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Limitations of current antiplatelet therapies have led to the discovery of new antiplate-
let agents with new modes of action. Vorapaxar has been developed as a thrombin
receptor antagonist. This drug works against the protease-activated receptor 1 (PAR1)
and inhibits platelet aggregation mediated by PAR1. This article reviews this new class
of antiplatelet therapy in detail with an acute focus on the TRACER (Thrombin Receptor
Antagonist for Clinical Event Reduction in Acute Coronary Syndrome) and TRA 2°P-TIMI
50 (Trial to Assess the Effects of Vorapaxar in Preventing Heart Attack and Stroke in
Patients With Atherosclerosis-Thrombolysis In Myocardial Infarction 50) trials. Vora-
paxar has proven to be beneficial when administered to stable atherosclerotic patients.
However, it has been shown to increase risk of intracranial hemorrhage in patients with
known, previous history of cerebrovascular incidence. Despite these limitations, TRA
2°P-TIMI 50 results showed that vorapaxar appears to have a definitive therapeutic
benefit when administered alongside aspirin or when it is used as an addition to dual
antiplatelet therapy for patients with stable atherosclerosis.
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A Novel Inhibitor of Protease-activated Receptor 1

ntiplatelet agents are indis-
Apensable in the treatment

of ischemic heart disease.
Aspirin was used as a lone anti-
platelet therapy until the discov-
ery of a new group of antiplatelet
drugs called thienopyridines. When
administered together, aspirin and
thienopyridines (eg, clopidogrel)
have been found to improve the
outcome of patients presenting with
acute coronary syndrome (ACS).
They are essential in the dual anti-
platelet therapy for reducing the risk
of stent thrombosis.! Clopidogrel
acts as a P2Y inhibitor, block-
ing adenosine diphosphate (ADP)
receptors, thus preventing platelet
aggregation.” Due to the limitations
of these drugs, which include long
half-lives, a dependency on pro-
drug activation by the liver into the
active metabolites, and persistent
occurrence of stent thrombosis and
ACS, it was important to develop
another class of antiplatelet drugs.’
Ticagrelor, an oral antiplatelet medi-
cation that is a reversible inhibitor
of P2y , has a shorter half-life and
does not require liver activation. Its
ability to initiate action in less than
1 hour further contrasts its predeces-
sors. Ticagrelor was approved by the
US Food and Drug Administration
(FDA) in 2011.*

None of these drugs, however,
inhibit the most crucial plate-
let receptor proteins. Protease-
activated receptors (PARs), alone,
are capable of initiating platelet
aggregation. They account for the

is the most important receptor for
thrombin  response.  Vorapaxar
works against PAR1 to inhibit plate-
let aggregation without affecting
hemostasis. Vorapaxar is absorbed
orally and metabolized and elimi-
nated primarily through gastroin-
testinal routes.

In 2007, the Thrombolysis in
Myocardial Infarction (TIMI)
Study Group at Brigham and
Women’s Hospital (Boston, MA)
and Duke Clinical Research
Institute (Durham, NC) each
launched an experimental trial in
an attempt to validate vorapaxar
and its efficacy. Their two tri-
als, Trial to Assess the Effects of
Vorapaxar in Preventing Heart
Attack and Stroke in Patients With
Atherosclerosis-Thrombolysis  In
Myocardial Infarction 50 (TRA
2°P-TIMI 50) and Thrombin
Receptor Antagonist for Clinical
Event Reduction in Acute Coronary
Syndrome (TRACER), respectively,
have been enrolled in approxi-
mately 2000 centers and over 30
countries combined. In patients
presenting with ACS without
ST-segment elevation, the random-
ized, multicenter, double-blinded,
placebo-controlled TRACER study
was conducted to evaluate the
effects of this thrombin recep-
tor antagonist when administered
in addition to dual antiplatelet
treatment.” After recommenda-
tions made by the Data and Safety
Monitoring Board, the trial was
ended early due to higher risk for

Vorapaxar works against PAR1 to inhibit platelet aggregation with\

out affecting hemostasis.

majority of thrombin-induced
signaling and present a strategic
location for antiplatelet therapy.’
Consequently, in order to have
an additional antiplatelet agent
with this new mode of action,
vorapaxar—a thrombin receptor
antagonist—was developed. PARI1

intracranial bleeding in patients
with previous history of stroke.
The concomitant multicenter,
randomized, double-blinded, pla-
cebo-controlled TRA 2°P-TIMI
50 study was conducted on stable
patients with known history of ath-
erothrombosis.® This trial showed

that vorapaxar, when added to
standard  antiplatelet  therapy,
reduced mortality in patients with
a history of myocardial infarc-
tion (MI) or stroke with the risk
of increased moderate or severe
bleeding over dual antiplatelet
therapy. Patients who had previ-
ous stroke history discontinued
the trial after 2 years because of a
significant increase in intracerebral
hemorrhage. Vorapaxar received its
FDA approval in the United States
on May 5, 2014, as a once-daily tab-
let for the reduction of thrombotic
cardiovascular events in patients
with a history of MI or peripheral
vascular disease.’

Chemical Structure and

Mechanism of Action
The classes of antiplatelet drugs that
have proven efficacious include aspi-
rin, thienopyridines (eg, ticlopidine,
clopidogrel, prasugrel), nonthieno-
pyridines (eg, ticagrelor), and glyco-
protein Ilb/ITla receptor antagonists
(eg, abciximab, eptifibatide, tirofiban).
Novel antiplatelet agents that conquer
some of the potential limitations of
these agents are in development and
are currently being marketed after
completion of two multicenter clini-
cal trials. Vorapaxar is an oral agent
with a high selectivity for PAR1 inhi-
bition and does not interfere with
fibrinogen  cleavage.” Vorapaxar
sulfate has a chemical name of
ethyl [(IR,3aR,4aR,6R,8aR,9S,9aS)-
9-{(1E)-2-[5-(3-fluorophenyl)py-
ridin-2-yl]ethen-1-yl}-1-methyl-3-
oxododecahydronaphtho(2,3-c]furan-
6-yl]carbamate sulfate and a molecu-
lar formula of C, H, FN O,-H SO,.
Vorapaxar is available for oral use as
a tablet containing 2.08 mg of vora-
paxar, which is equivalent to 2.5 mg of
vorapaxar sulfate. Partial conversion
of vorapaxar sulfate to free vorapaxar
may occur during the manufacturing
and storage periods.

Vorapaxar does not inhibit
platelet aggregation induced by

Vol. 16 No. 1 @ 2015 e Reviews in Cardiovascular Medicine ® 69



A Novel Inhibitor of Protease-activated Receptor 1 continued

ADP, collagen, or a thromboxane
mimetic. Itisanonprotein structure
with competitive PAR1 inhibitory
activity (Figure 1). It is a synthetic
tricyclic 3-phenylpyridine analog
of himbacine, an alkaloid isolated
from the bark of Australian mag-
nolias.!" Vorapaxar is not a pro-
drug, it does not need enzymatic
activation, and it undergoes oxida-
tive metabolism in the liver by the
cytochrome P450 3A4 (CYP3A4)
enzymes. The liver excretes 90% as
inactive metabolites. Therefore, it is
recommended to avoid any strong
CYP3A4 inhibitors (eg, ketocon-
azole, itraconazole) while taking
vorapaxar. CYP3A4 inducers (eg,
carbamazepine, rifampin, St. John’s
Wort, phenytoin) should also be
avoided. Its major active circulating
metabolite is M20 (monohydroxy
metabolite), and the predominant

Figure 1. Chemical structure of vorapaxar.

has been a focal point of recent
research. It has been revealed that
thrombin activates a number of
cell types via proteolytic activation
of specific G protein-coupled cell
surface receptors known as PARs."”
There are four known types of
PARs, among which the prototypi-

Vorapaxar achieves over 80% inhibition of thrombin receptor-
activating peptide-induced platelet aggregation within 1 week of
initiation of treatment with the recommended daily dose of 2.5 mg

vorapaxar sulfate.

metabolite identified in excretion is
M19 (amine metabolite).

Vorapaxar achieves over 80%
inhibition of thrombin receptor-
activating peptide-induced platelet
aggregation within 1 week of ini-
tiation of treatment with the rec-
ommended daily dose of 2.5 mg
vorapaxar sulfate. The duration of
platelet inhibition is dose and con-
centration dependent. Studies have
shown that the inhibition of plate-
let aggregation at a level of 50%
can be expected up to 4 weeks after
discontinuation of daily dosing.
This is consistent with the termi-
nal elimination half-life of the drug
(Figure 1).

The most potent platelet agonist
naturally produced is thrombin.
Thrombin-mediated platelet acti-
vation plays a critical role in the
pathophysiology of thrombosis."
Consequently, thrombin activation

cal PARI1 receptor, also known as a
thrombin receptor, is widely distrib-
uted in human platelets, endothe-
lial cells, and smooth muscle cells.
PARI1 is activated when thrombin
binds and cleaves its amino-termi-
nal exodomain to unmask a new
receptor amino terminus. This new

amino terminus is then available as
a peptide-tethered ligand that binds
to the receptor intramolecularly in
order to enable signaling across the
membrane.

The thrombin receptor PARI1
belongs to the family of seven
transmembrane G protein-coupled
receptors. The mechanism of PAR1
activation by thrombin (discovered
by Vu and colleagues™ in 1991) is
unique. Current evidence suggests
that thrombin activates human
platelets by cleaving and activating
its receptor hirudin-like site, which
acts as a thrombin-binding site.
It binds to PAR1 through its exo-
anion binding site and causes the
cleavage of the extracellular domain
at arginine-41/serine-42 and con-
sequently reveals a new protonated
amino group at the NH_-terminus
of tethered ligand: S42FLLRN (ser-
ine-phenylalanine-leucine-leucine-
arginine-asparagine). This tethered
ligand then binds intramolecularly
(Figure 2)."

Clinical Trials

Two phase II clinical trials were
completed to assess (1) the risk of
bleeding and (2) overall efficacy.
The first, an early phase II trial,
was performed to assess the out-
come of patients who underwent
nonurgent percutaneous coronary

Thrombin

PAR1

PAR1

C

Figure 2. Cleavage of protease-activated receptor 1 (PAR1) by thrombin between arginine 41 and serine
42 exposes a new N-terminus that serves as a tethered ligand. Activation of PAR1 is followed by a rapid
burst of signaling before the receptor is desensitized and, in some cases, cleared from the cell surface.

Reproduced with permission from Coughlin SR."
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intervention (PCI), as well as to
evaluate the bleeding risk, toler-
ability, and efficacy of different
doses (loading and maintenance)
of vorapaxar (and aspirin, 94%).
Clopidogrel was used concomi-
tantly in 67% of patients. The trial
showed that the drug was well tol-
erated without an increase in TIMI
bleeding when added to a dual anti-
platelet regimen. The primary end-
point in the trial was TIMI-defined
major or minor bleeding. TIMI
major or minor bleeding occurred
at a similar rate as in the placebo
patients (3% vs 3%; —0.5% differ-
ence for patients with vorapaxar);
however, with a small patient pool
(n = 673) the results were not sta-
tistically significant.”” The second,
a Japanese phase II trial in patients
presenting with non-ST segment
elevation ACS, tested vorapaxar
against a placebo in addition to
aspirin, ticlopidine, and heparin.
The primary safety endpoint was
TIMI major or minor bleeding.
The trial found an insignificant
increase in TIMI major or minor
bleeding when compared with pla-
cebo (14% vs 10%). Periprocedural
MI had a significantly lower rate
in the vorapaxar group (16.9% vs
42.9%), although, like the previous
phase II trial, the patient pool was
small (n = 92) and required further
study.'

Subsequently, two phase III tri-
als were conducted to evaluate the
safety and efficacy of vorapaxar
in different sets of patients. The
TRACER trial included patients
with symptoms of ACS within
24hours of hospitalization and
at least one of the following: age
= 55 years; history of MI, PCI,
coronary bypass grafting (CABQG),
diabetes, or peripheral arterial dis-
ease.” In this trial, vorapaxar was
tested against a placebo, in addition
to both aspirin and clopidogrel.

The second trial, TRA 2°P-TIMI
50, included patients with either
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Figure 3. Incidence of any first Ml with vorapaxar or placebo. Cumulative incidence with 95% Cls of a first
MI of any universal MI type between vorapaxar and placebo. Cl, confidence interval; HR, hazard ratio;
MI, myocardial infarction. Reproduced with permission from Leonardi S et al.?°

spontaneous MI or incident of
ischemic stroke within 2 weeks to
12 months prior to enrollment.?
In this trial, vorapaxar was tested
against a placebo with 93% of
patients taking aspirin and 62%
taking aspirin along with a thi-
enopyridine. The TRACER trial
used a revised primary endpoint
that included cardiovascular death,
stroke, M1, urgent revascularization,
and recurrent ischemia. The second-
ary endpoints for TRACER included
cardiovascular death, stroke, or MI.
These were the primary endpoints
in TRA 2°P-TIMI 50, whereas
cardiovascular death, stroke, MI,
urgent revascularization, and recur-
rent ischemia were secondary end-
points (Figure 3).

Clinical Trials in Patients
Treated Conservatively

Efficacy

In TRACER (N =12,944), the pri-
mary efficacy endpoint occurred in
18.5% of patients taking vorapaxar.
This compares with 19.9% of patients
taking a placebo (hazard ratio [HR]
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0.92, 95% confidence interval, 0.85-
1.01; P=.07). The key secondary
efficacy endpoint occurred in 14.7%
of vorapaxar-treated patients and
16.4% of placebo-treated patients
(HR 0.89; P = .02). Stroke occurred
at approximately the same rate (1.9%
vs 2.1%). However, hemorrhagic
stroke occurred in 0.3% of vora-
paxar patients and 0.1% of placebo
patients (HR 2.73; P=.02).” This led
to premature discontinuation of this
trial.

In TRA 2°P-TIMI 50 (N=
26,449), the primary efficacy end-
point occurred in 11.2% of vora-
paxar patients and 12.4% of placebo
patients (HR 0.88; P=.001). The
secondary  efficacy  endpoint
occurred in 9.3% and 10.5% of
patients, respectively (HR 0.87;
P <.001). Stroke occurred at a rate
of 2.8% in both arms of the study
(HR0.97; P=.73).

Adverse Events

Bleeding in TRACER was measured
against both Global Utilization
of Streptokinase and Tissue
Plasminogen Activator for Occluded
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Coronary Arteries (GUSTO) and
TIMI criteria. GUSTO moderate or
severe bleeding occurred in 7.2% of
vorapaxar patients and 5.2% of pla-
cebo patients (HR 1.35; P < .001).
Severe bleeding occurred at a rate of
2.9% and 1.6%, respectively. Under
the TIMI criteria, clinically signifi-
cant bleeding occurred in 20.2%
of vorapaxar and 14.6% of placebo
patients (HR 1.43; P < .001). Major
bleeding comprised 4.0% and 2.5%
of these totals. Additionally, intra-
cranial hemorrhage occurred in
1.1% of vorapaxar- and 0.2% of
placebo-treated patients (HR 3.39;
P < .001). Fatal bleeding and
bleeding that contributed to death
occurred in 12 vorapaxar patients
and 4 placebo patients.

Bleeding was also measured
with GUSTO and TIMI criteria
in TRA 2°P-TIMI 50, but with-
out a breakdown of moderate to
severe bleeding in GUSTO or sig-
nificant and major bleeding in
TIMI. GUSTO moderate or severe
bleeding occurred in 4.2% of vora-
paxar patients and 2.5% of pla-
cebo patients (HR 1.66; P < .001).
Essentially, it is estimated that
59 patients need to be treated for 1
extra bleeding case and 100 patients
need to be treated in order to reduce
1 ischemic event. Therefore, risk-to-

with placebo with regard to effi-
cacy, they both showed increased
risk of bleeding. In particular,
patients in TRACER had a much
higher occurrence of intracranial
and fatal bleeding. Intracranial and
fatal bleeding occurred at a higher
rate in TRA 2°P-TIMI 50, but par-
alleled a similarly higher rate in
placebo trials (0.6% vs 0.4%; HR
1.54; P=.076 and 0.2% vs 0.1%;
HR 1.56; P =3, respectively).” The
major differences in the results of
TRACER and TRA 2°P-TIMI 50
are due to the differences in patient
selection. =~ TRACER  included
patients with ACS, including
patients who had undergone PCI
and CABG (23% and 12%, respec-
tively). Additionally, all patients in
TRACER experienced an ischemic
event within 24 hours of hospital
presentation. Conversely, patients
in TRA 2°P-TIMI 50 were stable
with a history of MI or ischemic
stroke within 2 weeks to 12 months.

The decrease in primary and
secondary endpoints in TRACER
was insignificant. Furthermore, the
patients had increased bleeding. It
should also be noted that patients
with a lower body weight (< 60 kg)
experienced GUSTO moderate to
severe bleeding at a higher rate.
Additionally, patients who had

Essentially, it is estimated that 59 patients need to be treated for 1
extra bleeding case and 100 patients need to be treated in order to
reduce 1 ischemic event. Therefore, risk-to-benefit ratio should be

considered in each patient before considering prescribing this new

class of drug.

benefit ratio should be considered
in each patient before considering
prescribing this new class of drug.
TIMI clinically significant bleed-
ing occurred in 15.8% of vora-
paxar patients and 11.1% of placebo
patients (HR 1.46; P < .001). Fatal
bleeding occurred in 29 vorapaxar
patients and 20 placebo patients.®
AlthoughbothTRACERand TRA
2°P-TIMI 50 compared favorably

previously taken thienopyridines
had a higher risk of bleeding than
those who began a thienopyridine
at randomization.

In January 2011, the Data and
Safety Monitoring Board discov-
ered a high rate of intracranial
bleeding in patients with stroke
history. As a result, such patients
were removed from the trial and
separate analyses were carried out
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only for patients with a history of
peripheral arterial disease and MI.
Within this subgroup, there was
a positive net clinical outcome
for stable atherosclerotic patients.
Especially of note, there was a 20%
decrease in risk for patients with a
history of MI."* The findings of the
trial also included increased bleed-
ing for patients <60 kg and age
> 75 years.

Conclusions

Vorapaxar, definitively, has shown
benefit when administered to sta-
ble atherosclerotic patients on dual
or single antiplatelet therapy. In
patients presenting with ACS, there
were not sufficient data to draw
conclusions, as the TRACER trial
was discontinued early with higher
intracranial bleeding in patients
with history of stroke. Additionally,
for patients with stable atheroscle-
rosis, age and weight should be
considered to decrease the risk of
bleeding. These bleeding risks and
the risk of intracranial bleeding also
significantly increase for patients
with a history of stroke. Patients
with a history of cerebrovascular
incidence should avoid the use of
vorapaxar. Despite these limita-
tions, based on the results of TRA
2°P-TIMI 50, vorapaxar appears
qualified to be used in association
with aspirin or in addition to dual
antiplatelet therapy for patients with
stable atherosclerosis. Future trials
should be conducted to compare
vorapaxar with clopidogrel or other
thienopyridines. This would pro-
vide contrast to the TRA 2°P-TIMI
50 trial, which tested vorapaxar in
addition to dual antiplatelet ther-
apy. This comparison would poten-
tially reduce the risk of bleeding in
the vorapaxar arm.

Another =~ PAR1  antagonist,
atopaxar, has been studied in the
phase II Japanese Lessons from
Antagonizing the Cellular Effect of
Thrombin (J-LANCELOT) trials.
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The results indicated a reduction
of major cardiovascular adverse
events in ACS patients. However,
bleeding events were found to
increase  in  atopaxar-treated
patients compared with those
treated with placebo. Furthermore,
liver enzymes were elevated and
the relative, corrected QT interval
was prolonged in atopaxar-treated
patients. Consequently, develop-
ment of atopaxar was discontinued.

Vorapaxar has not yet been
reviewed for antiplatelet monother-
apy; it was administered only as an
addition to aspirin and/or clopido-
grel. It would be interesting to per-
form studies juxtaposing the
individual efficacy of vorapaxar with
that of aspirin and/or clopidogrel.
Future studies on thrombin inhibi-
tors could also involve studying the
effects of these drugs on matrix
metalloproteinases, which have been
previously shown to activate PAR1
receptors in human cells.”® [

The authors report no real or apparent conflicts
of interest.
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3A4 enzymes.

e Antiplatelet agents are indispensable in the treatment of ischemic heart disease. However, due to their
limitations, including long half-lives, a dependency on prodrug activation by the liver into the active
metabolites, and persistent occurrence of stent thrombosis and acute coronary syndrome, it was important to
develop another class of antiplatelet drugs.

* Protease-activated receptors (PARs) are capable of initiating platelet aggregation. They account for the majority
of thrombin-induced signaling and present a strategic location for antiplatelet therapy. PAR1 is the most
important receptor for thrombin response and a vital site for inhibition. Vorapaxar works against PAR1 to inhibit
platelet aggregation without affecting hemostasis.

* Vorapaxar does not inhibit platelet aggregation induced by adenosine diphosphate, collagen, or a thromboxane
mimetic. It is a nonprotein structure with competitive PAR1 inhibitory activity. Vorapaxar is not a prodrug, it
does not need enzymatic activation, and it undergoes oxidative metabolism in the liver by the cytochrome P450

* Results from the Trial to Assess the Effects of Vorapaxar in Preventing Heart Attack and Stroke in Patients With
Atherosclerosis-Thrombolysis In Myocardial Infarction 50 (TRA 2°P-TIMI 50) showed that vorapaxar appears to
have a definitive therapeutic benefit when administered alongside aspirin or when it is used as an addition to
dual antiplatelet therapy for patients with stable atherosclerosis with some increasing risk for bleeding.
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