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Abstract: This article reviews the pharmacology, clinical efficacy, and safety of vorapaxar in 

reducing cardiovascular risk. Vorapaxar is a tricyclic himbacine-derived reversible inhibitor of 

platelet surface protease activator receptor-1, which prevents thrombin from activating platelets. 

Two Phase III clinical trials and multiple subanalyses from the two trials with vorapaxar have 

been published. In patients with recent acute coronary syndrome, vorapaxar, when added to 

standard therapy, did not reduce the composite cardiovascular end point. In contrary, in a study 

of secondary prevention for patients with cardiovascular diseases, vorapaxar reduced the risk of 

cardiovascular death or ischemic events (myocardial infarction, stroke) in patients with stable 

atherosclerosis who were receiving standard therapy. Vorapaxar is approved in the US for use with 

aspirin and/or clopidogrel in the secondary prevention of thrombogenic cardiovascular events in 

stable patients with peripheral arterial disease or a history of myocardial infarction. Vorapaxar 

increases risk of bleeding and is contraindicated in patients with previous cerebrovascular 

events. It is essential to balance individual patient’s bleeding risk to any further cardiovascular 

benefits that they may get. Future investigation is also needed to evaluate use of vorapaxar with 

newer antiplatelet agents such as ticagrelor and cangrelor, as well as its role as monotherapy.
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Introduction
Cardiovascular diseases, including coronary artery disease (CAD), cerebrovascular 

disease, peripheral arterial disease (PAD), are leading causes of morbidity and mor-

tality worldwide.1 Atherosclerosis leading to thrombotic occlusion of arteries is the 

main pathophysiologic mechanism of these events. Platelets produce vasoactive and 

prothrombotic mediators in response to vascular injury, which leads to thrombus 

formation.2

Antiplatelet drug therapies play an important role in cardiovascular disease man-

agement. Aspirin (cyclooxygenase inhibitor) has been well established for primary 

and secondary prevention of cardiovascular diseases.3,4 Dual antiplatelet therapy 

(DAPT) with aspirin and P2Y
12

 receptor antagonists, such as clopidogrel, prasugrel, 

and ticagrelor, has been evaluated to benefit patients with acute coronary syndrome 

(ACS) and/or those undergoing percutaneous coronary intervention (PCI).3–10 More 

recently, the first intravenous P2Y
12

 inhibitor, cangrelor, has also become available 

for use in patients undergoing PCI. Cangrelor provides quick onset of antiplatelet 

effects and has been demonstrated to significantly reduce the rate of ischemic events, 

including stent thrombosis, when used during PCI.11 Intravenous glycoprotein IIb/IIIa 
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inhibitors have also been established to be used in certain 

high-risk patients undergoing PCI.3,4 The development of 

newer antiplatelet agents continues because despite all the 

pharmacotherapeutic advances, the risk of recurrent isch-

emic complications among patients with CAD continues to 

be high.8–10 Vorapaxar is among one of the new classes of 

antiplatelet agent introduced. Vorapaxar is a protease activa-

tor receptor-1 (PAR-1) antagonist. It is the first in its class. 

Thrombin interacts with PAR-1 to generate fibrin formation 

and subsequently induces platelet aggregation.12,13 Vorapaxar 

was approved by the US Food and Drug Administration in 

May 2014 and was launched in the US for reduction in the 

risk of recurrent cardiovascular events and cardiovascular 

death and the need for revascularization in patients with 

previous myocardial infarction (MI) or PAD. At the time of 

publication, vorapaxar has not yet been launched for use in 

other countries (although approved in the European Union). 

This article reviews the role of vorapaxar in reducing car-

diovascular risk.

Pharmacology
Vorapaxar is a tricyclic himbacine-derived reversible inhibi-

tor of platelet surface PAR-1.14 Thrombin is one of the many 

agonists of platelet activation. Thrombin binds to PAR-1, 

cleaves the receptor, and allows it to bind to neighboring 

thrombin receptor, which subsequently leads to more platelet 

activation and aggregation.15,16 It is the first drug in its class to 

become available in the market. Although vorapaxar binds to 

PAR-1 reversibly, its long half-life (terminal half-life ~8 days) 

makes its effect essentially irreversible.

Vorapaxar is rapidly and completely absorbed after oral 

administration. The peak plasma concentration occurs within 

1–2 hours.17,18 Food has no effect on its oral bioavailability. 

The mean volume of distribution of vorapaxar is ~424 L.16 

Vorapaxar is primarily metabolized by CYP3A4 and CYP2J2 

to an inactive metabolite (M19) and an equally potent active 

metabolite M20.16,17,19 Vorapaxar and M20 are extensively 

bound (≥99%) to albumin. Metabolites of vorapaxar are 

eliminated by the kidney. There is no unchanged vorapaxar 

detected in urine. Vorapaxar exhibits multicompartment phar-

macokinetic profile, with an effective half-life of 3–4 days and 

an apparent terminal elimination half-life of 8 days. Steady-

state vorapaxar serum concentration is achieved by 21 days 

following once-daily dosing.16 Because of the metabolism by 

CYP3A4, the use of vorapaxar with strong CYP3A inhibitors 

(eg, ketoconazole, itraconazole, posaconazole, clarithromy-

cin, nefazodone, ritonavir, to name a few) and strong CYP3A 

inducers (eg, rifampin) should be avoided.16 A multiple-dose 

drug interaction study demonstrated a doubling of steady-

state AUC
0–24 h

 and C
max

 of vorapaxar when administered with 

400 mg of ketoconazole daily, while rifampin 600 mg daily 

halved AUC
0–24 h

 and C
max

 of vorapaxar.20

Factors such as age, race, sex, body weight (<60  kg 

vs ≥60  kg), moderate renal impairment (creatinine clear-

ance 30–59  mL/min), and moderate hepatic impairment 

(Child-Pugh Class B) do not affect pharmacokinetics of 

vorapaxar.17,21 Since vorapaxar pharmacokinetics has not 

been defined in patients with severe hepatic impairment, due 

to the potential increased risk of bleeding in these patients, 

the manufacturer does not recommend its use in this patient 

population.22

Vorapaxar concentrations of 5  mg/mL are necessary 

to achieve at least 80% blockage of thrombin receptors. 

Platelet function recovers after ~28 days of discontinuation 

of vorapaxar.17 Platelet transfusion or hemodialysis cannot 

reverse the antiplatelet effect of vorapaxar.17 Vorapaxar 

does not affect measurement of laboratory coagulation 

parameters.23

Clinical trials
Two pivotal clinical trials with vorapaxar have been published 

to date that help to support the approval of the drug by the 

US Food and Drug Administration. Thrombin Receptor 

Antagonist for Clinical Event Reduction in Acute Coronary 

Syndrome (TRACER) was designed to evaluate the use 

of vorapaxar in ACS, and Thrombin Receptor Antagonist 

in Secondary Prevention of Atherothrombotic Ischemic 

Events – Thrombolysis in Myocardial Infarction 50 (TRA 

2P-TIMI 50) was designed to evaluate the role of vora-

paxar in secondary prevention of atherothrombotic events. 

Table 1 summarizes pertinent information on study design 

and results.

TRACER was a randomized, double-blinded, placebo-

controlled, multicenter trial evaluating whether vorapaxar, 

when added to standard therapy for ACS, would improve 

cardiovascular end points. A total of 12,944 patients who 

presented within 24 hours of non-ST-segment elevation ACS 

and who received standard treatment, including aspirin, P2Y
12

 

receptor antagonist, anticoagulant, and beta-blocker, were 

included.24 Patients were randomized to receiving vorapaxar 

(40 mg loading dose followed by 2.5 mg daily) or placebo 

for at least 1 year. The primary efficacy end point was the 

composite incidence of cardiovascular death, MI, stroke, 

recurrent ischemia with hospitalization, and urgent coronary 

revascularization. The safety end points for bleeding were 

assessed using the Global Use of Strategies to Open Occluded 
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Arteries (GUSTO) and Thrombolysis in Myocardial Infarc-

tion (TIMI) classification systems.25

For the primary end point, composite events occurred 

in 18.5% of patients receiving vorapaxar versus 19.9% of 

patients receiving placebo (P=0.07). Rates of the major 

safety end point, GUSTO moderate or severe bleeding, were 

increased by 35% compared to placebo, and clinically signifi-

cant TIMI bleeding was increased by 43%. Intracranial hem-

orrhage (ICH) occurred in 1.1% of patients with vorapaxar 

compared to 0.2% with placebo (P<0.001). This significant 

increase in ICH led to early termination of the trial. Subgroup 

analysis showed higher rates of GUSTO moderate or severe 

bleeding in patients with lower body weight (P=0.03).

In a subanalysis of 4,194 patients managed medically 

(including those who underwent angiography but without 

interventions), event rates for primary outcomes were 16.3% 

with vorapaxar and 17.0% with placebo (hazard ratio [HR] 

0.99, 95% confidence interval [CI] 0.83–1.17). Vorapaxar 

increased GUSTO moderate or severe bleeding numerically 

in medically managed patients (adjusted HR 1.46, 95% CI 

0.99–2.15). This is consistent with the whole population.26 

Similarly, in another subanalysis of patients who underwent 

PCI, the efficacy and bleeding are consistent with the overall 

population.27 Whether glycoprotein IIb/IIIa receptor inhibi-

tors were used during PCI did not affect the outcome.28 In 

contrary, in another subanalysis evaluating 1,312 patients 

with non-ST-segment elevation ACS undergoing coronary 

arterial bypass graft (CABG) surgery, vorapaxar was asso-

ciated with a significant reduction in ischemic events (45% 

lower) and no significant increase in major CABG surgery-

related bleeding. Because the number of patients undergoing 

CABG surgery is small, randomized trials are needed to con-

firm the observation.29 In another subanalysis of 936 (7.2%) 

patients who had a history of PAD, the rates of primary end 

points were similar between vorapaxar and placebo (21.7% 

vs 24.8%, P interaction =0.787).

A separate analysis examined the impact of DAPT on 

vorapaxar bleeding risk. Approximately 87% (11,307) of 

patients in TRACER were receiving DAPT, with the vast 

majority receiving aspirin plus clopidogrel.30 The use of DAPT 

was associated with increased bleeding risk when vorapaxar 

was added. The impact of aspirin dose was also evaluated. 

Whether the patients were receiving ≤100 mg or ≥300 mg 

aspirin had no impact on the risk of bleeding (adjusted HR 

for GUSTO severe bleeding: 1.88 vs 1.63, P=0.954).31

The TRA 2P-TIMI 50 is a Phase III clinical trial designed 

to evaluate the use of vorapaxar for secondary prevention of 

atherothrombosis.32 Patients with a previous history of MI or 

ischemic stroke within the previous 2 weeks–12 months or 

PAD were randomized to receive vorapaxar 2.5 mg daily or 

placebo. The primary efficacy end point was the composite 

of cardiovascular death, MI, and stroke.

After a median follow-up of 24 months, the protocol was 

amended to exclude patients with a history of stroke due to 

an increased risk of ICH in these patients, by 2.5-fold (vora-

paxar 2.5% vs placebo 1%, P<0.001). For the primary end 

Table 1 Clinical trials of vorapaxar used in patients with cardiovascular diseases

TRACER24 (n=12,944) TRA 2P-TIMI 5032 (n=26,449)

Study design Randomized, double blinded, controlled Randomized, double blinded, controlled
Intervention Vorapaxar 40 mg loading dose followed by 2.5 mg 

daily versus placebo
Vorapaxar 2.5 mg daily versus placebo

Patient 
population

Patients presented NSTE-ACS within past 24 hours Patients with a history of atherosclerosis (MI or ischemic stroke within 
2 weeks–12 months or PAD associated with intermittent claudication and an 
ankle brachial index <0.85 or previous revascularization for limb ischemia)

Primary end 
points

Composite of cardiovascular death, MI, stroke, 
and recurrent ischemia with urgent coronary 
revascularization

Composite of death from cardiovascular causes, MI, or stroke

Results Primary end points: placebo 19.9%, vorapaxar 18.5% 
(HR 0.92, 95% CI 0.85–1.01, P=0.07)
GUSTO moderate or severe bleeding: placebo 5.2%, 
vorapaxar 7.2% (HR 1.35, 95% CI 1.16–1.58, P<0.05)
Clinically significant TIMI bleeding: placebo 14.6%, 
vorapaxar 20.2% (HR 1.43, 95% CI 1.31–1.57, P<0.05)
ICH: placebo 0.2%, vorapaxar 1.1% (HR 3.39, 95% CI 
1.78–6.48, P<0.05)

Primary end points: placebo 10.5%, vorapaxar 9.3% (HR 0.87, 95% CI 
0.8–0.94, P<0.001)
GUSTO moderate or severe bleeding: placebo 2.5%, vorapaxar 4.2% (HR 
1.66, 95% CI 1.43–1.93, P<0.05)
Clinically significant TIMI bleeding: placebo 0.5%, vorapaxar 1% (HR 1.94, 
95% CI 1.39–2.70, P<0.05)
ICH: placebo 0.5%, vorapaxar 1% (HR 1.94, 95% CI 1.39–2.70, P<0.001)

Notes: P-values calculated using Cox proportional-hazards model. 
Abbreviations: TRACER, Thrombin Receptor Antagonist for Clinical Event Reduction in Acute Coronary Syndrome; TRA 2P-TIMI 50, Thrombin Receptor Antagonist in 
Secondary Prevention of Atherothrombotic Ischemic Events – Thrombolysis in Myocardial Infarction 50; NSTE-ACS, Non-ST-segment elevation acute coronary syndrome; 
MI, myocardial infarction; PAD, peripheral arterial disease; HR, hazard ratio; CI, confidence interval; GUSTO, Global Use of Strategies to Open Occluded Arteries; TIMI, 
thrombolysis in myocardial infarction; ICH, intracranial hemorrhage.
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point, composite events occurred in 9.3% patients receiving 

vorapaxar versus 10.5% patients receiving placebo (P<0.001). 

Safety in TRA 2P-TIMI 50 was also evaluated using GUSTO 

moderate or severe bleeding criteria and TIMI bleeding cri-

teria. In the whole population, there was significantly more 

bleeding in those receiving vorapaxar (4.2% of patients who 

received vorapaxar vs 2.5% of those who received placebo; 

HR 1.66, 95% CI 1.43–1.93, P<0.001). There was an increase 

in the rate of ICH in the vorapaxar group (1.0% vs 0.5% in the 

placebo group, P<0.001). A composite primary efficacy and 

GUSTO moderate or severe bleeding safety end points (net 

clinical benefit) showed no significant difference between pla-

cebo and vorapaxar. The additional clinical benefit provided 

by vorapaxar appeared to have been offset by the bleeding 

risk. The net clinical outcome was 11.7% in the vorapaxar 

group and 12.1% in the placebo group (P=0.40).

A subanalysis was done for the 3,787 patients with a his-

tory of PAD.33 One-third of them were on a thienopyridine, 

11% on cilostazol, and 88% on aspirin for PAD manage-

ment. Similar to the rest of the cohort, vorapaxar did not 

reduce incidence of primary end point (vorapaxar 11.3% vs 

placebo 11.9%, P=0.53). Vorapaxar, however, significantly 

reduced ischemic events in the limbs (vorapaxar 2.3% vs 

placebo 3.9%, P=0.006) and the need for peripheral artery 

revascularization (vorapaxar 18.4% vs placebo 22.2%, 

P=0.017).

Another prespecified subgroup analysis examined 17,779 

patients who were enrolled due to past history of MI.34 In 

all, 98% of patients received aspirin and 78% received thi-

enopyridine at enrollment. Vorapaxar significantly reduced 

primary end points as compared to placebo (vorapaxar 8.1% 

vs placebo 9.7%, P<0.0001). Specifically examining those 

patients who had a previous MI and also diabetes (n=3,623), 

vorapaxar significantly reduced the primary end point (vora-

paxar 11.4% vs placebo 14.3%, HR 0.73, 95% CI 0.60–0.89, 

P=0.002).35 In all these patient subgroups, bleeding increased 

with vorapaxar use as compared to placebo, similar to the 

rest of the cohort.

In the overall TRA 2P-TIMI 50 trial, ~58% (15,356) of 

patients were also concurrently on thienopyridine and 94% 

(24,734) received aspirin. The use of thienopyridine had no 

impact on the risk of GUSTO moderate or severe bleeding.36 

A substudy that evaluated the impact of aspirin dose also 

reported no differences in moderate or severe bleeding in 

those receiving low (<100  mg), moderate (100–162  mg), 

or high aspirin doses (>162 mg).37 The number of patients 

receiving high-dose aspirin was small (16%); thus, a firm 

conclusion cannot be made.

Adverse events
Besides bleeding, based on combined results from 

TRACER and TRA 2P-TIMI 50, anemia, depression, and 

exanthems are some of the most commonly reported side 

effects, which occurred in 5%, 2.4%, and 2.2% of patients, 

respectively.16

Patients being considered for vorapaxar should be care-

fully assessed for overall bleeding risk versus cardiovascular 

benefits. Risk factors that can increase bleeding include older 

age, low body weight, reduced renal or hepatic function, his-

tory of bleeding disorders, and use of certain concomitant 

medications (eg, anticoagulants, fibrinolytics, nonsteroidal 

anti-inflammatory drugs). Vorapaxar is contraindicated in 

patients with a history of stroke, transient ischemic attack, or 

ICH. Currently, there is no antidote for vorapaxar.16 Although 

the current data suggest that vorapaxar may be safely used 

perioperatively in patients undergoing PCI or CABG surgery, 

the number of patients in the vorapaxar studies undergo-

ing these procedures is small and further risk evaluation is 

necessary.

Dosage and administration
Vorapaxar has been approved for use in patients with a history 

of MI and PAD in the US to reduce cardiovascular events.16 

The drug is available as 2.5 mg vorapaxar sulfate film-coated 

tablets (contains 2.08 mg of vorapaxar). The recommended 

dose is one tablet daily.16,38 Vorapaxar can be used with aspirin 

and/or clopidogrel based on standards of care.16 There is a 

lack of clinical data in use of vorapaxar with other antiplatelet 

drugs or as monotherapy.

Renal impairment or mild-to-moderate hepatic impair-

ment (Child-Pugh Class A or B) does not require dosage 

adjustment when using vorapaxar.16,20 In patients with 

severe hepatic impairment (Child-Pugh Class C), vorapaxar 

use should be avoided.16,21 Vorapaxar is contraindicated in 

patients with a history of stroke, transient ischemic attack, 

ICH, or active bleeding.16

Therapeutic role
Because the risk of recurrent ischemic complications among 

patients with established CAD continues to be high, newer 

antithrombotic agents continue to be developed with an aim 

to further optimize the risk. Vorapaxar, when used in patients 

with cardiovascular diseases who were receiving standard 

therapy, reduced the risk of cardiovascular events. However, 

such benefits came with increased risk of bleeding, which 

appeared to offset the benefits. The use of vorapaxar has 

not been incorporated into any treatment guidelines to date. 
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The decision in using vorapaxar should be based on careful 

balance of individual patients’ bleeding risk and the further 

cardiovascular benefits that they may get. If patients expe-

rienced recurrent ischemic events despite optimal standard 

of therapy, then vorapaxar should be considered with close 

monitoring of bleeding complications.

Conclusion
Vorapaxar is a selective and competitive PAR-1 antagonist 

that inhibits thrombin-induced platelet aggregation. In 

patients with recent ACS, vorapaxar, when added to stan-

dard therapy, did not reduce the composite cardiovascular 

end point. In contrary, in a study of secondary prevention 

for patients with cardiovascular diseases, vorapaxar reduced 

the risk of cardiovascular death or ischemic events (MI, 

stroke) in patients with stable atherosclerosis who were 

receiving standard therapy. Vorapaxar is approved in the 

US for use with aspirin and/or clopidogrel in the secondary 

prevention of thrombogenic cardiovascular events in stable 

patients with PAD or a history of MI. Vorapaxar increases 

risk of bleeding. The manufacturer and the US Food and 

Drug Administration both indicated that the use in indi-

viduals who have an increase in bleeding risk, including 

elderly patients and patients with low body weight, requires 

caution.16,39,40 It is essential to balance individual patient’s 

bleeding risk to any further cardiovascular benefits that they 

may get. Future investigation is also needed to evaluate the 

use of vorapaxar with newer antiplatelet agents such as 

ticagrelor or cangrelor, as well as its role as monotherapy.
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