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Measuring Platelet Reactivity after Clopidogrel — Has it Reached the End

of the Road?
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Clopidogrel is traditionally prescribed at 75 mg daily after a 300
mg loading dose. It is a pro-drug, with a two-step activation process
involving a series of cytochrome P-450 (CYP) isoenzymes. Its anti-
platelet effect is variable and susceptible to genetic polymorphisms. In
particular, patients with either 1 or 2 loss-of-function CYP2C19 alleles
haveanattenuated pharmacologic response and worse clinical outcomes
with standard dose clopidogrel [1]. Among clopidogrel-treated subjects
in TRITON-TIMI 38, carriers had higher risk of cardiovascular death,
myocardial infarction, or stroke as compared with non-carriers (12.1%
vs. 8.0%; P=0.01) and higher risk of stent thrombosis (2.6% vs. 0.8%;
p=0.02) [1]. Also, the common polymorphisms in the CYP2CI9 gene,
seen in approximately 30% of whites, may be more common in other
ethnic groups -40% of blacks and >55% of East Asians [2].

To achieve higher platelet inhibition, Prasugrel and Ticagrelor
are newer P2Y , ADP receptor blockers that surpass clopidogrel in
platelet inhibition [3,4]. Alternatively increasing clopidogrel dose
may sometimes suffice. Among patients with stable cardiovascular
disease, tripling the maintenance dose of clopidogrel to 225 mg daily
in CYP2CI19*2 heterozygotes, achieved levels of platelet reactivity
similar to that seen with the standard 75 mg dose in non-carriers; for
CYP2C19*2 homozygotes, doses as high as 300 mg daily did not result
in comparable degrees of platelet inhibition [5].

When is Intense P2Y , ADP Receptor Blockade Needed?

The CURRENT OASIS-7 trial [6,7], undertaken in 597 centres
in 39 countries, randomly assigned, in a 2x2 factorial design, 25086
patients with an acute coronary syndrome who were referred for an
invasive strategy to either double-dose clopidogrel (a 600 mg loading
dose on day 1, followed by 150 mg daily for 6 days and 75 mg daily
thereafter) or standard-dose clopidogrel (a 300 mg loading dose and
75 mg daily thereafter) and either higher-dose aspirin (300 to 325 mg
daily) or lower-dose aspirin (75 to 100 mg daily). Aspirin dose had no
effect on outcome.

The primary outcome (cardiovascular death, myocardial infarction,
or stroke) at 30 days occurred in 4.2% of patients assigned to double-
dose clopidogrel as compared with 4.4% assigned to standard-dose
clopidogrel (p=0.30). Major bleeding occurred in 2.5% of patients in the
double-dose group and in 2.0% in the standard-dose group (p=0.01).
In the 17,263 individuals who underwent PCI, double-dose clopidogrel
reduced the rate of the primary outcome (3.9% vs. 4.5%; p=0.039) and
definite stent thrombosis (0.7% vs. 1.3%; p=0.0001), when compared to
the standard dose.

These findings illustrate that clopidogrel dosage and consequently
the degree of platelet inhibition only matters in patients undergoing
stenting but not in those managed medically. This conclusion echoes
well with the recent findings from the TRILOGY ACS study [8] and its
platelet function sub study [9] showing that both the use of prasugrel
and the consequent stronger platelet inhibition as measured by the
point-of care Verify Now P2Y , testing (Accumetrics, San Diego,

California) have no independent relationship to outcome compared to
the use of standard dose clopidogrel, in a cohort of medically managed
patients.

Can Measuring ADP Mediated Platelet Reactivity after
Clopidogrel Guide Therapy in Patients Undergoing
Stenting/PCI?

A collaborative meta-analysis [10] used patient-level data for
the Verify Now P2Y , assay to assess clopidogrel responsiveness in
3,059 patients after PCL. The primary endpoint of composite death,
myocardial infarction, or stent thrombosis occurred more frequently
in higher quartiles of P2Y , reaction unit (PRU) values: quartile I, 5.8%;
quartile II, 6.9%; quartile III, 10.9%; quartile IV, 15.8% (p<0.001).
According to ROC curve analysis, a PRU value of 230 appeared to best
predict outcome (p<0.001). A PRU value > 230 was associated with
a higher rate of the individual endpoints of death (HR: 1.66; 95% CI:
1.04 to 2.68; p = 0.04), myocardial infarction (HR: 2.04; 95% CI: 1.51
t0 2.76; p<0.001), and stent thrombosis (HR: 3.11; 95% CI: 1.50 to 6.46;
p=0.002).

Mechanistically, stent thrombosis is a particularly relevant
outcome as imaging studies months to year’s post-stenting have clearly
documented areas of stent malapposition, ectasia, neoatherosclerosis
with thin cap atheroma and even thrombus formation [11]. How these
pathological changes mediate the sequence of events leading to stent
thrombosis remain to be fully explored.

Several studies tested whether identifying patients with high
on-treatment platelet reactivity (based on a PRU cut-off value)
and potentiating anti-platelet regime will improve outcome. The
2214-patient GRAVITAS trial [12] showed that increasing the
clopidogrel maintenance dose from 75 mg to 150 mg daily early after
PCI did not lower ischemic events, but the cohort was consisting of
low-risk subjects with event rate of only 2.3% at 6 months in both
randomised groups (stent thrombosis 0.5% with high dose and 0.7%
with standard dose clopidogrel, p=0.42). The TRIGGER-PCI trial [13]
was also prematurely terminated because of a lower than expected
event rate, randomising only 423 patients.

In the most recent French ARTIC study [14], 2440 patients
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scheduled for coronary stenting were randomised to a strategy of
platelet-function monitoring with drug adjustment in patients who had
a poor response to antiplatelet therapy, or to a conventional strategy
without monitoring and drug adjustment. The primary end point
was the composite of death, myocardial infarction, stent thrombosis,
stroke, or urgent revascularization 1 year after stent implantation. For
patients in the monitoring group, the Verify Now P2Y , and aspirin
point-of-care assays were used in the catheterization laboratory before
stent implantation and in the outpatient clinic 2 to 4 weeks later.

In the monitoring group, high platelet reactivity in patients taking
clopidogrel (34.5% of patients) oraspirin (7.6%) led to the administration
of an additional bolus of clopidogrel, prasugrel, or aspirin along with
glycoprotein IIb/IIIa inhibitors during the procedure. The primary end
point occurred in 34.6% of the patients in the monitoring group, as
compared with 31.1% of those in the conventional-treatment group
(HR 1.13; 95% CI 0.98 to 1.29; p=0.10). The main secondary end
point, stent thrombosis or any urgent revascularization, occurred in
4.9% of the patients in the monitoring group and 4.6% of those in the
conventional-treatment group (HR 1.06; 95% CI, 0.74 to 1.52; P=0.77).
Stent thrombosis rate was 1.0% vs. 0.7% respectively (p=0.51). The rate
of major bleeding events did not differ significantly between groups.

In summary, no studies has shown any significant improvements
in clinical outcomes with platelet-function monitoring and treatment
adjustment for PCI and coronary stenting, as compared with standard
antiplatelet therapy without monitoring.

Measuring ADP-Mediated Platelet Reactivity after
Clopidogrel - Has it Reached the End of the Road?

Before condemning the currently easily available platelet function
test, the possibility exists that investigators might not have studied
the real high-risk patients — those with coronary thrombotic lesions,
challenging anatomy that requires extensive multiple stenting,
bifurcation reconstructions, anatomy that is unlikely to give satisfactory
PCI results, or systematically higher thrombotic risk patients including
those with renal failure. The event rate in ARTIC was mainly driven by
peri-procedural myocardial infarction. Stent thrombosis rate was low
both in GRAVITAS [12] and ARTIC [14]. In contrast the SYNTAX
trial involving multi-vessel stenting and more complex interventions
reported a much higher 1-year adjudicated stent thrombosis rate at
3.3% using the TAXUS stent [15].

Modern stent technology has continued to improve the efficacy
and safety of PCI and the cobalt-chromium everolimus eluting stents
has the lowest rate of stent thrombosis within 2 years of implantation,
compared to other drug-eluting stents and bare metal stents [16]. The
field is definitely fast evolving but clopidogrel will continue to be widely
used given its much lower cost than newer, more potent antiplatelet
agents. Intuitively there should always be useful information from
bedside platelet function testing in patients presenting with stent
thrombosis or severe bleeding, when tailored antiplatelet therapy may
best match the clinical situation.
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