhibition of ADP-induced platelet aggregation, and increased risk of bleeding without 
an impact on ischemic events.9

The US Food and Drug Administration boxed warning in 2010 stated that CY-
P2C19 genotyping can be used as an aid in assessing the therapeutic safety and 
for considering alternative strategies to CYP2C19 poor metabolizers. From a clini-
cal standpoint, however, the added value of assessing CYP2C19 polymorphisms 
depends on 3 factors: the efficacy of clopidogrel in preventing ischemic events, with 
a favorable risk/benefit profile, in a given population; the prevalence of CYP2C19 
genetic polymorphisms in the population considered for treatment; and the impact 
of nongenetic unmodifiable and modifiable factors (ie, age, diabetes mellitus, drug 
compliance, inadequate dose, smoking status, drug-drug interactions, among many 
others) on clopidogrel platelet inhibition in the target population.

The efficacy of clopidogrel alone in reducing recurrent ischemic events in patients 
with recent stroke or TIA has been limited (with a nonsignificant 7.3% risk reduc-
tion in the CAPRIE trial [Clopidogrel versus Aspirin in Patients at Risk of Ischaemic 
Events]10), but it was substantial (with a 22% risk reduction) when used in combina-
tion with aspirin in the CHANCE trial (Clopidogrel in High-Risk Patients With Acute 
Nondisabling Cerebrovascular Events).3 Whether these latter results are generaliz-
able to other populations is currently being evaluated in the POINT trial (Platelet-
Oriented Inhibition in New TIA and Minor Ischemic Stroke)11 funded by the National 
Institutes of Health (clinical trials.gov; unique identifier: NCT00991029). Indeed, the 
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prevalence of diabetes mellitus and hypertension can be 
higher in China. Moreover, in Caucasian populations, the 
frequency of CYP2C19 loss-of-function alleles ranges 
up to 30%, of whom 2% to 3% are CYP2C19 poor me-
tabolizers. In contrast, among East Asian patients, the 
frequency of intermediate or poor metabolizers reaches 
50% to 60%, of whom 10% to 12% are poor metaboliz-
ers.

In this issue of Circulation, Pan et al12 present the re-
sults of a meta-analysis of genomic data of studies that 
enrolled 4762 clopidogrel-treated patients with stroke 
or TIA. The meta-analysis included 15 studies (3 from 
Europe and 12 from East Asia), of which 11 were per-
formed in China. Most were cohort studies, and one third 
of the overall population is drawn from the genetic sub-
study of the CHANCE trial.13 The authors looked for a re-
lationship between the clinical response to clopidogrel, 
combining vascular mortality, nonfatal myocardial infarc-
tion, and stroke, and CYP2C19 polymorphisms. They 
also summarized the data from all other known genetic 
polymorphisms that could affect the pharmacokinetic, 
pharmacodynamic, and clinical effects of clopidogrel 
and found that none of the polymorphisms were related 
to clinical outcomes.

In contrast, patients carrying any CYP2C19 loss-of-
function allele were at increased risk for stroke (rela-
tive risk, 1.92; 95% confidence interval, 1.57–2.35) 
or vascular events (relative risk, 1.51; 95% confidence 
interval, 1.10–2.06) compared with noncarriers, with no 
significant influence on the risk of bleeding. Because the 
deleterious effect of CYP2C19 loss-of-function variant al-
leles can be partly reduced by the concomitant presence 
of *17, the increased risk associated with CYP2C19 
loss of function might have been even greater if patients 
concomitantly carrying CYP2C19*17 had been classi-
fied as unknown metabolizers and excluded from the 
analysis. Of note, the increased risk of vascular events 
was of a magnitude similar to that observed in invasively 
managed patients with acute coronary syndromes with 
any CYPC19 loss-of-function allele.7

A gene-dose effect of the CYP2C19 loss-of-function 
variant allele, similar to that seen in patients with acute 
coronary syndromes with respect to stent thrombosis,8 
was observed by Pan et al, with homozygous carriers hav-
ing the highest risk of stroke compared with noncarriers 
(relative risk, 2.52; 95% confidence interval, 1.93–3.30 
for homozygous carriers; relative risk, 1.79; 95% confi-
dence interval, 1.45–2.22 for heterozygous carriers).

The current meta-analysis does not rule out publica-
tion bias; a significant heterogeneity was found for the 
composite of vascular events (but not for stroke alone). 
The effect estimate for the composite of vascular 
events, however, remained significant after funnel plots 
and regression tests, suggesting that the results pre-
sented are robust.

How should these results be interpreted, and what are 
the messages for clinicians?

1. The results of this meta-analysis in acute stroke 
are consistent with those previously reported in 
patients with acute coronary syndromes, in whom 
the pathogenesis of recurrent events is more 
clearly linked to intra-arterial thrombosis. This 
gives further credibility to the determinant role 
of CYP2C19 as a necessary step to clopidogrel 
transformation into its active metabolite and its 
association with the ischemic risk.

2. These results also give more substance to the 
value of clopidogrel as an efficacious antithrom-
botic agent in patients with acute ischemic stroke. 
The risk of recurrent events is twice as low in 
wild-type patients, suggesting that, when phar-
macologically sufficiently active, clopidogrel can 
effectively prevent further ischemic events, in par-
ticular at the acute stage (within 24 hours of symp-
tom onset) because a high proportion of recurrent 
strokes occur early. This point is important in view 
of the results of the CAPRIE trial, which enrolled 
patients with recent stroke (<6 months).

3. The added value of CYP2C19 genotyping, how-
ever, depends also on the question, unresolved 
by the current meta-analysis in the absence of pla-
cebo group, of the potential efficacy of the drug 
among the poor/intermediate metabolizers (ie, 
gene-drug interaction). Clopidogrel may have no 
benefit in poor/intermediate metabolizers and may 
become efficacious only in extensive metabolizers 
(ie, carrying no CYP2C19 loss-of-function allele). 
This hypothesis is plausible when contrasting the 
results of the genetic findings with those of the 
overall CHANCE trial, in which 41% of the patients 
only were extensive metabolizers.13 The effect of 
clopidogrel versus placebo in the whole population 
would correspond to an ≈20% reduction in event 
rates, granting that clopidogrel reduced event rates 
by ≈50% in the extensive metabolizers compared 
with poor/intermediate metabolizers and assuming 
that the drug would have no effect in poor/interme-
diate metabolizers. This is in line with the 22% rate 
reduction seen in the CHANCE trial overall.3

4. Therefore, if one considers that the clinical effi-
cacy of clopidogrel in poor/intermediate metabo-
lizers is nil or at least extremely limited in patients 
with acute stroke or those with acute coronary syn-
dromes treated with stenting, the value of genetic 
profiling before treatment depends mostly on the 
prevalence of the mutations. In East Asian popu-
lations, there is little question that genetic profil-
ing would be worthwhile because it would avoid 
unnecessarily treating approximately half of the 
target population. The answer is more complex 
in populations such as Caucasians with a lower 
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prevalence of mutations and raises the issue of the 
cost-effectiveness of this strategy. Because geno-
typing costs have decreased dramatically, such a 
policy may be cost-effective by avoiding potential 
inappropriate long- term treatment in one third of 
the population.

5. It is possible that, in patients with an acute stroke, 
the ischemic/bleeding risk ratio of possible alter-
native antiplatelet drugs, that is, prasugrel or 
ticagrelor, compared with clopidogrel would be 
more optimal among CYP2C19 poor/intermedi-
ate metabolizers than in unselected populations. 
Of note, in genetic substudies of the TRITON trial 
(Therapeutic Outcomes by Optimizing Platelet 
Inhibition With Prasugrel),7,14 the benefit of prasug-
rel versus clopidogrel appeared largely confined to 
patients carrying CYP2C19 loss-of-function alleles 
but not in the extensive metabolizers, who repre-
sented >70% of the overall included patients with 
acute coronary syndromes undergoing percutane-
ous coronary intervention, whereas in the PLATO 
trial (Platelet Inhibition and Patient Outcomes),15 
the superiority of ticagrelor compared with clopi-
dogrel was present regardless of genetic status.

Although evidence of the clinical relevance of CY-
P2C19 genotyping before prescribing clopidogrel is 
available, it remains, to a large extent, circumstantial. 
Definite proof is needed and can been provided only by 
prospective trials, as seen with the failure of trials trying 
to target an antiplatelet regimen according to in vitro 
platelet reactivity testing.16,17 It might be time to con-
sider a prospective trial of personalized medicine using 
CYP2C19 genotyping in acute ischemic stroke and con-
sidering alternative medications in poor/intermediate 
metabolizers such as in the currently ongoing POPular 
(Patient Outcome After Primary PCI) genetics trial in pa-
tients with ST-segment–elevation myocardial infarction 
undergoing percutaneous coronary intervention.18
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