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Table 1. Background characteristics in patients with carotid
plaque ulcers and ultrasonographic ulcer findings

TE NonTE P
Number of patients 10 38
Age, years, mean = SD 68 = 8 7729  .005
Male sex, n (%) 9 (90) 25 (66) NS
Medical history, n (%)
Hypertension 7 (70) 25 (66) NS
Diabetes mellitus 4 (40) 11 (29) NS
Hyperlipidemia 5 (50) 9(24) NS
Smoking habit 9 (90) 20 (53) .03
Previous antiplatelet 3 (30) 15 (39) NS
therapy
Carotid ultrasonography
findings
Maximum IMT, mm, 43 *10 45*12 NS
mean *= SD
Depth of ulcer, mm, 2509 27*+08 NS
mean + SD
Thickness of ulcerated 3.9 = 1.5 39 * 1.1 NS
plaque, mm,
mean *= SD
>50% stenosis 4 (40) 7(18) NS

at ulcerated
plaque, n (%)

Echolucent ulcerated 7 (70) 9(24) .006
plaque, n (%)

Abbreviation: NS, not significant.

associated with the development of cerebrovascular events.
Based on previous reports indicating a relationship
between carotid plaque ulcerations and MES’" we
assume that carotid plaque ulcerations are traces of plaque
fragmentation or sources of emboli formed by clots
generated inside the cavity. The question then arises as to
the end of the emboli. Stork et al'” postulated that smaller
platelet aggregates and smaller emboli (ie, fibrin clots
and subendothelial matrix) comprise small (20-100 pm),
asymptomatic microemboli that are macroscopically
invisible but detectable by TCD. Indeed, carotid plagque
ulcerations represent vulnerable or high-risk plaques, but
the majority of emboli generated at the point of ulcerations
might be too small to cause symptomatic events.

Table 2. Odds ratios of ulcer findings for thromboembolic
cerebrovascular events

OR (95% CI) P

Maximum IMT

Depth of ulcer

Thickness of ulcerated plaque

>50% stenosis at ulcerated
plaque

Echolucent ulcerated plaque

0.83 (0.36-1.95) .67
0.88 (0.16-4.75) .88
0.63 (0.20-1.96) 42
4.01 (0.51-31.3) .19

9.34 (1.65-53.0) .01

In the present study, we performed MRI, including
DWI, in all patients during the acute phase of stroke or
TIA to define recent ischemic lesions and investigate
a causative relationship between ischemic brain lesions
and carotid ulcerations. To the best of our knowledge,
the features of systematic MRI findings in patients with
thromboembolic cerebrovascular events arising from ca-
rotid plaque ulcerations have not been well described.
Seven of 10 patients with thromboembolic events in the
present study had multiple DWI-positive cortical and/or
subcortical lesions (Fig 3A) that were obvious as MRI find-
ings of TE. In addition, the finding of punctuate cortical le-
sions on DWI in patients with thromboembolic TIA
(Fig 3B) is intriguing. The frequency of DWI-positive find-
ings in patients with TIA has ranged from 16% to 67% in
19 previous DWI studies.”® Those studies investigated
clinical predictors for early stroke (DWI-positive lesions)
after TIA and described the duration of symptoms, motor
symptoms, atrial fibrillation, or high-grade carotid steno-
sis as the positive predictors for DWI-positive lesions.”
However, none of those studies included carotid plague
ulceration as a positive predictor for DWI-positive lesions.
Our results indicate that punctuate cortical lesions on DWI
in patients with TIA and ulcerated carotid plaques should
be carefully considered because they might be overlooked
by other MRI sequences.

The prevalence of carotid plaque ulcerations causing
thromboembolic events was not high in the present study.
However, echolucent ulcerated carotid plaques were
closely associated with thromboembolic cerebrovascular
events. This finding indicates that ulcerations on fragile
or vulnerable plaques constitute a higher risk of symptom-
atic stroke. Echolucent carotid plaques are an established
significant risk factor;***° that is, carotid plaques with an
ultrasonographic echolucent appearance correlate with
lesions containing intraplaque hemorrhage or rich in
lipids, which present a greater risk for ischemic stroke
than hyperechogenic lesions consisting primarily of
fibrous tissue.** Other investigators also have shown
a higher prevalence of echolucent carotid plaques in pa-
tients with MES detected by TCD.** Thus, ulcerations on
echolucent plaques are more likely to be genuine traces
of plaque rupture or fragmentation to generate large em-
boli comprising cholesterol crystals or clotted blood that
progress to symptomatic events.

In present study, neither the thickness nor the fre-
quency of ulcerated plaques with >50% stenosis was as-
sociated with thromboembolic events, although the risk
of stroke is greater with moderate- or high-grade carotid
stenosis than with low-grade carotid stenosis.'® Little is
understood about the risk for symptomatic stroke among
patients with carotid plaque ulcerations on low-grade ca-
rotid stenosis. Our findings suggest that the echogenicity
of plaques at the point of ulceration is more relevant to the
risk of stroke than the grade of stenosis or thickness of
plaque in patients with ulcerated carotid plaques. Our
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results are consistent with a case report by Kobayashi
et al,*®* who described 2 patients with ischemic stroke
events that were refractory to medical treatment. These
patients had echolucent ulcerated plaques with mild ca-
rotid stenosis (<50%), and ischemic stroke did not recur
after CEA. Although the value of surgical intervention
for low-grade carotid stenosis remains uncertain, surgery
should at least be considered for patients with echolucent
ulcerated plaques even when the stenosis in such plaques
is of low grade.

This study has several possible limitations. We did not
perform transesophageal echocardiography in all patients
to detect thrombus or plaques in the ascending aorta and
aortic arch. TE originating from the aorta is also an impor-
tant mechanism of stroke,> and TE from the aorta could
not be excluded. Moreover, we might not have precisely
differentiated TE from cardioembolism. Because we classi-
fied patients with potential cardiac sources of embolism
primarily as having a cardioembolism, this study included
patients with both cardiac sources of embolism and carotid
plaque ulcerations among those with cardioembolic
stroke. However, differentiating carotid embolism from
aortic embolism or cardioembolism still might have been
difficult even if transesophageal echocardiography had
detected atherosclerotic plaques at the aorta or intracardiac
thrombus. Furthermore, we excluded patients with single
and small (<1.5 cm) DWI-positive subcortical lesions from
thromboembolic cerebrovascular events. Although small
emboli can indeed enter perforating arteries and cause
lacunar stroke,** the possibility of emboli entering
perforating arteries is considered low. In an animal
model, only 1.4%-6% of microspheres (mean diameter,
31-92 pm) injected via an internal carotid artery entered
small penetrating vessels.” Therefore, we excluded pa-
tients with single and small subcortical lesions from the
group with thromboembolic cerebrovascular events to
ameliorate the specificity of thromboembolic events.

In conclusion, we have demonstrated that the propor-
tion of thromboembolic cerebrovascular events is not as
high as expected in patients with carotid plaque ulcers,
whereas echolucent ulcerated carotid plaques are closely
associated with such events irrespective of carotid steno-
sis. Therefore, CEA or carotid artery stenting should be
considered for patients with echolucent ulcerated carotid
plaques who are refractory to antithrombotic therapy
regardless of the degree of carotid stenosis present. A
large multicenter study is needed to identify treatment
strategies for patients with ulcerated carotid plaques
and low-grade stenosis.
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Abstract

Background: Despite improvements in treatment, stroke
still carries a high death toll and disability in Asia. Extended-
release dipyridamole (ER-DP) plus acetylsalicylic acid (ASA)
has consistently been shown to be superior over convention-
al platelet inhibition by ASA. ER-DP plus ASA is well estab-
lished in the secondary prevention of stroke in a lot of coun-
tries including the USA and Europe. DP has an established
benefit in the treatment of heart disease in Japan; however,
for the prevention of stroke, the fixed-dose combination of
ER-DP plus ASA has only been investigated in a small num-
ber of patients in Japan. Methods: The aim of this double-
blind, randomized clinical trial was to investigate the efficacy
and safety of ER-DP plus ASA versus 81 mg ASA over 1 year.
The primary end point of this study was the event rate of re-
current ischemic stroke (fatal or nonfatal) using the Kaplan-
Meier method and Cox regression analysis. Results: Of the
1,294 enrolled patients, the primary end point was analyzed
in 652 patients in the ER-DP plus ASA group and 639 in the

ASA group. The incidence of ischemic stroke was 6.9% for
ER-DP plus ASA and 5.0% for ASA with a hazard ratio of 1.47
(95% confidence interval 0.93-2.31) for the primary end
point. The ASA treatment group was found to have a lower
than expected yearly event rate, compared to other studies
in Japanese stroke patients. Noninferiority of ER-DP plus
ASA versus ASA could not be shown. The risks of major
bleeding events and intracranial hemorrhage were found to
be similar between the treatment arms. There were 4 deaths
(0.6%) in the ER-DP plus ASA group and 10 (1.6%) in the ASA
group. Cenclusions: The results of the study are inconclu-
sive. Noninferiority of ER-DP plus ASA versus ASA could not
be established, a difference between treatments could not
be shown for the primary end point. Possible reasons for this
result include a small sample size, low event rates and
too short a treatment duration (ClinicalTrials. gov number,
NCT00311402). Copyright ® 2011 S. Karger AG, Basel
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Introduction

Asian countries generally have a higher stroke mortal-
ity than Western countries [1]. In Japan, stroke is a great-
er health problem than heart disease [2]. Recently, the
lifetime risk of stroke has been given as high as nearly
20% for middle-aged and older adults, underlining the
major public health burden in Japan [3]. Data from the
Japan Multicenter Stroke Investigators’ Collaboration
study show that the death toll from cerebrovascular dis-
ease is higher than that of cardiovascular disease or even
cancer after hospital discharge following ischemic stroke
and transient ischemic attack (TTA) [4]. The incidence of
stroke can differ within the same country; for example, a
survey in China demonstrated that the percentage of pa-
tients with ischemic stroke in urban areas was more than
20% higher than that in rural areas [5], which is difficult
to explain on the basis of genetic or ethnic variations, and
makes conducting clinical trials challenging. Cerebro-
vascular disease is often seen as part of a common glob-
al atherothrombotic cardiovascular problem. However,
large differences in the incidence of cerebrovascular dis-
ease in Western (USA and Europe) and Asian countries
possibly suggest differences between the pathophysiology
of these diseases in different parts of the world {1].

In 2009, data from the Japan Standard Stroke Registry
showed that the relative frequencies of ischemic and hem-
orrhagic strokes in Japan were 75.4 and 24.6%, respec-
tively [6]. The percentage of hemorrhagic strokes in East
Asia is higher than in the Western world [1], even though
the age-adjusted stroke mortality was reduced by about
63% in men and 43% in women between 1961 and 1986
[7]. Smoking and hypertension are more prevalent in Ja-
pan compared with other countries [8], which may lead
to differences in the pathogenesis of vascular disease.
Consequently, regulatory authorities have issued guid-
ance on ethnic factors, such as differences in concomitant
therapies, medical practices and food consumption, when
evaluating foreign clinical data [9].

Dipyridamole (DP) was licensed in 1960 for clinical
use in Japan for indications based on its coronary vasodi-
latory effect. DP in combination with warfarin received
approval in 1982 for therapeutic use based on its antiplate-
let effects, with the extended-release (ER) formulation re-
ceiving approval for these indications in 1994. ER-DP plus
acetylsalicylic acid (ASA) has demonstrated a favorable
efficacy and safety profile in all large, placebo-controlled,
randomized stroke prevention trials, like the European
Stroke Prevention Study 2 (ESPS-2) or the European/Aus-
tralasian Stroke Prevention in Reversible Ischaemia Trial

602 Cerebrovasc Dis 2011;31:601-613

(ESPRIT), with bleeding rates similar or even lower com-
pared with other antiplatelet therapies {10, 11].

Although international guidelines recommend a fixed-
dose combination of ER-DP and ASA for secondary stroke
prevention, the combination of ER-DP plus ASA (free or
fixed dose) had not yet been approved for this indication
in Japan [12-14]. Until now, there has been no formally
conducted trial in Japan comparing ER-DP (200 mg twice
daily) plus ASA (25 mg twice daily) with ASA 81 mg, one
of the most commonly used dose in Japan.

The aim of the Japanese Aggrenox (ER-DP plus ASA)
Stroke Prevention versus Aspirin Programme (JASAP)
study (for investigators, see the Appendix) was to demon-
strate the noninferiority of ER-DP plus ASA to ASA with
regard to the event rate of recurrent ischemic stroke. Data
from the ESPS-2 study were used to determine the clini-
cally acceptable limit [10] as data were not available for
secondary stroke prevention with ASA or ER-DP plus
ASA in Japanese patients.

Methods

Study Design

This phase III, randomized, double-blind, parallel-group, ac-
tive, controlled comparative study was conducted in 157 centers
in Japan and sponsored by Boehringer Ingelheim. Patients pro-
vided written informed consent prior to participating in the trial.

The chosen noninferiority study design was the basis for the
sample size calculation, which was approved by the Pharmaceu-
ticals and Medical Devices Agency in Japan.

The study protocol was approved by the institutions’ review
committee on human research from all study centers. The study
was conducted in accordance with the Declaration of Helsinki,
Good Clinical Practice guidelines and local laws and regulations.

Patient Numbers

The study was scheduled to have a 1-year treatment period
and, according to the calculation based on the event rate after 1
year with a significance level of 5% (two-sided) and a power of
80% using the log-rank test. A total of 1,294 patients were ran-
domly assigned (ER-DP plus ASA: 655, ASA: 639).

An interim review of the number of events and event rate was
conducted under blinded conditions in week 26 (after 500 patients
had been included). Following this interim analysis, the planned
number of patients was increased from 1,000 to 1,250 in order to
obtain at least 75 events.

Patient Selection

Patients aged 50 years or older with an ischemic stroke {ex-
cluding cardiogenic cerebral embolism) who met the National In-
stitute of Neurological Disorders and Stroke ad hoc committee’s
diagnostic criteria of cerebrovascular disease III [15] were eligible
for inclusion in the study. The onset of the ischemic stroke, in-
cluding first and recurrent ischemic stroke, had to take place be-
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tween 1 week and 6 months before enrollment in the study. Neu-

rological signs and symptoms had to be considered stable by the

investigator, and the responsible lesion had to be confirmed by
computerized tomography (CT) or magnetic resonance imaging

(MRI).

Patients had to have at least 2 of the following risk factors:
~ diabetes [16];
~ hypertension (systolic blood pressure =140 mm Hg or dia-

stolic blood pressure =90 mm Hg), or being under treatment

for hypertension;

- being a smoker at the time of onset of ischemic stroke;

- body mass index >25;

- previousvascular disease (stroke, myocardial infarction or pe-
ripheral arterial disease before the onset of the qualifying isch-
emic stroke);

- end organ damage (retinopathy, left ventricular hypertrophy
or microalbuminuria);

- hyperlipidemia [17].

Patients who met the following criteria were excluded from the
study: diagnosis of brain disorders with ableeding risk; complica-
tions of cardiac disorders that may cause cerebral embolism; acute
coronary syndromes <6 months before enrollment; history
of peptic ulcer in the past 3 years; having undergone arterial re-
construction after developing ischemic stroke; severe disability
(modified Rankin Scale 4 or 5); bleeding or bleeding tendencies;
severe hypertension (systolic blood pressure =180 mm Hg or di-
astolic blood pressure =120 mm Hg); complications such as seri-
ous cardiac, renal or hepatic disorders; malignant tumor or hav-
ing received cancer treatment in the past 5 years; pregnant or lac-
tating women.

Outcomes

The primary end point of this study was recurrent ischemic
stroke (fatal or nonfatal).

Secondary end points included: cerebral hemorrhage, sub-
arachnoid hemorrhage, TIA, acute coronary syndromes (acute
myocardial infarction, unstable angina, sudden cardiac death),
other vascular events, ischemic vascular event composite end
point (ischemic stroke, TIA, myocardial infarction, unstable an-
gina or sudden death attributable to thromboembolism), stroke
(composite end point of ischemic stroke, cerebral hemorrhage or
subarachnoid hemorrhage).

For a post hoc analysis, the event rate of intracranial hemor-
rhage and the composite end point of stroke or major bleeding
were evaluated for different subgroups of patients.

Safety was assessed using the end points, outcomes and defini-
tions detailed in table 1.

All vascular events, sudden death or bleeding events were re-
viewed and adjudicated by a blinded Event Assessment Commit-
tee.

An independent, blinded Safety Monitoring Committee re-
viewed bleeding events and serious adverse events other than vas-
cular events during the trial.

Statistical Considerations

The primary objective of this study was the comparison of ER-
DP plus ASA and ASA to show the noninferiority of ER-DP plus
ASA with regard to the event rate of recurrent ischemic stroke.
The clinically acceptable limit was based on results from the
ESPS-2 study {10]. Additionally, the superiority test was planned

The JASAP Study

Table 1. Safety end points and definitions

Safety end points
~ Incidence of bleeding events (including cerebral hemorrhage
and subarachnoid hemorrhage)
- Major bleeds included life-threatening or
non-life-threatening bleeds
- Minor bleeds included clinically important bleeds or other
bleeds
- Incidence and severity of adverse events
- Discontinuation of treatment due to adverse events
- Incidence and severity of adverse events during run-in and
maintenance periods, and discontinuation of treatments due to
adverse events
- Onset of headache recorded in patient’s diary

Safety-relevant outcomes’
- Frequency of:
Major bleed
~  Minor bleed
- Number of headaches per day for run-in period
Intensity of headaches per day for run-in period
- Change of:
~ Daily dose of acetaminophen for headache during run-in
period
- Daily frequency of acetaminophen administration during
run-in period

Major bleed
~ Defined as at least 1 of the following: fatal hemorrhage;
retroperitoneal hemorrhage, intracranial hemorrhage,
intraocular hemorrhage (objective finding and subjective
symptom leading to bleeding) or spinal/intraspinal
hemorrhages (confirmed by objective findings);
bleedings requiring surgery; clinically obvious bleeding
requiring 24.5 units of blood transfusion or accompanied
by a 22 g/dl decrease in hemoglobin level
- Out of these criteria, those that met at least 1 of the
following were considered to be a life-threatening bleed:
fatal hemorrhage; required use of intravenous inotropic
medication to maintain blood pressure; required surgical
intervention, or required transfusion of 29 units of red
blood cells or equivalent whole blood
~ Bleeds not defined as major bleeds were classified as minor
bleeds; those that met at least 1 of the following criteria were
classified as clinically important bleeds:
- Subcutaneous hematoma of 25 cm? or larger
- Spontaneous epistaxis lasting for 25 min
- Frank hematuria (spontaneous or lasting for 224 h after in-
tervention)
- Spontaneous rectal bleeding (severer than a blood stain on
toilet paper)
- Gingival bleeding lasting for 25 min
- Bleeding requiring hospitalization
- Bleeding requiring <4.5 units of blood transfusion
- Others considered clinically relevant by the investigator
~ The remaining bleeds were classified as other bleeds

i

! Analyzed according to the statistical principles of efficacy
analysis.
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Table 2, Study assessments

Adverse events, every 4 weeks
Bleeding events,
Vascular events, and

Vital signs

weeks 4, 12, 28, 52 and
every 4 weeks after week 56

12-lead electrocardiogram, and
Laboratory tests

to compare the 2 treatment groups if the noninferiority was
shown.

In the ESPS-2 study, the event rates of recurrent ischemic
stroke in the ER-DP plus ASA and ASA groups were 6.0 and 8.5%
after 1 year, and 9.9 and 12.9% after 2 years, respectively {10].

The noninferiority limit was set to 2%, which equaled 1.37
with regard to the hazard ratio, for the level to suggest noninferi-
ority of ER-DP plus ASA to ASA. Under these conditions, 500
patients per group were regarded to be sufficient to detect the
noninferiority of ER-DP plus ASA to ASA with over 80% power.

The primary analysis population for efficacy was defined as
the full analysis set, which excluded patients who did not meet the
inclusion criteria, who had never taken the investigational prod-
ucts and who had no data after drug administration.

A similar analysis was conducted for the primary end point
using the per-protocol set, to ensure universality of the results.
The per-protocol set excluded patients who violated the exclusion
criteria, had compliance rates <80% and deviated from the rules
regarding concomitant treatment.

Safety was assessed in the treated set, which excluded patients
who did not meet the inclusion criteria, had never taken the in-
vestigational products and had no data after drug administration.
Patients who discontinued due to headache in the run-in period
were included in the ‘safety analysis in the run-in period’.

The event rates of recurrent ischemic stroke, and some of the
secondary end points, were compared between ER-DP plus ASA
and ASA when each treatment was given for 52 weeks or longer.
The event rate was calculated using the Kaplan-Meier method,
and the 2 treatment groups were compared using the Cox propor-
tional hazard model including time from first stroke and age as
covariates.

Exploratory analyses were used to assess those secondary end
points based on frequencies or changes. The frequencies of major
and minor bleeding in both treatment groups were compared us-
ing Fisher’s exact test.

Treatment Schedule

After the screening phase (-1 to -2 weeks), clinic visits took
place at weeks 0, 1 and then every 4 weeks to a maximum of 124
weeks. Visits also took place just before and 2 weeks (+14 days)
after patients had terminated treatment.

CT/MRI was performed if onset of stroke or TIA was suspect-
ed to confirm the recurrence of disease. The study assessments
are detailed in table 2; adverse events, bleeding and vascular
events were assessed once a month.
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The incidence, intensity and duration of headache, and the
dose of acetaminophen were recorded in a patient’s diary during
the screening phase and for the first 4 weeks.

Randomization

Patients were randomized to a fixed-dose combination prod-
uct containing ER-DP 200 mg and ASA 25 mg (ER-DP plus ASA)
p.o. twice daily, or ASA 81 mg (ASA) p.o. once daily for a mini-
mum of 52 weeks (including a 1-week run-in period), but not
longer than 124 weeks, in blocks of 8, by an external enrollment
center. Randomization was stratified by time from first stroke
and age in order to minimize any confounding effect of these fac-
tors on the evaluation of efficacy of the tested treatment regi-
mens.

During the 1-week run-in period to minimize potential head-
ache with ER-DP, patients received ASA 81 mg once daily in the
morning and ER-DP plus ASA once daily before bedtime.

Concomitant use of anticoagulant and antiplatelet therapies
was prohibited from the run-in period until treatment discon-
tinuation. Thrombolytic therapies, tissue plasminogen activator
preparations and urokinase preparations were prohibited from
week 0 until treatment discontinuation. )

Results

A total of 1,294 patients were randomized and received
either ER-DP plus ASA (n = 655) or ASA (n = 639). Of
these 1,294 patients, 907 completed the study (n = 445
ER-DP plus ASA, n = 462 ASA). The reasons for with-
drawal are included in figure 1.

There were no differences in baseline demographics or
characteristics between the 2 treatment groups, given the
formal inclusion criteria of 2 or more risk factors (table 3).

The majority of patients had at least 2—4 risk factors at
baseline (88.4%; table 3).

The majority of patients were receiving concomitant
ASA therapy (71.9%). Other concomitant antiplatelet
therapies included DP (1.4%), cilostazol (18.8%), ticlopi-
dine (total 4.9%; ER-DP plus ASA 4.7%, ASA 5.0%) and
clopidogrel (total 12.9%; ER-DP plus ASA 11.8%, ASA
14.1%) for the last 12 weeks before screening.

There was an imbalance between the 2 groups for the
proportion of patients receiving concomitant statin ther-
apy (ER-DP plus ASA 32.4% vs. ASA 28.6%; p = 0.1479)
before screening.

The mean treatment durations in the ER-DP plus ASA
and ASA groups were 447 and 471 days, respectively.

Of the patients randomized to treatment, 3 patients in
the ER-DP plus ASA group were not included in the anal-
ysis (2 took the wrong medication; 1 had no qualifying
stroke). The efficacy results were therefore analyzed in a
total of 1,291 patients (n = 652 ER-DP plus ASA, n = 639
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Patients enrolled (n = 1,392)

Patients not randomized (n = 97)

Patients randomized (n = 1,295)

§

l

ER-DP plus ASA group (randomized)
(n = 655)

ASA group (randomized)
(n = 640)

| Withdrawal (n = 1)
— No drug administration (n = 1)

(n = 655)

ER-DP plus ASA group (treated)

ASA group (treated)
(n=639)

(n=87)

Withdrawal (n = 210)

— Stroke! (n = 58)

— Major bleeding event? (n = 12)

~TlA etc.3 (n=19)

- Adverse event other than the above*

- Protocol noncompliance (n = 7)
- Consent withdrawn (n = 17)
— Others (n = 10)

Withdrawal (n = 177)

- Stroke! (n = 42)

— Major bleeding event? (n = 16)

- TlA etc.3 (n = 15)

— Adverse event other than the above?
{n=74)

- Protocol noncompliance (n = 6)

~ Lost to follow-up (n = 3)

— Consent withdrawn (n = 18)

— Cthers (n = 3)

ER-DP plus ASA group
(completed) (n = 445)

ASA group (completed)
(n=462)

Fig. 1. Patient disposition.

! Ischemic stroke, cerebral hemorrhage, subarachnoid hemorrhage or undetermined type of stroke

2 Other than cerebral hemorrhage and subarachnoid hemorrhage

3 TIA, acute coronary syndromes, other vascular events or clinically important minor bleeding

4 Unexpected aggravation of underlying disease, unexpected aggravation of complications and/or pre-
existing symptorns or findings, and incidence of other adverse events, for which the investigator or sub-
investigator decided on discontinuation of the investigational products

ASA). The efficacy results were also analyzed in the 1,280
patients in the per-protocol population (n = 646 ER-DP
plus ASA, n = 634 ASA).

Efficacy

Recurrent ischemic stroke occurred in 45 (6.9%) of
the 652 patients in the ER-DP plus ASA group, and in 32
(5.0%) of the 639 patients in the ASA group (fig. 2; ta-
ble 4). Non-inferiority of ER-DP plus ASA compared
with ASA was not shown (hazard ratio 1.47; 95% confi-
dence interval 0.93-2.31; fig. 3). These results were con-
sistent with those in the per-protocol population (table 4;
tig. 4).

The event rate of stroke was significantly higher for
ER-DP plus ASA compared with ASA (table 4; fig. 4).

The JASAP Study

There was no statistically significant difference between
treatment groups for the other secondary end points (ta-
ble 4; tig. 4).

Post hoc Analysis

A multivariate analysis taking into account potential
confounders for recurrence of ischemic stroke but only
keeping covariates with a significant contribution in the
model revealed a similar result for the comparison be-
tween treatments as the primary analysis. This analysis
also revealed that higher modified Rankin Scale values
and established end organ damage at baseline had a del-
eterious effect on the primary outcome, whereas the con-
comitant therapy with statins had a beneficial effect (ta-
ble 5).
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Table 3. Demographics, baseline characteristics and risk factors

Patients, n 655 639 1,294
Sex, n 0.6666

Male 472 (72.1) 453 (70.9) 925 (71.5)

Female 183 (27.9) 186 (29.1) 369 (28.5)
Mean age * SD, years 66.2%8.1 66.0%8.6 66.1+84 0.1466
Mean BMI £ SD 24.08%3.24 24.14+3.08 24.11£3.16 0.1851
Smoking history, n

Never smoked 210 (32.1) 208 (32.6) 418 (32.3) 0.9447

Ex-smoker 323 (49.3) 309 (48.4) 632 (48.8)

Current smoker 122 (18.6) 122 (19.1) 244 (18.9)
Mean baseline systolic blood pressure = SD, mm Hg 1414185 140.4%17.6 1409+ 18.1 0.2450
Mean baseline diastolic blood pressure & SD, mm Hg 81.5+12.0 814x115 81.5+11.8 0.3080
Timing of occurrence before enrollment, n 0.9802

<1 month 285 (43.5) 274 (42.9) 559 (43.2)

>1 month and <3 months 245 (37.4) 248 (38.8) 493 (38.1)

>3 months and <6 months 125 (19.1) 117 (18.3) 242 (18.7)
Clinical category of the last ischemic stroke, n 0.9627

Large-artery atherosclerosis 183 (27.9) 175 (27.4) 358 (27.7)

Small-artery occlusion (lacune) 443 (67.6) 437 (68.4) 880 (68.0)

Ischemic stroke of undetermined etiology 29 (4.4) 27 (4.2) 56 (4.3)
Risk factors, n 0.8429

2 194 (29.6) 188 (29.4) 382 (29.5)

3 225 (34.4) 238 (37.2) 463 (35.8)

4 167 (25.5) 132 (20.7) 299 (23.1)

5 57 (8.7) 60 (9.4) 117 (9.0)

6 10 (1.5) 20 (3.1) 30 (2.3)

7 2(0.3) 1(0.2) 3(0.2)
Hypertension, n 581 (88.7) 562 (87.9) 1,143 (88.3) 0.7292
Diabetes, n 275 (42.0) 248 (38.8) 523 (40.4) 0.2573
Hyperlipidemia, n 448 (68.4) 408 (63.8) 856 (66.2) 0.0885
Obesity, n 244 (37.3) 257 (40.2) 501 (38.7) 0.2787
End organ damage, n 106 (16.2) 126 (19.7) 232 (17.9) 0.1107
History of vascular disease, n 145 (22.1) 154 (24.1) 299 (23.1) 0.4288
Smoking history — time of previous ischemic stroke, n 291 (44.4) 290 (45.4) 581 (44.9) 0.7376
Concomitant therapy with angiotensin receptor blocker, n 299 (45.6) 304 (47.6) 603 (46.6) 0.5038

SD = Standard deviation; figures in parentheses indicate percentages.

Visit-to-visit variability of systolic blood pressure was
found to be surprisingly large (up to £32 mm Hg).

Safety

ER-DP plus ASA and ASA were well tolerated. The to-
tal number of adverse events was greater in the ER-DP
plus ASA group compared with the ASA group (640 vs.
611, p = 0.04; table 6).

Major bleeding events and clinically relevant minor
bleeding events were comparable in the ER-DP plus ASA
and ASA groups (table 7).

606 Cerebrovasc Dis 2011;31:601-613

The difference in drug-related adverse events was
mainly due to headache in the early stages of treatment
with ER-DP plus ASA (table 6). More patients in the ER-
DP plus ASA group discontinued treatment due to head-
ache (table 6).

No relevant changes in laboratory parameters, vital
signs and electrocardiography were noted in either treat-
ment group.

There were 4 deaths (0.6%) in the ER-DP plus ASA
group and 10 (1.6%) in the ASA group.
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Fig. 2. Kaplan-Meier curve (a) and log-log survival (LLS) plot (b), with ~log(nonevent), for recurrence of isch-
emic stroke. The estimated hazard ratios are based on a Cox proportional hazards model with the covariates of
age and time from qualifying event to entry.

Table 4. Primary and secondary efficacy end points and post hoc analysis

Primary end point

Number (full analysis set) 652 639

Ischemic stroke 45(6.9) 32 (5.0) 1.47 [0.93-2.31]
Secondary end points

Cerebral hemorrhage 12(1.8) 7 (1.1) 1.79 [0.70-4.54]

Subarachnoid hemorrhage 0 1(0.2) 0[0.00,n.a]

TIA 3(0.5) 3(0.5) 1.02 [0.21~5.07]

Acute coronary syndromes 9 (1.4) 16 (2.5) 0.58 {0.26-1.31]}

Other vascular events 11(1.7) 6 (0.9) 1.88 [0.69-5.07}

Ischemic vascular composite end point 57 (8.7) 51 (8.0) 1.16 [0.79-1.69]

Stroke 57 (8.7) 39 (6.1) 1.52{1.01-2.29)
Post hoc analysis

Intracranial hemorrhage 13(2.0) 13(2.0) 1.04 [0.48-2.25]}

Composite end point of stroke or major bleeding 71(10.9) 55(8.6) 1.34 {0.94~1.91}

Figures in parentheses indicate percentages, those in square
brackets 95% confidence intervals.

n.a. = Not assessed; HR = hazard ratio, calculated using Cox
regression analysis; acute coronary syndromes = acute myocar-
dial infarction, unstable angina and sudden cardiac death; other
vascular events = pulmonary embolism, retinal vascular disorder,

deep vein thrombosis, peripheral artery obstruction and vascular
intervention like percutaneous coronary intervention; ischemic
vascular composite end point = ischemic stroke, TIA, myocardial
infarction, unstable angina or sudden death attributable to throm-
boembolism; stroke = composite end point of ischemic stroke, ce-
rebral hemorrhage or subarachnoid hemorrhage.

The JASAP Study
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Fig. 3. Confidence interval for recurrence of ischemic stroke (full
analysis set).

Table 5. Post hoc multivariate analysis of hazard ratios for the
primary end point of recurrent ischemic stroke, including base-
line characteristics with significant contribution to prediction of
risk (p < 0.05)

Treatment (p = 0.078)
ER-DP plus ASA vs. ASA
Modified Rankin Scale (p = 0.003)

1.50 (0.96-2.37)

1vs. 0 0.97 (0.52-1.81)

2vs.0 1.43 (0.71-2.90)

3vs.0 2.80 (1.41-5.56)
End organ damage (p = 0.012)

Yes vs. no 1.88 (1.15-3.09)
Concomitant therapy with statin (p = 0.0007)

Yes vs. no 0.32 (0.16-0.61)

Figures in parentheses indicate 95% confidence intervals.

Sex, age, timing of stroke occurrence before enrollment, clin-
ical category of the qualifying ischemic stroke, number of risk
factors, previous stroke (prior to qualifying ischemic stroke), hy-
pertension, diabetes, hyperlipidemia, obesity, history of vascular
disease, smoking history (at time of previous ischemic stroke),
concomitant therapy with angiotension receptor blocker and con-
comitant therapy with angiotensin-converting enzyme inhibitor
have also been entered into the initial model. Forward selection
was used to identify significant contributors.

Discussion

In the JASAP trial, ER-DP plus ASA failed to demon-
strate noninferiority over ASA for the event rate of recur-
rent ischemic stroke, which was the primary objective of
this study. Consequently, the study could not prove supe-
riority of one treatment over the other. The observed

608 Cerebrovasc Dis 2011;31:601-613
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yearly event rates for ischemic stroke in the JASAP were
smaller than expected for the sample size calculation (ex-
pected/observed event rate 8.5/3.9% in the ASA group vs.
6.0/5.4% in the ER-DP plus ASA group). The ASA arm
showed a far lower event rate than in the ASA arms of
other studies conducted about the same time; for exam-
ple, the Sarpogrelate-Aspirin Comparative Clinical Study
for Efficacy and Safety in Secondary Prevention of Cere-
bral Infarction [18] reported in patients with less pro-
nounced risk profiles than in the JASAP an event rate for
ASA of 4.9%/year (table 8), while in the JASAP we ex-
pected an event rate for ASA of 8.5%/year but we ob-
served 3.9%/year. In contrast, for the ER-DP plus ASA
arm, the expected event rate was 6.0%/year and wasin the
range of the observed event rate 5.6%/year. A retrospec-
tive power calculation revealed that, based on the actu-
ally observed lower-than-expected yearly event rates, the
JASAP trial had only a 53% power to achieve its primary
statistical objective that was to demonstrate noninferior-
ity. Despite the fact that the number of enrolled patients
had been increased by 125 patients in each arm and the
enrollment period extended by 4 months during the con-
duct of the trial, the ASA incidence rates from previous
trials could not be replicated. Similar underestimations
have been observed in another trial conducted at the
same time (CSPS 2 {19]).

A very early separation of the 2 Kaplan-Meier plots
(within the first few days of treatment initiation) was ob-
served in the JASAP, in the ER-DP plus ASA treatment
arm (fig. 2a). This has never been observed in any other
stroke prevention trials or trials with ER-DP plus ASA.
These findings in the JASAP are unexplained and un-
expected. Nevertheless, separation of the Kaplan-Meier
curves has been observed after 6 months’ treatment in
ESPS-2 [10]. Similarly, the slope of the log-log plot is con-
sistently different in the second part of the treatment pe-
riod potentially crossing at a later time (fig. 2b).

Study design and patient population differed substan-
tially from previous and other trials as well; the JASAP
enrolled patients as late as 180 days after the qualifying
event, more than 50% of the patients had been recruited
more than 1 month after the index stroke, approximately
19% of the patients were recruited more than 3 months
after the event, compared with 3% of the patients in
PROFESS and 1.2% in ESPS-2 [10, 20]. Early initiation of
treatment has shown a clear benefit, as demonstrated in
the recently published EARLY trial, which compared ear-
ly (within 24 h after the event) initiation of treatment with
ER-DP plus ASA (control group received ASA) with ini-
tiation after 7 days’ standard ASA treatment [21]. The ben-
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Fig. 4. Forest plot for primary and secondary efficacy end points and post hoc analysis.

Table 6. Adverse events by system organ class and preferred term with a frequency of 210% of the patients in
either treatment group, other adverse events and mortality data

The JASAP Study

Patients 655 639
Total number with adverse events 640 (97.7) 611 (95.6) 0.0431
Serious adverse events 178(27.2) 167 (26.1) 0.7061
Deaths 4(0.6) 10(1.6) 0.1125
Infection and infestations 348 (53.1) 339 (53.1) 1.0000
Nasopharyngitis 281 (42.9) 261 (40.8) 0.4642
Metabolism and nutrition disorders 69 (10.5) 84 (13.1) 0.1682
Nervous system disorders 415(63.4) 301 (47.1) <0.0001
Headache 293 (44.7) 187 (29.3) <0.0001
Eye disorders 104 (15.9) 105 (16.4) 0.8208
Vascular disorders 62 (9.5) 80 (12.5) 0.0908
Respiratory, thoracic and mediastinal disorders 103 (15.7) 96 (15.0) 0.7581
Gastrointestinal disorders 316 (48.2) 320 (50.1) 0.5408
Diarrhea 78 (11.9) 43 (6.7) 0.0016
Skin and subcutaneous tissue disorders 156 (23.8) 152 (23.8) 1.0000
Musculoskeletal and connective tissue disorders 233 (35.6) 216 (33.8) 0.5208
Injury, poisoning and procedural complications 184 (28.1) 197 (30.8) 0.2998
Fall 58 (8.9) 69 (10.8) 0.1069
Other adverse events
Drug-related adverse events 265 (40.5) 171 (26.8) <0.0001
Headache <7 days of starting treatment 215(32.8) 79 (12.4) <0.0001
Ischemic stroke 45 (6.9) 34 (5.3) 0.2485
Discontinuation of treatment due to adverse events 172 (26.3) 142 (22.2) 0.0922
Discontinued treatment due to headache 17 (2.6) 7(1.1) 0.0620
Figures in parentheses indicate percentages.
Cerebrovasc Dis 2011;31:601-613 609
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efit of the treatment with DP plus ASA was correlated with
asignificant reduction in innate inflammation [22], which
was shown the highest immediately after stroke [23].

Compared to previous large stroke studies, this trial
had the shortest patient exposure to medication (1.3 years
vs. 1.4 years in ESPS-2, vs. 2.5 years in PRoFESS and vs.
3.5 years in ESPRIT) [10, 11, 20]. Trials investigating the
prevention of a second stroke required several years of
observation and follow-up in order to arrive at stable and
conclusive data [11, 24], strengthening the argument that
in the JASAP trial, patients may have not been treated
sufficiently long enough.

Concomitant treatment with irreversible platelet in-
hibitors (thienopyridines) was observed more frequently
in the ASA arm (122 vs. 108 patients). This may have led

Table 7. Adjudicated bleeding events (numbers, with percentages
in parentheses)

Patients 652 639

Cerebral hemorrhage 12 (1.8) 7 (1.1)

Subarachnoid hemorrhage 0 1(0.2)

Intracranial hemorrhage 13 (2.0) 13 (2.0)

Patients 655 639

Major bleeding event 26 (4.0) 24 (3.8) 0.8859
Life-threatening 0 2(0.3) 0.2437

Minor bleeding event 166 (25.3) 163 (25.5)  0.9492
Clinically important 37 (5.6) 38(5.9) 0.9054

to a confounding, irreversible inhibition of platelet func-
tion (table 3).

More patients with stroke had diabetes in the ER-DP
plus ASA group (42.0 vs. 38.8%). Similar differences were
observed for patients with concomitant hyperlipidemia
(68.4 vs. 63.8%) and those receiving angiotensin receptor
blockers (45.6 vs. 47.6%; table 3).

Even though patients with severe hypertension were
excluded and concomitant antihypertensive treatment
was in line with the Japanese Society of Hypertension
guidelines [14], a high rate of hypertension and high visit-
to-visit blood pressure differences were observed in both
treatment arms. Neither excessive high blood pressure
nor high instability has been reported for previous stroke
prevention trials with any of the tested study medications.

A post hoc analysis of the visit-to-visit blood pressure
measurements revealed a standard deviation of up to
+32 mm Hg of the mean blood pressure for individual
patients. Recent publications argued that blood pressure
fluctuations are even more predictive of vascular and
thromboembolic complications than stable elevated
blood pressure alone [25-27].

While direct platelet inhibitors such as ASA or thio-
pyridines show immediate benefit for controlling highly
thrombogenic states such as after angioplasty or stenting,
other preventive treatments have a protective or enhanc-
ing effect on the wall of blood vessels, such as DP, cilo-
stazol or statins. Statins were found to not only reduce
blood lipids, but through their pleiotrophic effects also
positively influence antithrombotic/anti-inflammatory
properties of the blood vessel walls [28, 29]. However, the

Table 8. Comparison of sample size, exposure to drug, event rate for recurrent stroke events and prevalence of risk factors in the JASAP
study, the PRoFESS study, the S-ACCESS study, ESPS-2 and ESPRIT

Number of patients 1,294 20,332 1,499 6,602 (4 arms) 2,739
Mean exposure, years L3 2.0 1.6 14 3.5
Yearly event rate for 3.9 (ASA) vs. 3.8 (clopidogrel) vs. 4.9 (ASA) vs. 8.9 (ASA) vs. 2.4 (ASA) vs.

ischemic strokes’, %
Risk factor at baseline, n
Previous cerebral

5.6 (ER-DP plus ASA)

infarction

(before qualifying event) 251 (19.4) 3,706 (18.2)
Diabetes mellitus 523 (40.4) 5,743 (28.2)
Hypertension 1,143 (88.3) 15,048 (74.0)
Hyperlipidemia 856 (66.2) 9,493 (46.7)

4.0 (ER-DP plus ASA)

6.1 (sarpogrelate) 6.8 (ER-DP plus ASA) 2.0 (DP plus ASA)

200 (13.3) 1,394 (21.1) 314 (11.5)
419 (28.0) 1,011 (15.3) 512 (187)
1,037 (69.2) 3,997 (60.5) 1,631 (59.5)
593 (39.6) 1,509 (22.9) 1,272 (46.4)

PROFESS = Prevention Regimen for Effectively Avoiding Second Strokes; S-ACCESS = Sarpogrelate-Aspirin Comparative Clinical Study for Efficacy
and Safety in Secondary Prevention of Cerebral Infarction. Figures in parentheses indicate percentages.

! In the ESPS-2, reported for all stroke only.
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benefit for these approaches has only been shown after a
longer period of time, typically 2.5 years and more. Re-
duction of inflammation has recently also been observed
for DP experimentally [30-32] as well as clinically [22],
setting this compound apart from conventional inhibi-
tors of platelet function.

Given the high rate of diabetics in this study, it is
tempting to compare these data with the diabetic sub-
group of SPARCL [24]. A treatment benefit there was on-
ly shown in the later part of another trial, such as for
nonfatal stroke. Both SPARCL and ESPRIT [11] showed
benefit after significantly longer periods of observation.
SPARCL also showed a numerical disadvantage for the
active treatment of nonfatal stroke in diabetic patients in
the early phase of the observation period. This is similar
to the JASAP data. The JASAP then showed a conver-
gence of the log-log plots of events, towards the end of the
(short) observation period (fig. 2). One could argue that
a longer duration of the study would have shown clearer
results, as suggested by the extrapolation of the incidence
seen in figure 2.

This study was originally designed for registration of
ER-DP plus ASA in Japan, and was not of a sufficiently
long duration. Modern treatment approaches, directed to
restore and enhance antithrombotic functions of the
blood vessel, not only require early initiation but also a
longer period of treatment to produce the full benefit.
This has been demonstrated with ER-DP plus ASA in
EARLY and ESPRIT, and with statins in SPARCL.

The results from the JASAP are inconclusive. Neither
noninferiority nor superiority of one treatment over the
other was demonstrated. However, because of the fre-
quent visits and thus good longitudinal observations in
each patient, the JASAP trial highlights the importance
of aggressive risk control, particularly blood pressure
management, the importance of control of concomitant
medication as well as the importance of very early initia-
tion of treatment which is also capable of controlling
acute inflammatory processes as well as sufficient length
of the trial/treatment period to allow repair/recovery.

Conclusions

The JASAP study did not meet its primary study ob-
jective to demonstrate noninferiority of ER-DP plus ASA
versus ASA 81 mg. Taken together, the favorable assess-
ment of the combination treatment with ER-DP plus ASA
over conventional platelet inhibition by ASA remains un-
changed.

The JASAP Study
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Clopidogrel is an inhibitor of the ADP receptor P2Y12 and platelet aggregation. It is widely
used for the management of atherothrombotic disease in patients who have experienced
severe vascular events such as stroke or myocardial infarction or with peripheral artery
disease. However, some patients show “resistance” to clopidogrel, and show impaired in-
hibition of platelet aggregation. In this review, I discuss the clinical evidence of the extent
of the problem, potential implications for future cardiovascular events and clinical tests to
assess platelet aggregation. I also discuss the mechanisms that appear responsible for clopi-
dogrel resistance. Clopidogrel is administered as a prodrug and the active metabolite is gen-
erated by the cytochrome P450 system. Therefore, inadequate responses to clopidogrel may
be caused by polymorphisms in one or more of the cytochrome P450 enzymes and interac-
tion/competition with other drugs metabolized by the cytochrome P450 system (e.g., statins
and proton pump inhibitors). Finally, I discuss the therapeutic options available for patients
with known or suspected clopidogrel resistance, including the use of drugs with alternative
molecular targets (e.g.. cilostazol), metabolized via different pathways (e.g., prasugrel) or
administered in an active form (e.g., ticagrelor). Clopidogrel resistance is a clinically signif-
icant problem with potentially severe consequences if it is not identified or managed ap-
propriately. The availability of point-of-care assays and novel treatments provide clinicians
with an extensive array of tools that should aid in the management of atherothrombotic
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diseases/events, and reduce the risk of future severe events in these patients.

Introduction

Resistance, or poor responsiveness, to antiplatelet agents [1,2] is a
significant clinical phenomenon characterized by the occurrence
of cardiovascular events, despite adequate therapy with glyco-
protein IIb/Ila (GplIb/1l1a) inhibitors, the P2Y12-subtype adeno-
sine diphosphate (ADP) receptor (P2Y12) inhibitor clopidogrel,
or aspirin, for example. Several studies have shown that an in-
adequate response to clopidogrel is associated with future car-
diovascular events [3-10]. However, despite the awareness of its
importance, clopidogrel resistance remains poorly understood—
there is no clear definition of clopidogrel resistance in terms of the
drug’s pharmacologic effect, such as targeting the P2Y12 receptor
or lack thereof, or in texms of treatment failure: recurrent vascu-
lar atherothrombotic events despite drug adherence. Furthermore,
there are no well-defined standardized methods by which to de-
termine the presence of clopidogrel resistance in individuals. There
is also no consensus on what alternative treatment strategies may
improve outcomes in patients showing clopidogrel resistance. This
review aims to provide a summary of the clinical impact of clopi-
dogrel resistance, the potential mechanisms involved, and how
clopidogrel resistance can be identified in a clinical setting. It also

e100

presents alternative therapeutic options for patients who are ei-
ther known to exhibit or who may exhibit clopidogrel resistance
based on clinical findings.

Platelets are activated by a number of physiologic agonists in-
cluding thromboxane (Tx) A, ADP, thrombin, serotonin, and col-
lagen. Shear stress within blood vessels also plays an important
role. Clopidogrel is a thienopyridine derivative prodrug that upon
hepatic biotransformation to its active metabolite in vivo inhibits
platelet activity through irreversible blockade of the platelet sur-
face receptor P2Y12. The clinical efficacy of clopidogrel was first
demonstrated in the Clopidogrel versus Aspirin in Patients at Risk
of Ischaemic Events (CAPRIE) study [11], which was conducted
in nearly 20,000 patients with recent myocardial infarction (MI),
recent stroke, or established peripheral artery disease (PAD). The
CAPRIE study showed that clopidogrel is at least as effective as
aspirin for preventing clinical thrombotic events such as MI, is-
chemic stroke, and vascular death, with no major difference be-
tween these agents in terms of safety. Based on these studies,
and on the findings of the Clopidogrel in Unstable Angina to Pre-
vent Recurrent Events (CURE) [12] and the Clopidogrel for the
Reduction of Events During Observation (CREDO) [13] studies,
for example, clopidogrel is now widely used for the prevention of
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vascular events in patients with acute coronary syndrome (ACS)
or atherothrombotic diseases, and in patients undergoing percuta-
neous coronary intervention (PCI).

Based on these findings and the potential risk of future events,
itis important to distinguish between treatment failure (which can
be attributed to platelet aggregation induced by other stimuli, dis-
tinct from the effects of clopidogrel) and the inability of clopidogrel
to inhibit its target receptor. In this review, clopidogrel resistance is
defined as inability of clopidogrel to exert an effective antiplatelet
response via the P2Y12 receptor.

What is Clopidogrel Resistance?

Patients’ responses to clopidogrel, as assessed by an array of avail-
able tests including aggregometry, follow a normal distribution
[14] and the mean response to ADP (i.e., the decrease in platelet
aggregation) was 41.9% relative to that of normal plasma. In that
study, hypo- and hyper-responsiveness to clopidogrel were con-
sidered to be two standard deviations less than and greater than
the mean, respectively, with prevalences of 4.2% and 4.8%, re-
spectively. In a systematic review [15], the prevalence of clopido-
grel resistance was reported to range from as low as 5% to as high
as 44% (Table 1).

Based on these studies of clopidogrel resistance, it appears that
there are two distinct processes at work; however, there is some

Table 1 Prevalence of clopidogrel resistance [15]

Clopidogrel Resistance

potential for these to combine and increase the risk of future
events. Within a clinical setting, clopidogrel resistance is charac-
terized by the occurrence of thrombotic events despite clopidogrel
administration. On the one hand, this may be due to decreased
activity of clopidogrel induced by competition with other drugs or
endogenous molecules, for example, those belonging to the cy-
tochrome P450 system, which is essential to generate the active
metabolite of clopidogrel. On the other hand, some patients may
show an impaired ability to absorb the drug or to generate the ac-
tive metabolite because of altered functioning of the cytochrome
P450 system, possibly due to polymorphisms of genes encoding
these isozymes, and alterations to the molecular structure or ex-
pression level of the P2Y12 receptor.

Factors Involved in Clopidogrel Resistance
Clopidogrel Metabolism

Clopidogrel metabolism occurs via two major pathways. In the
first pathway, clopidogrel undergoes esterase-mediated hydrol-
ysis, which results in the production of the M1 metabolite
(SR26334) and other inactive by-products (Figure 1) [16]. The
second pathway is involved in the formation of the active
metabolite, R-130964, in two stages. First, the cytochrome P450
isozymes CYP1A2, CYP2C19, and CYP2B6 induce the formation of

Study n Patients Dose Method and definitior: of Time Prevalence
(mg, load/qd) clopidogrel resistance
Gurbel et al. [1] 92 PCl 300175 5 and 20 uM ADP-induced 24h 31-35%
aggregation: <10% absolute change
laremo et al. [81] 18 PCl 300/75 ADP-induced fibrinogen binding 24h 28%
<40% of baseline
Miller et al. [2] 119 PCI 600/75 5 and 50 M ADP-induced 4h 5-11%
aggregation: <10% relative change
Mobely et al. (82] 50 PCI 300/75 1 uM ADP-induced aggregation, TEG Pre and post 30%
and Ichor PW: <10% absolute
inhibition
Lepantalo et al. [83] 50 PCl 300175 2 or 5 uM AD-induced aggregation 2.5h 40%
and PFA-100: <10% inhibition
Angiolillo et al. [84] 48 PCl 300/75 6 M ADP-induced aggregation: 10min, 4and 24 h 44%
<40% inhibition
Matetzky et al. [10] 60 STEMI 300/75 5 uM ADP-induced aggregation and Daily for 5 days 25%
CPA: <10% inhibition
Dziewierz et al. {85] 31 CAD 300 20 uM ADP-induced aggregation: Sdays24h 23%
<10% absolute change
Lev et al. [86] 150 PCl 300 5 uM ADP-induced aggregation: <10% 20-24h 24%
absolute change
Angiolillo et al. [87] 52 Diabetics and 300 <10% relative inhibition 24 h 38% diabetic;
nondiabetics 8% nondiabetic
Gurbel et al. [88] 190 PCI 300 or 600/75 5 and 20 M ADP-induced 24 h 28-32% (300 mg)
aggregation <10% absolute 8% 600 mg

inhibition

PCI, percutaneous coronary interventions; ADP, adenosine diphosphate; CAD, coronary artery disease; TEG, thromboelastography; ichor PW, Ichor Platelet-
works; PFA-100, platelet function analyzer-100; CPA, cone and platelet analyzer; STEMI, ST-segment elevation myocardial infarction.
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Figure 1 Metabolism of clopidogrel to its inactive and active metabolites.

2-oxo-clopidogrel; then, activity of CYP3A, CYP2C9, CYP2C19, or
CYP286 leads to the formation of R-130964 (Figure 1).

Based on these metabolic pathways, a number of mechanisms
could underlie the phenomenon of clopidogrel resistance. One
such mechanism is the potential for interactions with other drugs
that rely on the cytochrome P450 system; another is altered ex-
pression and activity of the cytochrome p450 system.

Pharmacology and Drug Interactions

A large number of pharmaceutical products and natural com-
pounds are metabolized via the cytochrome P450 system. Of par-
ticular interest are the 3-hydroxy-3-methylglutaryl-coenzyme A
(HMG CoA) reductase inhibitors (statins) and proton pump in-
hibitors (PPIs), both of which are commonly used in the patient
populations that are most likely to use clopidogrel and related an-
tithrombotic agents.

Statins

Evidence for clinical effects of an interaction between clopido-
grel and statins has been reported in several studies. First, Lau
etal. [17] compared platelet aggregation in 44 patients undergoing
coronary artery stent implantation who were treated with clopido-
grel alone or in combination with pravastatin or atorvastatin. They
found that patients treated with clopidogrel in combination with
atorvastatin showed significantly higher residual platelet aggrega-
tion compared with clopidogrel alone, indicating reduced clopido-
grel activity, with a dose-response relationship. It must be noted
that the authors of that study used a PlateletWorks assay that has
not been extensively validated for measuring platelet aggregation,
and which may be less reliable than other methods for assessing
platelet defects in cardiac surgical patients [18,19]. In a separate
study in healthy volunteers, however, although simvastatin and

e102

fluvastatin affected the antiaggregation effect of clopidogrel, ator-
vastatin, pravastatin, and rosuvastatin did not [20], suggesting that
the drug interaction is not a class effect of statins.

Numerous studies have subsequently revealed that coadminis-
tration of a statin with clopidogrel does not affect the efficacy of
clopidogrel [21-25]. Indeed, one study indicated that the effect
may be the result of a prior history of coronary stent thrombo-
sis, rather than the use of a statin [21]. In a large-scale study of
1395 patients [26] scheduled for elective coronary stent place-
ment, clopidogrel 600 mg was given >2 h before PCI and 75 mg
daily thereafter. Statin medication on admission was continued
unaltered until discharge (atorvastatin, n = 255; simvastatin, n =
355, fluvastatin, n = 42; pravastatin, n = 81). The use of clopido-
grel after stratification for concomitant use of statins had no effect
on antiplatelet activity or clinical outcomes after PCI.

Proton Pump Inhibitors

PPIs are commonly administered for the treatment of gastroe-
sophageal reflux disease and gastric ulcers. However, concomitant
administration of antithrombotic agents is known to increase the
risk of gastrointestinal adverse events, particularly upper gastroin-
testinal bleeding, and this risk is more pronounced in patients with
gastric ulcers [27-29]. However, it has also been noted that clopi-
dogrel activity is commonly impaired when used in combination
with PPIs.

Gilard et al. [30] evaluated vasodilator-stimulated phosphopro-
tein (VASP) phosphorylation as an index for platelet reactivity in
patients taking clopidogrel in combination with either placebo or
omeprazole. Using this approach, the mean percentage platelet
reactivity is inversely correlated with clopidogrel treatment effi-
cacy. Of note, the platelet reactivity index measured at the start
and after 7 days of clopidogrel treatment was significantly aug-
mented by omeprazole compared with placebo (from 83.9% and
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Figure 2 Cumulative risk of all-cause mortality and recurrent acute coronary syndrome in patients using clopidogrel and/or a PPI after discharge for acute
coronary syndrome (n = 5244) [35]. ACS, acute coronary syndrome; PPI, proton pump inhibitor; d, days.

83.2% 10 39.8% and 51.4%, respectively [—32.6 vs. —43.3%], re-
spectively; P < 0.0001), indicating impaired clopidogrel activity
in patients using omeprazole. Similar findings have been shown
in other studies [31-34], including randomized controlled trials
and population-based studies. Moreover, it appears that patients
using PPIs in combination with clopidogrel have a higher risk for
mortality or rehospitalization for cardiac adverse events than those
not treated with PPIs [35]. Indeed, Ho et al. reported that the cu-
mulative risk of all-cause mortality and recurrent acute coronary
syndrome was significantly lower in patients using clopidogrel
alone than in those using clopidogrel in combination with a PPI
(Figure 2) [35].

The results of two randomized trials investigating the efficacies
of clopidogrel and prasugrel with or without a proton-pump in-
hibitor (at the physician’s discretion) were recently reanalyzed
[36]. In the larger of the two studies, TRITON-TIMI 38, patients
(n = 13,608) were randomly assigned to prasugrel (n = 6813) or
clopidogrel (n = 6795) and 33% (n = 4295) of patients were using
PPIs at randomization. This analysis revealed no association be-
tween PPI use and risk of the primary endpoint (composite of car-
diovascular death, MI or stroke) in patients treated with clopido-
grel (hazard ratio [HR] = 0.94; 95%confidence interval [95%CI]
= 0.80-1.11) or prasugrel (HR = 1.00; 95%CI = 0.84-1.20).

Drug-drug interactions involving PPIs and clopidogrel may oc-
cur as a result of their metabolism by cytochrome P450 enzymes
including CYP2C19 in the liver. However, based on the above
findings, the effect of PPI administration on clinical outcomes fol-
lowing clopidogrel treatment seems to be inconsistent. For exam-
ple, Juurlink et al. [33] reported a retrospective population-based
nested case-control study of 13,636 patients prescribed clopidogrel
after acute MI, including 734 cases readmitted with MI and 2057
controls. As in the above studies, current use of PPIs was associated
with an increased risk of reinfarction (adjusted odds ratio [OR] =
1.27; 95%CI = 1.03-1.57). However, in a stratified analysis, pan-
toprazole, which does not inhibit CYP2C19, was not associated
with readmission (adjusted OR: 1.02; 95%CI = 0.70-1.47); the
adjusted OR for other PPIs was 1.40 (95%CI = 1.10-1.77). Other
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studies have revealed that esomeprazole [37] and omeprazole [31]
are associated with adverse outcomes of clopidogrel therapy, likely
because of their potent inhibition of CYP2C19 {38]. Interestingly,
in the COGENT randomized controlled study [38] of patients with
ACS or undergoing placement of a coronary stent, there was no
difference in the effects of a fixed-dose combination of clopido-
grel (75 mg) with omeprazole (20 mg) or clopidogrel alone (both
groups also used aspirin at 75-325 mg/day) on the cardiovascu-
lar endpoint (a composite of cardiovascular death, nonfatal MJ,
CABG or PCI or ischemic stroke; HR = 1.02, 95%CI = 0.70~1.51).
As would be expected, the rate of gastrointestinal outcomes was
lower in the combination therapy group than in the placebo group
(HR = 0.55; 95%CI = 0.36-0.85); however, the study did not ad-
dress whether clopidogrel reduced the efficacy of omeprazole. Al-
though this study could indicate a real absence of an effect of the
PPI omeprazole on clopidogrel activity, several limitations of the
study should be considered. First, the median follow-up was only
133 days (maximum 362 days). Second, the study did not directly
measure platelet activity, which may indicate subclinical clopido-
grel resistance, indicative of a risk of future events. Third, the study
used a novel formulation of clopidogrel/omeprazole with altered
release kinetics that differs from the commercially available for-
mulations.

Overall, it seems that the ability of PPIs to inhibit CYP2C19 may
influence clopidogrel activity. Although clopidogrel can be used
concomitantly with PPIs, physicians should be aware of the poten-
tial for an inadequate response; regular assessment of platelet ag-
gregation should be a priority in such cases to ensure that platelet
aggregation is inhibited appropriately to reduce the risk of future
adverse cvents.

Potential Genetic Factors Involved in Clopidogrel
Resistance

Because the response to clopidogrel shows wide variation among
individuals, many studies have been conducted to investigate pos-
sible biological factors that may mediate these differences. As a
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