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The antiplatelet drug clopidogrel is effective when used in
combination with aspirin for the prevention of coronary events
in patients with coronary artery stents and acute coronary
syndromes. However, there is growing evidence that despite
this dual antiplatelet therapy some patients experience more
atherothrombotic events than expected.’ This therapeutic failure
has been called 'clopidogrel resistance'. The possible factors
contributing to variability in the response to clopidogrel include
poor adherence, variable bioavailability, drug interactions, and
genetic polymorphisms in drug metabolising enzymes or in
platelet receptors.

Clopidogrel is a prodrug and its active metabolite irreversibly
binds to and inhibits the adenosine diphosphate P2Y12 receptor
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on platelets. Approximately 85% of the dose is metabolised
to an inactive metabolite (by plasma esterases) and 15% is
activated by hepatic cytochrome P450 (CYP) isoenzymes in a
two-step metabolic process involving CYP3A4 and CYP2C19.2

The impact of polymorphisms in the genes that control
clopidogrel absorption, metabolic activation and
pharmacological effect was examined in the French Registry
of Acute ST-Elevation and Non-ST-Elevation Myocardial
Infarction (FAST-MI). This study found that patients who
were given clopidogrel after a myocardial infarction were
more likely to have a recurrent cardiac event if they had an
allelic variation of the CYP2C19 gene that led to reduced
enzyme activity.3 This finding was supported by another
study which included healthy volunteers, and patients
receiving clopidogrel for acute coronary syndrome (Trial to
Assess Improvement in Therapeutic Outcomes by Optimizing
Platelet Inhibition with Prasugrel-Thrombolysis in Myocardial
Infarction, TRITON-TIMI 38). The trial found that people with
CYP2C19 variants encoding for reduced metabolic activity
had lower concentrations of clopidogrel's active metabolite,
reduced platelet inhibition and a higher rate of major adverse
cardiovascular events.? Taken together these data suggest
that the ability to generate adequate concentrations of the
active metabolite is central to the variability in response to

clopidogrel.

The possible impact of concomitant drug therapy on clopidogrel
efficacy (via an effect on concentrations of the active metabolite)
has also been investigated. Two retrospective studies, involving
13 0005 and 8000° patients, have suggested a clinically
significant reduction of efficacy, in terms of recurrent coronary
events, in patients treated with clopidogrel if they were also
receiving proton pump inhibitors. The effect was modest
(approximately 25% increased risk in both studies) and of

only borderline statistical significance, suggesting the need

for caution in interpreting these results. Pantoprazole does

not appear to attenuate clopidogrel's benefits. This has been
attributed to its predominant effect on CYP2C9 inhibition and
weaker effect on CYP2C19 activity.5
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Proton pump inhibitors are often prescribed to patients

taking dual antiplatelet therapy to try and reduce the risk of
gastrointestinal bleeding, so it is particularly relevant to know if
they do reduce the efficacy of clopidogrel. A recent prospective
randomised comparison of clopidogrel with prasugrel, a new
thienopyridine antiplatelet drug, in which one-third of 14 000
patients were taking a proton pump inhibitor at study entry,’
failed to confirm any clinically significant interaction during a
400-day follow-up period. There was no difference in the efficacy
of either clopidogrel or prasugrel in preventing vascular events,
between those patients who were taking proton pump inhibitors
and those who were not. This appears to have been confirmed
by the only randomised trial of omeprazole versus placebo in
3627 patients taking clopidogrel, the COGENT study, which

was presented in September 2009 (21st annual Transcatheter
Cardiovascular Therapeutics scientific symposium, California),
but is not yet published. There were a total of 136 cardiovascular
events over a mean follow-up of 133 days, and the Kaplan-Meier
curves for the two groups were absolutely superimposed. While
possibly not powered to detect very small differences, this

result does seem to rule out any major reduction in the efficacy
of clopidogrel caused by omeprazole. This is a reassuring
finding as it has not been clear what could be done to avoid

this problem. The use of H, antagonists (such as ranitidine) has
been suggested, but there are doubts about their equivalent
efficacy to proton pump inhibitors (and few data to support this
recommendation).

In November 2009, however, the US Food and Drug
Administration (FDA) announced changes to the product
information, based on studies suggesting reduced efficacy in
terms of platelet function. The new recommendations are to
avoid prescribing omeprazole or esomeprazole concurrently
with clopidogrel. The FDA states that there are insufficient
data to make a recommendation regarding other proton pump
inhibitors, but it also recommends that patients on clopidogrel
avoid cimetidine (but not other H, antagonists), fluconazole,
ketoconazole, voriconazole, etravirine, fluoxetine, fluvoxamine
and ticlopidine.® Understandably this recommendation has
caused confusion in the cardiological community, who believe
that clinical outcomes are more important than platelet function
studies.

Suggestions to overcome so-called clopidogrel resistance
include the assessment of adherence to clopidogrel therapy,
increasing the clopidogrel dose (to increase the amount of active
metabolite), screening patients to identify CYP2C19 variants, and
avoiding drug interactions with proton pump inhibitors. Well-
designed trials to evaluate the effectiveness of these strategies
are lacking, but a recent case series suggested minimal benefits
from increasing the clopidogrel dose to as high as 300 mg daily.®
Routine testing of CYP2C19 allelic variations is not common
practice and the risk of adverse effects from increasing the
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clopidogrel dose requires further investigation. Assessing patient
adherence to clopidogrel therapy and avoiding possible drug
interactions currently appear to be the most practical strategies.
Lastly, it remains unclear whether the interaction between proton

pump inhibitors and clopidogrel is of clinical significance.
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