Clopidogrel Resistance in Japanese

tiveness of clopidogrel to the clinical outcomes of Japanese
patients.

Our study clearly revealed that there are some clopido-
grel non-responders among Japanese patients and thus their
risk of stent thrombosis would be high. One possible solu-
tion could be to add cilostazol to the dual antiplatelet therapy
of ASA and clopidogrel, because the functional mechanism
of cilostazol, a phosphodiestrase 3 inhibitor, is partly similar
to that of clopidogrel toward increasing the cAMP concen-
tration in platelets?'® and its addition would enhance the
antiplatelet effects of the dual antiplatelet therapy!%-20

The mechanisms of clopidogrel resistance are considered
to involve both acquired and genetic factors?! Clopidogrel is
a pro-drug, which needs to be activated to become the active
substance through the action of Cyp3A4 and Cyp2Cl9.
Single nucleotide polymorphisms (SNPs) in Cyp2C19 have
been suggested as causes of resistanceZ2-2* There is an inter-
ethnic variability in the rate of the Cyp2C19 SNPs that cause
Cyp2C19 to be non-functional and approximately 20% of
Japanese people have been reported to possess little Cyp2C19
activity in contrast to only 2.5% of Westerners?® Therefore,
a genetic defect in Cyp2C19 might have a great influence on
clopidogrel effectiveness in the Japanese. Further examina-
tion 1s required.

Concomitant treatment with drugs metabolized by
Cyp2C19 and Cyp3A4 might reduce the antiplatelet effect
of clopidogrel. The proton-pump inhibitor, omeprazole,
which is metabolized by Cyp2C19, has been reported to
reduce clopidogrel efficacy?® In our study. only 3 patients
were (reated with omeprazol and their IPAs at 48h using
5mol/L. ADP were 6.0%, 14.5%. and 15.9%, respectively.
Because the average IPA was 24.0+13.9% among 28 pa-
tients, the IPAs in the omeprazol-treated patients tended to
be lower (P=0.12, vs IPAs in omeprazol-free patients). A
Cyp3A4 metabolizing drug, atorvastatin, has also been re-
ported to affect clopidogrel’s efficacy?’ although other re-
ports showed no effects?8:29 In our study, IPA with 5gmol/L
ADP at 48 h was 21.2+10% (P=0.53, vs IPAs in atorvastatin-
free patients), suggesting that atorvastatin might not affect
the antiplatelet effects of clopidogrel: however, our study
was small-scale, so further study with a larger number of pa-
tients is essential for drawing conclusions concerning these
drug interactions.

We observed a clear reduction of the collagen-induced
platelet aggregability by clopidogrel intake under dual anti-
platelet therapy with ASA (Fig1D). Collagen may induce
aggregation mainly via the ADP pathway under ASA thera-
py. In other words, the signaling pathway stimulated by col-
lagen might be shifted to the P2Y 12 ADP-receptor pathway
in platelets under ASA therapy, in which platelets cannot
adequately generate thomboxane Az.

Evaluation of the antiplatelet effects of clopidogrel has
been performed using several modalities, such as VerifyNow30
and PFA1003! both of which are whole-blood aggregometers,
in addition to the optical aggregometer and analysis of
VASP phosphorylation used in the present study. Further,
the definition of clopidogrel resistance varies in each study.
Thus, the method and definition used to evaluate the effect
of clopidogrel have not yet been established, which would
enable comparison of studies.

In summary, we showed that the antiplatelet effect of
clopidogrel varied in Japanese patients, with 14% non-re-
sponders, and that, on average, the effect was not as strong
as that observed in Western patients with a similar regimen
of a 300-mg loading dose followed by a daily 75-mg main-

Circulation_Journal Vol.73, February 2009

341

tenance dose under ASA therapy.
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Abstract

Background: Few prospective cohort studies have examined the relationship between reduced left ventricular ejection fraction (LVEF) and
other comorbidities for precise risk stratification of sudden cardiac death (SCD) after coronary revascularization,

Methods: We analyzed 9877 consecutive patients who underwent first elective percutaneous coronary intervention (PCI) (n=6878) and
coronary artery bypass grafting (CABG) (1=2999) between 2000 and 2002 at 30 institutions registered under the CREDO-Kyoto registry.
Results: During the long-term follow-up (median follow-up period=42.8 months). 906 patients (9.4%) died; death from cardiovascular
causes was observed in 517 (5.7%) patients: cardiac death, in 376 (3.9%) patients: and SCD, in 140 (1.5%) patients. The rates of SCD were
0.5%, 0.9%, and 1.3% at 1, 2, and 3 years of follow-up, respectively. Multivariate analyses indicated that dialysis (hazard ratio=2.51),
chronic obstructive pulmonary disease (hazard ratio=2.04). congestive heart failure (hazard ratio=1.63), reduced LVEF (LVEF < 30%;
hazard ratio=1.55), chronic total occlusion of coronary artery (hazard ratio=1.38), diabetes with insulin therapy (hazard ratio=1.33), chronic
renal disease (hazard ratio=1.29), and peripheral artery disease (hazard ratio=1.27) were independent predictors of SCD.

Conclusions: The method of revascularization had no influence on the incidence of SCD, and the adjusted hazard ratio of reduced LVEF was
smaller than that observed in dialysis, chronic obstructive pulmonary disease, and congestive heart failure. This indicated that the risk of SCD
depends on multiple variables in addition 1o LVEF.

© 2009 Elsevier Ireland Ltd. All rights reserved.

Kevwords: Sudden cardiac death; Percutaneous coronary intervention; Coronary artery bypass grafting; Left ventricular ejection fraction

1. Introduction ities for estimating the precise risk stratification of SCD in
patients after coronary revascularization.

Sudden cardiac death (SCD) is reported to be the cause of
more than half of all cardiac deaths, and ventricular
arrhythmia is believed to be the most common cause of
SCD [1]. The purpose of the present study was to evaluate
the incidence and the relative value of both reduced left
ventricular ejection fraction (LVEF) and multiple comorbid-

2. Patients and methods

Considerable data have been added to the coronary
revascularization demonstrating outcome study in Kyoto
(CREDO-Kyoto) registry regarding potential risk factors and
outcome of 9877 consecutive patients who underwent first
elective percutaneous coronary intervention (PCI; n=6878)
and then coronary artery bypass grafting (CABG; n=2999)

Abbreviations: SCD. sudden cardiac death; LVEF, left ventricular
ejection fraction; COPD, chronic obstructive pulmonary disease.

** All authors have read and approved the manuscript. The authors have no at 30 institutions in Japan between 200 and 2002. The
conflict of interests to declare. description of the study design and protocol has been
* Corresponding author. Tel.: +81 7 5751 3198; fax: 181 7 5751 3299, published previously [2]. To determine the clinical predictors

E-mail address: keinishiwkuhp kyoto-n.ac jp (K. Nishiyama). of SCD in patients after PCI and CABG, we performed a
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Table 1
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Patient and disease characteristics and univariate relationships with sudden cardiac death by Cox proportional-hazards model

Patients with characteristics

Univanate relationships with SCD

Overall Victims of SCD
(n=9756) (n=140)
Variable n % n Yo Hazard ratio 95% Cl P-value
Left ventricular dysfunction (LVEF <30%) 261 3.0% 17 12.1% 235 1.79-3.00 <0.0001
Dialysis 408 4.1% 29 20.7% 2.82 2.28-3.44 <0.0001
COPD 240 2.4% 13 9.3% 2.12 1.55-2.76 <0.0001
Congestive heart failure 1214 12.5% 50 35.7% 2.01 1.75-2.48 <0.0001
Chronic renal disease 1401 14.4% 92 65.7% 1.84 1.54-2.21 <0L0001
Diabetes with insulin therapy 820 8.3% 27 19.3% 1.70 1.37-2.07 <0.0001
Anemia 2536 26.3% 61 43.6% 1.56 1.32-1.85 <0.0001
Chronic total occlusion of coronary artery 3023 30.6% 67 47.9% 1.47 1.25-1.74 <0.0001
Peripheral artery disease 1141 11.6% 31 22.1% 1.53 1.24-1.85 0.0001
Body mass index* 23.6£3.3 22.7+£3.3 0.90 0.86-0.95 0.0002
Trple vessel disease 3205 32.5% 62 44.3% 1.30 1.10-1.53 0.0003
Having PCI 6878 69.6% 84 60.0% 0.81 0.68-0.96 0.0160
Agett 67.349.9 68.7+£9.9 1.02 1.01-1.04 0.0371
Chronic atrial fibrillation 233 2.4% 7 5.0% 1.54 1.01-2.17 0.0490
Female gender 2897 29.3% 33 23.6% 0.86 0.70-1.03 0.1084
Malignancy 703 7.1% 14 10.0% 1.27 0.94-1.65 0.1086
Hypertension 6811 69.0% 102 72.9% 1.09 0.91-1.33 0.3409
Emergency procedure 344 5.5% 9 6.4% 1.13 (.78-1.54 0.4880
Cerebrovascular disease 1643 16.7% 25 17.9% 1.07 0.85-1.32 0.5509
Left main coronary artery disease 956 9.7% 15 10.7% 1.06 0.79-1.36 0.6831
Current smoker status 2732 28.2% 37 26.4% 0.98 081-1.18 0.8234
Diabetes without insulin therapy 2942 29.8% 44 31.4% 1.02 0.85-1.21 0.8338
Proximal left anterior descending coronary artery disease 7090 71.8% 101 72.1% 1.01 0.84-1.22 0.9352

*Hazard ratio for | increase in body mass index; # Hazard ratio for | increase in age.
SCD=sudden cardiac death; Cl=confidential index; LVEF=left ventricular ¢jection fraction; COPD =chronic obstructive pulmonary disease.

post-hoc analysis of SCD in 9756 consecutive patients who
survived first elective PCI (n=6846) and CABG (n=2910)
from long-term result of this registry.

SCD was explicitly defined as death that occurred
suddenly and unexpectedly in patients whose condition
was otherwise stable. SCD was further classified as
witnessed death (with or without the incidence of arrhyth-
mia) and unwitnessed death if the patient had been examined
within 24 h before death but no premonitory heart failure,
myocardial infarction, or any other clear cause of death was
suspected.

Survival curves were analyzed using the Kaplan—Meier
method and compared using the log-rank statistic and to

Table 2

In-hospital and long-term clinical outcomes

In-hospital clinical outcomes N Yo
In-hospital Q wave myocardial infarction 92 0.9%
In-hospital death 121 1.2%
Long-term clinical outcomes N %
Average follow up period (days) 1285+469

Death from any cause 906 9.4%
Cardiovascular death 517 5.4%
Cardiac death 376 3.9%
SCD 140 1.5%

SCD=sudden cardiac death.

determine the baseline risk factors for the incidence of SCD,
we developed Cox proportional hazard models for the 23
potential variables (Table 1). Further, we developed multi-
variate Cox proportional hazard models that controlled for
significant risk factors of SCD. The variables for which p-
values were less than 0.05 in univariate analyses and
proportional assumptions were generally fair were included

Event-free survival rate

1 2
Ry
0.95 4 P =0.0138, log rank
0.9 - Patients with PCI
Patients with CABG
0.85 1 Days
0] 365 730 1095 1460
1y 2y 3y 4y
PCi 0.6% 0.9% 1.2% 1.3%
Number at nsk 771 8494 8182 4474 2263
CABG 0.3% 1.0% 1.5% 1.8%
Number at risk 2589 2759 2614 1940 105

Fig. 1. Unadjusted Kaplan-Meier event-free survival curves for sudden
cardiac death in patients after PCI or CABG.
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Table 3
Multivariate relationships with sudden cardiac death by Cox proportional-
hazards model

Variable Hazard ratio 95% Cl P-value

Dialysis 2.51 1.90-3.30 <0.0001

COPD 2.04 1.48-2.70 0.0001

Congestive heart failure 1.63 132-1:00 <0.0001

Left ventricular dysfunction 1.55 1.16-2.03 0.0041
(LVEF =30%)

Chronic total occlusion of 1.38 1.14-1.67 0.0009

coronary artery

Diabetes with insulin therapy 1.33 1.03-1.67 0.0267

Chronic renal disease 129 L.O1-1.65 0.0386
Peripheral artery disease 1.27 1.01-1.58 0.0395
Chronic atnal fibrillation 1.53 0.99-2.17 0.0552

Triple vessel disease 1.06 0.87-1.33 0.5557
Undergoing PCIL 1.09 0.89-1.33 0.4239
Age” 1.02 1.00-1.04 0.1221
Body mass index * 0.99 0.93--1.19 0.7392
Anemia .97 0.78-1.99 0.7467

“Hazard ratio for | increase in age; *Hazard ratio for 1 increase in body mass
index.

Cl=confidential index; LVEF=left ventricular ejection fraction; PCl=per-
cutaneous coronary intervention.

in the multivariate analysis. All analyses were performed
using JUMP software version 6.0.3 (SAS, Cary, NC).

3. Results

Baseline clinical characteristics are listed in Table 1. The
long-term follow-up (median follow-up period=42.8 months)
for 98% patients was completed at 1 year, and that for 95% at
2 years. In-hospital and long-term clinical outcomes are listed
in Table 2. At 3 years, the unadjusted survival rate was 92.1%
and the rates of freedom from cardiovascular death, cardiac
death, and SCD were 95.3%. 96.5%, and 98.7%, respectively.
Among the total patients studied, 265 patients (2.7%) suffered
acute myocardial infarction and 468 patients (4.8%) suffered
stroke. In addition, 4 patients received implantable cardiover-
ter—defibrillator therapy and 4 patients underwent cardiac
resynchronization therapy.

The incidence of SCD was significantly higher in patients
with CABG (p=0.0136, log rank). The rates of incidence of
SCD were 0.6%, 0.9%, and 1.2% in patients with PCI and
0.3%, 1.0%, and 1.5% in patients with CABG at 1, 2, and
3 years, respectively (Fig. 1).

Univariate analysis revealed that dialysis, congestive heart
failure, COPD, left ventricular dysfunction (LVEF <30%),
chronic total occlusion of coronary artery, diabetes with
insulin therapy, chronic atrial fibrillation, peripheral artery
disease, chronic renal disease, age, triple vessel disease, body
mass index, and anemia were associated with higher incidence
of SCD, and that PCI therapy provided protection against
SCD. Among those who died of SCD, only 17 patients
(12.1%) suffered from left ventricular dysfunction
(LVEF £30%) (Table 1). Multivariate analyses indicated
that dialysis (hazard ratio=2.51), COPD (hazard ratio=2.04),

congestive heart failure (hazard ratio=1.63), left ventricular
dysfunction (LVEF < 30%) (hazard ratio=1.55), chronic total
occlusion of coronary artery (hazard ratio=1.38), diabetes
with insulin therapy (hazard ratio=1.33), chronic renal
disease (hazard ratio=1.29), and peripheral artery disease
(hazard ratio=1.27) were independent predictors of SCD after
PCI and CABG (Table 3). The multivariate analyses revealed
that the method of revascularization had no influence on the
incidence of SCD (Table 3).

4, Discussion

It has not been examined well whether coronary
revascularization and the method of revascularization have
any influence on the incidence of SCD in patients with
ischemic heart disease: however, the relatively low incidence
of SCD observed in this study (the rates of SCD were 0.5%,
0.9%, and 1.3% at 1, 2, and 3 years) may be attributed to
coronary revascularization. A bypass angioplasty revascu-
larization investigation (BARI) trial revealed that CABG
decreased the risk of SCD to a significantly greater extent
than PCI in patients with multivessel disease [3]: however,
this study demonstrated in the bare-metal stent era the
method of revascularization had no influence on the
incidence of SCD.

Drug-eluting stents are designed to reduce neointimal
formation, thus leading to lower restenosis rates. However,
the action of the drugs will delay endothelialization and
healing and possibly induce hypersensitivity to the drug or
polymer and lead to an increased risk of thrombosis [4.5],
which may induce the incidence of SCD and further study
may be needed which is focused on the incidence of SCD
after coronary revascularization in drug-eluting stents era.

Many recent trials focusing on LVEF in patients with
ischemic heart disease [6-14]. In this study, left ventricular
dysfunction was demonstrated to be a significant predictor of
SCD, only 12.1% patients with SCD had left ventricular
dysfunction. From the multivariate analysis, the adjusted
hazard ratio of left ventricular dysfunction was only 1.55,
which is smaller than that observed for dialysis (adjusted
hazard ratio=2.51), COPD (adjusted hazard ratio=2.04),
and congestive heart failure (adjusted hazard ratio=1.63).
This indicated that the LVEF before revascularization had
only limited value for predicting the risk of SCD.

5. Conclusion

This study demonstrated that the method of revascular-
ization had no influence on the incidence of SCD, and the
adjusted hazard ratio of reduced LVEF was smaller than that
observed in dialysis, chronic obstructive pulmonary disease.
and congestive heart failure in this study, which indicated
that the risk of SCD depends on multiple variables in
addition to LVEF.
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ORIGINAL ARTICLE

Ischemic Heart Disease

Efficacy of Abciximab for Patients Undergoing
Balloon Angioplasty
Data From Japanese Evaluation of ¢7E3 Fab for Elective and

Cire J 2009; 73: 145-151

Primary PCI Organization in Randomized Trial (JEPPORT)

Yoshihisa Nakagawa, MD; Masakiyo Nobuyoshi, MD*; Tetsu Yamaguchi, MD**;
Taiichiro Meguro, MD?; Hiroyoshi Yokoi, MD*: Takeshi Kimura, MD*"; Saichi Hosoda, MD#;
Katsuo Kanmatsuse, MD#; Akira Matsumori. MD*"; Shigetake Sasayama, MD?

Background The efficacy and safety of abciximab were investigated in Japanese patients undergoing percuta-
neous coronary intervention (PCI) for acute myocardial infarction (MI) or unstable angina.

Methods and Results The 973 patients were randomized into 3 groups: the low-dose group (L group) received
bolus injection of 0.20mg/kg followed by 12-h infusion; the high-dose group (H group) received bolus injection
of 0.25 mg/kg followed by 12-h infusion; the placebo group (P group) received bolus and infusion of placebo. The
incidence of the primary endpoint (30-day post-PCI coronary events: death, MI or urgent revascularization) was
3.6%, 1.6%, and 4.1% in the P, L, and H groups, respectively, with no significant difference between the P and L.
groups (P=0.104) or between the P and H groups (P=0.772). The incidence of bleeding tended to increase in a
dose-dependent manner.

Conclusion No significant difference in the incidence of coronary events was found between the placebo and
abciximab groups, so the efficacy of abciximab in preventing post-PCI coronary events in Japanese patients was

not confirmed. (Cire J 2009; 73: 145-151)

Key Words: Abciximab; Angioplasty; GPIIb/Illa; Myocardial infarction: Unstable angina

larization procedure for ischemic heart disease and,

as techniques and devices have improved, the use-
fulness of elective PCI, not only for stable angina, but also
for acute myocardial infarction (MI) and unstable angina
(UA), has been recognized. However, post-PCI coronary
events, such as recurrence of ischemic symptoms requiring
urgent revascularization and/or MI occasionally resulting in
death, are unsolved therapeutic problems!-7 occuring in
approximately 2% of low-risk patients and 10-20% of high-
risk patients, and despite antiplatelet and antithrombotic
therapies, outcomes are not necessarily satisfactory?-!!

P ercutaneous coronary intervention (PCI) is a revascu-

Abciximab is a glycoprotein (GP) lIb/llla inhibitor of

human-mouse monoclonal antibody (c7E3 Fab). Large-
scale clinical studies, including EPIC (2,099 cases)?
EPILOG (2,792 cases)] CAPTURE (1,265 cases)!? and
EPISTENT (2,399 cases)!! have consistently demonstrated
its efficacy and the use of abciximab during PCI is recom-
mended in the ACC/AHA guidelines!> 13 During the present
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study. abciximab had not been approved by the Ministry of
Health, Labour and Welfare for use in Japan, although it
has been approved in more than 50 countries for the pre-
vention of acute cardiac ischemic complications in patients
undergoing PClL. We evaluated the efficacy and safety of
abciximab in a double-blind, placebo-controlled, compara-
tive study of Japanese patients undergoing PCIL.

Methods

Patient Population

We used a placebo control by double-blind comparative
method based on results from evaluation and observation
for 6 months after starting abciximab therapy. The study
was conducted in patients undergoing PCI for acute MI or
UA. MI was defined as an attack presenting within [2h of
the onset of chest pain lasting 220 min and accompanied by
ST-segment elevation 20.1 mV in 22 leads or occurrence of
Q waves 0.04s in width and/or 0.25% of R waves in depth.
UA was defined as either (1) rest angina (ie, angina or rest
and effort angina unresponsive to medication and accom-
panied by an ischemic ST-segment abnormality or T-wave
abnormality on EKG) or (2) post-infarction angina (ie,
occurring within 7 days after a documented episode of MI
and accompanied by an ischemic ST-segment abnormality
or T-wave abnormality on EKG).

Midway through this study, overseas authorities stipu-
lated that the approved intravenous drip infusion dose of
abciximab be adjusted according to body weight, so we
temporarily discontinued the study for safety reasons and
resumed it after making the changes to the dosage. There-
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fore, “Study #01” ran until the discontinuation and “Study
#027 after the resumption.

The exclusion criteria were: (1) 275 years old in Study
#02 (no upper limit for #01); (2) >100kg of body weight in
Study #02 (no upper limit for #01); (3) scheduled for
primary stent placement, directional coronary atherectomy
or rotablator; (4) history of thrombocytopenia; (5) bleeding
symptoms or bleeding diathesis; (6) undergone surgery in
the previous 6 weeks; (7) cerebrovascular disorder or a
history of such in the previous 2 years; (8) 250% stenosis
in the left main trunk of the coronary artery: (9) 3-vessel
disease: (10) uncontrollable hypertension and pulmonary
hypertension; and (11) cardiogenic shock requiring cardio-
pulmonary resuscitation.

The study was approved by the institutional review board
at cach study site and written informed consent was given
by either the patient or a representative before starting the
protocol.

Study Design

After initial coronary angiography had identified the
culprit lesion, enrolled subjects were randomly assigned into
3 groups according to the dosage of abciximab: the low-dose
group (L group) received an intravenous bolus injection of
0.20mg/kg followed by 12-h continuous intravenous drip
infusion of 10xg/min in Study #01 or 0.1254g-kg ™! min”!
in Study #02; the high-dose group (H group) received an
intravenous bolus injection of 0.25mg/kg followed by 12-h
continuous intravenous drip infusion using the same dose as
in the L group: placebo group (P group) received bolus
injection and 12-h continuous drip infusion of the placebo.
Coronary angiography was performed 10min after the
bolus injection, before starting the PCI procedure.

Heparin (initial dose: 100units/kg in Study #01; 70 units/kg
in Study #02) and aspirin (£162mg/day) were used con-
comitantly with abciximab, but the following drugs was
prohibited during the 6 months from the start of the investi-
gation: thrombolytic drugs, antiplatelet drugs other than
aspirin (ticlopidine was permitted in bailout stent placement
cases), anticoagulant drugs other than heparin, PGE1 and its
derivatives, dextran, and low-molecular-weight dextran.

PCI Procedure and Criteria for the Use of Bailout Stent

PCI (balloon angioplasty) was performed by the standard
procedure of each institution. Bailout stenting was permit-
ted if (1) there was markedly delayed contrast flow, defined
as Thrombolysis In Myocardial Infarction (TIMI) flow
grade <2!* or (2) a major morphological problem, such as
dissection, occurred.

Efficacy Endpoints

The primary efficacy endpoint was the incidence of major
coronary events within 30 days after randomization. Major
coronary events were defined as death, MI and/or urgent
revascularization for recurrence of ischemia. The secondary
endpoint was the incidence of major coronary events during
the 6 months post-treatment. MI as a coronary event was
defined as follows.

(1) MI during the index hospitalization was defined sep-
arately according to the initial presentation and duration
from the onset of chest pain. (A) In a patient enrolled in the
setting of acute MI, MI within 24 h was adjudicated when
presenting with subjective symptoms such as chest pain and
>0.1 mV increase in the ST-segment elevation in 22 leads,
lasting for 230 min. (B) MI after 24 h in patients enrolled in

NAKAGAWA'Y et al.

the setting of acute MI and MI in patients enrolled in the
setting of UA were regarded as being present when at least 1
of the following was documented: (i) creatine kinase MB
isoenzyme (CK-MB) or creatine kinase (CK) value increased
by 250% compared with the closest trough and peaking at
>3-fold the upper limit of normal. In cases that did not have
a trough, the baseline values are regarded as such; (i) Q-
wave newly detected in leads at 22 sites, with a width
20.04 s, and/or depth 225% of the R-wave.

(2) MI after hospital discharge was adjudicated when at
least 1 of the following occurred: (i) CK-MB or CK value
=twice the upper limit of normal; (ii) new Q-wave with a
width 20.04 s, and/or depth 225% of the R-wave in 22 leads.

Secondary Endpoints With Image Analysis

Efficacy was also assessed by secondary endpoints with
image analysis (based on quantitative coronary angiogra-
phy, QCA). Participation was not mandatory. Image analy-
sis was performed at the core image analysis laboratory and
assessed by the Efficacy Review Committee to maintain
consistency in both the evaluation and accuracy of mea-
surement. Restenosis was classified as 250% diameter ste-
nosis at the treated site 6 months post-PCL

Based on the angiographic findings, the efficacy for pre-
vention of thrombus formation was evaluated from 1 to 4,
as described below. Intracoronary thrombus was defined as
an irregular filling defect, outlined and/or stained by con-
trast medium and in the absence of calcification within the
filling defect. or by the presence of a mobile irregular filling
defect.

1. Very effective: (i) improvement in blood flow by 22
TIMI grades in subjects with TIMI grade 0 or 1 flow or (ii)
complete disappearance of an apparent thrombus in subjects
with TIMI grade 2 or 3 flow.

2. Effective: (i) improvement in blood flow by | TIMI
grade in subjects with TIMI grade 0-2 flow or (i1) reduc-
tion in the size of an apparent thrombus in subjects with
TIMI grade 3 flow, or (iil) improvement (210% decrease)
in % diameter stenosis by QCA in subjects with no change
in TIMI grade.

3. Ineffective: (i) no change in blood flow in subjects
with TIMI grade 0-3 flow or (ii) no change in the size of an
apparent thrombus in subjects with TIMI grade 0-3 flow, or
no improvement in blood flow in subjects with TIMI grade
0-3 flow without an apparent thrombus; (iii) aggravation
(=10% increase) of % diameter stenosis by QCA in subjects
with no change in TIMI grade.

4. Aggravated: (i) decrease in blood flow in subjects who
had TIMI grade 0-3 flow, or (ii) enlargement of an apparent
thrombus in subjects with TIMI grade 0-3 flow.

Safety Endpoints

To evaluate safety, bleeding symptoms and thrombocy-
topenia were assessed within 6 months in Study #01 and
within 30 days in Study #02. The severity of bleeding events
was judged according to the TIMI bleeding criteria!3

Platelet count was measured before the investigational
treatment as baseline and at 2-3 h, 8-12h, 24 h, 2 weeks, 30
days, and 6 months after the start of the investigational
treatment. Thrombocytopenia was defined as platelet count
<100,000/mm? and a decrease by 225% from the baseline.

Statistical Analysis

All significance levels were 2-sided and set at 5%. The
combined results were used in the efficacy analysis of post-
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7 with the reasons for exclusion. according to
treatment group. H, high-dose: L, low-dose:
P. placebo: PCI. percutaneous coronary inter-
vention.

Table 1 Baseline Characteristics of the Patients According to Treatment Group

P group (n=303)

L group (n=314) H group (n=321)

Acute Mi 233(77%) 237 (76%) 250 (78%)
Unstable angina 70(23%) 77(25%) 71(22%)
Rest angina 20 21 20
Resr and effort angina 32 39 30
Post-infarction angina 16 17 21
Male 251 (83%) 258 (82%) 252(79%)
Age (vears, meantSD) 60.219.5 61.1+9.4 60.8+10.1
Range 32-85 32-87 20-84
Diabetes 91 (30%) 96 (32%) 101 (31%)
Hypertension 154 (51%) 169 (54%) 164(51%)
Hyperlipidemia 145 (48%) 136 (44%) 141 (44%)
Smoking 202 (67%) 187 (60%) 183(57%)
Obesity 33(11%) 42 (13%) 55(17%)
Family history of ischemic disease 48 (16%) 55(18%) 56 (17%)
Bailout stent use 77 (25%) 74 (23%) 83 (26%)

P, placebo; L, low-dose; H, high-dose; M1, myacardial infarction.

PCI coronary events. Depending on the characteristics of
the background factors, the chi-square test (nominal scale),
Mantel test (ordered scale) or Kruskal-Wallis test (continu-
ous scale) was used. The primary endpoint was analyzed as
a time-to-event variable, and the cumulative incidence rate
was determined by the Kaplan-Meier method. Compari-
sons of incidence among the groups were performed using
the log-rank test, which was used for the main analysis.
Separate results from Studies #01 and #02 were used for
the safety analysis.

Target Sample Size In the EPIC trial? the incidence of
postoperative major coronary events within 30 days after
PCI was 13.1% in UA patients receiving placebo (n=153),
3.8% in UA patients receiving abciximab continuous drip
infusion (n=156), 26.1% in acute MI patients receiving
placebo (n=23), and 4.5% in acute MI patients receiving
abciximab continuous drip infusion (n=22). Although it was
expected that drug efficacy would be more clearly observed
in patients with acute MI, the data obtained from the UA
patients were used to determine the target sample size for
the present study in order to increase the power of statistical

Circulation Journal  Vol. 73, January 2009

analysis. Based on the EPIC data, the expected incidence of
postoperative major coronary events in the P group was
15%, and that in the H group was 7.5% (ie, 50% less than
that in the P group). When the incidence was compared
between the P and H groups, assuming scores (contrast) of
—=1. 0, and 1 for the P, L, and H groups, respectively, it was
determined that a sample size of 300 in each group provided
a statistical power of 79.5% at «=0.05 (2-sided), based on
the binomial distribution of difference in the incidence.

Results

Study Population

From May to November 1997, 223 subjects were enrolled
in Study #01, and from October 1998 to April 2000, 750
subjects were enrolled in Study #02 from 89 study sites
(Appendix 1). Of the 973 enrolled subjects, 961 received
the investigational drug and were used for safety endpoint
analysis. The flowchart of the study population with the
reasons for exclusion is shown in Fig 1. Data from 938 sub-

jects (303 in the P group, 314 in the L group, and 321 in the
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Table 2 Efficacy Endpoint
7 du;v.'.' 30 days
Endpoint Pgroup  Lgroup  Hgroup L+Hgroup Pgroup  Lgroup  Hgroup
(n=303) (n=314) (n=321) (n=635) (n=303) (n=314) (n=321)
Death+ MI + Urgent revascularization  10(3.3%) 4(1.3%) 7(22%) 11(1.7%) 11(3.6%) 5(1.6%) 13(4.1%)
P 0.083 0.408 0.125 0.104 0.772
Death 0(0.0%) 1(0.3%) 1(0.3%) 2(0.3%) 0(0.0%) 1(0.3%) 1(0.3%)
Mi 9(3.0%) 3(1.0%) 6(1.9%) 9(14%) 9(3.0%) 3(1.0%) 9(2.8%)
Urgent revascularization 2(0.7%) 0(0.0%) 200.6%) 2(03%) 3(1.0%) [1(0.3%) 8(2.5%)
P values (log-rank test): P group vs L group, P group vs H group, P group vs L+ H group.
Abbreviations see in Table 1.
g | romipwes e gt restenosis e was 32.9%, 34.9%, and
%) P=0.104 : P va L group e angiographic restenosis rate 2.9%, 34.9%, a
2 H group 37.1% in the P, L, and H groups, respectively, with no sig-
g4 nificant differences between the P and L or H groups. The
> P group effectiveness (very effective plus effective) for prevention
g of thrombus formation was 13.9%, 12.9%. and 19.4% in the
83 P. L. and H groups, respectively, (P vs L: P=0.664, P vs H:
o P=0.028; Table 3).
5
g2 L group Safety Endpoint
s Tabled shows the incidence of bleeding complications.
8 | The incidence of bleeding complications (minor or major)
% 1 increased dose-dependently, with a significant difference
i between the P and H groups (Study #01: P=0.010; Study
T S5 ST - #02: P=0.020). Major bleeding occurred in 2 cases (2.5%)
0 % 5 10 15 20 25 30 in the H group in Study #01 and in 1 case (0.4%) each in

Days after PCI

Fig2. Kaplan-Meier plot of 30-day cumulative incidence of post-
PCI coronary events. Abbreviations see in Fig I.

H group) were used for the efficacy analysis. The image
analysis subset comprised 851 subjects, and 825 cases of
thrombi were evaluated at the coronary angiogram image
analysis laboratory.

The baseline characteristics of study population are
shown in Tablel. There was no significant difference
among the groups in their baseline characteristics.

Efficacy Endpoint

The cumulative incidence rates of post-PCI coronary
events during 30 days were 3.6% in the P group, 1.6% in
the L group, and 4.1% in the H group, with no significant
difference between the P and L groups (P=0.104) or between
the P and H groups (P=0.772; Table2). The Kaplan-Meier
plot of the 30-day cumulative incidence rates is shown in
Fig2. The cumulative incidence rates of post-PCI coronary
events during 6 months were 14.1% in the P group, 15.0%
in the L group, and 15.0% in the H group, with no signifi-
cant difference between the P and L or H groups.

Table 3 Efficacy of Abciximab Against Thrombus

the P and H groups in Study #02, without any significant
difference among the groups. There was no major bleeding
in the L group.

The incidence of thrombocytopenia, defined as 225% de-
crease from baseline count and platelet count <100,000/mm?,
was 1.4% in the P group, 8.8% in the L group, and 10.4%
in the H group (P=0.035) in Study #01: and 1.7% in the P
group, 6.6% in the L group (P=0.010), and 8.3% in the H
group (P=0.001) in Study #02 (Table5). The incidence in-
creased dose-dependently, and there was a significant dif-
ference between the placebo and active treatment groups.
As for the incidence of thrombocytopenia with 225% de-
crease from baseline count and platelet count <50,000/mm?,
only 1 case (1.5%) in the L group and 4 cases (5.2%) in the
H group in Study #01, and 2 (0.8%) each in the L and H
groups in Study #02 were reported, with no significant dif-
ference among the groups.

Exploratory Analysis

The cumulative incidence rate of post-PCI coronary
events observed during 7 days after PCI (Table2) was 3.3%,
1.3%, 2.2%, and 1.7% in the P, L, H, and abciximab (L plus
H) groups, respectively. Although no significant difference
was observed between the P and L or H or abciximab
groups, event reduction rate during this period in the abcix-

er effective Effective Ineffective Aggravated  Effectiveness rate (95%CI) P value
P group (n=265) 12 (4.5%) 25(9.4%) 218(82.3%) 10(3.8%) 13.9% (10.02-18.73)
L group (n=272) 7(2.6%) 28(10.3%) 230 (84.6%) 7(2.6%) 12.9% (9.13-17.44) 0.664
H group (n=288) 14 (4.9%) 42 (14.6%)  230(79.9%) 2(0.7%) 19.4% (15.04-24.49) 0.028

P values (Mantel test): P group vs L group, P group vs H group. Effectiveness =very effective + effective.

Cl, confidence interval. Other abbreviations see in Table I.
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Table 4 Incidence of Bleeding Complications During the Study Periods

Stuely #0.; 6 mb;uh.n

Study #02 (30 davs)

P group L group H group P group L group H group

n=71) (n=71) (n=79) (n=241) (n=250) (n=249)

Major+minor bleeding 1 (1.4%) 4(5.6%) 10(12.7%) 6(2.5%) 11 (4.4%) 18(7.2%)
(P=0.366)  (P=0.010) (P=0.325) (P=0.020)

Major bleeding 0 0 2(2.5%) 1 (0.4%) 0 1 (0.4%)
Minor bleeding 1(1.4%) 4(5.6%) §(10.1%) 5(2.1%) 11 (4.4%) 17 (6.8%)
Site of bleeding
Inguinal 2(2.8%) 3(4.2%) 8(10.1%)  4(1.7%) 11 (4.4%) 13(5.2%)
Puncture 0 0 2(2.5%) 4(1.7%) 9(3.6%) 1 (4.4%)
Urogenital 2(2.8%) 4(5.6%) 6(7.6%) 4(1.7%) 7(2.8%) 10 (4.0%)
Gingival 0 4(5.6%) 5(6.3%) 0 2(0.8%) 1 (44%)
Hematoma 0 3(4.2%) 4(5.1%) 7(2.9%) 9(3.6%) 15 (6.0%)
The severity of bleeding was judged according o the TIMI bleeding criteria’®

Pryalues: P group vs L group, P group vs H group.

TIMI, Thrombolvsis In Myocardial Infarction. Other abbreviations see in Table |

Table 5 Incidence of Thrombocytopenia During the Study Periods

Study #01 (6 monihs)

Study #02 (30 davs)

Plateler count, /mm? P group L group
(n=70) (n1=68)
<50.000 0 1(1.5%)
(P=0.493)
250,000 < 100,000 1(1.4%) 5(7.4%)
<100,000 1(1.4%) 0 (8.8%)
(P=0.061)

H group P group L group H group
(n=77) (n=240) (n=243) (n=241)
4(5.2%) 0 2(0.8%) 2(0.8%)
(P=0.122) (P=0.499) (P=0.499)
4(5.2%) 4(1.7%) 14 (5.8%) 18(7.5%)
8(10.4%) 4(1.7%) 16 (6.6%) 20(8.3%)

(P=0.010) (P=0.001)

(P=0.035)

P values: P group vs L group, P group vs H group, Thrombocyiopenia defined as 225% decrease from baseline counr and plateler

count <100,000/mm?. Abbreviations see in Table |

imab group was 48.5%.

Discussion

Primary Efficacy Endpoint

The present study was the first large-scale clinical trial to
be conducted in Japan to investigate the efficacy and safety
of abciximab for prevention of post-PCI coronary events.
A number of clinical trials®1116-19 have revealed positive
effects of GPIIb/Ia inhibitors in patients with acute coro-
nary syndromes undergoing PCI, and the outcomes of the
present study are different from those obtained in countries
other than Japan.

At the time of this study. designed with a target of 300
patients in each group, the expected incidence of postoper-
ative events in the P group was 15%, and that in the H
group was 7.5%, based on data from the EPIC trial® Because
the actual incidence of coronary events was much lower
than expected, the statistical power was considered insuffi-
cient for verification of the efficacy of abciximab. In this
study, patients with acute MI accounted for approximately
75% of the study patients, and only 2 patients died (0.21%),
suggesting that most of the recruited patients had relatively
mild disease. Thus, it is considered that these patients did
not represent the patient population requiring treatment
with abciximab, because elderly patients (275 years of age
in Study #02) and patients with 3-vessel disease and car-
diogenic shock, which are known risk factors for postoper-
ative coronary events! 20 were excluded. Further research
is required to identify the patient population actually requir-
ing treatment with abciximab, and clinical trials with this
population should be performed in order to evaluate the

Circulation Journal  Vol. 73, January 2009

— 33

efficacy of abciximab in Japan.

In the EPIC trial? conducted in the era of plain old
balloon angioplasty (POBA), bailout stent implantation
was regarded as a post-PCI event and in their incidence of
stent implantation was 1.7%, 0.6%, and 0.6% in the P, low-
dose (0.25 mg/kg bolus), and high-dose (0.25 mg/kg bolus
followed by 12-h drip infusion) group, respectively. In con-
trast, in the present study. conducted during the transition
from the POBA era to the stent era, bailout stent implanta-
tion was performed in approximately 25% of patients and
was not considered to be a post-PCI coronary event. It is
thought that bailout stent implantation can prevent reocclu-
sion and potentially reduce the incidence of post-PCI coro-
nary events?!-22 Thus, there is a possibility that the concep-
tual difference in coronary stenting, because of changes in
the standard of care treatment, contributed to the reduced
overall incidence of post-PCI coronary events and affected
the results of this study.

It has been suggested that Asians may have different
prognoses for acute coronary syndrome, thrombogenicity
and bleeding tendency compared with Caucasians. Naka-
mura et al®* reported prognoses following an acute coro-
nary event in Japanese and North American patients who
were prospectively enrolled in a multicenter study. Their
results indicated a more favorable outcome in Japanese
patients than in North American patients, even after adjust-
ing for differences in clinical variables. The stent thrombo-
sis rate in Japanese patients* was much lower than that
reported in Western patients?%-2¢ and stent thrombosis is
known to be related to platelet activation and aggregation?’
The CRUSADE study?$ compared 1,071 Asian and 72,513
non-Asian white patients with non-ST elevation ML
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Although in-hospital mortality and reinfarction rates were
similar between groups, rates of major bleeding (13.4% vs
9.4%, P<0.0001) and red blood cell transfusion (9.6% vs
6.6%, P=0.0005) were significantly higher in the Asian
population, which suggests that Asians, including Japanese,
have an ethnic variability in antithrombotic susceptibility
and that may have affected the results of the present study.

Secondary Endpoints With Image Analysis

In the present study, the angiographic findings indicated
that the effectiveness against thrombus formation was
13.9% and 19.4% in the P and H groups, respectively, with
a statistically significant difference (P=0.028). Regarding
the effects of abciximab on thrombus formation during the
first 10min after administration, Gold et al reported that
coronary flow increased by at least 1 TIMI grade in 85%
and reached TIMI grade 2 or 3 in 54% in patients with acute
MI2? A study of abciximab used with thrombolytic agents
for thrombolysis has also reported that the proportion of
patients who achieved TIMI grade 3 flow at 60-90 min after
the start of treatment was significantly greater in the group
receiving abciximab than in the group not receiving abcix-
imab¥ Those findings, together with our results, suggest
that abciximab can separate and break down thrombi.

Safery Evaluation

The incidences of hemorrhagic complications and throm-
bocytopenia were higher in the abciximab-treated groups
than in the placebo group. In Study #02, the protocol was
changed to prevent hemorrhagic complications and serious
thrombocytopenia (eg. by establishing the upper age limit,
adding and modifying exclusion criteria, adjusting the dose
for intravenous drip infusion according to body weight, and
reducing the initial dose of heparin). It was strongly sug-
gested that these changes in the study design would signifi-
cantly decrease the incidences of hemorrhagic events and
serious thrombocytopenia associated with abciximab. In
Studies #01 and #02, the incidences of minor and major
bleeding tended to increase dose-dependently. Although
significant differences were found between the P and H
groups, no significant difference was found between the P
and L groups. In addition, there was no major bleeding in
the L group. Therefore, we consider that for Japanese
patients the low-dose abciximab regimen is safer than the
high-dose regimen.

Exploratory Analysis

Because the effect of abciximab appears most clearly
during the 7-day postoperative period$? we analyzed the
incidence of coronary events during the 7 days after PCI.
Although no significant difference was observed, the events
reduction rate of 48.5% in the abciximab-treated group
during this period was similar to that observed in large-scale
foreign clinical trials (EPIC trial:® 32.8%: EPILOG trial:
55.2%), suggesting the efficacy of abciximab in preventing
post-PCI coronary events in Japanese patients.

Study Limitations

The timeliness in publication of the study results requires
mention. In the 8 years since the enrollment and follow-up
of patients was completed for the present study, progress
had been made in the fields of interventional cardiology and
antithrombotic treatment, and so the outcomes of this study
may no longer reflect current clinical practice. However,
the International Committee of Medical Journal Editors

NAKAGAWA'Y et al.

(ICMIJE) states the importance of publicizing negative data
from randomized clinical trialsi! ICMIE also emphasizes
that trials should be registered at the time they are set up.
The present trial was designed and started before the regis-
tration system was established. Although the results are
inconclusive and lack timeliness, this study has been the
only clinical trial of abciximab in Japanese patients.

Conclusion

Administration of abciximab in Japanese patients with
acute coronary syndrome undergoing PCI had no efficacy in
reducing major coronary events, with a significant increase
in both bleeding and thrombocytopenia.
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