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EFFECTS OF CLOPIDOGREL IN ADDITION TO ASPIRIN IN PATIENTS WITH
ACUTE CORONARY SYNDROMES WITHOUT ST-SEGMENT ELEVATION

THE CLOPIDOGREL IN UNSTABLE ANGINA TO PREVENT RECURRENT EVENTS TRIAL INVESTIGATORS*

ABSTRACT

Background Despite current treatments, patients
who have acute coronary syndromes without ST-seg-
ment elevation have high rates of major vascular
events. We evaluated the efficacy and safety of the
antiplatelet agent clopidogrel when given with aspi-
rin in such patients.

Methods We randomly assigned 12,562 patients
who had presented within 24 hours after the onset of
symptoms to receive clopidogrel (300 mg immediately,
followed by 75 mg once daily) (6259 patients) or pla-
cebo (6303 patients) in addition to aspirin for 3 to 12
months.

Results The first primary outcome — a composite
of death from cardiovascular causes, nonfatal myocar-
dial infarction, or stroke — occurred in 9.3 percent of
the patients in the clopidogrel group and 11.4 percent
of the patients in the placebo group (relative risk with
clopidogrel as compared with placebo, 0.80; 95 per-
cent confidence interval, 0.72 to 0.90; P<0.001). The
second primary outcome — the first primary outcome
or refractory ischemia — occurred in 16.5 percent of
the patients in the clopidogrel group and 18.8 percent
of the patients in the placebo group (relative risk, 0.86,
P<0.001). The percentages of patients with in-hospital
refractory or severe ischemia, heart failure, and revas-
cularization procedures were also significantly lower
with clopidogrel. There were significantly more pa-
tients with major bleeding in the clopidogrel group
than in the placebo group (3.7 percent vs. 2.7 percent;
relative risk, 1.38; P=0.001), but there were not signif-
icantly more patients with episodes of life-threatening
bleeding (2.1 percent vs. 1.8 percent, P=0.13) or hem-
orrhagic strokes.

Conclusions The antiplatelet agent clopidogrel has
beneficial effects in patients with acute coronary syn-
dromes without ST-segment elevation. However, the
risk of major bleeding is increased among patients
treated with clopidogrel. (N Engl J Med 2001;345:
494-502.)

Copyright © 2001 Massachusetts Medical Society.

HROMBOSIS caused by a ruptured or
eroded atherosclerotic plaque is the usual
underlying mechanism of acute coronary
syndromes.! Aspirin and heparin reduce the
risk of death from cardiovascular causes, new myocar-
dial infarction, and recurrent ischemia,2? but there is
still a substantial risk of such events in both the short
term and the long term. Intravenous glycoprotein
IIb/11Ia receptor blockers have been shown to reduce
the incidence of early events, mainly among patients

494 - N Engl ] Med, Vol. 345, No. 7 - August 16, 2001 -

who are treated according to an invasive strategy,*5 but
long-term oral therapy with glycoprotein IIb/IIIa
receptor blockers is not beneficial and may even in-
crease mortality.® Similarly, continuing treatment with
low-molecular-weight heparin beyond one week has
not been shown to be effective.” Although the long-
term use of oral anticoagulants may be useful, no
convincing evidence of their benefit is yet available.8
Therefore, there is a need to reduce further the risk
of ischemic events in a broad spectrum of patients both
when they first present with acute coronary syndromes
and in the long term.

The thienopyridine derivatives, ticlopidine and clo-
pidogrel, are antiplatelet agents that inhibit the plate-
let aggregation induced by adenosine diphosphate,
thereby reducing ischemic events.® Combining one of
these drugs with aspirin, which blocks the thrombox-
ane-mediated pathway, may have an additive effect. In
patients who are undergoing percutancous translumi-
nal coronary angioplasty (PTCA) with stenting, short-
term aspirin treatment plus a thienopyridine derivative
results in a substantially lower rate of myocardial in-
farction than does either aspirin alone or warfarin.!?
However, the role of long-term combined therapy with
aspirin and an antiplatelet agent in a broader group of
patients at high risk for cardiovascular events is un-
known. We therefore designed the Clopidogrel in Un-
stable Angina to Prevent Recurrent Events (CURE)
trial to compare the efficacy and safety of the early and
long-term use of clopidogrel plus aspirin with those
of aspirin alone in patients with acute coronary syn-
dromes and no ST-segment elevation.

METHODS
Study Design

We undertook a randomized, double-blind, placebo-controlled
trial comparing clopidogrel with placebo in patients who presented
with acute coronary syndromes without ST-segment elevation. The
design and rationale of the study have been reported previously.®

Study Patients

Patients were eligible for the study if they had been hospital-
ized within 24 hours after the onset of symptoms and did not
have ST-segment elevation. Initially, patients older than 60 years
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of age with no new electrocardiographic changes but with a history
of coronary artery disease were included. However, after a review of
the overall rates of events among the first 3000 patients, the steering
committee recommended that we enroll only patients who had ei-
ther electrocardiographic changes or an elevation in the serum level
of cardiac enzymes or markers at entry. We excluded patients with
contraindications to antithrombotic or antiplatelet therapy, those
who were at high risk for bleeding or severe heart failure, those who
were taking oral anticoagulants, and those who had undergone cor-
onary revascularization in the previous three months or had received
intravenous glycoprotein IIb/IIIa receptor inhibitors in the previ-
ous three days.

After we had obtained written informed consent, patients were
randomly assigned to either the clopidogrel group or the placebo
group by a central, 24-hour, computerized randomization service.
Permuted-block randomization, stratified according to clinical cen-
ter, was used. A loading dose of clopidogrel (300 mg orally) or
matching placebo was administered immediately, followed by clo-
pidogrel (75 mg per day) or matching placebo for 3 to 12 months
(mean duration of treatment, 9 months). Aspirin (recommended
dose, 75 to 325 mg daily) was started or continued simultaneously
with the study drug. Follow-up assessments occurred at discharge,
at one and three months, and then every three months until the
end of the study.

Study Organization

Patients were recruited between December 1998 and Septem-
ber 2000 at 482 centers in 28 countries. The ethics review board
at cach institution approved the study. The study was organized and
coordinated and all the data were managed and analyzed by the
Canadian Cardiovascular Collaboration Project Office, McMaster
University, Hamilton, Ontario. A steering committee consisting of
national coordinators oversaw the study. The data were periodically
reviewed by an independent data and safety monitoring board.

Outcomes

The first primary outcome was the composite of death from
cardiovascular causes, nonfatal myocardial infarction, or stroke, and
the second primary outcome was the composite of the first primary
outcome or refractory ischemia. The secondary outcomes were se-
vere ischemia, heart failure, and the need for revascularization. The
safety-related outcomes were bleeding complications, which were
categorized as life-threatening, major (requiring the transfusion of
2 or more units of blood), or minor. All primary outcomes and
life-threatening and major bleeding complications were adjudicated
by persons who were unaware of the patients’ treatment-group
assignments.

Definitions

Death from cardiovascular causes was defined as any death for
which there was no clearly documented nonvascular cause. Myocar-
dial infarction was defined by the presence of at least two of the
following: ischemic chest pain; the elevation of the serum levels
of cardiac markers or enzymes (troponin, creatine kinase, creatine
kinase MB isoenzyme, or other cardiac enzymes) to at least twice
the upper limit of the normal reference range or three times the up-
per limit of normal within 48 hours after percutaneous coronary
intervention (or to a level 20 percent higher than the previous val-
ue if the level had already been elevated because of an early myo-
cardial infarction); and electrocardiographic changes compatible
with infarction.? Stroke was defined as a new focal neurologic def-
icit of vascular origin lasting more than 24 hours. Stroke was fur-
ther classified as the result of intracranial hemorrhage, ischemia (if
a computed tomographic or magnetic resonance imaging scan was
available), or uncertain cause.

Refractory ischemia in the hospital was defined as recurrent chest
pain lasting more than five minutes with new ischemic electrocar-
diographic changes while the patient was receiving optimal med-
ical therapy (two antianginal agents, one of which was intravenous
nitrate unless such therapy was contraindicated) and leading to ad-

ditional interventions (such as thrombolytic therapy, cardiac cath-
eterization, the insertion of an intraaortic balloon pump, coronary
revascularization, or transfer to a referral hospital for an invasive pro-
cedure) by midnight of the next calendar day. Refractory ischemia
after discharge was defined by rehospitalization lasting at least 24
hours for unstable angina, with ischemic electrocardiographic
changes. Severe ischemia (in the hospital) was defined as ischemia
that was similar to in-hospital refractory ischemia but for which no
urgent intervention was performed. Recurrent angina (in the hos-
pital) was defined similarly, but electrocardiographic changes were
not required.

Major bleeding episodes were defined as substantially disabling
bleeding, intraocular bleeding leading to the loss of vision, or bleed-
ing necessitating the transfusion of at least 2 units of blood. Major
bleeding was classified as life-threatening if the bleeding episode
was fatal or led to a reduction in the hemoglobin level of at least
5 g per deciliter or to substantial hypotension requiring the use of
intravenous inotropic agents, if it necessitated a surgical interven-
tion, if it was a symptomatic intracranial hemorrhage, or if it neces-
sitated the transfusion of 4 or more units of blood. Minor bleeding
episodes included other hemorrhages that led to the interruption
of the study medication.

Statistical Analysis

The study was initially designed to include 9000 patients, with
an expected rate of events in the placebo group of 12 to 14 percent.
However, because the rate of events appeared to be lower than had
originally been expected, the size of the study was increased. As-
suming a rate of 10 percent in the placebo group for the first pri-
mary outcome and a two-sided alpha level of 0.045, a study with
12,500 patients would have 90 percent power to detect a 16.9 per-
cent reduction in risk. For the second primary outcome, assuming
a 14 percent rate of events in the placebo group and a two-sided
alpha level of 0.01, the study had 90 percent power to detect a
reduction of 16.4 percent in risk. Partitioning the alpha maintains
an overall level of 0.05, after adjustment for the overlap between
the two sets of outcomes. All analyses were based on the inten-
tion-to-treat principle and used either the log-rank statistic or the
chi-square test. Subgroup analyses were conducted with the use
of tests for interactions in the Cox regression model.

The data and safety monitoring board monitored the incidence
of the primary outcome to determine the benefit of clopidogrel,
using a modified Haybittle—Peto boundary of 4 SD in the first
half of the study and 3 SD in the second half of the study. The
boundary had to be exceeded at two or more consecutive time
points, at least three months apart, for the board to consider ter-
minating the study early. There were two formal interim assess-
ments performed at the times when approximately one third and
two thirds of the expected events had occurred. Despite the fact
that the preset boundary indicating efficacy had been crossed by
the time of the second interim analysis, the board recommended
that the trial continue until its planned end, in order to define
more clearly whether the risks of major bleeding episodes could
oftset the benefits of therapy.

All unrefuted events that occurred up to the end of the sched-
uled follow-up period on December 6, 2000, are included in the
analyses. Vital status was ascertained for 12,549 of the 12,562 pa-
tients who underwent randomization (99.9 percent), with 6 patients
in the clopidogrel group and 7 in the placebo group lost to fol-
low-up.

RESULTS
The base-line characteristics of the patients are
shown in Table 1.
Primary Outcomes

The first primary outcome — death from cardiovas-
cular causes, nonfatal myocardial infarction, or stroke
— occurred in 582 of the 6259 patients in the clo-
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pidogrel group (9.3 percent) as compared with 719
of the 6303 patients in the placebo group (11.4 per-
cent); relative risk, 0.80; 95 percent confidence inter-
val, 0.72 to 0.90; P<<0.001) (Fig. 1 and 2 and Table
2). The rate of the second primary outcome — death
from cardiovascular causes, nonfatal myocardial infarc-
tion, stroke, or refractory ischemia — was also higher
in the placebo group (1187 patients [18.8 percent])
than in the clopidogrel group (1035 patients [16.5
percent]; relative risk, 0.86; 95 percent confidence
interval, 0.79 to 0.94; P<<0.001). The rate of each
component of these composite outcomes also tended
to be lower in the clopidogrel group. However, the
clearest difference was observed in the rates of myo-
cardial infarction (Table 2). With respect to refractory
ischemia, the difference was observed primarily in first
events that occurred during the initial hospitalization
(85 in the clopidogrel group as compared with 126
in the placebo group; relative risk, 0.68; 95 percent
confidence interval, 0.52 to 0.90; P=0.007), with lit-
tle difference in the rate of rehospitalization for unsta-
ble angina.

Other In-Hospital Outcomes

Significantly fewer patients in the clopidogrel group
than in the placebo group had severe ischemia (176
patients [2.8 percent] vs. 237 patients [ 3.8 percent];
relative risk, 0.74; 95 percent confidence interval, 0.61
to 0.90; P=0.003) or recurrent angina (1307 [20.9
percent] vs. 1442 [22.9 percent]; relative risk, 0.91;
95 percent confidence interval, 0.85 to 0.98; P=0.01)
(Fig. 3). Slightly fewer patients in the clopidogrel
group underwent coronary revascularization during
the study (36.0 percent vs. 36.9 percent), but the dif
ference was accounted for entirely by a difference in
the rate of revascularization during the initial period
of hospitalization (20.8 percent in the clopidogrel
group vs. 22.7 percent in the placebo group, P=0.03).
Radiologic evidence of heart failure was found in few-
er patients in the clopidogrel group (229 [3.7 per-
cent], vs. 280 [4.4 percent] in the placebo group; rel-
ative risk, 0.82; 95 percent confidence interval, 0.69
to 0.98; P=0.03).

Temporal Trends

The rate of the first primary outcome was lower
in the clopidogrel group both within the first 30 days
after randomization (relative risk, 0.79; 95 percent
confidence interval, 0.67 to 0.92) and between 30
days and the end of the study (relative risk, 0.82; 95
percent confidence interval, 0.70 to 0.95) (Fig. 1 and
2). Further analysis indicated that the benefit of clo-
pidogrel was apparent within a few hours after ran-
domization, with the rate of death from cardiovascular
causes, nonfatal myocardial infarction, stroke, or refrac-
tory or severe ischemia significantly lower in the clo-
pidogrel group by 24 hours after randomization (1.4
percent in the clopidogrel group vs. 2.1 percent in
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TABLE 1. BASE-LINE DEMOGRAPHIC CHARACTERISTICS,
MEDICAL HISTORY, ELECTROCARDIOGRAPHIC CHANGES,
AND DRUG THERAPY.*

CLOPIDOGREL PLAceBO
Group Grour
CHARACTERISTIC (N=6259) (N=6303)
Age — yr 64.2+11.3 64.2*+11.3
Female sex — no. (%) 2420 (38.7) 2416 (38.3)
Time from onset of pain to ran- 14.2x7.2 14.1£7.1
domization — hr
Heart rate — beats/min 73.2+14.8 73.0=14.6
Systolic blood pressure — mm Hg 134.4+225 134.1+22.0
Diagnosis at study entry — no. (%)
Unstable angina 4690 (74.9) 4724 (74.9)
Suspected myocardial infarction 1569 (25.1) 1579 (25.1)
Associated myocardial infarction 1624 (25.9) 1659 (26.3)
— no. (%)t
Medical history — no. (%)
Myocardial infarction 2029 (32.4) 2015 (32.0)
CABG or PTCA 1107 (17.7) 1139 (18.1)
Stroke 274 (4.4) 232 (3.7)
Heart failure 462 (7.4) 492 (7.8)
Hypertension 3750 (59.9) 3642 (57.8)
Diabetes 1405 (22.4) 1435 (22.8)
Current or former smoker 3790 (60.6) 3841 (60.9)
Electrocardiographic abnormality
— no. (%)t
Any 5863 (93.7) 5921 (93.9)
ST segment
Depression =1 mm 2642 (42.2) 2646 (42.0)
Elevation <1 mm 203 (3.2) 199 (3.2)
Transient elevation >2 mm 38 (0.6) 37 (0.6)
T-wave inversion
Major (=2 mm) 1589 (25.4) 1635 (25.9)
Other (<2 mm) 721 (11.5) 713 (11.3)
Other 670 (10.7) 690 (10.9)
Medications at time of randomiza-
tion — no. (%)
Aspirin 4168 (66.6) 4134 (65.6)
Heparin or LMW heparin 4522 (72.3) 4605 (73.1)
ACE inhibitor 2347 (37.5) 2309 (36.6)
Beta-blocker 3678 (58.8) 3690 (58.5)
Calcium-channel blocker 1784 (28.5) 1771 (28.1)
Lipid-lowering agent 1599 (25.6) 1586 (25.2)
Intravenous nitrate 2836 (45.3) 2906 (46.1)

*Plus—minus values are means =SD. CABG denotes coronary-artery by-
pass grafting, PTCA percutancous transluminal coronary angioplasty, LMW
low molecular weight, and ACE angiotensin-converting enzyme.

tAn associated myocardial infarction was defined as a myocardial infarc-
tion associated with the episode of pain that occurred before randomization.

$Data on the particular type of abnormality were missing for one patient
in the placebo group.

the placebo group; relative risk, 0.66; 95 percent con-
fidence interval, 0.51 to 0.86).

Subgroup Analyses

The consistency of the results in a number of key
subgroups is documented in Figure 4. The benefits
were also consistent among subgroups receiving dif-
terent doses of aspirin and among those receiving or
not receiving lipid-lowering drugs, beta-blockers, hep-
arin, or angiotensin-converting—enzyme inhibitors at
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Figure 1. Cumulative Hazard Rates for the First Primary Outcome (Death from Cardiovascular Causes,
Nonfatal Myocardial Infarction, or Stroke) during the 12 Months of the Study.

The results demonstrate the sustained effect of clopidogrel.

the time of randomization. There was a tendency to-
ward a greater benefit among patients who had pre-
viously undergone revascularization (relative risk of
the first primary outcome, 0.56; 95 percent confidence
interval, 0.43 to 0.72) than among those who had
not (relative risk, 0.88; 95 percent confidence interval,
0.78 to 0.99; P for interaction=0.002). However,
these results should be interpreted cautiously, given
the large numbers of subgroup analyses that were
performed. Furthermore, consistent benefits were ob-
served irrespective of whether patients underwent re-
vascularization procedures after randomization.

Safety

Major bleeding was significantly more common in
the clopidogrel group (3.7 percent in the clopidogrel
group as compared with 2.7 percent in the placebo
group; relative risk, 1.38; 95 percent confidence in-
terval, 1.13 to 1.67; P=0.001) (Table 3). There were
135 patients with life-threatening bleeding episodes
in the clopidogrel group (2.2 percent) as compared
with 112 in the placebo group (1.8 percent; relative
risk, 1.21; 95 percent confidence interval, 0.95 to
1.56). There was no excess rate of fatal bleeding, bleed-
ing requiring surgical intervention, or hemorrhagic
stroke. The excess major bleeding episodes were gas-
trointestinal hemorrhages and bleeding at the sites of
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Figure 2. Cumulative Hazard Rates for the First Primary Outcome
(Death from Cardiovascular Causes, Nonfatal Myocardial Infarc-
tion, or Stroke) during the First 30 Days after Randomization.

The results demonstrate the early effect of clopidogrel.
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TABLE 2. INCIDENCE OF THE MAIN STUDY OUTCOMES.*

CLOPIDOGREL PLACEBO
GRouP GRoupP RELATIVE Risk
OuUTCOME (N=6259) (N=6303) (95% CI) P VaLUE
no. (%)
First primary outcome: nonfatal myo- 582 (9.3) 719 (11.4) 0.80 (0.72-0.90) <0.001

cardial infarction, stroke, or
death from cardiovascular
causes

Second primary outcome: first 1035 (16.5) 1187 (18.8) 0.86 (0.79-0.94) <0.001

primary outcome or
refractory ischemia

Death from cardiovascular causes 318 (5.1)
Myocardial infarctiont 324 (5.2)
Q-wave 116 (1.9)
Non-Q-wave 216 (3.5)
Stroke 75 (1.2)
Refractory ischemiat 544 (8.7)
During initial hospitalization 85 (1.4)
After discharge 459 (7.6)
Death from noncardiovascular causes 41 (0.7)

345 (5.5)  0.93 (0.79-1.08)
419 (6.7)  0.77 (0.67-0.89)
193 (3.1)  0.60 (0.48-0.76)
242 (3.8)  0.89 (0.74-1.07)
87 (1.4)  0.86 (0.63-1.18)
587 (9.3)  0.93 (0.82-1.04)
126 (2.0)  0.68 (0.52-0.90)
461 (7.6)  0.99 (0.87-1.13)
7) )

0.91 (0.60-1.39

*The number of patients who died from cardiovascular causes or had a nonfatal myocardial infarc-
tion was 539 (8.6 percent) in the clopidogrel group and 660 (10.5 percent) in the placebo group
(P<0.001; relative risk, 0.81; 95 percent confidence interval, 0.72 to 0.91). The corresponding num-
bers at 30 days were 241 (3.9 percent) and 305 (4.8 percent) (relative risk, 0.79; 95 percent confi-

dence interval, 0.67 to 0.94; P=0.007). CI denotes

tSome patients had both a Q-wave and a non-Q-

confidence interval.

wave myocardial infarction.

$Only the first ischemic event was counted for each patient.

arterial punctures. The number of patients who re-
quired the transfusion of 2 or more units of blood was
higher in the clopidogrel group (177 [2.8 percent])
than in the placebo group (137 [2.2 percent], P=
0.02). The rate of major bleeding episodes was higher
early (within 30 days after randomization: 2.0 percent
vs. 1.5 percent; relative risk, 1.31; 95 percent confi-
dence interval, 1.01 to 1.70) and also late (more than
30 days after randomization: 1.7 percent vs. 1.1 per-
cent; relative risk, 1.48; 95 percent confidence interval,
1.10 to 1.99). Overall, there was no significant excess
of major bleeding episodes after coronary-artery by-
pass grafting (CABG) (1.3 percent vs. 1.1 percent; rel-
ative risk, 1.26; 95 percent confidence interval, 0.93 to
1.71). However, in most patients scheduled for CABG
surgery, the study medication was discontinued be-
fore the procedure (median time before the procedure,
five days). In the 910 patients in whom the study med-
ication was discontinued more than five days before
the procedure (five days being the duration of the ef-
fect of clopidogrel), there was no apparent excess of
major bleeding within seven days after surgery (4.4
percent of the patients in the clopidogrel group vs.
5.3 percent of those in the placebo group). In the 912
patients who stopped taking the medications within
five days before CABG surgery, the rate of major
bleeding was 9.6 percent in the clopidogrel group and
6.3 percent in the placebo group (relative risk, 1.53;

P=0.06). Overall, the risk of minor bleeding was
significantly higher in the clopidogrel group than in
the placebo group (322 [5.1 percent] vs. 153 [2.4
percent]; P<<0.001). The numbers of patients with
thrombocytopenia (28 in the placebo group and 26
in the clopidogrel group) or neutropenia (5 and 8,
respectively) were similar.

Adherence to Study Medication and Aspirin

A total of 46.2 percent of the patients in the clopid-
ogrel group discontinued the study medication tem-
porarily (for more than five days), as compared with
45.4 percent in the placebo group. The most common
reason for the temporary discontinuation of the study
medication was the need for revascularization or an-
other surgical procedure; 84 percent of the patients
with such a need discontinued the medication before
the procedure. A total of 21.1 percent of the patients
in the clopidogrel group discontinued the study med-
ication permanently, as compared with 18.8 percent
in the placebo group. A total of 99 percent of the pa-
tients in both groups were taking aspirin while they
were in the hospital, 96 percent were taking it at three
months, and 94 percent at the final visit. The use of
all other medications (other than thrombolytic ther-
apy and glycoprotein IIb/IIla receptor inhibitors)
was similar in the clopidogrel group and the placebo

group.
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Figure 3. Proportions of Patients Who Had Events Other Than Those Included in the First Primary Outcome while They

Were in the Hospital.

The numbers and percentages of patients in each group with the specified outcome are given above the bars. RR de-

notes relative risk.

Thrombolytic Therapy and Glycoprotein lib/llla
Receptor Inhibitors

A total of 71 patients in the clopidogrel group (1.1
percent) and 126 patients in the placebo group (2.0
percent) received thrombolytic therapy (relative risk,
0.57; 95 percent confidence interval, 0.43 to 0.76;
P<0.001); 369 patients in the clopidogrel group (5.9
percent) and 454 in the placebo group (7.2 percent)
received a glycoprotein IIb/IIla receptor inhibitor
(relative risk, 0.82; 95 percent confidence interval,
0.72 to 0.93; P=0.003).

DISCUSSION

Our study demonstrates the benefit of adding clo-
pidogrel to the regimen of treatment for patients with
acute coronary syndromes without ST-segment eleva-
tion who are receiving aspirin and other medications.
Treatment with clopidogrel reduced the risk of myo-
cardial infarction and recurrent ischemia, with a trend
toward lower rates of stroke and death from cardiovas-
cular causes. Fewer patients in the clopidogrel group
received a thrombolytic agent or an intravenous gly-
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coprotein IIb/IIIa receptor inhibitor. The benefits we
observed were in addition to those of aspirin, which
was recommended for all patients, indicating that
blocking the adenosine diphosphate—receptor path-
way with clopidogrel leads to further benefit.

Our study primarily included centers in which there
was no routine policy of early use of invasive proce-
dures, since such a policy would have led to a high rate
of immediate discontinuation of the study medication
and the use of an open-label thienopyridine derivative.
Once a patient had been randomly assigned to a treat-
ment group, there were no restrictions on the use of
any therapy or intervention. In particular, if the clini-
cian believed that angiography and revascularization
were needed or that a thienopyridine derivative was
indicated, the study medication could be stopped or
open-label clopidogrel or ticlopidine could be used.
In fact, 5491 patients (43.7 percent) underwent an-
giography, 2072 patients (16.5 percent) underwent
CABG, and 2658 patients (21.2 percent) underwent
PTCA. In 85.8 percent of the patients who under-
went PTCA and 84.9 percent of those who underwent
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Percentage of
Patients with Event

Placebo Clopidogrel

No. of

Characteristic Patients

Overall 12562 1.4
Associated Ml 3283 13.7
No associated Ml 9279 10.6
Male sex 7726 11.9
Female sex 4836 10.7
<65 yr old 6354 7.6
>65 yr old 6208 15.3
ST-segment deviation 6275 14.3
No ST-segment deviation 6287 8.6
Enzymes elevated at entry 3176 13.0
Enzymes not elevated at entry 9386 10.9
Diabetes 2840 16.7
No diabetes 9722 9.9
Low risk 4187 6.7
Intermediate risk 4185 9.4
High risk 4184 18.0
History of revascularization 2246 14.4
No history of revascularization 10316 10.7
Revascularization after randomization 4577 13.9
No revascularization after randomization 7985 10.0
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Figure 4. The Rates and Relative Risks of the First Primary Outcome (Death from Cardiovascular Causes, Nonfatal Myocardial In-

farction, or Stroke) in Various Subgroups.

The data show the consistency of the benefit of clopidogrel. The dotted line represents the average treatment effect. The size of
each box is proportional to the number of patients in the individual analysis. An associated myocardial infarction (Ml) was defined
as a myocardial infarction associated with the episode of pain that occurred before randomization. Because of missing data, six
patients could not be classified in a risk category. Cl denotes confidence interval.

CABG, the use of the study medication was tempo-
rarily interrupted for more than five days, and the
vast majority of the patients who underwent PTCA
received a thienopyridine-type antiplatelet agent for
about two to four weeks. In the patients who under-
went CABG, the study medication was restarted after
a median of 11 days. Although these interruptions of
therapy with the study medication would tend to re-
sult in an underestimate of the difference between the
clopidogrel group and the placebo group, they also
permit us to make useful estimates of the benefits and
risks of clopidogrel when it is used routinely and over
the long term, as compared with a strategy of more
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selective and short-term use among those undergoing
implantation of a coronary stent.

Clopidogrel prevented a range of ischemic coronary
events — among them, myocardial infarction and se-
vere and refractory ischemia. Clopidogrel was associ-
ated with a trend toward fewer ischemic strokes, and
there was no increase in the rate of hemorrhagic stroke
that would offset these benefits. There was a significant
reduction in the incidence of heart failure with clo-
pidogrel that was of about the same magnitude as the
reduction in the incidence of ischemic events, suggest-
ing that the reduction of ischemia can prevent heart
failure. The benefits of clopidogrel were observed in
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TABLE 3. BLEEDING COMPLICATIONS.*

CLOPIDOGREL  PLACEBO
Grour Grour RELATIVE Risk
VARIABLE (N=6259) (N=6303) (95% CI) P VALUE
no. (%)
Major bleeding 231 (3.7) 169 (2.7) 1.38 (1.13-1.67) 0.001
Necessitating transfusion of =2 units 177 (2.8) 137 (2.2) 1.30 (1.04-1.62) 0.02
of blood
Life-threatening 135 (2.2) 112 (1.8) 1.21 (0.95-1.56) 0.13
Fatal 11 (0.2) 15 (0.2)
Causing 5 g/dl drop in hemoglobin 58 (0.9) 57 (0.9)
level
Requiring surgical intervention 45 (0.7) 43 (0.7)
Causing hemorrhagic stroke 7 (0.1) 5(0.1)
Requiring inotropic agents 34 (0.5) 34 (0.5)
Necessitating transfusion of =4 units 74 (1.2) 60 (1.0)
of blood
Non-life-threatening 96 (1.5) 57 (0.9) 1.70 (1.22-2.35) 0.002
Site of major bleeding
Gastrointestinal 83 (1.3) 47 (0.7)
Retroperitoneal 8 (0.1) 5(0.1)
Urinary (hematuria) 4(0.1) 5 (0.1)
Arterial puncture site 36 (0.6) 2 (0.3)
Surgical site 56 (0.9) 3(0.8)
Minor bleeding 322 (5.1) 153 (2.4) 212 (1.75-2.56) <0.001
Total with bleeding complications 533 (8.5) 317 (5.0) 1.69 (1.48-1.94) <0.001

*The number of patients with bleeding that met the criteria for major bleeding established by the
Thrombolysis in Myocardial Infarction trial! was 68 in the clopidogrel group and 73 in the placebo
group (relative risk, 0.94; 95 percent confidence interval, 0.68 to 1.30; P=0.70). The number with
bleeding that met the criteria for life-threatening or severe bleeding established by the Global Utilization
of Streptokinase and Tissue Plasminogen Activator for Occluded Coronary Arteries trial'? was 78 in the
clopidogrel group and 70 in the placebo group (relative risk, 1.12; 95 percent confidence interval, 0.81
to 1.55; P=0.48). Some patients had more than one bleeding episode. CI denotes confidence interval.

a range of patients, including both patients who were
undergoing revascularization procedures and those
who were not. The benefits were also observed in
those at low, medium, and high risk of cardiovascular
events and those who were receiving various proven
therapies such as aspirin, lipid-lowering drugs, an-
glotensin-converting—enzyme inhibitors, and beta-
blockers.131¢ The benefits of clopidogrel were appar-
ent as early as the first 24 hours after randomization,
indicating that the oral loading dose was rapidly ef-
fective. Thereafter, the differences between the two
groups were maintained until the end of the study.

Clopidogrel increased the risk of minor and major
bleeding episodes. For every 1000 patients treated
with clopidogrel, 6 will require a transfusion. However,
there was no excess in bleeding that caused strokes,
required surgical intervention or inotropic agents, or
caused permanent disability. Furthermore, the excess
risk of bleeding we observed is similar to that observed
with aspirin alone, as compared with a control, in pre-
vious studies and lower than that observed in most
trials of the short-term intravenous use or the pro-
longed oral use of glycoprotein IIb/IIla receptor in-
hibitors.#1617 The risk of bleeding may have been part-
ly mitigated by the temporary discontinuation of the
study medication before surgery. Treatment with clo-
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pidogrel was not associated with an excess rate of any
other type of adverse event that necessitated the dis-
continuation of the study drug; this finding indicates
that the combination of clopidogrel and aspirin is as
well tolerated as aspirin alone.

In summary, clopidogrel significantly reduces the
risk of the composite outcome of death from cardio-
vascular causes, nonfatal myocardial infarction, or
stroke, as well as a range of related ischemic events.
The use of the drug, in addition to aspirin, is asso-
ciated with an increased risk of bleeding.
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Effects of Clopidogrel in Addition to Aspirin in Patients with Acute
Coronary Syndromes without ST-Segment Elevation . On page 502,
20 lines from the bottom of the left-hand column, ~B. Pontillo” should
have been listed as "D. Pontillo.”
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Effects of Clopidogrel in Addition to Aspirin in
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ST-Segment Elevation

Effects of Clopidogrel in Addition to Aspirin in Patients with Acute
Coronary Syndromes without ST-Segment Elevation . On page 494,
at the end of the Results section of the abstract, the percentages of
patients with episodes of life-threatening bleeding should have been
“2.2 percent vs. 1.8 percent,” not “2.1 percent vs. 1.8 percent,”
as printed. In the Manuscript Writing Committee listed at the bot-
tom of the right-hand column, “Keith K. Fox” should have read ~Keith
A.A. Fox.” On page 498, on line 13 of the left-hand column, the rates
of bleeding after coronary-artery bypass grafting should have read,
"8.3 percent vs. 6.6 percent,” not “1.3 percent vs. 1.1 percent,” as
printed.
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