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Whether prasugrel plus bivalirudin is a superior strategy to unfractionated heparin plus clopidogrel in patients with
ST-segment elevation myocardial infarction (STEMI) undergoing primary percutaneous coronary intervention (PCI)
has never been assessed in specifically designed randomized trials.

The Bavarian Reperfusion Alternatives Evaluation (BRAVE) 4 study is an investigator-initiated, randomized, open-label,
multicentre trial, designed to test the hypothesis that in STEMI patients with planned primary PCl a strategy based on
prasugrel plus bivalirudin is superior to a strategy based on clopidogrel plus heparin in terms of net clinical outcome.
Owing to slow recruitment, the trial was stopped prematurely after enrolment of 548 of 1240 planned patients. At 30
days, the primary composite endpoint of death, myocardial infarction, unplanned revascularization of the infarct
related artery, stent thrombosis, stroke, or bleeding was observed in 42 patients (15.6%) randomized to prasugrel
plus bivalirudin and 40 patients (14.5%) randomized to clopidogrel plus heparin [relative risk, 1.09; one-sided 97.5% con-
fidence interval (Cl) 0—1.79, P = 0.680]. The composite ischaemic endpoint of death, myocardial infarction, unplanned
revascularization of the infarct-related artery, stent thrombosis, or stroke occurredin 13 patients (4.8%) in the prasugrel
plus bivalirudin group and 15 patients (5.5%) in the clopidogrel plus heparin group (relative risk, 0.89; 95% Cl 0.40—1.96,
P = 0.894). Bleeding according to the HORIZONS-AMI definition was observed in 38 patients (14.1%) in the prasugrel
plus bivalirudin group and 33 patients (12.0%) in the clopidogrel plus heparin group (relative risk, 1.18; 95% Cl 0.74—1.88,
P = 0.543). Results were consistent across various subgroups of patients.

In this randomized trial of STEMI patients, we were unable to demonstrate significant differences in net clinical outcome
between prasugrel plus bivalirudin and clopidogrel plus heparin. Neither the composite of ischaemic complications nor
bleeding were favourably affected by prasugrel plus bivalirudin compared with a regimen of clopidogrel plus unfractio-
nated heparin. However, the results must be interpreted in view of the premature termination of the trial.

Unique identifier NCT00976092 (www.clinicaltrials.gov).
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Background

Early mechanical reperfusion by primary percutaneous coronary
intervention (PCI) is the standard treatment strategy for patients
with ST-segment elevation myocardial infarction (STEMI)." Adjunct
antithrombotic therapy with antiplatelet and anticoagulant agents is
the prerequisite for the safe and effective performance of primary
PCI. Bivalirudin and prasugrel have both shown significant benefits
vs. conventional therapy in two separate studies. In the Harmonizing
Outcomes with Revascularization and Stents in Acute Myocardial
Infarction (HORIZONS-AMI) trial, the direct thrombin inhibitor
bivalirudin after pre-treatment with clopidogrel resulted in improved
net clinical outcome compared with heparin plus glycoprotein (GP)
lIb/llla inhibitors in STEMI patients undergoing primary PCL.2 This re-
duction was driven by a lower rate of major bleeding. However,
during the first 24 h after PCl there was an increase in stent throm-
bosis rates with bivalirudin.” In the TRial to assess Improvement in
Therapeutic Outcomes by optimizing platelet inhibitioN with
prasugrel—Thrombolysis In Myocardial Infarction (TRITON-TIMI)
38 trial, the third-generation thienopyridine prasugrel was superior
to clopidogrel in patients with acute coronary syndrome with or
without ST-segment elevation regarding the composite of death,
myocardial infarction, or stroke.> Both prasugrel and bivalirudin
have received a class | recommendation for their use in STEMI
patients." However, so far no specifically designed studies have pro-
spectively assessed the potential advantages of the combination of
prasugrel plus bivalirudin with that of clopidogrel plus heparin.**
Theoretically, both drugs may have synergistic effects on ischaemic
and bleeding complications that maximize patients’ clinical out-
comes. The Bavarian Reperfusion Alternatives Evaluation (BRAVE)
4 study aimed at assessing the hypothesis that in STEMI patients
with planned primary PCl a strategy based on prasugrel plus bivalir-
udinis superiorto astrategy based on clopidogrel plus unfractionated
heparin in terms of net clinical outcomes.

Methods
Study design

BRAVE 4 is an investigator-initiated, randomized, open-label, multicentre
trial. The authors are solely responsible for the design, conduct, dataana-
lyses as well as drafting and editing of the manuscript and its final content.

Study population

Patients were recruited at the Deutsches Herzzentrum Minchen in
Munich, the 1. Medizinische Klinik, Klinikum rechts der Isar in Munich
and Herzzentrum of the Segeberger Kliniken in Bad Segeberg, all in
Germany. Patients were eligible for enrolment if they were >18 years
old, presented with chest pain lasting >20 min within 24 h from
symptom onset and with ST-segment elevation of >0.1 mV in >2 adja-
cent limb leads or >0.2 mV in >2 contiguous precordial leads or new
left bundle branch block and in whom primary PCl was planned. Major
exclusion criteria were active bleeding or bleeding diathesis, history of
intracranial bleeding or structural abnormalities, prior TIA or stroke,

Prasugrel e Bivalirudin e Clopidogrel e Heparin ® Myocardial infarction e Primary PCI

refusal to receive blood transfusion, heparin-induced thrombocytopenia,
administration of thrombolysis, bivalirudin, low-molecular-weight
heparin or fondaparinux for the index myocardial infarction, known
allergy to the study medication, known relevant haematological devia-
tions: haemoglobin <100 g/L, platelet count <100 x 107 cells/L, use
of coumarin derivatives within the last 7 days, chronic therapy with non-
steroidal anti-inflammatory drugs (except aspirin), cyclooxygenase-2
inhibitors, prasugrel or ticagrelor, known severe liver disease or known
renal insufficiency with glomerular filtration rate (GFR) <30 mL/min
and/or dialysis-dependent and known malignancies or other comorbid
conditions with life expectancy <1 year or that may result in proto-
col non-compliance. Detailed inclusion and exclusion criteria have
previously been published.®

The study was approved by the Ethics Committee at each participating
centre and all patients provided written informed consent.

Randomization

Randomization was performed between prasugrel plus bivalirudin and
clopidogrel plus heparin with a randomization ratio of 1:1 at the admitting
unit of the participating centres by means of sealed opaque envelopes
containing a computer-generated sequence, originated in the coordinat-
ing centre (ISAResearch Center, Munich, Germany). Randomization was
stratified by study centre and status of clopidogrel pre-loading. Randomly
permuted block lengths were used. Patients were considered enrolled in
the study and eligible for the final intention to treat analysis at the time of
randomization.

Treatment regimen

Therapy with prasugrel plus bivalirudin or clopidogrel plus heparin was
administered after randomization at the admitting unit.

Patients randomized to prasugrel plus bivalirudin

Therapy with prasugrel was started with a loading dose of 60 mg orally,
followed by a maintenance dose of 10 mg daily (5 mg daily for patients
with age >75 years or with body weight <60 kg). Prasugrel loading
dose was reduced to 30 mg in patients who had already received a
loading of clopidogrel for the index event. Therapy with bivalirudin was
started with an intravenous (i.v.) bolus of 0.75 mg/kg of body weight fol-
lowed by an infusion of 1.75 mg/kg/h (1.4 mg/kg/h in patients with GFR
30—59 mL/min) for the duration of PCI. In patients with recent heparin
administration, the time interval from the heparin bolus to the bivalirudin
bolus had to be at least 30 min.

Patients randomized to clopidogrel plus heparin

Therapy with clopidogrel was initiated with a loading dose of 600 mg and
continued with a maintenance dose of at least 75 mg orally. In cases
where clopidogrel had already been administered prior to randomiza-
tion, a further loading dose was given to achieve a total loading dose
of 600 mg. Unfractionated heparin, administered as an iv. bolus of
70-100 IU/kg of body weight, was the recommended heparin. If unfrac-
tionated heparin had been administered before randomization the proto-
col recommended that subsequent boluses of heparin were given guided
by the activated clotting time (ACT), with a target ACT of 250—-300 s.

Need for bail-out antithrombotic drugs
In the presence of abundant thrombotic material or sustained no reflow
[Thrombolysis In Myocardial Infarction (TIMI) flow 0—1] the protocol
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Table I Baseline clinical and demographic characteristics
Prasugrel plus Bivalirudin (n = 271) Clopidogrel plus Heparin (n = 277) P
Age, years 61.4[51.9-71.7] 61.4[52.9-71.5] 0.830
Female 66 (24) 58 (21) 0.339
Arterial hypertension 178 (66) 177 (64) 0.662
Hypercholesterolaemia 154 (57) 142 (51) 0.191
Diabetes mellitus 45 (17) 41 (15) 0.562
Insulin-requiring 7 (3) 9 (3) 0.643
Active or former smoker 155 (57) 186 (67) 0.016
Body mass index, kg/m?> 26.6 [24.4-29.3] 26.3[24.3-29.4] 0.951
History of prior Ml 21(8) 30 (11) 0.214
History of prior CABG 5(2) 7(3) 0.585
Infarct characteristics®
Infarct localization 0.516
Anterior 103 (41) 114 (44)
Posterior or inferior 128 (51) 122 (47)
Lateral 18 (7) 24 (9)
Killip class 0.203
| 193 (78) 211 (81)
I 42 (17) 32(12)
Il 6(2) 12 (5)
\% 8(3) 5(2)
Arterial blood pressure
Systolic, mmHg 130 [120-150] 130 [120-150] 0.949
Diastolic, nmHg 78 [70-85] 76 [66—84] 0.256

Data are shown as number (percentage) or median [interquartile range].
MI, myocardial infarction; CABG, coronary artery bypass graft.
?In 509 patients with MI.

suggested the following bail-out strategies: either continuation of
bivalirudin infusion after primary PCl for up to 12 h (with dose reduction
to a rate of 0.25 mg/kg/h after 4 h) or the use of GP lIb/llla inhibitors in
either group.

Concomitant medication
All patients received 500 mg of i.v. acetylsalicylic acid. Other medication
was given at the discretion of the treating physician.

Follow-up, endpoints, and definitions

Patients were contacted at 1 month after randomization by telephone,
letter, or office visit to obtain detailed information regarding the occur-
rence of endpoints, adverse events, and patients’ compliance.

The primary endpoint is the composite of all-cause death, recurrent
myocardial infarction, unplanned revascularization of the infarct related
artery (IRA), definite stent thrombosis,” stroke, or major bleeding
(non-CABG related, HORIZONS-AMI definition)® at 30 days after ran-
domization. Secondary endpoints are the composite of all-cause death,
recurrent myocardial infarction, definite stent thrombosis,” unplanned
IRA-revascularization or stroke (composite ischemic endpoint), the inci-
dence of major bleeding complications,? and the incidence of cardiac
death at 30 days after randomization. Bleeding events were also evaluated
according to the TIMI criteria.” A detailed description of the endpoint
definitions has recently been published.® All events were adjudicated
and classified by an event-adjudication committee whose members
were unaware of the assigned treatment.

Table 2 Time intervals

Prasugrel plus Clopidogrel P
Bivalirudin plus Heparin
(n=1271) (n=1277)

Symptom onsetto 185 [95-430] 180 [90-527] 0.821

admission, min

Symptom onsetto 210 [116—465]
randomization,
min

Symptom onsetto 270 [175-533]
balloon, min

210[115-560] 0943

281 [185-640] 0.594

Admission to
balloon, min

90 [66—110] 87 [67-114] 0.993

Data are shown as median [interquartile range].

Quantitative coronary angiography (QCA) measurements, including
assessment of TIMI blood flow, was performed by blinded research
personnel of the QCA core lab located at the ISAResearch Center.

Statistical considerations

Sample size calculation was based on the Fisher’s exact test with a one-sided
significance level of 2.5%, a power of 80%, and an assumed incidence of the
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primary endpoint of 12.1% with the strategy of clopidogrel plus heparin and
7.2% with the strategy of prasugrel and bivalirudin.>"® Accordingly, 601
patients in each group were needed. Compensation for losses to follow-up
required the enrolment of a total of 1240 patients. After recruitment of 50%
of the planned total number of patients, a blinded determination of event
rates and reassessment of total sample size was planned.

Table 3 Angiographic and procedural characteristics

Categorical variables were summarized using frequencies and propor-
tions and compared using the chi-square test or Fisher’s exact test, as ap-
propriate. Continuous data were summarized using mean + standard
deviation or median [25th, 75th percentiles] and compared using Stu-
dent’s t-test or non-parametric Wilcoxon rank-sum test. Kaplan—
Meier method was used for creating cumulative event curves. All analyses

Prasugrel plus Bivalirudin (n = 271) Clopidogrel plus Heparin (n = 277) P

Ejection fraction, %” 45 [39-55] 45 [38-51] 0.210

No. of diseased vessels 0.521
No obstructive coronary artery disease 20 (7.4) 13 (4.7)

1 96 (35.4) 93 (33.6)
2 64 (23.6) 71 (25.6)
3 91 (33.6) 100 (36.1)

Multivessel disease 155 (57.2) 171 (61.7) 0.279

Infarct-related artery® 0.146
LAD 103 (41.4) 113 (43.5)

RCA 118 (47.4) 110 (42.3)
LCx 21(8.4) 35(13.5)
Left main 4(1.6) 1(04)
Bypass graft 3(1.2) 1(04)

Initial TIMI flow grade® 0.023

0 120 (48.2) 159 (61.2)
1 17 (6.8) 18 (6.9)
2 55 (22.1) 40 (15.4)

3 57 (22.9) 43 (16.5)

Diameter stenosis before PCI° 96.4 [76.5—100] 100 [80.2—-100] 0.009

Intervention 0.184
Stent 240 (88.6) 240 (86.6) 0.573

Drug-eluting stent 223 228
Bare metal stent 13 10
Bioabsorbable 4 2
Vascular scaffold
Balloon angioplasty 6(2.2) 16 (5.8)
CABG 1(0.4) 1(04)
Conservative 24 (8.9) 20(7.2)

Glycoprotein lIb/llla inhibitors 8 (3.0) 17 (6.1) 0.074
Abciximab 4(1.5) 8(2.9) 0.259
Tirofiban 4(1.5) 8(2.9) 0.259
Integrilin 0 1(0.4) 0.322

Final TIMI flow grade® 0.594
0 4(1.6) 6(2.3)

1 2(0.8) 5(1.9)
2 18 (7.2) 15 (5.8)
3 225 (90.4) 234 (90.0)
Diameter stenosis after PCIP 12.5[8.1-17.5] 12.0 [8.8-16.3] 0.999

Data are shown as number (percentage) or median [interquartile range].
Available for 498 patients.
®In 509 patients with myocardial infarction.
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Table4 Medication at discharge®

Prasugrel plus

Bivalirudin (n = 242)

Acetylsalicylic acid 241 (99.6)
Thienopyridine

Prasugrel 229 (94.6)

Clopidogrel 9(3.7)

None 4(1.7)
Oral anticoagulation 12 (5.0)
Beta-blocker 236 (97.5)
ACE-inhibitor or AT 1-antagonist 221 (91.3)
Diuretic 117 (48.3)
Statin 233 (96.3)

Clopidogrel plus P

Heparin (n = 254)

246 (96.9) 0.022
<0.001

18 (7.1)

229 (90.2)
7(2.8)

23 (9.1) 0.075
247 (97.2) 0.847
242 (95.3) 0.077
138 (54.3) 0.183
244 (96.1) 0.899

Data are shown as number (percentage).
?In 496 patients with myocardial infarction who survived hospital stay.

were performed in a blinded manner regarding the randomly assigned
treatment and on an intention-to-treat basis. The main analysis was per-
formed by testing superiority in terms of primary endpoint at 30 days after
randomization. Therefore, the Fisher’s exact test with a one-sided signifi-
cance level of 2.5% was applied. Corresponding tests for other endpoints
were two-sided with P-values <0.05 considered statistically significant.

Analysis of the primary endpoint was performed in pre-specified sub-
groups defined by median age, gender, presence of diabetes mellitus,
median body mass index, pre-randomization heparin use, pre-
randomization clopidogrel loading, and median time interval from
symptom onset to primary PCl. Heterogeneity of treatment differences
across the levels of a baseline variable was checked by assessing the inter-
action between the assigned treatment and baseline variable with respect
to the primary endpoint. This was done by entering the interaction term
into the respective Cox proportional model.

S-PLUS software, version 4.5 (Insightful), was used for all statistical
analyses.

Results

Patients and procedures

The trial was stopped for slow recruitment. The main reason for this
was the lack of extramural funding. Neither interims analysis was per-
formed, nor was the trial stopped for safety reasons.

From September 2009 until December 2013 a total of 548 patients
were enrolled and randomly assigned to either therapeutic strategy:
prasugrel plus bivalirudin (n =271) or clopidogrel plus heparin
(n=1277).

Prior to randomization, a clopidogrel loading dose was admi-
nistered to 63 patients (23.2%) in the prasugrel plus bivalirudin
group and 65 patients (23.5%) in the clopidogrel plus heparin
group. Moreover, 221 patients (81.5%) in the prasugrel plus
bivalirudin group and 221 patients (79.8%) in the clopidogrel
plus heparin group received unfractionated heparin before
randomization.

Baseline clinical and demographic characteristics of the patients are
shown in Table 1. Among all randomized patients, 249 patients (91.9%)

RR 1.09 [0-1.79], P=0.680
25

20
Prasugrel plus bivalirudin (15.6%)

15+ . —
104 Clopidogrel plus heparin (14.5%)

Incidence of primary endpoint (%)

0 5 10 15 20 25 30
Days after randomization

Figure | Primary composite endpoint. Kaplan—Meier curves of
the primary endpoint—the composite of death, myocardial infarc-
tion, unplanned revascularization of the infarct-related artery,
stent thrombosis, stroke, or major bleeding in the prasugrel plus
bivalirudin and the clopidogrel plus heparin group at 30 days. Stat-
istical comparison for the primary endpoint was performed by
using a one-sided 2.5% significance level. [A two-sided Fisher’s
exact test with a 5% significance level yielded a relative risk of
1.07 (95% confidence interval 0.70—1.64).]

in the prasugrel plus bivalirudin group and 260 patients (93.9%) in the
clopidogrel plus heparin group were discharged with the diagnosis of
myocardial infarction. More than 40% of these patients presented
with anterior wall myocardial infarction and 79% were classified as
Killip class | on admission.

Median time interval from symptom onset to admission was 184
[90—460] min and median door to balloon time was 89 [67—-112]
min. Other time intervals are displayed in Table 2.

Table 3 summarizes the angiographic and procedural characteris-
tics. Access site was the femoral artery in all but one patient. Patients
inthe prasugrel plus bivalirudin group had a better blood flow accord-
ing to TIMI grade before PCI [TIMI O flow: 120 patients (48.2%) vs.
159 patients (61.2%); P=0.023]. GP lib/llla inhibitors were
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RR 0.89 [0.40-1.96]; P=0.894

Incidence of composite
ischaemic endpoint (%)
o

10+
Clopidogrel plus heparin (5.5%)
51 a —
0 .J{H_.—J Prasugrel plus bivalirudin (4.8%)
0 5 10 15 20 ES 30

Days after randomization

Figure 2 Secondary composite ischaemic endpoint. Kaplan—
Meier curves of the secondary composite ischaemic endpoint of
death, myocardial infarction, revascularization of the infarct-related
artery, stent thrombosis, or stroke in the prasugrel plus bivalirudin
and the clopidogrel plus heparin group at 30 days.

w
o

| RR1.18 [0.74-1.88]; P=0.543

[
o

ry
=]

Prasugrel plus bivalirudin (14.1%)

Incidence of HORIZONS-AMI bleeding (%)
o

'
104 Clopidogrel plus heparin (12.0%)
5 4
0 1 - -
0 5 10 15 20 25 30

Days after randomization

Figure 3 Secondary endpoint of bleeding. Kaplan—Meier curves
of the secondary endpoint of bleeding (non-CABG related,
HORIZONS-AMI definition) in the prasugrel plus bivalirudin and
the clopidogrel plus heparin group at 30 days.

administered to 4.6% of the patients, 8 patients (3.0%) in the prasugrel
plus bivalirudin group and 17 patients (6.1%) in the clopidogrel plus
heparin group (P = 0.074). Among patients randomized to the clopi-
dogrel plus heparin group, 249 patients (89.9%) received unfractio-
nated heparin after randomization until the end of catheterization.
The median dose of unfractionated heparin in the clopidogrel plus
heparin group given after randomization was 5000 [IQR 4000—
7000] IU. Drug-eluting stent implantation was the dominant PCI
technique in both groups. Final TIMI blood flow grade was compar-
able in both groups and more than 90% had TIMI flow grade 3 after
PCIl. Medication at discharge is summarized in Table 4.

Clinical outcomes

Follow-up was complete in all but four patients, two patients in the
prasugrel plus bivalirudin group, and two patients in the clopidogrel
plus heparin group. Their follow-up length ranged between 2 and

17 days and none of them incurred a clinical event during this obser-
vation period.

At 30 days, the primary composite endpoint of death, myocardial
infarction, unplanned revascularization of the infarct related artery,
stent thrombosis, stroke, or bleeding was observed in 42 patients
(15.6%) randomized to prasugrel plus bivalirudin and 40 patients
(14.5%) randomized to clopidogrel plus heparin (relative risk, 1.09;
one-sided 97.5% Cl, 0-1.79), P = 0.680, Figure 1). The two-sided
Fisher’s exact test yielded a relative risk of 1.07 (95% Cl 0.70—
1.64). The composite ischaemic endpoint of death, myocardial infarc-
tion, unplanned revascularization of the infarct related artery, stroke,
or stent thrombosis occurred in 13 patients (4.8%) in the prasugrel
plus bivalirudin group and 15 patients (5.5%) in the clopidogrel plus
heparin group (relative risk, 0.89; 95% CI, 0.40—1.96; P = 0.894,
Figure 2). Bleeding was observed in 38 patients (14.1%) in the prasu-
grel plus bivalirudin group and 33 patients (12.0%) in the clopidogrel
plus heparin group (relative risk, 1.18; 95% Cl, 0.74—1.88; P = 0.543,
Figure 3). Six patients (2.2%) in the prasugrel plus bivalirudin group
and five patients (1.8%) in the clopidogrel plus heparin group died
from cardiac cause (relative risk, 1.23; 95% Cl, 0.32-5.03; P =
0.970). The individual components of the primary endpoint are dis-
played in Table 5. Definite stent thrombosis was observed in three
patients of the prasugrel plus bivalirudin group (1.1%) and four
patients (1.5%) of the clopidogrel plus heparin group (relative risk,
0.77; 95% Cl, 0.11-4.49; P = 0.976). Major or minor bleeding
according to the TIMI definition were also comparable between
study groups [32 patients (11.9%) in the prasugrel plus bivalirudin
group and 28 patients (10.2%) in the clopidogrel plus heparin
group (relative risk, 1.17; 95% Cl, 0.70—1.96; P = 0.616)].

The results for the primary and secondary endpoints observed in
the overall population were consistent with the results observed in
the 93% of the patients with confirmed myocardial infarction.

Treatment effect was homogeneous across pre-specified sub-
groups defined by age, gender, presence of diabetes mellitus, body
mass index, use of unfractionated heparin prior to randomization,
use of clopidogrel loading prior to randomization, or time interval
from symptom onset to primary PCI. (Figures 4—6). In patients receiv-
ing <5000 IU of unfractionated heparin after randomization, the
primary endpoint was observed in 11 of 75 patients (14.7%) com-
pared with 29 of 200 patients (14.5%) in those patients receiving
5000 IU or more of unfractionated heparin [relative risk, 1.01 (95%
Cl, 0.48—-1.96); P = 0.902].

Discussion

In this randomized trial of STEMI patients with planned primary PCI,
we compared a regimen of prasugrel plus bivalirudin with a regimen
of clopidogrel plus heparin. The main findings are the following: (i) we
were unable to demonstrate significant differences in net clinical
outcome between prasugrel plus bivalirudin and clopidogrel plus
unfractionated heparin. (ii) Neither the composite of ischaemic com-
plications nor bleeding were favourably affected by prasugrel plus
bivalirudin compared with clopidogrel plus unfractionated heparin.
STEMI patients undergoing primary PCl have an increased risk of
stent thrombosis."" In two large STEMI trials with bivalirudin, an
increased risk of acute stent thrombosis was observed with this
drug>'® One goal of the BRAVE 4 trial was to improve the
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Table 5 Clinical outcomes at 30 days®

Prasugrel plus

Bivalirudin
(n =269)
Primary endpoint: 42 (15.6)
Composite of death, myocardial infarction, unplanned
IRA®-revascularization, stent thrombosis, stroke, or bleeding
Secondary endpoint: 13 (4.8)
Composite ischaemic endpoint of death, myocardial infarction,
unplanned IRA®-revascularization, stent thrombosis, or stroke
Secondary endpoint: 38 (14.1)
Bleeding according to HORIZONS-AMI Criteria
Secondary Endpoint: 6(22)
Cardiac death
Death 7 (2.6)
Recurrent myocardial infarction 4(1.5)
Unplanned IRA®-revascularization 4 (1.5)
Stroke 2(0.7)
Ischemic 2(0.7)
Haemorrhagic 0
Stent thrombosis (definite) 3(1.1)
Bleeding according to TIMI criteria
TIMI major 7 (2.6)
TIMI minor 25(9.3)
TIMI major or minor 32 (11.9)

Clopidogrel plus P Relative Risk
Heparin (n = 275) [Confidence
Interval]
40 (14.5) 0.680 1.09 [0, 1.79]°
1.07 [0.70—1.64]°
15 (5.5) 0.894 0.89 [0.40, 1.96]°
33(12.0) 0.543  1.18[0.74, 1.88]°
5(1.8) 0970 1.23[0.32,5.03)°
7 (2.5) 0.848 1.02[0.31,3.37]°
4(1.5) 0.799  1.02[0.19, 5.44]°
6(2.2) 0.779  0.68[0.14,2.84]°
5(1.8) 0468 0.41[0.04,2.47]°
3(1.1)
2(0.7)
4(1.5) 0.976 0.77 [0.11, 4.49]°
8(2.9) 0.966 0.89[0.28,2.78]°
20 (7.3) 0484 1.28[0.70,2.37]°
28(10.2) 0.616 1.17[0.70, 1.96]°

Data are shown as number (percentage).
?In patients with complete 30-day follow-up.
®IRA denotes infarct-related artery.

“Results of the one-sided Fisher's exact test with a 2.5% significance level used for the analysis of the primary endpoint.

9dResults of the two-sided Fisher’s exact test with a 5% significance level.

antithrombotic efficacy of adjunct pharmacotherapy during primary
PCl by combining bivalirudin with prasugrel.'® In actual fact, there was
no excess in the risk of the composite ischaemic endpoint or stent
thrombosis with prasugrel added to bivalirudin. However, the trial
was not powered to assess rare events like stent thrombosis. On
the contrary, a positive effect of prasugrel is suggested by the lower
rate of occluded vessels at initial angiography and numerically
reduced use of GP llb/llla inhibitors in this group. However, we
cannot exclude that the higher use of GP lIbllla inhibitors in the
control arm is related to the open-label design, as it might also
have been the case in the previous EUROMAX trial.”? Moreover,
recent pharmacodynamic data have shown that also for third-
generation ADP receptor antagonists like prasugrel the time interval
to achieve maximal platelet inhibition is significantly delayed in STEMI
patients.”’14

An additional goal of the BRAVE 4 trial was to provide patients with
a therapy that is associated with a lower bleeding risk. Reduction in
bleedinghas been a consistent finding in contemporary trials compar-
ing bivalirudin against a regimen of unfractionated heparin plus a GP
lIb/llla inhibitor in ACS patients>'>'>1¢
mono-therapy in troponin negative, coronary artery disease patients

and also against heparin

undergoing PCL" In compliance with recent trial results'® and
current practice guidelines,” GP IIb/llla inhibitors were only used as
a bail-out in 4.6% of the patients in BRAVE 4.

The current trial shows, for the first time, that the reduction in
bleeding with bivalirudin is abrogated with the concurrent adminis-
tration of prasugrel. This was evident for bleeding defined by
HORIZONS-AMI and by TIMI criteria.

The recent European Ambulance Acute Coronary Syndrome
Angiography (EUROMAX) trial assessed the role of pre-hospital
use of bivalirudin compared with heparin in STEMI patients."? In
this trial, the use of bivalirudin was associated with a reduction in
bleeding. In both groups, new ADP receptor antagonists, i.e. prasu-
grel or ticagrelor, were administered to ~50% of the patients.
However, more than two-thirds of the patients in the heparin
group compared with only 11.5% in the bivalirudin group also
received GP lIb/llla inhibitors."?

The most plausible explanation for the lack of reduction in
bleeding with bivalirudin in BRAVE 4 is its combination with pra-
sugrel. Prasugrel is characterized by a faster, more potent, and
more consistent platelet inhibition compared with its predeces-
sor clopidogrel.’” Yet, the enhanced antithrombotic efficacy
with prasugrel occurred at the expense of an increased risk of
bleeding in the overall acute coronary syndrome population.? In
addition, the reduction in bleeding by bivalirudin is mostly
observed in trials in which the control group included the
routine use of GP lIb/llla inhibitors, which was not the case in
the present trial.

9102 ‘€T 480q0190 U0 138nH Aq /BI10°s[eulnolpioxo: iresyins)/:dny woly papeojumoq


http://eurheartj.oxfordjournals.org/

2291a

S. Schulz et al.

No. of events/Total (%)

Relative risk P
[95% Confidence Interval] for interaction

Prasugrel+ Clopidogrel +

bivalirudin heparin
Age ! 0.905
>61.4 yrs 30/136 (22.1) 28/139 (20.1) —‘—l— 1.10 [0.67-1.80]
<61.4 yrs 12/133 (9.0) 12/136 (8.8) ¥ 1.02 [0.44-2.40]
Gender 0.508
Women 17165 (26.2) 12/58 (20.7) — 1.26 [0.63-2.65]
Men 25/204 (12.3) 28/217 (12.9) I (R — 0.95 [0.55-1.63]
Diabetes 0.768
Yes 9/44 (20.5) 7/41 (17.1) - 1.20 [0.44-3.44]
No 33/225 (14.7) 33/234 (14.1) —_—y 1.04 [0.64-1.68]
BMI 0.301
>26.5 kgfm? 22137 (16.1) 16/135 (11.9) } 1.35 [0.71-2.64]
<26.5 kg/m? 20M132 (15.2) 24/140 (17.1) _——— 0.88 [0.49-1.59]
Heparin prior to randomization i 0.372
Yes 37/219 (16.9) 32/220 (14.5) —_— 1.16 [0.73-1.85]
No 5/50 (10.0) 8/55 (14.5) — 0.69 [0.19-2.22)
Clopidogrelloading prior to randomization : 0.736
Yes 11/63 (17.5) 9/65 (13.8) - 1.26 [0.51-3.21)
No 31/206 (15.0) 31/210 (14.8) —u— 1.02 [0.62-1.67]
Time from symptom onset to primary PCI 0.925
>276 min 241119 (20.2) 25127 (19.7) —_— 1.02 [0.59-1.76]
<276 min 16/124 (12.9) 15/124 (12.1) L+ 1.07 [0.52-2.21]
I T T T T T I 1
0 2 3 a4
Prasugrel + bivalirudin Clopidogrel + heparin
better better

Figure 4 Subgroup analysis for the primary endpoint. Thirty-day incidence and relative risk of the primary endpoint in pre-specified subgroups

(two-sided tests).

The primary endpoint was mainly driven by the occurrence of
bleeding. The HORIZONS-AMI definition of bleeding used in the
present study is well known and sometimes criticized for its sensitiv-
ity. The almost exclusive use of the femoral access might have con-
tributed to the high overall bleeding rate. However, the incidence
of bleeding according to the TIMI definition was comparable with
the recent EUROMAX trial.'? Also the incidence of the ischaemic
component of the primary endpoint (the composite of death, myo-
cardialinfarction, unplanned IRA revascularization, stent thrombosis,
or stroke) was comparable with the incidences observed in previous
STEMI trials.>"*"®

Limitations

The premature termination of the trial presents a major limitation. It
reduced the actual power of the trial from 80 to 51%. On the basis of
the two-sided Fisher’s exact test, the Cl does not exclude up to 30%
reduction and up to 64% excess in the risk of the occurrence of the
net clinical endpoint with prasugrel plus bivalirudin.

When we planned the trial, there was no precise evidence to sub-
stantiate the assumptions for sample size calculation. In the STEMI
cohort of the TRITON-TIMI 38 trial, the relative risk reduction of
the primary composite ischaemic endpoint of cardiovascular death,
non-fatal myocardial infarction, or stroke was 21% with prasugrel
compared with clopidogrel. Moreover, there was a 30% reduction
in urgent target vessel revascularization and a 42% reduction in

stent thrombosis with prasugrel.10 In the HORIZONS-AMI trial,
the reduction in bleeding with bivalirudin was 40% compared with
heparin plus GPllbllla inhibitors.> Assuming a synergistic effect of pra-
sugrel plus bivalirudin, sample size calculation for the current trial was
based on a 40% relative risk reduction with prasugrel plus bivalirudin
compared with clopidogrel plus heparin.

The BRAVE 4 trial shares the limitation of an open-label design with
previous trials of bivalirudin in STEMI patients.'> We tried to minim-
ize the bias introduced by the open-label design by endpoint analysis
according to the intention-to-treat principle, precise criteria for end-
point assessment, use of blinded core labs and blinded adjudication of
endpoint events by specialized event adjudication committee
members, based on original source data. Despite these measures,
we cannot fully exclude an inherent bias of the open-label design.

In BRAVE-4, we enrolled STEMI patients up to 24 h after symptom
onset. This is in line with the predecessor BRAVE-3"®and the PLATO
trial,20 but longer than in other bivalirudin trials.”"? Whether differ-
ences in the time window from symptom onset to primary PCl
affected the efficacy of the drugs under investigation in this trial
remains unclear.

The door to balloon time in the current trial was rather long
(median 89 min). This should be acknowledged as a limitation.

The prasugrel loading dose was reduced from 60 to 30 mg in clo-
pidogrel preloaded patients. This reduction in the prasugrel loading
dose was intended to prevent excess in bleeding.?! Recently, platelet
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Relative risk
Mo. of events /Total (%) [95% Confidence Interval] For interaction
Prasugrel+ Clopidogrel +
bivalirudin heparin
Age 0.279
>61.4 yrs 11/136 (8.1) 10/139 (7.2) 1.12 [0.45-2.86)
<61.4yrs 2/133 (1.5) 5/136 (3.7) - 0.41 [0.04-2.45)
Gender 0.093
Women 6/65 (9.2) 2/58 (3.4) H 2.68 [0.50-26.3)
Men 71204 (3.4) 13217 (60) — 1 0.57 [0.20-1.51]
Diabetes i 0563
Yes 5/44 (11.4) 4/41 (9.8) — 1.16 [0.27-5.49]
No 8/225 (3.6) 1/234 (47) @ ——4—+— 0.76 [0.27-2.03]
BMI 0.624
>26.5 kg/m? 6/137 (4.4) 8/135 (5.9) ; 0.74 [0.22-2.36)
<26.5 kg/m? 71132 (5.3) 7/140 (5.0) + 1.06 [0.33-3.45]
Heparin prior to randomization 0.627
Yes 13/219 (5.9) 12/220 (5.5) H 1.09 [0.47=2.55]
No 0/50 3/55 (5.5) bt 0[0-1.83]
Clopidogrelloading prior to randomization 0.872
Yes 4183 (6.3) 5065 (7.7) L 0.83 [0.17-3.66]
No 9/206 (4.4) 10/210 (4.8) s 0.92 [0.34-2.46]
Time from symptom onset to primary PCI 0.140
>276 min 8119 (6.7) 6/127 (4.7) + 1.42 [0.45-4.84]
=276 min 41124 (3.2) 91124 (7.3) —4+—SF— 0.44 [0.10-1.55]
‘ T t T T T T T ‘
[} 1 2 3 4
Prasugrel + bivalirudin Clopidogrel +heparin
etter better

Figure 5 Subgroup analysis for the secondary composite ischaemic endpoint. Thirty-day incidence and relative risk of the secondary composite
ischaemic endpoint (composite of death, myocardial infarction, unplanned infarct related artery-revascularization, stent thrombosis, or stroke) in

pre-specified subgroups.

Relative risk P
No. of events/total (%) [95% Confidence Interval] for interaction
Prasugrel+ Clopidogrel +
bivalirudin heparin
Age 0.938
>61.4 yrs 28/136 (20.6) 241139 (17.3) _— 1.19 [0.70-2.04]
<61.4 yrs 10133 (7.5) 9/136 (6.6) 1,14 [0.43-3.06]
Gender 0.619
Women 15/65 (23.1) 10/58 (17.2) 1.34 [0.61-3.07)
Men 23/204 (11.3) 237217 (10.6) —_— 1.06 [0.59-1.92]
Diabetes 0.870
Yes 8/44 (18.2) 7141 (17.1) ' 1.06 [0.37-3.15]
Mo 30/225 (13.3) 261234 (11.1) —_— 1.20 [0.71-2.04]
BMI : 0.114
>26.5 kg/m? 200137 (14.6) 11/135 (8.1) + 1.79 [0.85-3.98]
$26.5 kg/m? 181132 (136) 22140 (15.7) —_— 0.87 [0.46-1.62)
Heparin prior to randomization 0418
Yes 33/219 (151) 261220 (11.8) P 1.28 [0.77-2.14]
No 5/50 (10.0) 7155 (12.7) 0.79 [0.21-2.68]
Clopidogrelloading prior to randomization 0.435
Yes 10/63 (15.9) 6165 (9.2) H 1.72 [0.60-5.43]
No 28/206 (136)  27/210 (12.9) —_— 1.06 [0.62-1.80)
Time from symptom onset to primary PCI 0.788
>276 min 22119 (18.5) 21127 (16.5) [ — 112 [0.62-2.02]
<276 min 15124 (12.1) 121124 (9.7) 1.25 [0.57-2.81]
T T T T T T T )
0 1 2 3 4
Prasugrel + bivalirudin Clopidogrel +heparin

Figure 6 Subgroup analysis for the secondary bleeding endpoint. Thirty-day incidence and relative risk of the secondary bleeding endpoint in pre-

specified subgroups.

better

better
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function data have confirmed the adequacy of both, the 30 mg and
the 60 mg prasugrel loading dose in patients that have already
received 600 mg clopidogrel.*> However, safety data in this regard
are still lacking.

Ticagrelor is a valuable addition to the adjunct therapy in patients
with acute coronary syndrome.”®?* Since the BRAVE 4 trial was
started before the approval of ticagrelor, it is unable to provide infor-
mation on the value of the combination of ticagrelor with bivalirudin.

The long recruitment period, in which changes in clinical practice
may have occurred, presents another limitation.

Summary and conclusion

In this trial of STEMI patients presenting within 24 h of symptom
onset and planned primary PCI, we were unable to demonstrate sig-
nificant differences in net clinical outcome between prasugrel plus
bivalirudin and clopidogrel plus unfractionated heparin. Neither the
composite of ischemic complications nor bleeding were favourably
affected by prasugrel plus bivalirudin compared with a regimen of clo-
pidogrel plus unfractionated heparin. However, the results must be
interpreted in view of the premature termination of the trial.
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