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Figure 1. A, Kaplan-Meier curve showing the patient-based cumulative incidence of definite ST. B, Timing of ST after antiplatelet ther-
apy discontinuation. C, Timing of ST within 28 days after antiplatelet therapy discontinuation. D, Kaplan-Meier curve showing the
cumulative incidence of persistent thienopyridine discontinuation over time.

graphic measurement. Bifurcation lesion was defined as that involv-
ing a side branch of =2.2 mm in diameter.

Death was regarded as cardiac in origin unless obvious noncardiac
causes could be identified. Any death during the index hospitaliza-
tion was regarded as cardiac death. Sudden death was defined as
unexplained death in previously stable patients. MI was adjudicated
according to the definition in the Arterial Revascularization Therapy
Study.® Within | week of the index procedure. only Q-wave MI was
adjudicated as M1

ST was defined according to the Academic Research Consor-
tium definition.” Not only sudden death but also those deaths
without enough information to exclude sudden death were re-
garded as possible ST. Unless otherwise noted, definite ST
assessed on an individual patient basis was used as the end point
for ST, because this was the end point used in a recent large-scale
registry for DES.®

Antiplatelet Therapy
The recommended antiplatelet regimen was aspirin (=81 mg daily)
indefinitely and thienopyridine (200 mg of ticlopidine or 75 mg of
clopidogrel daily) for at least 3 months. Duration of antiplatelet
therapy was lefl to the discretion of each attending physician.
Dates of discontinuation of aspirin and thienopyridine were
reported separately on the follow-up forms. When discontinuation
was intended to be temporary, the dates the medications were

restarted were also reported. When the attending physician intended
to discontinue medications permanently, dates related to the restart-
ing of medications after discontinuation were not systematically
reported. Persistent discontinuation was defined as withdrawal that
lasted at least 2 months.

ST incidences were evaluated according to the status of aspirin
therapy and thienopyridine therapy. Analyses were made by time
intervals after index PCI (ie, within 30 days. 31 to 180 days, 181 to
365 days, 366 to 548 days, and 549 1o 730 days) in accordance with
a previous report.* Those patients in whom occurrence of ST could
be evaluated throughout the given intervals of interest were eligible
for the analysis. Patients with known discontinuation of therapy for
any duration until the end of the given intervals were assigned to the
discontinuation group of patients without ST. In patients with ST,
only discontinuation before the onset of ST was evaluated. Patients
with acute ST and those with ST during the prior intervals were
excluded from the analysis.

The influence of prolonged dual-antiplatelet therapy on clinical
outcome was assessed with the so-called landmark analysis
reported previously, which is a form of survival analysis that
classifies patients on the basis of some nonoutcome event that occurs
during follow-up (eg. discontinuation of thienopyridine at 6
months).” Eligible patients were those patients who continued taking
aspirin and were free from death, MI, stroke, or ST at the 6-month
landmark point.
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Statistical Analysis

Categorical variables were compared with the x° test. Continuous
variables are expressed as mean®SD unless otherwise indicated.
Continuous variables were compared with the Student ¢ test or
Wilcoxon rank sum test based on the distribution. Cumulative
incidence was estimated by the Kaplan-Meier method, and differ-
ences were assessed with the log-rank test.

A Cox proportional hazard model was used to identify indepen-
dent risk factors of ST. We used the variables listed in supplemental
Table I as potential independent variables. The continuous variables
were dichotomized by clinically meaningful reference values or
median values. To determine the independent risk factors, we first
selected variables with P values <(0.05 in the univariable Cox
models and for which proportional hazard assumptions were accepl-
able on the plots of log (time) versus log [—log (survival)] stratified
by the variable. We then included them simultaneocusly in the
multivariable models. Patients with missing values for any selected
variable were excluded from the multivariable analysis. The robust-
ness of independent risk factors for ST that were identified by the full
model without selection of variables was confirmed by both forward
and backward selection procedures.

Landmark analysis was conducted as described previously.® We
computed the propensity score using logistic regression, with the
dependent variable being continued thienopyridine use at 6 months
and with the 23 independent variables listed in supplemental Table I.
Next, we computed the adjusted survival curves of groups with and
without thienopyridine use at the 6-month landmark using the Cox
proportional hazard model in conjunction with methods described by
Ghali et al,'® adjusting for the propensity score and the above-
mentioned 23 covariates.

All analyses were conducted by a physician (Takeshi Kimura) and
an independent statistician (Takeshi Morimoto) with the use of SAS
software version 9.1 (SAS Institute Inc, Cary. NC) and S-Plus
version 7.0 (Insightful Corp. Seattle. Wash). All reported P values
are 2-sided.

The authors had full access to and take full responsibility for the
integrity of the data. All authors have read and agree to the
manuscript as written,

Results

Baseline Characteristics

It was common for patients in the present study to have
high-risk features, such as age =80 years. diabetes mellitus,
renal failure, or unprotected left main disease (Table 1).
Complex lesions such as chronic total occlusion, long lesions.
and small vessels were also common. However, only 21% of
patients presented with acute coronary syndrome (ACS).
Procedures were characterized by use of high inflation
pressure and a high rate of intravascular ultrasound guidance.

Clinical Outcome

Cumulative incidences of death, cardiac death, and sudden
death at 2 vears were 7.2%, 3.7%. and 1.4%, respectively
(Table 2). Incidence of MI was 1.5% at 2 years. MI related to
ST constituted 45% of all Mls, or 0.7% at 2 years. Incidence
of target-lesion revascularization was 10.2% at 2 years.

Incidence, Clinical Sequelae, and Predictors of ST

Cumulative incidences of ST at 2 years were 0.77% for
definite ST, 0.91% for definite or probable ST, and 2.48% for
all ST (Table 2). Incidences of definite ST were 0.34% (95%
confidence interval [CI] 0.23% to 0.45%) at 30 days, 0.54%
(95% CI1 0.4% to 0.68%) at 1 year, and 0.77% (95% CI 0.58%
to 0.96%) at 2 years (Figure 1A). The slope of the linear

Table 3. Clinical Sequelae of ST and Antiplatelet Therapy at
the Time of ST

Early ST Late ST Very Late ST
(=30 d) (31-365d)  (366-730 d)
(n=36) (n=21) (n=14)
Interim TVR, % 0 a5 14
Clinical sequelae within 30
days of ST, %
Death 1 38 18
MI 85 95 91
Q-wave infarction 56 70 83
Non-Q-wave infarction 29 25 8
Emergency CABG 1" 0 0
Antiplatelet therapy at time of
ST, %
On dual antiplatelet therapy 86 57 36
On aspirin alone 83 14 43
On thienopyridine alone 0 48 0
0Off both 2.8 24 21
Unknown 2.8 0 0
Discontinuation of 1 8 9
thienopyridine, n
Median interval (IQR) 9 29 196
between thienopyridine (14-174) (82-404)

discontinuation and ST, d
TVR indicates target-vessel revascularization; IQR, interquartile range.

portion of the cumulative incidence curve of ST between 30
days and 2 years was 0.2% per year. Clinical sequelae within
30 days of ST were MI in 85% to 95% of cases and death in
11% to 38% of cases, depending on ST timing (Table 3).

Univariable predictors for ST are shown in supplemental
Table 1. Multivariable analysis identified ACS (hazard ratio
[HR] 2.53. 95% CI 1.3 to 4.92, P=0.006) and heart failure
(HR 2.33, 95% CI 1.12 to 4.84, P=0.02) as independent
predictors of early ST. Independent predictors of late or very
late ST included hemodialysis (HR 6.86, 95% CI 3.05 to
15.45. P<<0.001), end-stage renal disease (estimated glomer-
ular filtration rate <30 mL - min~' - 1.73 m™) without
hemodialysis (HR 5.33, 95% CI 2.0 to 14.15, P<<0.001),
side-branch stenting (HR 3.5, 95% CI 1.36 to 9.03, P=0.01),
and smoking (HR 2.36, 95% CI 1.17 to 4.76, P=0.02).

Discontinuation of Antiplatelet Therapy and ST
During the index hospitalization, aspirin and thienopyridine
were administered in 98.9% and 99.5% (ticlopidine 96.9%
and clopidogrel 2.6%) of patients, respectively. Cilostazol
was administered in 3.2% of patients at the time of hospital
discharge.

The status of antiplatelet therapy immediately before the
onset of ST was known for the vast majority of patients with
ST, except for 1 patient who presented with cardiogenic
shock. The majority of patients (86%) with early ST were
taking dual-antiplatelet therapy at the time of ST. The
prevalence of dual therapy was 57% for late ST and 36% for
very late ST, respectively (Table 3). Among 18 patients who
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Figure 2. Relationship between thienopyridine and/or aspirin discontinuation and ST by time interval after stent implantation.

had ST after any antiplatelet therapy discontinuation, the
majority of ST events occurred >1 week after discontinua-
tion (Figure 1B and 1C).

Thienopyridine use was maintained in 97%. 62%, and
50% of patients at 30 days, 1 year, and 2 years. respec-
tively. A steep rise was found at =3 months in the
cumulative incidence curve of persistent discontinuation of
thienopyridine (Figure 1D): however, a corresponding
steep rise was not observed in the cumulative ST incidence
curve (Figure 1A).

With regard to the relation between aspirin and/or thien-
opyridine discontinuation and ST, patients who discontinued
both aspirin and thienopyridine had a significantly higher ST
rate than those who continued both agents in the intervals of
31 to 180 days, 181 to 365 days, and 366 to 548 days after
stent implantation (1.76% versus 0.1%, P<<0.001; 0.72%
versus 0.07%, P=0.02: and 2.1% versus 0.14%, P=0.004,
respectively: Figure 2). When discontinuation of aspirin was
considered, discontinuation of thienopyridine therapy only
was not associated with increased ST risk in any of the time
intervals.

Landmark Analysis Based on Thienopyridine Use

At 6 months, thienopyridine use was maintained in 7247
(73%) of 9875 patients eligible for the landmark analysis.
Patients taking thienopyridine had significantly more com-
plex characteristics, although some of these statistically
significant differences might not be clinically relevant (Table
4). After adjustment for differences in baseline characteris-
tics, the rates of death, MI, death or MI, and a combined end
point of cardiac death, MI. or stroke at 24 months were not
different between the 2 groups with or without thienopyridine
therapy in the 6-month landmark analysis (Figure 3; Table 5).

The influence of ACS on the 6-month landmark analysis
was evaluated. The cumulative rate of death or MI was
significantly higher in patients with ACS than in those
without ACS (Figure 4A): however, rates of death or MI
beyond 6 months were similar in both groups (Figure 4B).
Adjusted rates of death or MI at 24 months in the 2 groups
either taking or not taking thienopyridine therapy at 6
months were similar in patients with or without ACS
(Figure 4C and 4D).

Discussion

The main findings of the present study are that discontinua-
tion of both aspirin and thienopyridine, but not discontinua-
tion of thienopyridine therapy only, is associated with an
increased ST risk and that no apparent clinical benefit is
received from thienopyridine use beyond 6 months after SES
implantation. More than 2 years ago, concerns were raised
about DES safety.'? Although more recent reports from
registries and meta-analyses of randomized, controlled trials
provided data supporting the relative safety of DES compared
with BMS, 112 a cohort study conducted in Bern, Switzer-
land, and Rotterdam, Netherlands, demonstrated that definite
ST continues to occur at the constant rate of 0.6% per year
from 30 days to 3 years after DES implantation.® The present
ongoing analysis using the same ST end point also showed
that ST remained a continuous hazard up to 2 years after SES
implantation, although the cumulative incidence of ST ap-
peared to be considerably lower than that in the Bern and
Rotterdam cohorts.®

We can suggest several potential reasons for the markedly
lower rate of early ST in the present registry. First, there
might be ethnic differences in the propensity for ST. We
reported a 0.9% rate of early ST in 320 Japanese patients
undergoing planned BMS implantation with an antithrom-
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Table 4. Baseline and Procedural Characteristics in the 2
Groups Analyzed by Landmark Analysis at 6 Months

Taking Not Taking
Thienopyridine  Thienopyridine
(n=7247) (n=2628) P
Age, y 68.1+10.2 68.3+10.0 0.44
Male, % 76 75 012
Body mass index, kg/m? 240+34 240+34 0.98
Hypertension, % 76 74 0.03
Diabetes mellitus, % 41 39 0.2
Current smoking, % 19 21 011
eGFR <30 97 8.0 0.009
mL-min~"-1.73m % %
ACS, % 20 22 0.03
Prior MI, % 28 28 0.62
Prior stroke, % 93 8.1 0.06
Peripheral vascular 1 12 0.54
disease, %
Prior heart failure, % 13 10 <0.001
Prior PCI, % 50 44 <0.001
Prior CABG, % 73 7.0 0.58
Multivessel stenting, % 21 16 0.14
Target of unprotected 41 26 <0.001
LMCA, %
Target of proximal LAD, % 49 49 0.51
Target of chronic total 12 9.7 0.005
occlusion, %
Target of in-stent 17 15 0.046
restenosis, %
Target lesion <<2.5 mm in 33 33 0.93
diameter, %
Intravascular ultrasound 49 44 <0.001
use, %
Side-branch stenting, % 49 2.5 <0.001
Total length of stents, mm 39.8+26.5 36.0=22.5 <0.001

eGFR indicates estimated glomerular filtration rate; LMCA, left main coronary
artery; and LAD, left anterior descending coronary artery.
Continuous variables were expressed as mean=SD.

botic regimen that included aspirin and warfarin.!® This early
ST rate appears to be markedly lower than the 2.7% in 550
US patients reported in the Stent Anticoagulation Restenosis
Study using the same antithrombotic regimen and the same
BMS.!4 Second, the incidence of ACS presentation, which is
an established risk factor for early ST, was lower in the
present study population than in the Bern and Rotterdam
cohorts? (21% and 59%. respectively). Third, only 3% of
patients in the present study discontinued thienopyridine
within 30 days of SES implantation compared with the 14%
discontinuation rate reported in the PREMIER registry (Pro-
spective Registry Evaluating Myocardial Infarction: Events
and Recovery). We cannot provide a clear explanation for
the lower rate of late and very late ST in the present study
population compared with that in the Bern and Rotterdam
cohorts,® because the mechanisms of late and very late ST
have not yet been well clarified.

Although no randomized study has evaluated the role of
dual-antiplatelet therapy in DES. the benefit of dual-antiplate-
let therapy in preventing ST within 1 month after BMS
implantation has been well established from randomized
trials.'#15 The TRITON-TIMI 38 trial (Trial to Assess Im-
provements in Therapeutic Outcomes by Optimizing Platelet
Inhibition with Prasugrel-Thrombolysis In Myocardial In-
farction) also demonstrated that more intensive antiplatelet
therapy with prasugrel was associated with a marked reduc-
tion in ST rate compared with standard antiplatelet therapy
with clopidogrel.'® Reduction of the ST rate in the prasugrel
group was predominantly seen within 30 days after stent
implantation, although the reduction in the rate of late ST was
also of borderline significance. Therefore, the role of inten-
sive antiplatelet therapy in reducing early ST appears to be
firmly established.

However, the role of thienopyridine therapy in reducing
late ST beyond | month after stent implantation has not been
well addressed. Although premature discontinuation of anti-
platelet therapy has been reported to be the most powerful
predictor of ST and/or adverse outcome,* these previous
reports did not discriminate the relative impact of discontin-
uation of either aspirin, thienopyridine, or both agents. The
present analysis demonstrated that withdrawal of both thien-
opyridine and aspirin, but not of thienopyridine therapy
alone, was associated with increased ST risk beyond 1 month
after SES implantation. Aspirin withdrawal was reported 1o be
responsible for admission with an ACS in 51 (4%) of 1236
patients. with a mean delay between aspirin cessation and
hospitalization of 10=2 days.!” It is noteworthy that late and
very late ST at a mean of 16=7 months after BMS implantation
was responsible for ACS in 10 (20%) of these 51 patients.

Furthermore, only one third of ST events after discontin-
uation of antiplatelet therapy (mostly thienopyridine) oc-
curred within the first 28 days after discontinuation. This
might lead to a discussion about whether or not a direct link
in fact exists between discontinuation of antiplatelet therapy
and ST, particularly very late ST.

Previous prospective studies demonstrated a clinical ben-
efit of the prolonged use of thienopyridine for up to 1 year in
patients undergoing PCI with BMS,'®1® primarily in the
setting of ACS. Extrapolation of these findings to DES might
make it appear reasonable to advocate adherence to dual-
antiplatelet therapy for 1 year after DES implantation; how-
ever, the present study results suggest that it is also reason-
able to discontinue thienopyridine and adhere to aspirin
monotherapy in situations in which continuation of dual-
antiplatelet therapy appears to be otherwise clinically irrele-
vant. Furthermore, because the majority of ST events oc-
curred =1 week after discontinuation of antiplatelet therapy,
it appears important to make the duration of discontinuation
as short as possible if discontinuation is unavoidable.

The optimal duration of dual-antiplatelet therapy has not
been well established. A single-center observational study of
1216 DES patients and 2393 BMS patients reported that use
of clopidogrel at 6 and 12 months was associated with a lower
incidence of death or MI at 24 months in patients with DES
but not in patients with BMS.® On the other hand, a similar
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Figure 3. Unadjusted and adjusted cumulative incidences of death or M| using the 6-month landmark analysis.

analysis in 671 diabetic patients reported that use of clopi-
dogrel at 6 months was associated with a significantly lower
incidence of death or MI at 18 months in patients with BMS
but not in those with DES.2" Relatively small sample sizes in
these subgroup analyses to evaluate hard clinical end points
might be 1 of the reasons for the discrepancy. The present
analysis of a larger number of patients by the same method
demonstrated a similar long-term clinical outcome regardless of
thienopyridine use at 6 months in SES patients. Given the
increased risk of bleeding and the huge economic burden with
prolonged dual-antiplatelet therapy.'®1921 the optimal duration
of dual-antiplatelet therapy should be defined by prospective
randomized trials evaluating the net clinical benefit after con-
sidering both ischemic events and bleeding complications.

The present study has several important limitations. First,
baseline characteristics and procedural characteristics such as
the high rate of intravascular ultrasound guidance in the
present cohort might be markedly different from practices
outside Japan. Also, ticlopidine was used as a thienopyridine
antiplatelet agent in the vast majority of patients, in contrast
to the use of clopidogrel in most other studies. These and
other ethnic differences might make it difficult to apply the
findings in the present study outside of Japan. Second,
although data on antiplatelet therapy use were collected
prospectively, no attempt was made to verify compliance

with antiplatelet medications for patients in whom discontin-
uation was not reported: this might well have led to overes-
timation of compliance. In addition, we did not systematically
evaluate the restarting of antiplatelet therapy after persistent
discontinuation, which could have resulted in the potential
underestimation of medication use. In fact, in the 6-month
landmark analysis, 13% of patients who underwent repeated
revascularization >6 months after the first procedure were
likely to have restarted thienopyridine. The limitation of a
landmark analysis is that it only examines specific points in
time. A Cox proportional hazards model with a time-
dependent covariate (thienopyridine discontinuation) might
be able to examine the continuous risk of thienopyridine
discontinuation. Furthermore, when follow-up information
was obtained by contact with patients, dates of discontinua-
tion of aspirin and thicnopyridine were based on retrospective
recall by the patients or relatives, which suggests a potential
for recall bias. Third, unmeasured confounders related to
thienopyridine discontinuation might be present because of
the observational study design. Fourth, the number of patients
at risk at 2-year follow-up was limited. Therefore, the results
of the present study might be valid only during the first year
after SES implantation. Finally, bleeding complications were
not evaluated, which made it impossible to evaluate the net
clinical efficacy of dual-antiplatelet therapy.

Table 5. Unadjusted and Adjusted 24-Month Outcomes Based on 6-Month Thienopyridine Use

No. of Events Unadjusted Event Rates. % Adjusted Event Rates, %
No. at Risk No. at Risk Cardiac Death, Cardiac Death,
atb Death  Cardiac Death at 24 Death M Death or MI MI. or Stroke Death M Death or MI MI, or Stroke
Months Death Ml or M MI, or Stroke Months. P=0.22) (P=081) (P=0.26) (P=0.6) P=09) (P=0.42) (P=099) {P=0.79)
On thienopynidine 7247 238 41 268 228 2424 5.2 09 58 49 34 06 4.1 40
Oft thienopyridine 2628 79 1" n 82 1078 44 0.8 50 43 34 08 4.1 41
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Figure 4. A, Cumulative rates of death or Ml in patients with or without ACS. B, Rates of death or MI beyond 6 months in patients with or
without ACS. C and D, Adjusted cumulative incidences of death or Ml using the 6-month landmark analysis in patients with and without ACS.

Despite these limitations, we would conclude that discon-
tinuation of both thienopyridine and aspirin, but not discon-
tinuation of thienopyridine therapy alone, was associated with
an increased risk of ST. Landmark analysis did not suggest an
apparent clinical benefit of thienopyridine use beyond 6
months after SES implantation.
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CLINICAL PERSPECTIVE

Randomized data are lacking on the optimal duration of dual-antiplatelet therapy after drug-eluting stent implantation and
on the risks associated with discontinuation of dual-antiplatelet therapy. Despite the absence of randomized data, the use
of dual-antiplatelet therapy beyond 1 year has become commonplace in clinical practice. In the j-Cypher registry, 10 778
Japanese patients treated exclusively by sirolimus-eluting stents were followed up for up to 2 years with prospective data
collection on the status of antiplatelet therapy during follow-up. Incidences of definite stent thrombosis were 0.34% at 30
days, 0.54% at 1 year, and 0.77% at 2 years. Thienopyridine use was maintained in 97%, 62%, and 50% of patients at 30
days, 1 year, and 2 years, respectively. The main findings of the present study were that discontinuation of both aspirin and
thienopyridine, but not discontinuation of thienopyridine therapy only, was associated with an increased stent thrombosis
risk and that no apparent clinical benefit of thienopyridine use could be seen beyond 6 months after sirolimus-eluting stent
implantation, according to the 6-month landmark analysis. Given the increased risk of bleeding and huge economic burden
associated with prolonged dual-antiplatelet therapy, the optimal duration of dual-antiplatelet therapy should be defined by
prospective randomized trials evaluating its net clinical benefit after consideration of both ischemic events and bleeding
complications.
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SUPPLEMENTAL MATERIAL.
Supplemental table 1. Univariable Predictors of Early and Late or

Very Late Stent Thrombosis

A. Early stent thrombosis

Variables Yes No
N of patients Event rate N of patients Event rate p Value

Age >80 years 1362 022% 9416 0.35% 0.44
Male gender 8123 0.4% 2655 0.15% 0.06
Body mass index < 25.0 7004 027% 3771 0.45% 0.12
Hypertension 8069 0.34% 2709 0.33% 0.99
Diabetes mellitus 4400 0.39% 6378 0.3% 0.43
Current smoking 2119 0.52% 8659 0.29% 0.1

e GFR <30 mI/min/1.73 nf

without hemodialysis 522 0% 9659 0.34% 0.19

with hemodialysis 594 0.52% 10184 032% 045
Acute coronary syndrome 2308 0.65% 8470 0.25% 0.003
Prior myocardial infarction 3024 0.33% 7754 0.34% 097
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Prior stroke 1007 0.6% 9771 0.31% 0.13

Peripheral vascular disease 1276 0.24% 9502 0.35% 0.51
Prior heart failure 1460 0.7% 9318 0.28% 0.01
Prior PCI 5179 0.29% 5599 0.38% 0.44
Prior CABG 787 0.26% 9991 0.34% 0.69
Multi-vessel stenting 2089 0.38% 8689 0.32% 0.67
Target of proximal LAD 5284 0.46% 5494 0.22% 0.03
Target of unprotected LMCA 419 025% 10359 0.34% 0.73
Target of in-stent restenosis 1705 0.24% 9071 0.35% 0.44
Target of chronic total occlusion 1210 0.25% 9568 0.35% 0.58
Side-branch stenting 465 0.65% 10313 0.32% 0.23
Total stent length > 28 mm 5339 0.4% 5434 0.28% 0.29
Reference diameter pre<2.5mm 3582 028% 7053 0.37% 0.45
Use of intravascular nltrasound 5152 0.43% 5599 0.25% 0.11

B. Late or very late stent thrombosis

Variables Yes No

N of patients Event rate N of patients Event rate p Value
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Age >80 years

Male gender

Body mass index < 25.0

Hypertension

Diabetes mellitus

Current smoking

¢ GFR < 30 ml/min/1.73 nf

without hemodialysis

with hemodialysis

Acute coronary syndrome

Prior myocardial infarction

Prior stroke

Peripheral vascular disease

Prior heart failure

Prior PCI

Prior CABG

Multi-vesse! stenting

Target of proximal LAD

1359

8091

6985

8042

4383

2108

522

591

2293

3014

1001

1273

1450

5164

785

2081

5260

0.35%

0.45%

0.54%

0.45%

0.47%

0.84%

1.34%

1.69%

0.54%

0.57%

021%

0.25%

0.51%

0.42%

0.66%

0.56%

0.4%

9383

2651

3754

2700

6359

8634

9626

10151

8449

7728

9741

9469

9292

5578

9957

8661

5482

0.45%

0.39%

0.26%

0.4%

0.42%

0.34%

0.33%

0.37%

0.42%

0.39%

0.46%

0.46%

0.43%

0.46%

0.42%

0.41%

047%

0.26

0.83

0.054

0.97

0.19

0.03

<0.001

<0.001

0.69

043

0.5

0.57

0.39

0.93

0.12

0.6

0.49
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Target of unprotected LMCA 418 0.78% 10324 0.43% 0.14

Target of in-stent restenosis 1701 0.51% 9039 0.43% 0.63
Target of chronic total occlusion 1207 0.41% 9535 0.44% 0.98
Side-branch stenting 462 1.14% 10280 0.41% 0.004
Total stent length > 28 mm 5318 0.58% 5419 0.3% 0.12
Reference diameter pre <2.5mm 3572 0.63% 7027 0.36% 0.11
Use of intravascular ultrasound 5130 0.48% 5585 0.4% 0.66

CABG = coronary artery bypass grafting, ¢ GFR = estimated glomerular filtration rate, LAD = left anterior descending coronary

artery, LMCA = left main coronary artery and PCI = percutaneous coronary intervention
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Appendix A. List of participating centers and investigators

Kazuya Kawai, Shuichi Seki, Chikamori-kai medical Corporation ; Yukio
Kazatani, Shinichi Hiramatsu, Tsuyoshi Matsunaka, Aya Okino, Ai Nomoto,
Ehime Prefectural central Hospital ;Masanori Nomura, Hiroatsu Yokoi,
Masato Mikawa, Fujita Heaith University Banbuntane Houtokukai
Hospital, Keijiro Saku, Kazuyuki Shirai, Fukuoka University hospital,
Seiichi Haruta, Hiroshi Akanuma, Fukuyama cardiovascular Hospital ;

Shigeru Oshima, Hiroshi Hoshizaki, Ren Kawaguchi, Hideki Tsurugaya,
Gunma Prefectural Cardiovascular center ; Katsuhiko Sato, Yoichi Nozaki,
Mitsuru Tamazawa, Hokko Memorial Hospital ; Akira Miura, Hiroki
Sakamoto, Hiroshi Ueda, Japanese Red Cross Society Wakayama medical
Center ; Masanobu Namura, Taketsugu Tsuchiya, Kanazawa
Cardiovascular hospital ; Tadashi Kikuchi, Toshiya Muramatsu, Yoshiaki
Ito, Kawasaki Social Insurance Hospital; Yoshiaki Yokoi, Nobuyuki
Morioka, Ryuji Ishikawa, Kishiwada Tokushukai Hospital ; Masakiyo
Nubuyoshi, Hitoshi Yasumoto, Itsuo Yuda, Shinichi Shirai, Kokura
Memorial Hospital ;Kazuaki Mitsudo, Kazushige Kadota, Hayato Shimizu,

Noriko Makita, Hideko Nakagawa, Nagisa Watanabe, Yoshimi Sano,
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Kurashiki Central Hospital;Hiroshi Fujita, Akiko Matsuo, Kyoto Second
Red Cross Hospital ; Takeshi Kimura, Toshihiro Tamura, Etsuo Ohta,
Taisuke Nakanoue, Yoshihisa Nakagawa, Yuriko Uchida, Masahiko
Sakamoto,Kyoto University Hospital ; Ryozo Tatami, Kinya Ashida,
Takaaki Kitai, Maizuru Kyosai Hospital ;Nobuo Shiode, Matsue Red cross
Hospital ;Hideo Nishikawa, Fumiya Uchida, Mie Heart Center; Yoshisato
Shibata, Katsumasa Nomura, Miyazaki Ishikai Hospital ; Shinichiro
Toyoshima, Nanpuh Hospital ; Shunichi Miyazaki, Hiroshi Nonogi, Atsushi
Kawamura, Mitsuru Abe, Takuya Taniguchi, Hironori Yokoyama,
National Cardiovascular Center;Hitoshi Nakashima, Manabu Setoguchi,
National Hospital Organization Kagoshima Medical Center ; Yoshiharu
Murata, Kinuyo Morita, Noto General Hospital ; Takahito Sone, Shuji
Morikawa, Eijiro Hayashi, Ogaki municipal Hospital ;Kazuo Haze, Akira
Ito, Kei Yunoki, Osaka City General Hospital;Masaru Tanaka, Tsukasa
Inada, Osaka Red Cross Hospital; Takashi Honda, Kenji Horiuchi, Naoko
Takahashi, Kana Tsukushima, Saiseikai kumamoto Hospital ; Shunsuke
Take, Tomoko Yano, Saiseikai Noe Hospital; Taiichiroh Meguro, Hidehiko

Honda, Naoto Inoue, Sendai Kousei Hospital;Natsuki Nakamura, Kouichi
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Kikuta, Hidenori Tanaka, Shinbeppu  Hospital ; Tomohiro Kawasaki,
Shin-Koga Hospital ;Osamu Doi, Hiromichi Tamekiyo, Satoshi Kaburagi,
Shizuoka general Hospital ; Shigeru Saito, Sacko Takahashi, Yoshio
Taketani, Shonan Kamakura General Hospital ; Takaaki Isshiki, Ken
Kozuma, Teikyo University Hospital ; Yoshikazu Hiasa, Koichi Kishi,
Tokushima Red Cross Hospital ; Yasuhiko Hayashi, Mamoru Toyofuku,
Toru Ishibashi, Miyo Hatanari, Tsuchiya General Hospital ; Masunori
Matsuzaki, Jutaro Yamada, Takayuki Okamura, Yamaguchi University

Hospital.

Appendix B. List of clinical research coordinators

Kumiko Kitagawa, Hiromi Yoshida, Misato Yamauchi, Asuka Saeki,
Chikako Hibi, Emi Takinami, Izumi Miki, Miya Hanazawa, Naoko
Okamoto, Sachiko Maeda, Saeko Minematsu, Saori Tezuka, Yuki Sato,

Yumika Fujino, Hitomi Sasae, Rei Fujita

Appendix C. List of clinical event committee members

Kazushige Kadota, Kurashiki Central Hospital; Takeshi Kimura, Kyoto
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University Hospital, Toshihiro Tamura, Kyoto University Hospital;
Yoshihisa Nakagawa, Tenri Hospital; Toshiya Muramatsu, Kawasaki Social

Insurance Hospital, Hitoshi Yasumoto, Kokura Memorial Hospital.
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ORIGINAL ARTICLE

Ischemic Heart Disease

Cire J2009; 73: 336-342

Clopidogrel Resistance in Japanese Patients Scheduled for
Percutaneous Coronary Intervention

Kozo Hoshino, MD; Hisanori Horiuchi, MD; Tomohisa Tada, MD; Junichi Tazaki, MD;
Eiichiro Nishi, MD; Mitsunori Kawato, MD; Tomoyuki Ikeda, MD; Hiromi Yamamoto, MD;
Masaharu Akao, MD: Yutaka Furukawa, MD; Satoshi Shizuta, MD; Masanao Toma, MD;
Toshihiro Tamura, MD; Naritatsu Saito, MD; Takahiro Doi, MD; Neiko Ozasa, MD:
Toshikazu Jinnai, MD; Kanako Takahashi, MT:; Haruyo Watanabe, MT;

Yuka Yoshikawa, MT: Naoko Nishimoto, MT; Chiho Ouchi, MT;

Takeshi Morimoto, MD*; Toru Kita, MD; Takeshi Kimura, MD

Background Dual antiplatelet therapy with acetylsalicylic acid (ASA) and a P2Y 12 ADP-receptor blocker is
standard for prevention of coronary stent thrombosis. Clopidogrel, a 2nd-generation P2Y 12 blocker, has recently
become available in Japan and this study aimed to evaluate its antiplatelet effects in Japanese patients.

Methods and Results  Thirty Japanese patients scheduled for elective coronary stent implantation were enrolled.
Under low-dose ASA therapy, 300 mg clopidogrel was loaded on the 1%t day and a daily 75-mg dose was adminis-
tered on the following days. Assessed by optical aggregometer, rapid inhibition occurred at 4 h, when the inhibition
of platelet aggregation rate (IPA) was 16.4+12.8% using 5 mol/LL ADP as the stimulus. The antiplatelet efficacy
of clopidogrel was reasonably constant in each patient throughout the study period, although there was a broad
inter-individual variation. At 48 h after clopidogrel loading, the ratios of responders (IPA 230%), hypo-responders
(10%=IPA<30%), and non-responders (IPA <10%) were 36%, 50%, and 14%, respectively.

Conclusions  The antiplatelet effectiveness of clopidogrel appeared individual-specific with wide inter-individual
variation. The rate of clopidogrel non-responders was 14% among the examined Japanese patients.  (Cire J 2009;

73: 336-342)

Key Words: Adenosine diphosphate; Antiplatelet drug; Clopidogrel; Coronary stent; Thienopiridine

nary stent implantation is performed worldwide for
ischemic heart disease. In Japan, 153,501 patients
underwent this therapy in 2006, as described in the surveil-
lance report from the Japan Circulation Society. One of the
most serious problems is acute and late thrombosis at the
site of stenting and much effort had been made to avoid this
critical complication. The current standard dual antiplatelet
therapy with acetylsalicylic acid (ASA) and thienopyridine
ADP-receptor blocker has proven to be a powerful preven-
tive solution!-3
Two thienopyridine antiplatelet agents are currently availa-
ble: ticlopidine and clopidogrel. Although ticlopidine, a
|st-generation thienopyridine, has contributed much to the
prevention of stent thrombosis, it frequently causes adverse
side-effects such as agranulocytosis. thrombotic thrombo-
cytopenic purpura and liver injury. Clopidogrel, a 20d-gen-
eration P2Y 12 blocker, has a better safety profile with a lower
incidence of hematologic and liver complications, and has

Perculaneous coronary intervention (PCI) with coro-
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now largely replaced ticlopidine in clinical practice.

One important problem with clopidogrel is the wide
inter-individual variation in its antiplatelet effect?-5-% It has
been demonstrated that clopidogrel does not exert an anti-
platelet effect in a certain proportion of patients in Weslern
populations? known as clopidogrel resistance. Importantly,
several studies have revealed that cardiovascular risk is ele-
vated in patients with clopidogrel resistance!?

On the other hand. there are well-established differences in
the atherothrombotic and hemorrhagic risks in the Japanese
compared with Western populations!! so results from clinical
trials in the West using novel antithrombotic agents cannot
be applied directly to Japanese patients. Furthermore, the
standard dose of ticlopidine for the Japanese (200 mg/day)
is much lower than that for Western people (500 mg/day),
but the same daily maintenance dose (75 mg) of clopidogrel
is used in both populations. Therefore, some Japanese phy-
sicians are concerned about the strength of the effect of
clopidogrel in Japanese patients and because of those con-
cerns, we designed the present study to evaluate the anti-
platelet effects of clopidogrel under low-dose ASA therapy
in 30 Japanese patients scheduled for PCL.

Methods
Study Protocol
This study was approved by the Ethics Committee of
Kyoto University Hospital. and written informed consent was
given by all enrolled patients, who were undergoing elective
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coronary stent implantation. The initial diagnosis of ischemic
heart disease was based on symptoms, a non-invasive ex-
amination such as stress electrocardiogram, and/or coronary
computed tomography angiography. Further entry criteria
were (1) ASA (81-100mg/daily) for at least 7 days prior to
the initial cardiac catheterization and (2) platelet count of
100-350x10%/L and hemoglobin 210 g/dl. Exclusion crite-
ria were: (1) recent bleeding diathesis; (2) hematologic or
malignant disorder; (3) oral anticoagulation with coumarin
derivatives; (4) glycoprotein IIb/Illa inhibitor or fibrinolytics
administered during either the PCI or the preceding 14 days:;
and (5) antiplatelet therapy with thienopyridines, cilostazol
or dypridimole within the preceding 28 days.

A loading dose of 300mg clopidogrel was administered
on the 18 day, approximately 24 h before PCI. A daily main-
tenance dose (75 mg) was administered the morning before
the procedure and continued thereafter. ASA was admin-
istered at a daily dose of 81-100mg. Blood samples were
collected at enrolment, and at 4 (3-5)h, 24 (22-26)h and 48
(46-50) h after the loading dose (Table 1). The 24-h sampling
was performed before the daily 75mg clopidogrel intake,
whereas the 48-h sampling was afterward. All 30 enrolled
patients were to be evaluated until 48h after the loading
dose; 9 patients did not undergo PCI because of unexpected-
ly mild stenosis and re-evaluation of the PCI indication on
the following day and therefore, those patients discontinued
clopidogrel intake. PCI was carried out in the remaining 21
patients and their blood samples were analyzed on days 14
(12-16) and 28 (26-30).

Analysis of Platelet Aggregation

Blood samples were collected using a 21G needle, with
tourniquet, into a glass tube containing a final solution of
0.313% sodium citrate. Platelet-rich plasma (PRP) was
prepared by centrifugation at 150¢g at 25°C for 15min and
platelet-poor plasma was prepared by centrifugation at
1,740 ¢ at 25°C for 10min. The PRPs were stimulated by
5 and 20zmol/L. ADP (adenosine diphosphate; Chronolog),
and 2 zg/ml collagen (Horm, Germany) at 37°C and the ag-
gregations were analyzed, under stirring, using a 12-channel

Table 2 Baseline Characteristics

337

Table 1 Study Protocol

Platelet function analysis

1) Baseline

2) 4 h after loading

3) 24 h after loading

4) 48 h after loading

l 5) 14 days after loading
6) 28 days afier loading

Day 0 Clopidogrel 300 mg

Day 1 Clopidogrel 75 mg

Day 28

light transmission aggregometer (MCM HEMA TRACER
313; MC Medical, Japan), whereby the degree of light trans-
mission of the PRP was defined as 0% of the aggregation
rate and the cognitive platelet-poor plasma as 100%1213 The
degree of light transmission was monitored for 10 min after
agonist stimulation and platelet aggregation was evaluated.
All the procedures were completed within 2 h of blood sam-
pling. The maximal aggregation rate (MAR) and the inhibi-
tion of platelet aggregation (IPA), which was calculated as
the percent inhibition of baseline aggregation according to
the following equation, were evaluated:

IPA (%)= {(MARbaseline— MAR time after weatment )/ MAR baseline }
x100.

Analvsis of Vasodilator-Stimulated Phosphoprotein (VASP)
Phosphorylation

The VASP is an abundant substrate of cAMP-dependent
protein kinase in platelets. Its phosphorylation levels were
measured using the Platelet VASP-FCM kit (Biocytex Inc,
Marseille, France) in which the VASP-phosphorylation levels
are quantified by flow cytometry after stimulation of whole
blood with prostaglandin Ei (PGE1; mean fluorescence in-
tensity (MFI)) and also PGE1 plus ADP (MFI PGE1+ ADP).
The P2Y12 reactivity index (PRI), calculated as percent in-
hibition of baseline aggregation was evaluated according to
the following equation:

PRI={(MFIpGEi— MFIpGE1+ADP) MFIpGE: ) x 100.

Total (n=30) PCl (n=21) Non-PCI (n=9) P (PCI vs non-PCI)
Age (years) 70+7 719 6813 0.11
Males 22 (73%) 17 (81%) 5(56%) 0.16
Platelets (x10#/ul) 21.145.5 20.415.2 22.245.8 043
Risk factors
Current smoker 10(33%) 11(52%) 0(0%) 0.0013
Hvperlipidemia’ 22(73%) 18 (86%) 5(56%) 0.083
Diabetes? 7 (23%) 6(29%) 1(11%) 0.28
Hypertension’ 18 (60%) 15(71%) 4 (44%) 0.16
Prior myocardial infarction 1(3%) 1(5%) 0(0%) 0.39
Prior PCI 4(13%) 3(14%) 1(11%) 0.81
Prior cerebrovascular event 1(3%) 1(5%) 0(0%) 0.39
Peripheral vascular disease 2(7%) 2(10%) 0(0%) 0.22
Treatment
A-blocker 4(13%) 3(14%) 1(11%) 0.81
Nitrates 7(23%) 5(24%) 2(22%) 0.92
ACEI/ARB 13 (43%) 8(38%) 5(56%) 0.38
Statin 26 (87%) 19 (90%) 7(78%) 0.35
Ca-channel blocker 15 (50%) 12 (57%) 3(30%) 0.23
Proton pump inhibitor 7(23%) 5(24%) 2(22%) 0.92

Defined as 'under medical ireatment or total cholesterol level >220 mg/dl or low-density cholesterol level > 140 mg/dl, *HbA
>6.5%, ‘systolic blood pressure > 140 mmHg or diastolic blood pressure >90mmHg.
PCI, percutaneous coronary intervention; ACEL angiotensin-converting enzyme inhibitor; ARB, angiotensin ll-receptor blocker.
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Table 3 Maximal Aggregation Rates (%)

HOSHINO K et al.

Baseline

4h

ADP (5 wnol/L) stimulation
Total (n=30)
PCl-treated (n=21)
PCl-untreated (n=9)

ADP (20 umol/L) stimulation

64.5+6.7 (30)
65.5+5.9(21)
62.0+8.2 (9)

Total (n=30) 72.046.2

PCl-treated (n=21) 72.816.5

PCl-untreated (n=9) 70.0+5.4
Collagen (2 umol/L) stimulation

Toral (n=30) 49.3+16.1

PCl-treated (n=21) 50.3£15.8

PCl-untreated (n=9) 47.0%17.5

53.810.1(29)
54.7£10.3 (20)

52.0+10.0(9)

63.1£10.6
63.8+10.7
61.8+8.5

36.8%16.9
40.1+16.8
29.4x45.3

Abbreviation see in Table 2.
The number of examined subjects is shown in parentheses.

24h 48h 14 days 28 duays
52.94£89(30) 49.0+£10.2 (28)
53.618.6(21) 49.219.8(20) 46.8£12.5(20) 48.8+11.0(21)
52.0210.0(9) 48.6+11.8(8)

62.7+10.0 59.9+11.1(28)

62.719.6 60.1%11.4(20) 55.8%10.2(20) 57.0%10.3(21)
62.748.5 58.4+10.9(8)
36.7+14.2 36.1£15.9(28)
38.3+13.2 37.7%14.2(20)  33.1%12.2(20) 34.8%11.9(21)
32.8+16.4 32.4+]7.5(8)
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Definition of Clopidogrel Responsiveness

Classification of clopidogrel effectiveness was based on
the definition from a previous report:!# TPA <10% (clopido-
grel non-responders); 10%<IPA <30% (hypo-responders);
IPA 230% (responders).

Statistic Analysis

Continuous variables are expressed as mean = SD. Cate-
gorical variables are expressed as frequencies and per-
centages. Comparisons between categorical variables were
performed using 2-tailed Fisher’s exact test or the Pearson’s
chi-square test. Student’s t-test was used to compare continu-
ous variables. Changes in parameters were analyzed using
[-sample t-test. A P-value <0.05 was defined as statistical
significance. Statistical analyses were performed using
StatView 5.0 software (SAS Institute, Cary, NC, USA).

Results
Characteristics of the Study Population
The baseline characteristics of the 30 enrolled patients
are shown in Table2. Mean age was 70+7 years and 22 pa-

Time after clopidogrel intake

compared with the data at baseline. *P<0.0001.

tients (73%) were male. Only 1 patient (3%) had a history of
prior myocardial infarction and 4 (13%) had undergone a
prior PCL. Among the 30 patients. 9 did not undergo PCI be-
cause of unexpectedly mild stenosis on coronary angiography,
which was not apparent on the initial non-invasive assess-
ment. In the others (n=21), PCI with Cypher-stent® implan-
tation was successfully performed. Blood examination was
performed until 48 h after intake of 300mg clopidogrel for
all 30 patients, and additionally, on days 14 and 28 post-
procedure for the 21 patients undergoing PCI. Because some
patients did not cooperate, and other administrative reasons,
a few data points were not available. The number of patients
evaluated for platelet function was as follows: at 4 h (n=29),
24h (n=30), and 48 h (n=28) after clopidogrel intake (n=30),
and at 14 days (n=20) and 28 days (n=21) among patients
undergoing PCI (n=21) (Table 3). In all 30 enrolled patients,
we did not observe any haematologic disorders or liver
dysfunction during the study period.

Baseline characteristics were not significantly different
between the PCI (n=21) and non-PCI (n=9) groups, apart
from smoking habit (Table2). As shown in Table 3, there
was no significant difference between the 2 groups in the
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Clopidogrel Resistance in Japanese
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Fig2. Time-dependent change in the inhibition of platelet aggregation (IPA) after clopidogrel intake for each subject
categorized as a responder. hypo-responder or non-responder based on the IPAs with 5.mol/L. ADP stimulation at 48 h

after clopidogrel intake, as described in the Methods.
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(n=28) values from the 148 day (A, n=18) or the 28"
14th day day (B. n=19) and (C) time-dependent change in
{n=18) the ratios of responders, hypo-responders and
28th day non-responders at 4h, 24h, 48h, on the 14 day,
(n=19) . and on the 28'» day after clopidogrel intake using
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ADP-induced MAR at baseline or at 4, 24 or 48h. There-
fore. both groups were analyzed together.

Platelet Aggregation

The MARs induced by 5xmol/L. ADP time-dependently
decreased after clopidogrel intake (Fig1A). and the IPA
values, which represent the degree of inhibition of platelet
aggregability, increased reciprocally (Fig 1B). After 300-mg
clopidogrel loading, rapid inhibition occurred at 4h (IPA=
16.4+12.8%, P<0.0001 vs baseline), which continued until
24h (IPA=17.6£12.1%, P<0.0001 vs baseline). Following
75-mg clopidogrel intake, platelet aggregability was inhibited
more intensely after 48 h (IPA =24.0£13.9%, P<0.0001 vs 4h
and P<(.001 vs 24 h). It was noted that IPA did not attain a
steady state within 24 h after the initial 300-mg clopidogrel
intake. The same trend was observed with 20mol/L. ADP
(Fig1C). for which the IPAs after clopidogrel intake were
11.9413.6% at 4h, 12.4£13.9% at 24 h, 16.3£16.3% at 48 h,

Circulation_fournal  Vel.73, February 2009

5pmol/L ADP as a stimulus are shown according
to the definition: IPA <10% as non-responder, 10%
<IPA <30% as hypo-responder and [PA =30%.

22.9+14.5% at 14 days, and 21.3+14.9% at 28 days. These
data obtained with 5 or 20 zmol/I. ADP stimulation suggest
that clopidogrel efficiently exhibited antiplatelet effects and
that a 300-mg loading dose might not be immediately suffi-
cient to obtain the maximal antiplatelet effect.

Furthermore, clopidogrel intake also inhibited collagen-
stimulated platelet aggregation (Fig 1D): IPAs after clopido-
grel intake were 26.2422.4% (4 h), 25.0£19.9% (24 h), 26.8%
22.8% (48h), 31.7£19.0% (14 days), and 29.5+24.9% (28
days).

Rates of Clopidogrel Responders and Non-Responders

We analyzed the inter-individual variation in 5zmol/L
ADP-induced platelet aggregability. Individual plots of the
IPAs are shown in Fig2. The effectiveness of clopidogrel
exhibited a wide inter-individual variation and was quite
constant in individual patients throughout the study period.
The effects of clopidogrel were examined on the 14 and

— 300 —



340

100

601

40

P2Y,, Reactivity Index (PRI) (%)

n==30l n=29 ’ n=30 2 n=28 n=18 n=20I

0
baseline 4h 24h 48h 14d 28d
Time after clopidogrel intake

Fig4. Time-dependent inhibition of P2Y12 reactivity index (PRI),
calculated with data based on vasodilator-stimulated phosphoprotein
phosphorylation as described in the Methods, at baseline. and at 4 h,
24h, 48 h. 14'# day. and 28 day after clopidogrel intake. By 1-sample
t-test compared with data at baseline, *P<0.0001, *P<0.001.

28" days in 21 patients undergoing PCI. Among these pa-
tients, the IPAs at 48h with 5zmol/L ADP correlated well
with those on the 14" day (P=0.04, r=0.49, n=18: Fig3A)
and the 28 day (P=0.0007, r=0.71. n=19; Fig3B).

The proportion of responders, hypo-responders, and non-
responders at 4h with 5gmol/LL ADP was 7%, 69%, and
24%, respectively, and 36%. 50%, and 14%. respectively,
at 48 h, indicating that the antiplatelet effects of clopidogrel
at 48 h were stronger than those at 4 h, although we observed
a rapid effect of clopidogrel at 4 h with the 300-mg loading
dose. After 48h, the antiplatelet effects of clopidogrel ap-
peared to reach a plateau (Figs1,2). The rates of non-
responders at 48 h, on the 14" day, and on the 28" day were
149, 11%, and 20%. respectively, while the rates of
responders were 36%, 47%, and 50% (Fig3C).

Clopidogrel Responses Evaluated by VASP Phosphorylation

VASP is an abundant substrate of cAMP-dependent pro-
tein kinase in platelets. Binding of ADP to P2Y 12 leads 1o
Gi-coupled inhibition of adenylate cyclase, causing reduc-
tion of cAMP and the VASP-phosphorylation level in plate-
lets. When P2Y12 receptors are successfully blocked by
clopidogrel, the addition of ADP will not reduce the PGEI-
indiuced VASP phosphorylation levels. Using these princi-
ples, VASP phosphorylation levels were evaluated by flow
cytometry in the present study and the PRI was used to eval-
uate clopidogrel’s efficacy: the lower the PRI, the stronger
the clopidogrel antiplatelet effect through inhibition of the
P2Y 12 receptor.

As shown in Figd, the PRIs gradually decreased after
clopidogrel intake in a ume-dependent manner: 70.2£19.0%
at baseline, 62.94+20.4% at 4h, 60.4%21.2% at 24h, 52.9+
20.0% at 48 h, 44.9£18.2% on day 14, and 43.8423.9% on
day 28. The PRIs and the IPAs at 48h after clopidogrel
intake were negatively correlated with each other (y=0.67).

Discussion

In this study, we evaluated the antiplatelet effect of
clopidogrel under low-dose ASA therapy in Japanese pa-

HOSHINO K et al.

tients scheduled for PCI, and found that there was a wide
inter-individual variation and that the effects in Japanese
may not be as strong as for Caucasians at the same dose.

We noted that the effectiveness of clopidogrel was rea-
sonably constant in each patient throughout the study period
(Fig 3). indicating that responsiveness is individual-specific.
In a Western population, the rates of patients with so called
‘clopidogrel resistance’ ranged between 5% and 44%, al-
though the definitions of clopidogrel resistance varied? As
shown in Fig 3, we also detected 4 (14%) non-responders at
48h and in 1 patient (3%), clopidogrel suppressed ADP-in-
duced platelet aggregability strongly at 4h and throughout
the study period. These data suggest that there is also a wide
variety of responses to clopidogrel in the Japanese.

We used the definition of clopidogrel response proposed
by Angiollilo et al because their study design was similar to
ours, except that their patients took a higher dose of 250 mg
ASA (vs 81-100mg in our study) and platelet aggregation
was evaluated with the optical aggregometer with 6 zmol/L
ADP stimulation (vs 5xmol/L ADP in our study)!* There-
fore, the MAR at baseline in our study (64.534.5%) was
equivalent to theirs (approximately 60-62%)!* Importantly,
the ratio of responders at 4h after a 300-mg loading dose
was much lower in our study than in their study (7% vs 48%,
respectively) and was also the case at 48 h, because the ratios
of responders were 36% vs 80%, respectively. Another study
conducted in Sweden demonstrated that the mean IPA with
20zmol/L ADP was approximately 30% at 4 h after a 300-mg
loading dose under 325 mg ASA therapy!S whereas the IPA
with 20zmol/L. ADP in our study was 12%. Thus. the de-
gree of platelet inhibition in the Japanese obtained with a
similar regimen of clopidogrel, in which a 300-mg loading
dose and 75-mg maintenance dose were administered under
ASA therapy, might be lower than that in Western popula-
tions.

PRI values based on the VASP phosphorylation levels are
becoming widely used for the evaluation of the antiplatelet
effects of clopidogrel!®!” We also found them useful be-
cause clopidogrel significantly inhibited the PRIs. Using the
same loading/maintenance clopidogrel regimen, Grossmann
et al report that 10 (17.5%) of 57 patients were inadequate
responders (PRI >50%) at 5 days!” In the present study, the
percentages of inadequate responders (RPI >30%) were
16/28 (57%) at 48 h, 10/20 (50%) at 14 days, and 7/21 (33%)
at 28 days. Based on these results, we again consider that, at
the present dosage. the antiplatelet effect of clopidogrel in
the Japanese was not as strong as for Westerners.

Thus, on average, the antiplatelet effects of clopidogrel
in Japanese patients are not as strong as those observed in
Western people receiving a similar regimen of a 300-mg
loading dose followed by a daily 75-mg maintenance dose
under ASA therapy. To answer the question whether
75mg/day clopidogrel is too strong for Japanese, we would
answer that, based on the data presented here, it is not the
case. Rather, the relatively weaker antiplatelet effect of
clopidogrel in Japanese compared with in Western people
might cause a higher incidence of stent thrombosis. How-
ever, currently we have no data on the degree of antiplatelet
effect by clopidogrel that is necessary for the prevention of
stent thrombosis in Japanese patients. Furthermore, because
little data are available concerning the effect of ticlopidine
in Japanese that would be sufficient to prevent stent throm-
bosis, we cannot conclude that the antiplatelet effect of
clopidogrel at the current dosage is insufficient to prevent
stent thrombosis. Further study is essential to link the effec-
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