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Pharmacogenomics and Clopidogrel
Irrational Exuberance?
Steven E. Nissen, MD

ON MARCH 12, 2010, THE US FOOD AND DRUG

Administration (FDA) announced that clopi-
dogrel would receive a “boxed warning,” the
agency’s highest level of alert (BOX).1 The back-

ground for this warning originated from the observation
that clopidogrel is a prodrug that requires metabolic con-
version to its active moiety by cytochrome P450 subclass
2C19 (CYP2C19). Specifically, the boxed warning cau-
tioned that slow metabolism of clopidogrel was associated
with higher cardiovascular event rates and suggested that
genetic testing could identify individuals who were slow me-
tabolizers, thereby allowing physicians to implement “al-
ternative treatment strategies.” This FDA announcement was
instantly controversial. In a highly unusual move, the Ameri-
can Heart Association (AHA) and American College of Car-
diology (ACC) rapidly issued a consensus document stat-
ing that “The evidence base is insufficient to recommend
either routine genetic or platelet function testing at the
present time.”2 This scientific controversy has continued un-
abated for nearly 2 years.

In this issue of JAMA, Holmes et al3 provide a critical analy-
sis that is useful for resolving this ongoing debate. The au-
thors meticulously examined 32 original research studies
that evaluated CYP2C19 genotyping as a predictor of re-
sponse to clopidogrel therapy. Twenty-six studies assessed
the relationship between the CYP2C19 genotype and levels
of clopidogrel metabolites, platelet reactivity, and clinical
outcome, including risk of bleeding in patients treated with
clopidogrel. Six studies were randomized clinical trials that
studied the relationship between CYP2C19 genotype and oc-
currence of major cardiovascular clinical outcomes, includ-
ing bleeding. The results of these analyses showed no evi-
dence for a significant association between CYP2C19
genotype and any important cardiovascular outcome.

It now appears that the FDA warning reflected a case of
“irrationalexuberance,”aphrasepopularizedby formerchair-
man of the Federal Reserve Alan Greenspan when describing
the exponential increase in stock prices a few years before the
“dot-com bubble” burst in March 2000.4,5 The enthusiasm for
dot-com stocks led to unrealistic expectations for rapid suc-

cessofcompanieswithoutdocumentedfinancialperformance.
Similarly, the success of pharmacogenomics in some fields of
medicine has led to unrealistic expectations for many other
specialties, including cardiovascular medicine. In oncology,
pharmacogenomicapproacheshaverevolutionizedtreatment,
suchas theenhancedresponseofpatientswithhumanepider-
mal growth factor receptor 2 (HER2)-positive breast cancer to
trastuzumab.6 Unfortunately, in the popular press, the con-
cept of personalized medicine has taken on a nearly cult like
followingwithpublicpronouncementsdescribinghowfuture
physicians will use therapies that reflect the specific genetic
makeupof individualpatients.Nomatterhowpromising,phar-
macogeneticapproachestotreatmentmustwithstandthesame
scrutiny required of all therapeutic advances—careful evalu-
ation through well-designed randomized clinical trials.

In the case of clopidogrel pharmacogenomics, what went
wrong? First, most initial studies that supported genetic test-
ing were primarily based on analysis of surrogate markers, typi-
cally examining the association between CYP2C19 loss-of-
function alleles and clopidogrel metabolites, platelet reactivity,
or both. Over the last several decades, clinicians and research-
ers have learned painful lessons about the substitution of sur-
rogate end points, such as relying on cholesterol or glucose
levels as alternatives for clinically important cardiovascular
events such as death, myocardial infarction, or stroke. Re-
peatedly, drugs that improve biochemical or physiological mea-
sures of disease have failed to favorably affect clinical out-
comes. Examples include estrogen, rosiglitazone, torcetrapib,
and nesiritide. Accordingly, when examining the pharmaco-
genetic factors influencing the efficacy of a drug such as clopi-
dogrel, the effects of CYP2C19 loss-of-function alleles on
antiplatelet efficacy cannot be equated to increases in cardio-
vascular morbidity and mortality.

It also appears that initial enthusiasm for CYP2C19 genetic
testing may have been inappropriately influenced by publica-
tion bias, a vexing problem in medical research not limited to
commercially sponsored trials.7 In the study by Holmes et al,3

there was strong evidence that publication bias affected the
smallerstudies(�200patients) thatexaminedoutcomes inpa-
tients with loss-of-function alleles (Harbord test P=.001). In

See also p 2704.

Author Affiliation: Department of Cardiovascular Medicine, Cleveland Clinic Foun-
dation, Cleveland, Ohio.
Corresponding Author: Steven E. Nissen, MD, Department of Cardiovascular Medi-
cine, Cleveland Clinic Foundation, 9500 Euclid Ave, Desk F25, Cleveland, OH 44195
(nissens@ccf.org).

©2011 American Medical Association. All rights reserved. JAMA, December 28, 2011—Vol 306, No. 24 2727

 at University of Pennsylvania on January 11, 2012jama.ama-assn.orgDownloaded from 

http://jama.ama-assn.org/


the smallest studies (ie, with �99 CVD events), the point es-
timate for the hazard ratio for cardiovascular morbidity and
mortality was 1.83 (95% CI, 1.50-2.23). When analyses were
restricted to larger studies (ie,with�200events), thepointes-
timateforthehazardratioforcardiovascularmorbidityandmor-
talitywas0.97(95%CI,0.86-1.09), indicatingnoevidence for
a less favorable outcome in slower metabolizers. Their careful
attention to the issue of publication bias allowed the authors
tomoreaccuratelyassess theclinical relevanceofslowmetabo-
lism of clopidogrel. The results are compelling.

Prior recent studies and systematic reviews that have at-
tempted to ascertain the importance of clopidogrel pharma-
cogenomics on the efficacy of clopidogrel have yielded con-
tradictory findings.8-11 In the recently published GRAVITAS
trial, more than 2000 patients with high residual platelet re-
activity after standardized clopidogrel dosing were random-
ized to continue this dosage vs a doubling of the standard dos-
age.10 During 6-month follow-up, the hazard ratio for
cardiovascular death, myocardial infarction, and stroke was
1.01 (95% CI, 0.58-1.76). Although these authors used func-
tional testing of platelet reactivity rather than genetic testing,
the results provide no evidence that differences in response
to clopidogrel influenced clinical outcomes. An analysis of 2
large randomized trials involving 5059 patients also showed
no modification of the benefits of clopidogrel in patients with
reduced-functionalleles.11 However, anothermeta-analysis con-
cluded that even 1 reduced-function allele was associated with
a significantly increased risk of major cardiovascular events.10

None of the prior systematic reviews were as thorough and
rigorous as the report by Holmes et al.8,9

The consequences of the FDA’s leap to judgment regard-
ing CYP2C19 testing cannot be underestimated. Several com-
panies subsequently received FDA approval to market prod-
ucts for testing either CYP2C19 reduced-function alleles or

platelet reactivity. The societal cost of such testing proce-
dures remains unknown, but according to the FDA, the “per-
patient” charge for genetic testing ranges from $60 to $500.12

Because clopidogrel is one of the most widely used drugs
in medicine, the potential cost to the health care system of
universal genetic testing is substantial. Preventing inappro-
priate CYP2C19 testing could yield substantial savings for
the health care system. In this respect, the study by Holmes
et al,3 which provides no evidence to support CYP2C19 test-
ing, should influence clinical practice.

Like all meta-analyses, the report by Holmes et al3 has im-
portant limitations. Although the authors attempted to com-
pensate for publication bias, it remains possible that other in-
formativebutunpublishedstudiesmightalter their conclusions.
The authors did not have access to patient-level data, which
is always preferred when conducting this type of analysis. A
large randomized controlled trial is needed to adequately test
the clopidogrel pharmacogenomic hypothesis. In the ab-
sence of such a study, physicians should use CYP2C19 or plate-
let reactivity testing rarely, if ever, and interpret the results
with caution. It is still likely that pharmacogenomics has a
bright future in cardiovascular medicine, but the pharmaco-
genomics approach to drug therapy must undergo the same
rigorous testing for efficacy and cost-effectiveness that is re-
quired for other therapies. Overzealous adoption based on lim-
ited biochemical data does not serve the public interest.
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Box. Boxed Warning Appearing at the Top of the
Product Label Approved by the US Food and Drug
Administration for Clopidogrel

Warning: Diminished Effectiveness in Poor Metabolizers. (See
full prescribing information for complete boxed warning.)

•Effectiveness of Plavix depends on activation to an ac-
tive metabolite by the cytochrome P450 (CYP) system, prin-
cipally CYP2C19.

•Poor metabolizers treated with Plavix at recommended
doses exhibit higher cardiovascular event rates following acute
coronary syndrome (ACS) or percutaneous coronary inter-
vention (PCI) than patients with normal CYP2C19 function.

•Tests are available to identify a patient’s CYP2C19 geno-
type and can be used as an aid in determining therapeutic
strategy.

•Consider alternative treatment or treatment strategies
in patients identified as CYP2C19 poor metabolizers.
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