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IMPORTANCE The assessment of new antithrombotic agents with a favorable safety profile is
clinically relevant.

OBJECTIVE To test the efficacy and safety of revacept, a novel, lesion-directed antithrombotic
drug, acting as a competitive antagonist to platelet glycoprotein VI.

DESIGN, SETTING, AND PARTICIPANTS A phase 2 randomized clinical trial; patients were
enrolled from 9 centers in Germany fromNovember 20, 2017, to February 27, 2020;
follow-up ended onMarch 27, 2020. The study included patients with stable ischemic heart
disease (SIHD) undergoing elective percutaneous coronary intervention (PCI).

INTERVENTIONS Single intravenous infusion of revacept, 160mg, revacept, 80mg, or placebo
prior to the start of PCI on top of standard antithrombotic therapy.

MAIN OUTCOMES ANDMEASURES The primary end point was the composite of death or
myocardial injury, defined as an increase in high-sensitivity cardiac troponin to at least 5 times
the upper limit of normal within 48 hours from randomization. The safety end point was
bleeding type 2 to 5 according to the Bleeding Academic Research Consortium criteria at 30
days.

RESULTS Of 334 participants (median age, 67.4 years; interquartile range, 60-75.1 years; 253
men [75.7%]; and 330White participants [98.8%]), 120 were allocated to receive the
160-mg dose of revacept, 121 were allocated to receive the 80-mg dose, and 93 received
placebo. The primary end point showed no significant differences between the revacept and
placebo groups: 24.4%, 25.0%, and 23.3% in the revacept, 160mg, revacept, 80mg, and
placebo groups, respectively (P = .98). The high dose of revacept was associated with a small
but significant reduction of high-concentration collagen-induced platelet aggregation, with a
median 26.5 AU ×min (interquartile range, 0.5-62.2 AU ×min) in the revacept, 160mg,
group; 43.5 AU ×min (interquartile range, 22.8-99.5 AU ×min) in the revacept, 80mg,
group; and 41.0 AU ×min (interquartile range, 31.2-101.0 AU ×min) in the placebo group
(P = .02), while adenosine 5′-diphosphate–induced aggregation was not affected. Revacept
did not increase Bleeding Academic Research Consortium type 2 or higher bleeding at 30
days compared with placebo: 5.0%, 5.9%, and 8.6% in the revacept, 160mg, revacept,
80mg, and placebo groups, respectively (P = .36).

CONCLUSIONS AND RELEVANCE Revacept did not reducemyocardial injury in patients with
stable ischemic heart disease undergoing percutaneous coronary intervention. There were
few bleeding events and no significant differences between treatment arms.
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P atients undergoing percutaneous coronary interven-
tion (PCI) for stable ischemic heart disease (SIHD) or
acute coronary syndromes (ACS) receivedual antiplate-

let therapy (DAPT) consisting of aspirin in combination with
a P2Y12 inhibitor to prevent periprocedural and postproce-
dural ischemic events.1-4 Despite routine use of DAPT, pa-
tients undergoing PCI continue to experience periprocedural
ischemicevents,which represent strongand independentpre-
dictors for unfavorable outcome includingmortality.5,6 Clopi-
dogrel, theP2Y12 inhibitor recommended inpatientswithSIHD
undergoingelectivePCI, is limitedbyadelayedonset andcon-
siderable interpatient variability of its antiplatelet action.3

Rapidly acting antiplatelet agents that canbe applied intrave-
nouslyor intra-arterially are another alternative.Yet antiplate-
let drugs that exert rapid and reliable antithrombotic efficacy
without increasing the risk of bleeding represent an impor-
tant unmet clinical need.

An optimal antithrombotic agent inhibits platelet func-
tionselectivelyat thesiteofatheroscleroticplaque injury (spon-
taneousor PCI-induced)without affecting systemichemosta-
sis. This requires targeting of thrombotic pathways that differ
betweenhealthy and atherosclerotic vasculature. Collagen fi-
bers constitute themost thrombogenicmacromolecular com-
ponentsof theextracellularmatrixof atheroscleroticplaques.7

When collagen is exposed during atherosclerotic plaque rup-
ture, it binds platelet glycoprotein VI (GPVI), themajor plate-
let collagen receptor. Glycoprotein VI in turn mediates local
platelet recruitment, activation, andaggregation.8,9Glycopro-
tein VI is an attractive antiplatelet target because GPVI-
mediated platelet response plays a central role during myo-
cardial infarctionandstrokebut is less relevant inphysiological
hemostasis.10,11

We described a novel competitive antagonist to collagen-
GPVIsignalingnamedrevacept (advanceCORGmbH).10,12-16Re-
vacept is adimeric, soluble fusionprotein composedof theex-
tracellular domain of the GPVI receptor and the human
Fc-fragment. It competes with endogenous platelet GPVI for
binding to exposed collagen fibers and inhibits collagen-
mediatedplatelet adhesion and aggregation selectively at the
site of plaque rupture.17 In addition, revacept blocks binding
of von Willebrand factor to collagen and inhibits von
Willebrand factor–mediated platelet activation.16 As a lesion-
directed drug, revacept does not interfere with the function
of circulating platelets beyond the atherosclerotic lesion. As
a consequence, revacept inhibits atherothrombosis but has
little effect on systemic hemostasis or bleeding in animal
models10,13,15,16,18 and inaphase 1 clinical trial.14However,data
on the clinical efficacy and safety of revacept in patients un-
dergoing PCI are currently lacking.

The Intracoronary Stenting and Antithrombotic Regi-
men: Lesion Platelet Adhesion as Selective Target of Endove-
nousRevacept in PatientsWith Chronic Coronary Syndromes
Undergoing Percutaneous Coronary Intervention (ISAR-
PLASTER) trial is a randomized, double-blindphase 2 trial de-
signed to test, for the first time to our knowledge, the effi-
cacyandsafetyof2differentdosesof revacept inpatientswith
SIHDundergoingelectivePCIadministered inaddition to stan-
dard DAPT.

Methods

Study Design
The ISAR-PLASTER was an investigator-initiated, multi-
center, randomized, double-blind trial that enrolled patients
withSIHDundergoingPCI at 9participating study sites inGer-
many.The flowofpatients in the trial is shown inFigure 1. The
study had an academic sponsor (Deutsches Herzzentrum
München) and was approved by the relevant ethics commit-
tee for each participating site. It was conducted in accor-
dancewith the principles of theDeclaration ofHelsinki.Writ-
ten informed consent was provided by all the patients before
enrollment.An independentdata safety andmonitoringboard
oversawthe trial.Anexternal serviceproviderdid studymoni-
toring for all patients. The formal trial protocol can be found
in Supplement 1. A detailed list of trial committee members,
participating centers and investigators (eAppendix 1), the co-
ordinating center (eAppendix 2), and statisticians (eAppen-
dix 3) is provided in Supplement 2.

Patient Selection
Eligible patients were 18 years or older, presented with SIHD,
had normal high-sensitivity cardiac troponin T (hsTnT) level,
and angiographic evidence of coronary artery disease (CAD)
with an indication for PCI. A comprehensive list of inclusion
and exclusion criteria is provided in the eMethods in Supple-
ment2.Details of the trial rationale, design, andmethodshave
been reported previously.19

Study Procedures
We randomly assigned eligible patients to receive either pla-
cebo, revacept, 80mg, or revacept, 160mg.We selected these
doses based on the phase 1 study testing different revacept
doses ranging from10to 160mginhealthyvolunteers.14 In that
study, inhibition of collagen-induced platelet aggregation at
2hoursafteradministrationwasgreatest in the80-and160-mg
dose groups. Themean (SD) reported plasmahalf-life of reva-
cept after 80- and 160-mg doses was 137.6 (27.2) hours and
136.6 (36.7) hours, respectively.14 No drug-related adverse
events were observed with these doses.

Key Points
Question Does the addition of revacept, a novel platelet
glycoprotein VI antagonist, in addition to currently recommended
antithrombotic therapy in the setting of percutaneous coronary
intervention (PCI) in patients with stable ischemic heart disease
(SIHD) have an effect on themyocardial injury rate?

Findings In this phase 2 randomized clinical trial, revacept did not
reducemyocardial injury in patients with SIHD undergoing PCI.
There were few bleeding events and no significant differences
between treatment arms, and the 160-mg dose of revacept had a
small but statistically significant effect on collagen-induced but not
adenosine 5′-diphosphate–induced platelet aggregation.

Meaning In patients with SIHD undergoing PCI, addition of
revacept to standard antithrombotic therapy does not reduce the
incidence of myocardial injury.
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Randomization was performed in a double-blindedman-
ner stratified by study center with the use of a centralized
computer system, embedded in the electronic case report
form. Patients received the study drug (revacept, 80 mg,
revacept, 160 mg, or placebo) in the form of a single intrave-
nous infusion as soon as possible after the decision to per-
form PCI had beenmade and prior to the start of the PCI pro-
cedure (defined as guidewire passage over the stenosis). In
addition to the study drug, all patients were treated with
standard periprocedural antithrombotic therapy composed
of clopidogrel, aspirin, and heparin (or bivalirudin) based on
local practice and current guideline recommendations on
myocardial revascularization.20,21

We performed 3 visits during the trial. Visit 1 included
screening andadministrationof studymedication.Visit 2was
performed at a mean (SD) of 48 (12) hours after randomiza-
tion to assess the primary endpoint. Visit 3was an outpatient
visit done at a mean (SD) of 30 (7) days after randomization
for the assessment of secondary and safety end points.

Outcomes and Definitions
The primary end point was a composite of death or myocar-
dial injury, defined as the increase in hsTnT value to at least 5

times theupper limit ofnormalwithin48hours fromrandom-
ization (eMethods in Supplement 2).22

The secondary endpoints includedpeakhsTnTwithin48
hours fromrandomization aswell as all-causemortality,myo-
cardial infarction (definedaccording to the thirduniversaldefi-
nition ofmyocardial infarction22), PCI-related (type 4a)myo-
cardial infarction, stroke, definite stent thrombosis defined
according toAcademicResearchConsortium (ARC) criteria,23

andurgent coronary revascularizationwithin the first 30days
after randomization.Bleeding type2orhigher according to the
BleedingAcademicResearchConsortium (BARC) criteria at 30
days was defined as the safety end point.24

Detailed definitions of the clinical outcomes are previ-
ously published.19 An independent event adjudication com-
mittee (EAC) blinded to the randomly assigned treatment ad-
judicated all suspected clinical events.

Assessment of Platelet Function
Venous whole blood was obtained from patients using
1.6-mL hirudin tubes (Sarstedt). The blood samples were
planned to be collected from patients enrolled in Deutsches
Herzzentrum München (n = 168) for the assessment of both
collagen-induced and adenosine 5′-diphosphate (ADP)–

Figure 1. Screening, Randomization, Treatment, and Follow-up

121 Allocated to revacept, 80 mg
119 Received allocated drug

1 Missing peak hs troponin T

121 Analyzed

121 Analyzed

2 Incomplete follow-up (<30 ± 7 d)
1 Death at day 9
1 Follow-up at day 21

509 Assessed for eligibility

334 Randomized

120 Allocated to revacept, 160 mg
120 Received allocated drug

1 Missing peak hs troponin T

120 Analyzed

120 Analyzed

3 Incomplete follow-up (<30 ± 7 d)

1 Follow-up at day 21

1 Withdrawal of informed consent
at day 1

1 Follow-up at day 20

93 Allocated to placebo
93 Received allocated drug

3 Missing peak hs troponin T

93 Analyzed

93 Analyzed

1 Incomplete follow-up (<30 ± 7 d)
1 Withdrawal of informed consent

at day 5

175 Excluded
171 Not meeting inclusion criteria

1 Sustained hypertension

15 Elevated hs troponin T
1 Allergy

1 Indication for OAC

51 No angiographic evidence of CAD

1 Bleeding within the last 30 d
1 No clinically stable CAD

99 Neck or shoulder condition

1 Other reasons 

3 Withdrawal of informed consent
before randomisation

Follow-up and analysis at 48 h (primary end point)

Follow-up and analysis at 30 d (secondary end points) 

Patients were evaluated from
randomization until death,
withdrawal of consent, or the last
contact date. CAD indicates coronary
artery disease; hs, high-sensitivity;
OAC, oral anticoagulation.
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induced platelet aggregation and in Klinikum rechts der Isar,
Munich (n = 37), for the assessment of ADP-induced platelet
aggregation.

Platelet aggregationwasassessedwith theMulitplateAna-
lyzer (RocheDiagnostics) after stimulationwith adenosinedi-
phosphate (ADP-test) orwith3different concentrationsof col-
lagen, 31μg/mL,93μg/mL, and253μg/mL.14The results of the
tests were quantified as area under the curve (AUC) of aggre-
gation units (AU): AUC = AU × min.

Statistical Analysis
Details of the sample size calculation are provided in a previ-
ous publication.19 The statistical analysis plan can be found
in Supplement 3.

Confirmatory hypothesis testing of the primary efficacy
end point was performed in a sequential order. First, signifi-
cance of the treatment effect across the 3 groups was
assessed by a test for trend on a 2-sided 5% significance level
using a binary logistic regression model and by using the val-
ues 0, 1, and 2 to code the placebo group, the lower-dose
revacept group, and the higher-dose revacept group as a
continuous variable. The logistic regression model
accounted for stratification by inclusion of centers as a factor
variable. In case of a significant difference between the 3
groups, the 2 revacept groups were to be compared by using
a χ2 test on a 2-sided 20% significance level.25 Five missing
values in the primary end point were conservatively
imputed (ie, as an event in the revacept arms and as no
event in the control arm) in an additional exploratory sensi-
tivity analysis. Further exploratory analyses of secondary
and safety end points were performed similar to the analysis
of the primary end point using binary logistic regression
models and linear regression models. Time-dependent risks
until 30 days are given by Kaplan-Meier estimates as there
were no competing risks. Exploratory hypothesis testing was
performed at 2-sided 5% significance levels.

Three populations were used for the statistical analysis.
The full-analysis set included all patientswho have been ran-
domized in concordance with the intention-to-treat prin-
ciple. Themodified intention-to-treat population includedall
patients belonging to the full analysis set who received the
studymedication.Theper-protocolpopulation includedallpa-
tients of the full analysis setwhodidnot showmajor protocol
deviations. Baseline characteristicswere analyzed in the full-
analysis set. Confirmatory analysis of the primary end point
was performed using the full analysis set (intention-to-treat
population). Safety end points as well as laboratory and elec-
trocardiogram (ECG)parameters at 48hours after randomiza-
tionwereanalyzedusing themodified intention-to-treatpopu-
lation. The per-protocol population was used for additional
exploratory analyses.

Descriptive statistics for quantitativedata aremedian and
interquartile range (IQR).Qualitativedata arepresentedbyab-
solute and relative frequencies. Exploratory hypothesis test-
ing of group differences in baseline characteristics, as well as
in laboratory and ECG parameters at 48 hours after random-
ization, was performed by Kruskal-Wallis rank sum tests and
χ2 tests.

Sample Size Calculation
Weplanned to test for 2orderedhypotheses. First,weplanned
to test for a significant difference in the primary end point
among the 3 study groups in favor of revacept treatment.
Sample size calculation was based on the following assump-
tions: incidence of the primary end point of 25% in the pla-
cebo group (as shown by an analysis of 2000 patients meet-
ing study criteria from the database of the Deutsches
HerzzentrumMünchen) and8%and 17% in thehigher 160-mg
and lower 80-mg revacept dose groups, respectively. Our as-
sumptionswere based on large reductions in the primary end
point by revacept becausemyocardial injury asdefined in this
trial is a very soft endpoint andonly large reductions in its in-
cidencemightbeexpected tohaveameasurable effect onhard
events in a future trial sufficiently powered for clinical end
points. Hence, this trial was only powered to see a very large
treatment effect because such a large reduction in myocar-
dial injury would likely translate into a clinically meaningful
benefit.Useof a2-sidedα level of .05andapowerof80%leads
to a total sample size of 270 patients (90 patients in each of
the 3 study groups). Second, in the case of a statistically sig-
nificant difference between the 3 study groups, we planned
to test for a difference in the 2 revacept dose groups. Instead
of considering superior thedosewith the larger response rate,
wepreferred to increase the type I error rate at α = 20%.19Ref-
erences insupportof thismethodaregiven inthepreviouspub-
lication of trial design. Detection of a difference between 8%
and 17%with a power of 80% using a type I error rate of 20%
required 121 patients in each of the 2 revacept treatment arms
for a total of 242 patients. The sample size of 90 patients in
the placebo group was added to the 242 patients in the 2 re-
vacept groups to form the total sample size of 332 patients for
this trial.

Results
Study Population
Between November 20, 2017, and February 27, 2020, we
screened 509 patients who had signed the informed consent
as possible candidates for participation in the study. Figure 1
reports the reasons why 175 patients were not randomized.
Thus, 334 patients were successfully randomized and consti-
tute the intention-to-treatpopulation (Figure 1).Baselineclini-
cal, angiographic, and interventional characteristics are shown
in Table 1 as well as in eTables 1 and 2 in Supplement 2.

Efficacy
At 48 hours, the combined primary end point occurred in 80
of 329patientswithpeakhsTnTmeasurements (24.3%)with-
out significant differences between the revacept and placebo
groups (29 of 119 patients allocated to revacept, 160 mg
[24.4%]; 30 of 120 patients allocated to revacept, 80 mg
[25.0%]; and 21 of 90 patients allocated to placebo [23.3%];
P = .98) (Figure 2). Because therewasonly 1 patientwhodied,
this result practically consists of the myocardial injury com-
ponent. Therewasno statistically significant difference in the
incidenceof theprimary endpoint betweenpatientswith and
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those without clopidogrel loading prior to PCI (63 of 270
[23.3%] and 17 of 59 [28.8%], respectively;P = .37).Within 48
hours, the median peak hsTnT was 31.5 ng/L (IQR, 18.0-66.8
ng/L) and 28.0 ng/L (IQR, 16.0-65.0 ng/L) in the revacept,
80 mg and 160-mg groups, respectively, vs 32.0 ng/L (IQR,
20.8-62.3 ng/L) in the placebo group (P = .44). Only 4 pa-
tients (2 patients in the revacept, 160 mg, group and 1 in the
revacept, 80mg, andplacebogroups, respectively) showedan
increase in hsTnT of at least 70 times the upper limit of nor-
malwithin48hours fromrandomization.Riskestimatesof the
primaryendpointwith imputationof themissingvalues in the

modified intention-to-treat and in the per protocol popula-
tion did not differ by more than 0.6% from the values ob-
tained in the intention-to-treat population, confirming the ro-
bustness of the finding. These analyses also showed no
significant difference between the groups (data not shown).

The composite of all-cause death, myocardial infarction,
stroke, or urgent revascularization within 30 days from ran-
domizationwasobserved in9of 334patients (2.7%) of the en-
tire cohortwithout significant difference between the groups
(3 of 120patients [2.5%] allocated to revacept, 160mg,4of 121
patients (3.3%) allocated to revacept, 80 mg, and 2 of 93

Table 1. Baseline Patient Characteristicsa

Characteristic

No. (%)

Revacept

Placebo (n = 93)160 mg (n = 120) 80 mg (n = 121)
Age, median (IQR), y 67.3 (61.5-75.5) 67.4 (60.4-75.1) 67.8 (60.8-74.8)

Female 38 (31.7) 24 (19.8) 19 (20.4)

Weight, median (IQR), kg 82.0 (70.8-92.0) 82.0 (74.0-94.0) 82.0 (73.0-91.0)

Race/ethnicity

White 116 (96.7) 121 (100) 93 (100)

Black 1 (0.8) 0 0

Asian 3 (2.5) 0 0

Cardiovascular risk factors

Diabetes 32 (26.7) 35 (28.9) 22 (23.7)

Insulin therapy, No./total No. 12/32 (37.5) 11/35 (31.4) 8/22 (36.4)

Current smoker 24 (20.0) 20 (16.5) 23 (24.7)

Arterial hypertension 160 (88.3) 103 (85.1) 87 (93.5)

Hypercholesterolemia 110 (91.7) 108 (89.3) 80 (86.0)

Medical history

Myocardial infarction 21 (17.5) 27 (22.3) 26 (28.0)

PCI 60 (50.0) 71 (58.7) 57 (61.3)

CABG 10 (8.3) 11 (9.1) 6 (6.5)

Stroke 2 (1.7) 3 (2.5) 3 (3.2)

Peripheral arterial occlusive disease 11 (9.2) 8 (6.6) 7 (7.5)

COPD 8 (6.7) 4 (3.3) 5 (5.4)

Kidney insufficiency 14 (11.7) 12 (9.9) 5 (5.4)

Family history of premature CAD, No./total No. (%)b 53 (44.2) 52/119 (43.7) 36/92 (39.1)

High-sensitivity cardiac troponin T,
median (IQR), ng/L

11.0 (8.8-13.0) 11.0 (8.0-13.0) 10.0 (7.0-13.0)

Creatinine, median (IQR), mg/dL 1.0 (0.9-1.1) 1.0 (0.8-1.1) 0.9 (0.8-1.1)

Body temperature, median (IQR), °Cc 36.5 (36.4-36.7) 36.5 (36.4-36.8) 36.6 (36.5-36.8)

Heart rate, median (IQR), bpm 64.5 (58.8-72.2) 66.0 (58.0-72.0) 66.0 (57.0-71.0)

Blood pressure, median (IQR), mm Hg

Systolic 145.0
(128.8-154.0)

137.0
(124.0-150.0)

141.0
(130.0-154.0)

Diastolic 80.0 (72.0-90.0) 78.0 (71.0-83.0) 80.0 (72.0-87.0)

Access site

Femoral 57 (47.5) 67 (55.4) 40 (43.0)

Radial 62 (51.7) 54 (44.6) 52 (55.9)

Brachial 1 (0.8) 0 1 (1.1)

No. of diseased coronary vessels

1 19 (15.8) 23 (19.0) 15 (16.1)

2 41 (34.2) 36 (29.8) 28 (30.1)

3 60 (50.0) 62 (51.2) 50 (53.8)

Closure device 39 (32.5) 48 (39.7) 26 (28.0)

Abbreviations:
CABG, coronary-artery bypass
grafting; CAD, coronary artery
disease; COPD, chronic obstructive
pulmonary disease;
PCI, percutaneous coronary
intervention.
a There were no significant
between-group differences in
clinical and angiographic
characteristics at baseline.

b Information about family history of
premature CAD not available in 3
patients (2 in the revacept, 80mg,
group and 1 in the placebo group).

c Body temperature not available in 3
patients (1 in the revacept, 160mg,
group; 1 in the revacept, 80mg,
group; and 1 in the placebo group).
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patients (2.2%) in theplacebogroup;P = .91) (eTable 3 and the
eFigure in Supplement 2). Distribution of the individual ad-
verse events across the3 study treatment groups is also shown
in Table 2. In the revacept, 80 mg, group, 1 patient in whom
both right coronary artery and left circumflex coronary were
treated during the index procedure died on day 9 of acute in-
feriormyocardial infarctionwithouthaving adiagnostic coro-
nary angiography.

Safety
The incidence of the key secondary safety end point of BARC
type 2 to 5 bleeding differed marginally between the groups
in the modified intention-to-treat population: it was 5.0% (6
patients) in the revacept, 160 mg, group; 5.9% (7 patients) in
the revacept, 80 mg, group; and 8.6% (8 patients) in the pla-
cebo group; P = .36 (eFigure in Supplement 2), with all of the
events recorded during the first 2 days after randomization.
Table2summarizesallBARCtype2to5bleedingsacrossgroups
and shows thatmost of these eventswere classified as less se-
vere BARC type 2 bleeding. The BARC type 1 bleedingwas ob-
served in 15 of 120 patients (12.5%) in the revacept, 160 mg,
groups; 13of 119patients (10.9%) in the revacept,80mg,group;
and 5 of 93 patients (5.4%) in the placebo group (P = .09).

In the modified intention-to-treat population, laboratory
parametersat48hourswerenotsignificantlydifferentbetween
the groups (eTable 4 in Supplement 2). In addition, therewere
nosignificantbetween-groupdifferences inECGparameters at
48hours, except for a slight but significant prolongationof the
QTc interval in the revacept groups (median,423milliseconds,
IQR, 404-447milliseconds in the revacept, 160mg, group; 421
milliseconds, IQR,400-436milliseconds intherevacept,80mg,
group; and 414milliseconds, IQR, 399-435milliseconds in the
placebo group (P = .03; eTable 5 in Supplement 2).

Platelet Function
Thecharacteristicsofpatientswithandwithoutplannedplate-
let functionevaluationare shown ineTables6and7 inSupple-

ment 2.Revacept significantly reducedplatelet aggregation in
response to collagen in the 93 μg/mL (P = .03) and 253 μg/mL
concentration (Figure 3A; P = .02) as comparedwith placebo.
Enhanced platelet inhibition by revacept was specific to the
collagen-GPVI axis becausewedid not observe significant in-
tergroup differences in the platelet response toADP (median,
136.0 AU, IQR, 99.0-177.0 AU in the revacept, 160mg, group;
167.0 AU, IQR, 109.5-204.5 AU in the revacept, 80mg, group;
and143.0AU, IQR, 108.2-209.2AUintheplacebogroup;P = .11;
Figure3B).Adetailedpresentationof theplatelet functiondata
is included in eTable 8 in Supplement 2.

Discussion
Drugs that allowa rapidandprofoundplatelet inhibitionwith-
out increasing the risk of bleeding are conceptually appealing
forperiprocedural antithromboticmanagement inpatientsun-
dergoing PCI. The ISAR-PLASTER is a phase 2 study that, for
the first time to our knowledge, tests the efficacy and safety
of revacept inpatientswith SIHDundergoing elective PCI. Re-
vacept is a novel lesion-directed competitive inhibitor to the
platelet collagen receptor GPVI that efficiently prevents arte-
rial thrombosis, but has little effect on physiologic hemosta-
sis in animalmodels anddid not cause bleeding in healthy in-
dividuals in a phase I clinical trial.10,14 The trial shows that in
patients with low-risk SIHD, revacept administered on top of
standardDAPTdidnot affect theprimary clinical efficacy end
point, amyocardial injury surrogate. However, a high dose of
revacept leads to a significant additional increase in platelet
inhibition in patients treated with standard antithrombotic
therapy. Despite providing a more robust platelet inhibition,
thehighdose of revacept on topof standardDAPTwasnot as-
sociated with an increase in bleeding.

The functional target of revacept is GPVI, a type I trans-
membrane protein expressed by megakaryocytes and plate-
lets that belongs to the immunoglobulin superfamily. Glyco-
protein VI was first described in 1982 as a protein that was
missing in a patient with a severe collagen-activation defect
in platelets.26 Since then,GPVI has been identified as the cen-
tral collagen receptor expressed on platelets.7,8When throm-
bogenic collagen fibers are exposed during atherosclerotic
plaque rupture, binding of platelet GPVI to exposed collagen
triggers local adhesion. This step in the platelet adhesion cas-
cade is essential for subsequent activation and aggregation of
platelets. In addition, GPVI binds to fibrin andhasmajor roles
in thrombusgrowthand stability.27,28 Inhibitionor ablationof
GPVI thereforeyields strongprotectionagainst arterial throm-
bosis inanimalmodels.7-9However,despitemajor rolesofGPVI
in several critical aspects of atherothrombosis, GPVI defi-
ciency is generally associatedwithminimal effects on hemo-
stasis in animalmodels.29,30This suggests thatphysiologiche-
mostasis does not require GPVI and indicates that
pharmacologic GPVI modulation may provide a novel con-
ceptofantithrombotic therapies thatdonot increasebleeding.11

Research on new antiplatelet drugs is increasingly focus-
ing on preserving hemostasis.31 The ISAR-PLASTER is, to our
knowledge, the first phase 2 clinical trial testing the efficacy

Figure 2. Primary End Point in the 3 Treatment Groups
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The primary end point was a composite of death or myocardial injury, defined as
increase in high-sensitivity cardiac troponin T to at least 5 times the upper limit
of normal within 48 hours from randomization. There was only 1 death in the
trial; thus, the end point largely reflects myocardial injury.
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and safety of a pharmacologic approach targeting GPVI in pa-
tients with CAD. Different approaches to block platelet GPVI
have been developed and are currently tested in preclinical
models, predominantly including inhibitory monoclonal an-
tibodies that bind to GPVI on circulating blood platelets.17,32

The results of phase 2 clinical studieswith inhibitors of plate-
let GPVI-mediated adhesion pathways in patients with cere-
brovascular disease, such as Revacept in Symptomatic Ca-
rotid Stenosis (Revacept/CS/02) and Acute Ischemic Stroke
Interventional Study (ACTIMIS), are being awaited.

Two aspects are likely to explain why enhanced platelet
inhibition provided by revacept did not translate into in-
creased clinical efficacy in the ISAR-PLASTER trial. First, the
primary end point of our trial included the 5-time increase in
hsTnT,a surrogateendpointofmyocardial injury thathas little
prognostic impact.33 In fact, only much higher increases in
hsTnT (70 times) have been foundwith a significant prognos-
tic value.34,35 The incidence of major adverse cardiovascular
events at 30 days was 2.5%, indicating that low-risk patients
were enrolled in the ISAR-PLASTER trial. Future studies are
beingplanned to addresswhether patients at higher risk of is-
chemic events triggered by collagen-induced platelet activa-
tion, in particular patients with ACS, derive benefit from a
160-mg dose of revacept. Second, the surrogate of myocar-
dial injury used in our trial is subject to triggers that may not
be modifiable by revacept. As a lesion-directed drug, revac-

ept does not interfere with the function of circulating plate-
lets beyond the coronary lesion.Hence, key triggers of type4a
myocardial infarction, including side branch occlusion ow-
ing to plaque shifting or distal plaque material embolization,
are unlikely to respond to inhibition of GPVI-collagen inter-
action by revacept.

Limitations
Our study has several limitations. First, the trial enrolled pa-
tientswithSIHDundergoingelectivePCIwhowereat very low
risk of ischemic events. All patients routinely received stan-
dard antithrombotic therapy. Second, as a phase 2 trial, ISAR-
PLASTER was not powered for hard clinical end points. The
trial was only powered for detecting extremely large reduc-
tions in the primary end point represented by a surrogate of
myocardial injury with little prognostic value.

Conclusions
In this first-in-class phase 2 trial on a competitive GPVI inhibi-
tor, revacept did not reducemyocardial injury in patientswith
SIHDundergoingPCI.Therewerefewbleedingeventsandnosig-
nificantdifferencesbetween treatmentarms.The 160-mgdose
of revacept had a small but statistically significant effect on
collagen-induced but not ADP-induced platelet aggregation.

Table 2. Safety End Point at 30 Days

Characteristic

No. (%)

P value

Revacept
Placebo
(n = 93)160 mg (n = 120) 80 mg (n = 119)

BARC type 2-5 6 (5.0) 7 (5.9) 8 (8.6) .36

Type 2 5 5 7 NA

Type 3a 1 1 1 NA

Type 3b 0 1 0 NA

Type 3c 0 0 0 NA

Type 4 0 0 0 NA

Type 5 0 0 0 NA

Abbreviations: BARC, Bleeding
Academic Research Consortium;
NA, not applicable.

Figure 3. Inhibition of Collagen-Induced Platelet Aggregation (A) and ADP-Induced Platelet Aggregation (B)
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Horizontal bars indicate themedian
values, boxes indicate the 25th and
75th percentiles, and vertical lines
indicate the 5th and 95th percentiles.
The results are shown for collagen
concentration of 253 μg/mL.
ADP indicates adenosine
5′-diphosphate; AU, aggregation unit.
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