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INHIBITION OF THE PLATELET GLYCOPROTEIN IIb/IIIa RECEPTOR WITH
TIROFIBAN IN UNSTABLE ANGINA AND NON-Q-WAVE MYOCARDIAL
INFARCTION

THE PLATELET RECEPTOR INHIBITION IN ISCHEMIC SYNDROME MANAGEMENT IN PATIENTS LIMITED BY UNSTABLE SIGNS
AND SympToms (PRISM-PLUS) STubY INVESTIGATORS*

ABSTRACT

Background Antithrombotic therapy improves the
prognosis of patients with acute coronary syndromes,
yet the syndromes remain a therapeutic challenge.
We evaluated tirofiban, a specific inhibitor of the
platelet glycoprotein llb/llla receptor, in the treat-
ment of unstable angina and non-Q-wave myocar-
dial infarction.

Methods A total of 1915 patients were randomly
assigned in a double-blind manner to receive tiro-
fiban, heparin, or tirofiban plus heparin. Patients re-
ceived aspirin if its use was not contraindicated.
The study drugs were infused for a mean (=SD) of
71.3+20 hours, during which time coronary angiog-
raphy and angioplasty were performed when indi-
cated after 48 hours. The composite primary end
point consisted of death, myocardial infarction, or
refractory ischemia within seven days after random-
ization.

Results The study was stopped prematurely for
the group receiving tirofiban alone because of excess
mortality at seven days (4.6 percent, as compared
with 1.1 percent for the patients treated with heparin
alone). The frequency of the composite primary end
point at seven days was lower among the patients
who received tirofiban plus heparin than among
those who received heparin alone (12.9 percent vs.
17.9 percent; risk ratio, 0.68; 95 percent confidence in-
terval, 0.53 to 0.88; P=0.004). The rates of the com-
posite end point in the tirofiban-plus-heparin group
were also lower than those in the heparin-only group
at 30 days (18.5 percent vs. 22.3 percent, P=0.03) and
at 6 months (27.7 percent vs. 32.1 percent, P=0.02).
At seven days, the frequency of death or myocardial
infarction was 4.9 percent in the tirofiban-plus-hepa-
rin group, as compared with 8.3 percent in the hepa-
rin-only group (P=0.006). The comparable figures at
30 days were 8.7 percent and 11.9 percent (P=0.03),
respectively, and those at 6 months were 12.3 per-
cent and 15.3 percent (P= 0.06). The benefit was con-
sistent in the various subgroups of patients and in
those treated medically as well as those treated with
angioplasty. Major bleeding occurred in 3.0 percent
of the patients receiving heparin alone and 4.0 per-
cent of the patients receiving combination therapy
(P=0.34).

Conclusions When administered with heparin and
aspirin, the platelet glycoprotein llb/llla receptor in-
hibitor tirofiban was associated with a lower inci-
dence of ischemic events in patients with acute coro-
nary syndromes than in patients who received only
heparin and aspirin. (N Engl J Med 1998;338:1488-97.)
©1998, Massachusetts Medical Society.
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LATELET activation and aggregation, with

resultant arterial thrombus formation, are

pivotal in the pathophysiology of acute cor-

onary syndromes.2 The development of
inhibitors of fibrinogen binding to the platelet gly-
coprotein IIb/Illa receptor has expanded the ther-
apeutic options for treating thrombotic disorders.3#
The eftectiveness of the inhibitor drugs in prevent-
ing acute ischemic complications related to abrupt
vessel closure after angioplasty has been well docu-
mented.5? Pilot studies have suggested that block-
ade of the platelet glycoprotein IIb/IIla receptor
may also be useful in the treatment of patients with
unstable angina, whether or not they are also under-
going interventional procedures.013 We therefore
investigated the clinical efficacy of tirofiban (Aggra-
stat, Merck, White House Station, N.J.), an intrave-
nously administered short-acting, nonpeptide inhib-
itor of the platelet glycoprotein I1Ib/111a receptor,!4-16
in the prevention of acute ischemic events in patients
with unstable angina and non—-Q-wave myocardial
infarction.

METHODS

Study Population

A total of 1915 patients with unstable angina or non—Q-wave
myocardial infarction underwent randomization between No-
vember 1994 and September 1996 in 72 hospitals in 14 coun-
tries. The entry criteria included prolonged anginal pain or repet-
itive episodes of angina at rest or during minimal exercise in the
previous 12 hours and new transient or persistent ST-T ischemic
changes on the electrocardiogram (ST-segment elevation or de-
pression of 0.1 mV or more, T-wave inversion of 0.3 mV or more
in three or more limb leads or four or more precordial leads ex-
cluding V,, or pseudonormalization of 0.1 mV or more) or an el-
evation of plasma levels of creatine kinase and of the creatine ki-
nase MB fraction (CK-MB). Exclusion criteria were ST-segment
clevation lasting more than 20 minutes, thrombolysis in the pre-
vious 48 hours, coronary angioplasty within the previous 6 months
or bypass surgery within the previous month, angina caused by
identifiable factors, a history of a platelet disorder or thrombocy-
topenia, active bleeding or a high risk of bleeding, and stroke
within the previous year. Patients who had serum creatinine val-
ues above 2.5 mg per deciliter (220 umol per liter) or a platelet
count below 150,000 per cubic millimeter were also excluded.
Written informed consent was obtained from all patients. An in-
dependent data and safety monitoring board reviewed unblinded
data in two interim analyses.
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Study Design

The initial trial design of the Platelet Receptor Inhibition in Is-
chemic Syndrome Management in Patients Limited by Unstable
Signs and Symptoms (PRISM-PLUS) study involved double-blind
random assignment of patients to receive one of three regimens:
tirofiban (0.6 ug per kilogram of body weight per minute for
30 minutes, followed by an infusion of 0.15 ug per kilogram per
minute) plus placebo heparin; tirofiban (0.4 ug per kilogram per
minute for 30 minutes, followed by an infusion of 0.1 ug per kil-
ogram per minute) plus adjusted-dose heparin; or adjusted-dose
heparin plus placebo tirofiban. In pilot studies, the two doses of
tirofiban inhibited platelet aggregation in response to adenosine
diphosphate (at a concentration of 5 uM) by 85 to 90 percent. The
high dose given with heparin prolonged bleeding time to more
than 20 minutes. Without heparin, the bleeding time was less than
20 minutes with both doses. Heparin or heparin placebo was ad-
ministered as an intravenous bolus of 5000 units, followed by an
infusion of 1000 units per hour, adjusted after 6, 12, 24, 36, and
48 hours, and thereafter as needed, to two times the control value
for the activated partial-thromboplastin time. The dose was adjust-
ed according to a nomogram by an unblinded investigator or, in
the case of some centers, by a central core laboratory. Random ad-
justments of the heparin-placebo infusion were made to maintain
blinding. Aspirin (325 mg) was administered to all patients at the
time of randomization and daily thereafter. The choice of antiangi-
nal therapy was left to the discretion of the treating physician.

The study drugs were infused for a minimum of 48 hours; in-
terventions were postponed until after this period unless they
were necessitated by refractory ischemia or by a new myocardial
infarction. Investigators were encouraged to perform coronary
angiography (and coronary angioplasty of the presumed culprit
lesion, if indicated) between 48 and 96 hours after randomization
while continuing to administer the study drugs. When interven-
tional treatment was undertaken, the infusion of heparin or hep-
arin placebo was discontinued and 5000 to 7500 units of open-
label heparin was administered, followed by an infusion at a rate
of 1000 units per hour, with additional boluses as needed. Ti-
rofiban (at a rate of 0.1 ug per kilogram per minute) or tirofiban
placebo was continued, according to the patient’s study-group as-
signment. The infusion of heparin was stopped after the proce-
dure, at least 2 hours before the removal of the sheath, and the
infusion of tirofiban was continued for 12 to 24 hours.

The study in the tirofiban-only group was stopped prematurely
on the recommendation of the data and safety monitoring board
at the time of the first interim efficacy analysis. Personnel involved
in the organization and monitoring of the trial and investigators
remained blinded to the nature of treatment in this study group
until after final analysis of the results.

Study End Points

The primary end point of the trial was a composite of death
from any cause, new myocardial infarction, or refractory ischemia
within seven days after randomization. Rehospitalization for un-
stable angina was also counted in the composite primary end
point when assessed at 7 days, 30 days, and 6 months. Predefined
secondary end points included the same composite end point at
48 hours and 30 days after randomization, the three components
of this end point as separate measures, and a composite of death
and myocardial infarction. Other prespecified analyses were the
frequency of the same end points at 6 months, the 30-day out-
come of patients who had refractory ischemia during the 48
hours of medical stabilization, and the outcome among patients
in whom a coronary procedure was performed during the initial
hospitalization.

Myocardial infarction was defined as a new episode of chest
pain, at least 20 minutes in duration, with new ST-T changes,
new Q waves (>0.03 second in duration in two or more leads),
or both and a rise in the serum creatine kinase level to two times
the upper limit of normal or higher (three times the upper limit
of normal when infarction was related to coronary angioplasty),

with elevated CK-MB values. If an evolving infarction was present
at study entry, a new increase in creatine kinase and CK-MB levels
to more than 50 percent above the previous value after an initial
peak was required. A perioperative myocardial infarction was de-
fined by new Q waves. Refractory ischemic conditions included
the following three sets of signs and symptoms: chest pain 20
minutes or more in duration or two episodes of chest pain, each
lasting 10 or more minutes, within a 1-hour period, with tran-
sient ST-T changes while the patient was receiving medical ther-
apy adjusted according to heart rate and blood pressure; recurrent
ischemia with pulmonary edema or hypotension; or repetitive
chest pain (three or more episodes, each lasting 5 or more min-
utes) necessitating intraaortic counterpulsation, urgent interven-
tion, or both, within 12 hours.

All events were evaluated by an end-points committee whose
members were unaware of the patients’ treatment assignments.
Adjudication required the agreement of two independent evalua-
tors. When these two disagreed, a third reviewer also evaluated
the data, and consensus was sought. If consensus could not be
reached, the evaluation by the chairman of the committee was
used in the analysis.

Assessment of Safety

According to the protocol, major bleeding was defined as a de-
crease in the blood hemoglobin level of more than 4.0 g per dec-
iliter, the need for the transfusion of two or more units of blood,
the need for corrective surgery, the occurrence of an intracranial
or retroperitoneal hemorrhage, or any combination of these
events. Bleeding was also assessed according to the classification
scheme of the Thrombolysis in Myocardial Infarction trial.'”
Platelet counts were monitored daily throughout the infusion;
thrombocytopenia was defined as a platelet count of 90,000 or
below per cubic millimeter.

Statistical Analysis

Randomization was performed locally by means of sealed en-
velopes. The study code was broken only when all patients had
completed the 30-day visit, all events had been evaluated by the
end-points committee, and all questions about the data base had
been resolved. The investigators remained blinded to treatment
until after the six-month visit.

A sample size of 1260 patients (420 per treatment group) was
initially planned, in order to detect a 30 percent reduction from
an estimated 35 percent event rate with heparin, with 90 percent
power and a two-tailed significance level of 0.05. To account for
the two primary comparisons, tirofiban versus heparin and the
combination of tirofiban and heparin versus heparin, the nominal
P value set for two-sided statistical significance was 0.025. This
P value was maintained despite the discontinuation of the study
in the tirofiban group. The protocol specified one sample-size ad-
justment by the data and safety monitoring board on the basis of
the event rate in the heparin-only group at the first interim effi-
cacy analysis, without consideration of the effect of treatment.
Following this rule, the data and safety monitoring board recom-
mended an increase in the sample size to 735 patients per group.

The significance of differences between groups was assessed by
a Cox regression analysis, implemented by the SAS PHREG pro-
cedure (SAS Institute, Cary, N.C.); the risk ratios presented are
based on this model. The independent variables were the treat-
ment group and indicators of aspirin use before admission and
heparin use before randomization. No adjustment was made for
multiple comparisons in the analysis of secondary end points,
outcomes in subgroups, and other descriptive statistics. Caution
is reccommended in the interpretation of these analyses because of
the issues of multiple comparisons and statistical power, as well as
in the interpretation of the data in the tirofiban-only group,
because of the smaller sample. The proportions of the various
groups with bleeding complications were compared with use of
Fisher’s exact test. All analyses were performed on the intention-
to-treat principle.
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RESULTS
Base-Line Characteristics

Table 1 shows the base-line characteristics of the
three study groups; no important differences were
detected among the groups. More than 90 percent
of the patients had ST-T changes indicative of ische-
mia at entry, and approximately 45 percent had a
non-Q-wave myocardial infarction. Coronary angi-
ography was performed during hospitalization in
89.8 percent of the patients; 30.5 percent under-
went a percutaneous procedure, and 23.3 percent un-
derwent bypass surgery. Medical management alone,
defined as the absence of revascularization, was used
in 46.2 percent of patients.

Patients Treated with Tirofiban Alone

The event rates among patients enrolled before
the discontinuation of the tirofiban-only study group
are shown in Table 2. Mortality at seven days was 4.6
percent in the tirofiban-only group (16 of 345 pa-
tients died), 1.1 percent in the heparin-only group
(4 of 350 patients died), and 1.5 percent in the
combination-therapy group (5 of 336 patients died).
The risk ratio for death at seven days with tirofiban
alone, as compared with heparin alone, was 4.11 (95
percent confidence interval, 1.37 t0 12.29; P=0.012),
and the risk ratio for death or myocardial infarction
was 1.35 (95 percent confidence interval, 0.82 to
2.29). There was no excess mortality at 6 months
and no excess rate of myocardial infarction at 48
hours, 30 days, or 6 months. Of the 16 deaths in the
group treated with tirofiban alone, 2 occurred with-
in 48 hours after randomization, 6 between 48 and
96 hours, and 8 between 96 and 160 hours. The
mean (*SD) duration of the study-drug infusion in
these patients was 60.4*22 hours; the infusion last-
ed 1 hour in 1, 24 to 48 hours in 3, and more than
48 hours in 12. One death resulted from sepsis, and
one from a presumed pulmonary embolism. All the
other deaths in the tirofiban-only group were due to
cardiac causes, including four that were related to
the intervention (one perioperative, one as a compli-
cation of coronary angioplasty, one due to cardiac
arrest during angiography, and one due to an ische-
mic stroke that occurred during angiography). No
clustering of deaths according to time after random-
ization or time after discontinuation of the study
drug could be found during the seven-day period,
and there was no increased risk in patients who were
receiving heparin before randomization, as com-
pared with those not receiving heparin.

The Primary End Point

The combination of tirofiban and heparin signifi-
cantly reduced the rate of the composite end point
of death, myocardial infarction, or refractory ische-
mia at seven days (Table 3). The reduction was due
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TABLE 1. BASE-LINE CHARACTERISTICS OF THE STUDY GROUPS.

TIROFIBAN PLUS

TIROFIBAN HEPARIN HEPARIN
CHARACTERISTIC (N=345)  (N=797) (N=773)
Mean (=SD) age (yr) 63*11 63*12 63*12
Sex (%)
Female 33 32 33
Male 67 68 67
Race (%)
White 90 85 86
Black 4 4 4
Other 6 11 10
Previous coronary disease
and procedures (%)
Myocardial infarction 46 39 45
Bypass surgery 17 13 16
Angioplasty 13 9 9
Heart failure 11 8 11
Risk factors (%)
Smoking 72 70 72
Hypertension 50 56 55
Diabetes mellitus 25 24 22
Hypercholesterolemia 48 50 50
Diagnosis on admission (%)
Unstable angina 55 54 55
Non-Q-wave myocardial 45 46 45
infarction
Evidence of ischemia on 12-lead 95 93 93
electrocardiogram (%)
ST-segment elevation 15 13 15
ST-segment depression 57 60 57
T-wave changes 58 52 52
Disease in patients who had
coronary angiography (%)*
1-vessel disease or none 28 32 30
2- or 3-vessel discase 69 66 65
Left main discase 6 7 7
Concomitant therapy (%)
Nitroglycerin or nitrates 95 94 95
Beta-blocker 75 81 78
Calcium-channel blockert 50 43 49

*Percentages shown are for the patients who underwent coronary angi-
ography during the study.

tCalcium-channel blockers were given in combination with a beta-
blocker in 70 percent of patients and with a nitrate in 45 percent.

primarily to a 47 percent decrease in the risk of my-
ocardial infarction (95 percent confidence interval,
17 to 66 percent; P=0.006) and a 30 percent de-
crease in the risk of refractory ischemia (95 percent
confidence interval, 5 to 48 percent; P=0.02), as
compared with the risk in the heparin-only group.
The risk of the composite end point of death or
myocardial infarction was reduced by 43 percent
(95 percent confidence interval, 15 to 62 percent;
P=0.0006). The death rate at seven days was 1.9 per-
cent in both groups.

The survival curves in Figure 1 show early diver-
gence between the heparin-only and tirofiban-plus-
heparin groups, with no subsequent trend toward
convergence through six months. The mean dura-
tion of the study-drug infusion was 71.3+20 hours
in the two study groups. In patients who underwent
angioplasty, it was 76.0+19 hours, of which 15.4*8
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TABLE 2. OUTCOME EVENTS AMONG PATIENTS ENROLLED
BEFORE THE DISCONTINUATION OF THE STUDY
IN THE TIROFIBAN-ONLY GROUP.

TIROFIBAN PLUS
HEePARIN
(N=336)

HEePARIN
(N=350)

TIROFIBAN

TiME AND EVENT* (N=345)

number (percent)

48 Hours

Death 2 (0.6) 1(0.3) 0
Composite end point 26 (7.5) 24 (69) 19 (5.7)
Myocardial infarction 5(1.4) 6 (1.7) 2 (0.6)
Myocardial infarction or death 6 (1.7) 7 (2.0) 2 (0.6)
7 Days

Death 16 (4.6) 4 (1.1) 5(1.5)
Composite end point 59 (17.1) 59 (16.9) 39 (11.6)
Myocardial infarction 24 (7.0) 25(7.1) 9(2.7)
Myocardial infarction or death 36 (104) 27 (7.7) 11 (3.3)
30 Days

Death 21 (6.1) 14 (4.0) 7 (2.1)
Composite end point 81 (23.5) 78(22.3) 63 (18.8)
Myocardial infarction 31 (9.0) 32(9.1) 19 (5.7)
Myocardial infarction or death 47 (13.6) 41 (11.7) 23 (6.8)
6 Months

Death 25 (7.2) 24 (6.9) 17 (5.1)
Composite end point 105 (30.4) 110 (31.4) 98 (29.2)
Myocardial infarction 35(10.1) 37 (10.6) 26 (7.7)
Myocardial infarction or death 55 (15.9) 54 (154) 37 (11.0)

*The composite end point consisted of death, myocardial infarction, re-
fractory ischemia, or rehospitalization for unstable angina. The risk ratios
for events in the tirofiban-only group as compared with the heparin-only
group were as follows: for death at 48 hours: risk ratio, 2.04; 95 percent
confidence interval, 0.18 to 22.51; P=0.25; for death at 7 days: risk ratio,
4.11; 95 percent confidence interval, 1.37 to 12.29; P=0.012; for death at
30 days: risk ratio, 1.56; 95 percent confidence interval, 0.79 to 3.07;
P=0.20; for death or myocardial infarction at 48 hours: risk ratio, 0.88;
95 percent confidence interval, 0.30 to 2.63; for death or myocardial in-
farction at 7 days: risk ratio, 1.35; 95 percent confidence interval, 0.82 to
2.29; for death or myocardial infarction at 30 days: risk ratio, 1.18; 95 per-
cent confidence interval, 0.77 to 1.79.

hours was after angioplasty. The mean activated par-
tial-thromboplastin time reached twice the control
value at all time points during treatment; this meas-
ure was equally prolonged in the two study groups.

Subgroup Analyses

There were no significant interactions between
the assigned treatment and the various factors stud-
ied, except for the greater benefit with tirofiban plus
heparin among patients who were receiving beta-
blockers before randomization. All subgroups we
evaluated benefited from tirofiban: younger and old-
er patients, men and women, patients taking aspirin
and those not taking aspirin, and those taking hep-
arin and those not taking heparin at entry (Fig. 2).
U.S. and non-U.S. patients benefited as well. Figure
3 shows the cumulative rate of death or myocardial
infarction during the initial 48-hour period of ther-
apy; the incidence of this end point was 2.6 percent

in the heparin-only group and 0.9 percent in the
tirofiban-plus-heparin group (risk ratio for the com-
bination therapy as compared with heparin, 0.34; 95
percent confidence interval, 0.14 to 0.79; P=0.01).
Among the 84 patients in whom refractory ischemia
developed during that period, the 30-day rate of
death or myocardial infarction was 20.2 percent —
a doubling of risk as compared with that in the en-
tire population; these rates were 13.5 percent among
the 37 patients with refractory ischemia who re-
ceived the combination therapy and 25.5 percent
among the 47 who received heparin (risk ratio, 0.53;
95 percent confidence interval, 0.20 to 1.37). Re-
fractory ischemia led to revascularization in 67.6
percent of the patients receiving tirofiban plus hep-
arin and 89.4 percent of the patients receiving hep-
arin alone (risk ratio, 0.76; 95 percent confidence
interval, 0.59 to 0.97).

The 30-day outcome of patients who underwent
coronary angioplasty is shown in Figure 3. Proce-
dures were not randomly assigned, and their use
could therefore have been influenced by the pa-
tient’s clinical course and coronary anatomy. Death,
myocardial infarction, refractory ischemia, or rehos-
pitalization for unstable angina occurred during or
after angioplasty in 21 of 239 patients in the tiro-
fiban-plus-heparin group (8.8 percent) and in 36 of
236 patients in the heparin-only group (15.3 per-
cent) (risk ratio, 0.55; 95 percent confidence inter-
val, 0.32 to 0.94) and death or myocardial infarction
in 5.9 percent and 10.2 percent, respectively (risk ra-
tio, 0.56; 95 percent confidence interval, 0.29 to
1.09). Coronary-artery bypass surgery was performed
in 184 patients in the heparin-only group (23 per-
cent) and 181 patients in the tirofiban-plus-heparin
group (23 percent) — on an urgent basis in 3.4 per-
cent and 2.5 percent, respectively.

The overall benefit of combination therapy was
also seen in the patients who were treated with med-
ical management alone; the incidence of the com-
posite end point at 30 days was 14.8 percent among
344 patients in the tirofiban-plus-heparin group and
16.8 percent among 375 patients in the heparin-
only group (risk ratio, 0.87; 95 percent confidence
interval, 0.60 to 1.25), and the rates of death or my-
ocardial infarction were 7.8 percent and 10.1 per-
cent, respectively (risk ratio, 0.75; 95 percent confi-
dence interval, 0.46 to 1.23).

Complications

Bleeding complications and transfusions were
somewhat more frequent with the combination
therapy than with heparin alone (Table 4). No pa-
tient had an intracranial hemorrhage or died from
a bleeding complication related to a study drug.
Thrombocytopenia during the administration of the
drugs was infrequent and rapidly reversible without
sequelae after the cessation of the infusion.
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TABLE 3. OUTCOME EVENTS IN THE HEPARIN-ONLY
AND COMBINATION-THERAPY GROUPS.

TIROFIBAN PLUS

HEePARIN HEPARIN Risk RaTIO P

TiME AND EVENT* (N=797) (N=773) (95% CI)t VALUE#
no. (%)

48 Hours
Composite end point 62 (7.8) 44 (5.7) 0.71 (0.48-1.04) 0.08
Refractory ischemia 47 (5.9) 37 (4.8) 0.78 (0.51-1.20) 0.26
Myocardial infarction 19 (2.4) 6(0.8) 0.32 (0.13-0.80) 0.01
Death 2(0.3) 1(0.1)  0.51(0.05-5.63) 0.58
Myocardial infarction or death 21 (2.6) 7 (0.9) 0.34 (0.14-0.79) 0.01
7 Days
Composite end point 143 (17.9) 10() (12.9) 0.68 (0.53-0.88) 0.004
Refractory ischemia 101 (12.7) 2(9.3) 0.70 (0.52-0.95) 0.02
Myocardial infarction 56 (7.0) 30 (3.9) 0.53 (0.34-0.83) 0.006
Death 15 (1.9) 15 (1.9) 1.01 (0.49-2.06) 0.99
Myocardial infarction or death 66 (8.3) 38 (4.9) 0.57 (0.38-0.85) 0.006
30 Days
Composite end point 178 (22.3) 14—3 (18.5) 0.78 (0.63-0.98) 0.03
Refractory ischemia 107 (13.4) (10 6) 0.76 (0.57-1.01) 0.06
Readmission for unstable angina 11 (1.4) 6 (2. 1.46 (0.67-3.14) 0.34
Myocardial infarction 73(9.2) ‘31 (6. 6) 0.70 (0.49-1.00) 0.05
Death 36 (4.5) 28 (3.6) 0.79 (0.48-1.30) 0.36
Myocardial infarction or death 95 (11.9) 67 (8.7) 0.70 (0.51-0.96) 0.03
6 Months
Composite end point 256 (32.1) 214 (27.7) 0.81 (0.68-0.97) 0.02
Refractory ischemia 107 (13.4) 2 (10.6) 0.76 (0.57-1.00) 0.05
Readmission for unstable angina 85 (10.7) 4 (10. 9) 1.00 (0.74-1.36) 0.98
Myocardial infarction 84 (10.5) 64 (8.3) 0.76 (0.59-1.01) 0.10
Death 56 (7.0) 53(6.9)  0.97 (0.66-1.41) 0.85
Myocardial infarction or death 122 (15.3) 95 (12.3) 0.78 (0.59-1.01) 0.06

*The composite end point consisted of death, myocardial infarction, refractory ischemia, or rehospi-

talization for unstable angina.

1CI denotes confidence interval.

fStatistics were derived from Cox regression analysis.

DISCUSSION

Unstable angina is currently the leading cause of
admissions to coronary care units, accounting for
more than 1 million hospitalizations per year.!$ Over
the past two decades, studies have shown that aspirin
reduces the risk of cardiac ischemic events by ap-
proximately 35 percent and that the addition of hep-
arin to aspirin therapy reduces the risk by another
25 percent.19:20

The current trial demonstrates additional benefit
when tirofiban, a potent inhibitor of platelet glyco-
protein IIb/IIla, is added to standard therapy with
heparin and aspirin. When we used a comprehensive
treatment strategy of medical stabilization followed
by angiography and angioplasty, if indicated, in pa-
tients already receiving aspirin therapy, the combina-
tion of tirofiban and heparin, as compared with hep-
arin alone, reduced the risk of refractory ischemia,
new myocardial infarction, or death by 32 percent in
the first seven days. The significant 47 percent re-
duction in the incidence of myocardial infarction

1492 May 21, 1998

within 7 days after randomization emerged at the
end of the 48-hour medical-stabilization period. The
frequency of the composite end point of death or
myocardial infarction was also significantly lower at
48 hours and at 7 days among the patients given
tirofiban plus heparin. At 30 days, the composite
end point (which included readmission for unstable
angina) was reduced by 22 percent (an absolute re-
duction of 3.8 percentage points), and the incidence
of death or myocardial infarction by 30 percent (an
absolute reduction of 3.2 percentage points). At six
months, the overall composite end point remained
significantly reduced by 19 percent (a 4.4 percent
absolute reduction), and the absolute reduction in
death or myocardial infarction remained 3 percent.
Patients with unstable angina have varying de-
grees of disease severity and risk.2122 We studied pa-
tients with an admission diagnosis of unstable angi-
na or non—Q-wave myocardial infarction and with
electrocardiographic evidence of ischemia or elevat-
ed cardiac enzymes. Medical treatment was initiated
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Figure 1. Kaplan—-Meier Curves Showing the Cumulative Incidence of Events among Patients Random-
ly Assigned to Receive Tirofiban plus Heparin or Heparin Alone.

P values were computed by Cox regression analysis. The top panel shows the composite end point of
death, myocardial infarction, refractory ischemia, or rehospitalization for unstable angina; the bottom
panel, the composite end point of death or myocardial infarction.

early, with subsequent progression to invasive proce-
dures if necessary. The need for revascularization
was determined in part by the patients’ clinical
course but, more specifically, by the findings on an-
giography after most patients were in stable condi-
tion; 90 percent of patients underwent angiography,
with an equal distribution of angioplasty and bypass
surgery in the treatment groups. This comprehen-
sive treatment strategy is in keeping with the treat-
ment pattern currently used widely in North Ameri-
ca and Europe, which progresses from initial medical
stabilization to angiographic evaluation and revascu-
larization as indicated.!®

During the initial hospitalization, angioplasty was
performed in 30.5 percent of the patients. The over-

all outcomes of the trial are therefore not directly re-
lated to the outcomes of these patients; in fact, the
beneficial effect of combination therapy with tirofi-
ban and heparin could be seen as early as 48 hours,
which was a procedure-free period required by the
protocol. The patients who underwent angioplasty,
however, appeared to derive particular benefit from
pretreatment with tirofiban plus heparin. Though
the analysis of patients who underwent angioplasty
is not based on a randomized cohort, patients treat-
ed with tirofiban had a 46 percent reduction in car-
diac ischemic events after angioplasty, including a 43
percent reduction in the composite end point of
death or myocardial infarction.

This trial was also initially designed to provide in-
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Tirofiban
Heparin plus Heparin
no. with event/total no. (%)

Age

<65 yr 50/402 (12.4) 34/402 (8.5) —i—

=65 yr 93/395 (23.5) 66/371 (17.8) ——
Sex

Female 48/252 (19.0) 34/254 (13.4) ——

Male 95/545 (17.4) 66/519 (12.7) —i—
Race

White 126/675 (18.7) 92/664 (13.9) ——

Other 17/122 (13.9) 8/109 (7.3) ——
Weight

<75 kg 73/373 (19.6) 56/365 (15.3) —i—

75-85 kg 43/209 (20.6) 32/219 (14.6) ——

>85 kg 27/215 (12.6) 12/189 (6.3) —a—
Diabetes

No 101/604 (16.7) 75/604 (12.4) —i—

Yes 42/193 (21.8) 25/169 (14.8) ——
Smoking

No 116/543 (21.4) 77/515 (15.0) ——

Yes 25/245 (10.2) 22/255 (8.6) ——
Previous coronary disease

No 38/351 (10.8) 28/303 (9.2) —

Yes 105/446 (23.5) 72/470 (15.3) ——
Entry diagnosis

Unstable angina 78/428 (18.2) 61/428 (14.3) —i—

Non-Q-wave myocardial infarction  46/271 (17.0) 26/239 (10.9) ——

Evolving myocardial infarction 19/98 (19.4) 13/106 (12.3) ——

Any myocardial infarction 65/369 (17.6) 39/345 (11.3) ——
ECG findings at entry

No ST-T changes 23/226 (10.2) 19/229 (8.3) ——

ST-segment depression 104/479 (21.7) 73/440 (16.6) ——

ST-segment elevation 16/92 (17.4) 8/104 (7.7) ——
Previous beta-blocker therapy

No 46/375(12.3) 45/351 (12.8) ——

Yes 97/422 (23.0) 55/422 (13.0) ——
Aspirin therapy at entry

No 47/389 (12.1) 35/367 (9.5) ——

Yes 96/408 (23.5) 65/406 (16.0) ——
Prior heparin therapy

No 41/296 (13.9) 27/267 (10.1) ——

Yes 102/501 (20.4) 73/506 (14.4) ——

T T T T T T T 1
0.0 0.4 0.8 1.2 1.6

Risk Ratio (95% ClI)

Figure 2. Effect of Treatment with Heparin or Tirofiban plus Heparin on the Composite Primary End Point at Seven Days in Various
Subgroups.

The effects of tirofiban were significantly greater among patients who were taking beta-blockers at entry than among patients who
were not taking beta-blockers (P=0.019). There were no other statistically significant interactions between the assigned treatment
and any of the other factors shown (P>0.10 for all comparisons). ECG denotes electrocardiographic. Risk ratios are for the tirofiban-
plus-heparin group as compared with the heparin-only group. The horizontal lines indicate 95 percent confidence intervals (Cl).
Data were missing on smoking status for nine patients in the heparin-only group and three in the tirofiban-plus-heparin group.
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Figure 3. Kaplan—-Meier Curves Showing the Cumulative Incidence of Death or Myocardial Infarction among Patients Randomly As-
signed to Heparin or to Tirofiban plus Heparin.

The left-hand panel shows events during the initial 48 hours of medical treatment among all 1570 patients in the two groups, and
the right-hand panel shows the cumulative incidence of death or myocardial infarction from the time of the procedure to 30 days
after randomization among the 475 patients who underwent coronary angioplasty (PTCA). RR denotes risk ratio, and Cl confidence

interval.

formation on the value of tirofiban alone (i.e., with-
out heparin). The study in the group that received
only tirofiban was discontinued, however, after the
first interim efficacy analysis because of the excess
mortality in that group as compared with the hepa-
rin-only group at seven days. This excess mortality is
puzzling, since no such excess was observed in the
composite end point or in refractory ischemia and
myocardial infarction at any time. Furthermore, the
Platelet Receptor Inhibition in Ischemic Syndrome
Management (PRISM) trial, which compared tiro-
fiban alone with heparin alone in 3232 patients,
found a significant reduction in the incidence of the
composite primary end point of death, myocardial
infarction, or refractory ischemia at 48 hours in the
tirofiban group.2* Although in that trial the overall
benefits were no longer significant at seven days,
mortality was not increased with tirofiban alone; in-
deed, it was significantly reduced at one month.
The designs of the current study (PRISM-PLUS)
and of the PRISM trial were different; in the former,
we enrolled patients within 12 hours after the qual-
ifying episode of pain, and in the latter, patients
were enrolled within 24 hours. The entry criteria in
our trial required more severe clinical expression of

unstable angina than was required in the PRISM tri-
al. Although the doses of tirofiban without heparin
were the same in the two trials, the drug was admin-
istered for a longer period in the PRISM-PLUS trial
and was continued in patients who underwent angi-
ography or coronary procedures. By contrast, tiro-
fiban was administered for a fixed 48-hour period in
PRISM, and it was not continued during interven-
tions. Although these differences between the two
studies might account for the differences in out-
come, it is more likely that the excess mortality ob-
served in the current trial was due to chance, since
the number of events was small. Another explana-
tion could be the need for concomitant thrombin
inhibition for optimal efficacy of tirofiban,?* in line
with the benefit observed with the addition of un-
fractionated or low-molecular-weight heparin to as-
pirin.?5-27

Irrespective of the findings in the group treated
with tirofiban alone, the combined use of tirofiban
and heparin in this trial prevented the occurrence of
acute cardiac ischemic events. The benefits were con-
sistent among important demographic subgroups of
the population and with respect to various pre-
defined end points. They were also consistent for six
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TABLE 4. COMPLICATIONS IN THE HEPARIN-ONLY
AND COMBINATION-THERAPY GROUPS.

TIROFIBAN PLUS

HEePARIN HEPARIN P
COMPLICATION* (N=797) (N=773) VaLue
percent
Major bleeding 3.0 4.0 0.34
Major bleeding according to 0.8 1.4 0.23
TIMI criteria
Intracranial bleeding 0 0
Blood transtusion 2.8 4.0 0.21
Decrease in platelet count
>33% 7.8 59 0.16
To <90,000/mm? 0.8 1.9 0.07
To <50,000/mm? 0.3 0.5 0.44
Premature discontinuation of treatment 13.2 14.9 0.34
Any bleeding 1.3 35 0.004
Presumed end point 5.4 25 0.003

*Major bleeding was defined as a decrease of more than 4.0 g per deci-
liter in the blood hemoglobin level, the need for the transfusion of two
units or more of blood, the need for corrective surgery, the occurrence of
an intracranial or retroperitoneal hemorrhage, or a combination of these
events. TIMI denotes the Thrombolysis in Myocardial Infarction trial.

months after randomization, thus providing evi-
dence in support of the concept that early potent
antiplatelet therapy leads to better stabilization of
coronary-artery plaques.?® The combination therapy
in this trial was associated with only a slight excess
in incidents of major bleeding, even given the con-
tinuation of drug therapy during and after angiog-
raphy and angioplasty, although careful attention to
stopping heparin and removing sheaths after the
procedure was part of the strategy, as previously de-
scribed.® Given this finding, it seems reasonable to
recommend that tirofiban be given along with hep-
arin and aspirin to patients with unstable angina.
This multitarget approach appears to represent an
important step forward in defining an overall man-
agement strategy for patients with acute ischemic
coronary syndromes.

APPENDIX

The principal investigators of the PRISM-PLUS Study Group, listed in
alphabetical order according to country, are as follows: Argentinag —
O. Bazzino, Italian Hospital, Buenos Aires; C. Barrero, Clinica Bazterrica,
Buenos Aires; L. Garre, Hospital Naval, Buenos Aires; A. Sosa, Sanatorio
Bartoleme, Buenos Aires; Australin — P. Aylward, Flinders Medical Center,
Flinders, South Australia; Awustria — J. Slany, Krankenanstalt Rudolfstif-
tung, Vienna; Canada — P. Beaudry, Centre Hospitalier Ste.-Marie, Trois
Riviéres, Que.; J. Bédard, R. DeLarochellicre, and M. Nguyen, Centre
Hospitalier de Sherbrooke, Sherbrooke, Que.; P. Bogaty, Laval Hospital,
Quebec, Que.; J.R. Boudreault, Hopital de PEnfant-Jésus, Quebec, Que.;
J.G. Diodati, Jewish General Hospital, Montreal; J. Dupuis, Montreal
Heart Institute, Montreal; D. Fitchett, Royal Victoria Hospital, Montreal;
A. Fung, Vancouver General Hospital, Vancouver, B.C.; P. Gervais, Centre
Hospitalier St.-Joseph, Trois Riviéres, Que.; D. Gossard, Maisonneuve-
Rosemont Hospital, Montreal; D. Grandmont, Centre Hospitalier Ho-
noré-Mercier, St.-Hyacinthe, Que.; T. Huynh, Montreal General Hospital,
Montreal; S. Kouz, Centre Hospitalier Régional de Lanaudi¢re, Joliette,
Que.; A. Langer, St. Michael’s Hospital, Toronto; P. Laramée, Notre-Dame
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Hospital, Montreal; M. Lemay, University of Ottawa Heart Institute, Ot-
tawa, Ont.; S. Maillette, Centre Hospitalier Pierre-Boucher, Longueuil,
Que.; C. Maranda, Queen Elizabeth Hospital, Montreal; J. Nasmith, Sacré-
Cocur Hospital, Montreal; Y. Pesant, Hotel-Dieu de St. Jérome, St.-
Jérome, Que.; D. Phanuef, Hotel-Dieu de Montréal, Montreal; G. Proulx,
Hoétel-Dieu de Québec, Quebec, Que.; M. Ruel, St. Luc Hospital, Mon-
treal; C. Thompson, St. Paul’s Hospital, Vancouver, B.C.; Chile — R. Cor-
balan, Hospital Clinico Universidad Catolica, Santiago; Colombin —
R. Botero, Clinica Cardiovascular, Medellin; R. Botero, Centro Medico
Fundacion Valle del Lili, Cali; Denmark — S. Husted, Skejby Hospital, Ar-
hus; Finland — J. Heikkila, Helsinki University Hospital, Helsinki; France
— B. Charbonnier, Centre Hospitalier Universitaire Trousseau, Tours;
Mexico— R. Moguel, Hospital Regional 1 de Octubre, Mexico City; South
Africa — P. Commerford, New Groote Schuur Hospital, Cape Town; D.
Landless, Johannesburg Hospital, Parktown; D. Weich and E Maritz,
Tygerberg Hospital, Cape Town; J. Marx, Universiteis Hospital, Bloemfon-
tein; Spain — E Fernandes, Servicio de Cardiologia, Valladolid; R. Lidén,
Hospital General Vall D’Hebron, Barcelona; G. Sanz and X. Bosch, Hos-
pital Clinic, Barcelona; Switzeriand — T. Moccetti, Ospedale Civico, Luga-
no; United States — N. Ali, Baylor College of Medicine, Houston; H.V.
Anderson, University of Texas Medical School, Houston; T. Bajwa, Sinai
Samaritan Medical Center, Milwaukee; S. Borzak, Henry Ford Hospital,
Detroit; T. Boyek, Chester County Hospital, West Chester, Pa.; D. Brewer,
St. Francis Hospital, Tulsa, Okla.; . Cambier, Madigan Army Medical Cen-
ter, Tacoma, Wash.; S. Chivukula, Lower Bucks Hospital, Bristol, Pa.; C.
Corder, Oklahoma Foundation of Cardiovascular Research, Oklahoma
City; M. Ezckowitz, West Haven Veterans Affairs Medical Center, New
Haven, Conn.; R. Feldman, Monroe Medical Center, Ocala, Fla.; L. Glick-
man, Mercer Medical Center, Trenton, N.J.; I.K. Jang, Massachusetts Gen-
eral Hospital, Boston; M. Klein, Boston University Medical Center, Bos-
ton; D. Korn, Mt. Sinai Medical Center, Miami Beach, Fla.; S. Krauss,
Albuquerque Medical Center, Albuquerque, N.M.; T. Kwan, State Univer-
sity of New York at Brooklyn, Brooklyn; J.T. Mann, Wake Heart Associates,
Raleigh, N.C.; J. Marshall, Atlanta Veterans Affairs Medical Center, Atlanta;
J. Martin, Bryn Mawr Hospital, Bryn Mawr, Pa.; E.S. Monrad, Albert Ein-
stein College of Medicine, Bronx, N.Y.; H. Mueller, Montefiore Hospital,
Bronx, N.Y.; W. Penny, University of California at San Diego—Veterans Af-
fairs Medical Center, San Diego; J. Schmedtje, University of Texas Medical
Branch at Galveston; J. Strony, University Hospitals of Cleveland, Cleve-
land; Data and Safety Monitoring Committee — P. Armstrong (chairman),
J. DeCani (statistician), J. Hirsh, C. Pepine, and T.J. Ryan; Steering Com-
mittee — P. Théroux (chairman), E Catella-Lawson, B. Charbonnier, J. Di-
odati, S. Kouz, J. Nasmith, L. Roy, J.T. Willerson, S. Yusuf, X. Zhao, EL.
Sax, and K.H. Harris; End Points Committee — G. Pelletier (chairman), R.
Davies, M. Flather, G. Gosselin, H. Herrmann, C. Kells, M. Knudtson, and
U. Thadani; Merck Research Laboratories — FL. Sax, S.M. Snapinn, A.
Ghannam, B. Haggert, A. Watson, J. Lis, C. Brancato, and D. Fong.
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CORRECTION

Inhibition of the Platelet Glycoprotein llb/llla
Receptor with Tirofiban in Unstable Angina and
Non-Q-Wave Myocardial Infarction

Inhibition of the Platelet Glycoprotein lib/llla Receptor with Tirofiban
in Unstable Angina and Non—-Q-Wave Myocardial Infarction . On page
1496, in addition to J.G. Diodati, the following investigators are affili-
ated with Jewish General Hospital in Montreal: M. Afilalo, G. Dankoff,
and A. Guttman.
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