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Clinical Investigation and Reports

Randomized, Double-Blind, Placebo-Controlled,
International Trial of the Oral lIb/llla Antagonist
Lotrafiban in Coronary and Cerebrovascular Disease

Eric J. Topol, MD; Donald Easton, MD; Robert A. Harrington, MD; Pierre Amarenco, MD;
Robert M. Califf, MD; Carmen Graffagnino, MD; Stephen Davis, MD; Hans-Christophe Diener, MD;
James Ferguson, MD; Desmond Fitzgerald, MD; Jeffrey Granett, MD; Ashfaq Shuaib, MD;
Peter J. Koudstaal, MD; Pierre Theroux, MD; Frans Van de Werf, MD; Kristina Sigmon, MA;
Karen Pieper, MS; Marc Vallee, MS; James T. Willerson, MD; on Behalf of the Blockade of the
Glycoprotein llb/llla Receptor to Avoid Vascular Occlusion (BRAVO) Trial Investigatr@

]

Background—This is the primary report of the large-scale evaluation of lotrafiban, an orally administered llb/llla receptor
antagonist, a unique trial with respect to the platelet antagonist, protocol design, and inclusion of cerebrovascular disease
in a significant proportion of patients.

Methods and Results-Patients with vascular disease were randomized to lotrafiban 30 or 50 mg BID on the basis of age
and predicted creatinine clearance or placebo in addition to aspirin at a dose ranging from 75 to 325 mg/d at the
discretion of the physician-investigator. Follow-up was for up to 2 years. The primary end point was the composite of
all-cause mortality, myocardial infarction, stroke, recurrent ischemia requiring hospitalization, and urgent revascular-
ization. Of 9190 patients enrolled from 23 countries and 690 hospitals, 41% had cerebrovascular disease at the time of
entry, and 59% had coronary artery disease. Death occurred in 2.3% of placebo-assigned patients and 3.0% of
lotrafiban-group patients (hazard ratio 1.33, 95% CI 1.03 to PZX).026), and the cause of excess death was vascular
related. There was no significant difference in the primary end point (17.5% compared with 16.4%, respectively; hazard
ratio 0.94, 95% CI 0.85 to 1.08,=0.19). Serious bleeding was more frequent in the lotrafiban group (8.0% compared
with 2.8%;P<0.001). Serious bleeding was more common among patients who received higher doses ofakpiin (
mg/d), with or without lotrafiban.

Conclusions—Lotrafiban, an orally administered platelet glycoprotein lib/llla blocker, induced a 33% increase in death
rate, which was vascular in origin and not affected by the type of atherosclerotic involvement at entry to the trial.
Although the dose of aspirin was not randomly assigned, the finding of increased bleeding with~-désemg/d is
noteworthy.(Circulation. 2003;108:r16-r23.)
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lockade of platelet glycoprotein llb/llla receptors via intra-  previous large-scale, randomized trials with more than 33 000
venous agents has been effective in reducing death orpatients-¢ The explanation for the higher rate of fatality is
nonfatal myocardial infarction in the settings of percutaneous unclear, but the possibilities of improper dosing regimens or
coronary intervention and in acute coronary syndroh@s.the suboptimal clinical indications have been raised.
other hand, use of oral platelet Ilb/llla antagonists has been After completing an extensive phase Il study of lotrafian,
associated with an unexpected 37% increase in mortality in 4 an orally administered llb/llla antagonist, in patients with
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atherosclerotic coronary or cerebrovascular disease, we un-TABLE 1.  Baseline Characteristics

d_ertoc_)k a_Iarge-scaIe clinical trial. The re§ults of the_ previous Placebo Lotrafiban
trials in this class of agents were not available at initiation of (n=4590) (n=4600)
the BRAVO (Blockade of the Glycoprotein IIb/llla Receptor

to Avoid Vascular Occlusion) trial. The trial was unique in Age, y ) 62,2111 623111
targeting a diverse patient population with vascular disease Body mass index, kg/m* 21.9+48 27857
and using a dose titration to take into account age and Weight, kg 81157 80.5-16.2
anticipated creatinine clearance. However, it was stopped Male, % 2 701
prematurely because of an excess in mortality in the lotrafi- White, % 935 935
ban group. This report presents the primary findings of the Diabetes, % 227 27
trial, highlighting the timing and cause of death along with Smoker, %
the scope and magnitude of bleeding complications encoun- Current 97 1 26.3
tered with lotrafiban. Former 14 038
Methods Hypertension, % 66.6 67.1
The details of the design of the trial have been published previgusly. Prior MI, % 20.3 21.9
To summarize, patients aged 18 years or older were eligible if they Prior stroke, % 75 6.5
had (1) prior myocardial infarction or unstable angina within 14 days History of PVD, % 6.0 6.0

of baseline evaluation, (2) ischemic stroke no sooner than 5 days and
no later than 30 days after the acute event, (3) a transient ischemic Ml indicates myocardial infarction; PVD, peripheral vascular disease.
attack within 30 days, or (4) “double bed” vascular disease, defined

as documented peripheral vascular disease combined with eitheryonihs. At the last review, the Data and Safety Monitoring Board

coronary or cerebrovascular disease. Patients were excluded if theyyecommended premature termination of the trial because of an excess

had predisposition to bleeding, suboptimal blood pressure control, ot mortality in the lotrafiban group, and this was unanimously

intolerance or allergy to aspirin, recent use of an intravenous lIb/llla a4opted by the Steering Committee.

antagonist, or need for therapy with warfarin or a thienopyridine

drug. All patients gave informed consent, and the protocol was Results

approved by the institutional review board at each participating . -

center. The trial enrollment began April 23, 1999, and was com-
Patients were randomly assigned to lotrafiban or matching pla- pleted on June 26, 2000, in 23 countries in 690 hospitals

cebo. The dose of lotrafiban was either 30 mg or 50 mg BID (Appendix). Premature termination of the trial occurred on

depending on the age _ar]d creatinine clearanc_e. For patients agehecember 12, 2000, because of an excess of mortality that
=65 years or with creatinine clearans#0 mL/min, the dose was was statistically significant.

30 mg. The dose was decreased from 50 to 30 mg if there was a . L . .
reduction in creatinine clearance or evidence of bleeding and from 30 1 he baseline characteristics of the patients are summarized

to 20 mg for the same reasons. Concomitantly, patients received in Table 1. Their ages ranged from 20 to 96 years, and the 2
aspirin at 75 to 325 mg/d, the exact dose being at the discretion of the treatment groups were balanced with respect to all demo-
physician-investigator. The study drug was to be administered for a graphic features. The primary enrollment criteria are provided

maximum of 2 years after randomization. ; . o .
The primary end point was the composite of death, myocardial in Table 2. Approximately 40% of the patients enrolled had

infarction, stroke, recurrent ischemia requiring hospitalization, and Cerebrovascular disease.

urgent revascularization. Prespecified subgroups were defined to be The dose at the time of randomization was 30 mg BID in
gender, age (<65 ar65 years), and enroliment criteria (cardiovas-  46.5% of patients and 50 mg BID in 53.5%. A dose reduction
cular or cerebrovascular). All events were reviewed by an indepen- 45 required in 4.6% of the placebo group and 8.1% of the

dent clinical events committee blinded to treatment assignment. A ) . .
sample size of 9200 patients provided 90% power to detect a 20% lotrafiban group (P<0.0001). Study drug was discontinued

treatment effect, with a minimum of 1345 clinical events, assuming Prematurely in 22.9% of placebo-assigned patients and 29.3%
a 2% loss of follow-up, a 16.7% event rate in the placebo group, and of the lotrafiban patients (P<0.0001). The reasons for pre-

intention-to-treat analysis. mature discontinuation of study drug were major bleeding

A multivariate mortality model was developed to determine the (1.6% with placebo compared with 9.9% with lotrafiban;
factors associated with an increased mortality. A total of 19 candi- ’ ’

date variables were included in the model: age, gender, body mass o
index, race, heart rate at baseline, diastolic and systolic blood TABLE 2.  Enroliment Criteria
pressure, diabetes, baseline aspirin dose, lotrafiban treatment assign-

ment, history of hypertension, heart failure, PTCA, angina, myocar- Placebo Lotrafiban
dial infarction, prior CABG, peripheral vascular disease, stroke, or Cardiovascular 2207 (48.1) 2182 (47.4)
transien_t ischemic aptack. Linearity _of the log ha_zard ra_tio for each_of M 1018 (22.2) 997 (21.7)
the continuous predictors was verified. A stepwise variable selection )

was performed for proportional hazards regression of the time to Unstable angina 1189(25.9) 1185 (25.8)
death, and proportional hazards assumption was evaluated for all Cerebrovascular 1649 (35.9) 1670 (36.3)
variables.

A Data and Safety Monitoring Board reviewed the data on 5 TIA 590 (129) 578 (12.6)
occasions as follows: (1) October 17, 1999, on 2386 patients Stroke 1059 (23.1) 1092 (23.7)
followed up an average of 1.7 months; (2) January 15, 2000, on 4665 PVD -+ Cardiovascular 509 (11.1) 522 (11.4)
patients followed up an average of 3.6 months; (3) May 20, 2000, on PVD -+ Cerebrovascular 205 (4.9) 225 (4.9)

8112 patients followed up an average of 5.1 months; (4) August 14,
2000, on 9190 patients followed up an average of 7.0 months; and (5) Values are given as n (%). Ml indicates myocardial infarction; TIA, transient
December 9, 2000, on 9190 patients followed up an average of 11.1ischemic attack; and PVD, peripheral vascular disease.
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TABLE 3. Efficacy End Points

Placebo, %  Lotrafiban, % HR 95% Cl P
Primary composite end point 17.5 16.4 0.936 0.85-1.03 0.190
Death, MI, stroke 6.1 6.3 1.028 0.87-1.21 0.737
Death 2.3 3.0 1.333 1.03-1.72  0.026
Ml 2.0 1.9 0.928 0.62-1.24  0.619
Stroke 2.4 21 0.878  0.67-1.15  0.348
Urgent hospitalization 10.0 8.7 0.866 0.75-0.99 0.035
Urgent revascularization 8.6 79 0.917 0.79-1.06 0.232

HR indicates hazard ratio; MI, myocardial infarction.

P<0.0001) or important minor bleeding (2.6% versus 8.1%, The data for aspirin dose at the time of randomization for
respectively; P<0.0001). The length of follow-up was a patients receiving placebo study drug are summarized in
median of 366 days in both groups (25th and 75th percentiles, Table 6. A similar proportionate increase in bleeding com-
respectively, were 279 and 463 days for the placebo group plications was observed among patients who received lotra-
and 278 and 460 days for the lotrafiban group). fiban with higher-dose aspirin (>162 mg/d) than with lotra-

The primary end point and individual components of the fiban and aspirin 75 to 162 mg/d. The incidence of serious
composite are presented in Table 3. There were 139 deaths irbleeding was 9.0% compared with 7.1%, respectively
the lotrafiban group compared with 104 in the placebo group. (P<<0.001), and the incidence of any transfusion was 5.9%
This excess of 35 deaths was primarily accounted for by more compared with 3.4% (P<<0.001).
vascular deaths (107 in the lotrafiban group versus 78 in the The multivariate model for mortality identified 10 covari-
placebo group). There was a numerical excess of suddenates independently associated with an increased or decreased
deaths (29 versus 17) and unwitnessed deaths (16 versus 5jisk of death (Figure 4). Of note, lotrafiban was indepen-
respectively) in the lotrafiban group. The Kaplan-Meier event dently associated with higher mortality (hazard ratio 1.36,
curves for the primary composite end point and all-cause 95% CI 1.05 to 1.76;x°=5.53, P=0.018). Furthermore,
mortality are provided in Figures 1 and 2. There was a higher-dose aspirin was associated with a decreased mortality
significant reduction in urgent rehospitalization in the lotra- (hazard ratio 0.74, 95% CI 0.56 to 0.9¢=4.71,P=0.03).
fiban group (Table 3).

Of the stroke events, cerebral infarction occurred in 98 Discussion
patients in the placebo group and 78 in the lotrafiban group, The present trial is noteworthy for 3 major findings. First, it
and hemorrhagic stroke occurred in 6 and 3 patients, respec-confirms the increased risk of fatality and serious bleeding for
tively. Infarction with hemorrhagic conversion was the cause oral platelet glycoprotein lib/llla inhibition, with a similar
in 3 and 4 patients, respectively. Uncertain cause of stroke magnitude (33%) as exhibited in the previous 4 triafs.
was classified in 2 and 10 patients, respectively. Second, it demonstrates for the first time that the increased

Bleeding complications are presented in Table 4, with the risk of fatality is also extended to patients with cerebrovas-
source of bleeding summarized in Table 5. Subgroup analysiscular disease, because the BRAVO trial was the only one that
for efficacy in patients by age (partitioning at 65 years), incorporated this group as an entry criterion, and0% of
gender, and enrollment criterion did not show evidence of patients qualified on the basis of having cerebrovascular
heterogeneity (Figure 3) with respect to risk of increased disease. Third, although the dose of aspirin was not random-

mortality or lack of effect of lotrafiban on the composite end ized and was left to the discretion of the physician-
point of death, myocardial infarction, or stroke. investigator, doses higher than 162 mg/d were associated with

0.99

0.98

Survival

0.97

0.80

Freedom from Primary Endpoint
5
1
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Figure 1. Kaplan-Meier curve of primary composite end point. Figure 2. Kaplan-Meier curve of death.
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TABLE 4. Bleeding End Points

Placebo, %  Lotrafiban, % OR 95% Cl P
Serious bleeding 2.8 8.0 297 2.42-3.64 <0.0001
Anemia 3.6 8.8 254 211-3.06 <0.0001
Transfusion (any) 1.5 4.6 318 2.41-419  <0.0001
Transfusion PRBC/whole blood 1.4 4.2 3.08 231-4.09 <0.0001
Platelet count <100 000 0.5 1.1 228 1.37-3.77 0.001
Platelet count <50 000 0.04 0.5 125 2.96-52.9  <0.0001

PRBC indicates packed red blood cells.

an increased risk of the primary composite end point, an responsible for inducing more fatal vascular events than were
increased risk of serious bleeding and transfusion, but also aocbserved in trials of these agents.
decreased risk of mortality. The extension of the hazard of death among patients with
The increased risk of fatality with oral lib/llla blockade cerebrovascular disease is important because one may have
has been noted in all 4 prior large-scale trials that tested expected the absence of coronary disease as an enrolling
orbofiban, xemilofiban, and sibrafib&n® The magnitude of  criterion might have made these patients less likely to incur
risk of 37% excess in fatality rate observed in the prior trials the risk. The risk of serious bleeding complications across
is in keeping with the present report with lotrafiban. This poth coronary and cerebrovascular disease patients is not
higher risk of fatality appeared to be increasing over the surprising in light of similar data from the previous triatsut
duration of drug exposure (Figure 2) and was largely attrib- might have been considered a potentially acceptable tradeoff
utable to an excess in vascular deaths. Although attemptshad there been a striking reduction in major vascular events.
were made in the present trial to titrate the dose of lotrafiban The penefit in terms of less urgent revascularization or
according to the patient's age and calculated creatinine pogpitalization is modest, in keeping with previous reparts,

clearance, this did not achieve any reduction of risk. and not meaningful compared with the higher risks of fatality
Unlike parenteral short-term Ilb/llla inhibition, dosing of 5 bleeding.

the oral llb/llla blockers has been challenging because high 1o findings on the dose of aspirin are important. Although
levels of inhibition (>80% receptor blockade at steady state) o qata are based on nonrandomized selection of dose by
are not tolerated owing to excessive bleeding complications. physician-investigators, there was a very large population

Althoughd t_hek F}VSCIS;‘] dme(ihamslml ItslntOtI knowrl _for”;/r:ﬁ with a considerable number of events during extended
Increased risk of death due 1o oral platelet glycoprotein follow-up. The narrow dose range of 75 to 325 mg, which

inhibition, recent studies have indicated that a subthreshold - necessary to accommodate international practice, af-

inhibition (<80%) of the llb/llla receptor promotes shedding . . .
. . . forded the opportunity to study lower versus higher dosing,
of platelet CD40 ligand, which has both a principal prothrom- . .
. X . . which has not been assessed adequately by any previous large
botic and proinflammatory role:12 Along with P-selectin . . . .

: . randomized trial in patients with coronary or cerebrovascular
expression that can be potentiated by oral platelet glycopro- disease. The Dutch Transient Ischemic Attack trial randomly
tein inhibition? platelet-derived constituents may indeed be o . . .

P y assigned aspirin at a dose of 30 or 283 mg/d in 3131 patients

. with cerebrovascular disease and showed more bleeding at
TABLE 5. Type of Bleeding

Placebo Lotrafiban TABLE 6. Outcomes by Aspirin Dose in Placebo Study
(n=4590) (n=4600) Drug Patients

Iniracerebral 02 0.1 Low Dose, Higher Dose,
Gastrointestinal 4.0 10.3 75-162 mg/d >162 mg/d
Retroperitoneal 0.04 0.02 (n=2410) (n=2179)
Genitourinary/hematuria 2.0 3.8 Primary end point 16.4 18.6
Epistaxis/nose 37 97 Death, MI, stroke 6.2 6.1
Oral/gingival 1.4 4.0 Death 2.8 1.7
Hematoma 14 2.7 mi 2.0 2.1
Pericardial 0.0 0.0 Stroke 2.1 28
Pulmonary/hemoptysis 0.3 05 Urgent hospitalization 9.5 10.6
Ocular/retinal 0.4 1.0 Urgent revascularization 7.3 10.0
Menstrual/uterine/vaginal 0.5 0.6 Serious bleeding 24 33
Other (major but no specified site, or various 1.0 25 Any bleeding 1. 15.4
minor) Transfusion 1.0 2.0

Values are percentages. Ml indicates myocardial infarction.
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Subgroups
Death/MI/Stroke Death
N Placebo Lotrafiban Hazard Ratio & 95% ClI Placebo Lotrafiban Hazard Ratio & 95% Cl
6,491 Male 6.2% 6.3% -i— 2.3% 3.1% —B—
2699  Female 6.0% 6.2% i 2.3% 2.9% I
Figure 3. Subgroups: efficacy with
respect to primary end point and death.
4060 Age =265 7T% - BE% = 35%  48% = Cardiovasc. indicates cardiovascular;
5130  Age <65 4.9% 4.5% - 1.3% 1.6% — - Cerebrovasc., cerebrovascular.
4389  Cardiovasc. 5.9% 6.4% —— 26% 3.0% ™
3,319 Cerebrovasc. 7.2% 5.9% = 1.9% 2.4% —-—
r T T 1 I T T 1
0 0.5 1.5 2 0 0.5 15 2
Lotrafiban Lotrafiban Lotrafiban Lotrafiban
Better Worse Better Worse

the higher dosé3 In BRAVO, most of the dosing between 75 mortality for patients treated with other agents in the class
and 162 mg/d used a 100-mg tablet, which is commonly used of oral lIb/llla inhibitors. The present trial was initiated
outside the United States, whereas in the United States, 81 orbefore the results of SYMPHONY | and4l# and the
162 mg/d was primarily used. Although the assessment of meta-analysis of previous triglsvere available. Previous
aspirin dosing will require further intensive analysis from the assessment of risk in the orbofiban trial had suggested that
BRAVO database, accounting for international differences titrating the dose for renal impairment would reduce the
and other potentially confounding variables through model- risk of adverse event,and this was a major strategy
ing and propensity analyses, there was strong evidence forincorporated in the lotrafiban project. Careful surveillance
heightened risk of serious bleeding (approximate doubling); of risk was monitored during the trial by an experienced
no benefit of the composite end point of death, myocardial Data and Safety Monitoring Board, and the first time there
infarction, or stroke; but a lower risk of mortality when this Was a significant demonstration of hazard, the trial was
end point was assessed independently through logistic regresstopped. Consideration was given to stopping the trial
sion. Such a finding certainly underscores the need for more before this point on the basis of the results of other trials,
dedicated clinical research to determine the optimum dose of but the lack of evidence of hazard, the unique population
aspirin. One of the limitations of the present trial is a failure under study, and the specific dose and drug strategy led to
to collect information concerning aspirin dose during ex- Ccontinuation with close monitoring.

tended follow-up, because only the dose used at study entry ©On the basis of the trial, it can be recommended that oral
was available. platelet glycoprotein lib/llla blockade carries undue hazard with

Finally, the trial raises potential ethical issues as to "€SPectto mortality and serious bleeding complications, and the
whether such a large-scale effort was appropriate given present trial extends this theme to a fourth agent in the class and
data from previous trials that showed an increased risk of &1 €ven more diverse patient population. It appears that doses of
aspirin=162 mg/d may be prudent to avoid bleeding compli-
cations for the time being, unless patients are at particularly high

Variable Hazard Ratio & 95% ClI A . . t R
risk, in which case, consideration of a dose of 325 mg/d may be

Lotrafiban —— appropriate but will be associated with increased bleeding
Age " complications. Without question, further assessment of aspirin
Bul - dosing through large-scale, randomized trial investigations

High:‘i:i:': o - would be helpful to clarify optimal antiplatelet therapy for
patients with atherosclerotic vascular disease.

Male I —

Diabetes = Abbreviated Appendix

Hx of Hypertension — . . .
Hx of CHF = Steering Committee

Eric. J. Topol, MD (USA); Donald Easton, MD (USA); Robert
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I ' Harrington, MD (USA); Pierre Amarenco, MD (France); Robert M.
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Figure 4. Mortality proportional hazards regression model. Age L
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