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1. EXECUTIVE SUMMARY 
 
Merck Sharp and Dohme Corp. is seeking approval of vorapaxar sulfate [NDA 204886] for use 
in reduction of atherothrombotic events in patients with a history of MI and no history of stroke 
or TIA. Vorapaxar is a first-in-class, selective, competitive and reversible antagonist of protease 
activated receptor-1 [PAR-1], the receptor that mediates the downstream effects of thrombin on 
human platelets. Aspirin and clopidogrel are the other two approved drugs for the secondary 
prevention of thrombotic events in patients with MI.   
 
The efficacy and safety of vorapaxar was evaluated in two independent, large, multi-center, 
outcome studies - TRACER1 and TRA2°P - TIMI 502, designed to support acute coronary 
syndrome [ACS] and secondary prevention post MI indications, respectively. The applicant 
identified a subgroup of patients post MI with no prior history of stroke or TIA, which does not 
have an excess of intracranial hemorrhage [ICH] risk in TRA2°P - TIMI 50 and is seeking 
approval for this population. The applicant does not seek approval of vorapaxar for treatment of 
ACS.  
 
The clinical pharmacology program consists of 19 in vivo studies designed to characterize mass 
balance, relative bioavailability/bioequivalence, pharmacokinetics [PK], pharmacodynamics 
[PD], and impact of intrinsic factors and extrinsic factors on vorapaxar PK and/or PD. In 
addition, 15 in vitro studies were conducted to characterize protein binding, and identify the role 
of metabolizing enzymes/transporters in the disposition of vorapaxar and its monohydroxy 
metabolite, M20.  
 
1.1. Recommendations 
 
The Office of Clinical Pharmacology [OCP] has reviewed the clinical pharmacology and 
biopharmaceutics information submitted to this NDA and recommends approval pending 
agreement with the applicant on labeling. 
  
Based on the review, OCP has the following labeling recommendation: Avoid use of vorapaxar 
in patients with body weight < 60 kg due to unfavorable benefit-risk.  
 
1.2. Phase 4 Commitments  
 
No specific post-marketing commitments or requirements are proposed at this point of time.  
 
 
 
 
 
 
 
 

                                                           
1 Thrombin Receptor Antagonist for Clinical Event Reduction in Acute Coronary Syndrome 
2 Thrombin Receptor Antagonist in Secondary Prevention of Atherothrombotic Ischemic Events 
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1.3. Summary of Important Clinical Pharmacology and Biopharmaceutics Findings 
 
The key findings are listed below. 
 
Pharmacokinetics: 
 

• Following oral administration, median Tmax for vorapaxar is 1 to 2 h. The disposition is biphasic, 
characterized by a relatively faster distribution and slow terminal elimination [t1/2 = 7 to 11 
days]. The absolute bioavailability as estimated by a microdosing study is ~ 100%. 
  

• The steady state is attained by day 21 [earliest available PK] following repeat once-daily dosing 
regimen. The accumulation at steady state for vorapaxar is 5- to 6-fold. The effective half-life 
based on accumulation at steady state is 3 to 4 days. 

 
• The monohydroxy metabolite M20, is active as shown by inhibition of calcium efflux in human 

coronary artery smooth muscle cells with similar potency to that of vorapaxar. Exposure of M20 
was in the range of 8% to 29% of vorapaxar across Phase 1 studies. The concentration-time 
course of M20 generally mirrors that of vorapaxar, suggesting M20 is formation rate-limited.  

 
• Vorapaxar is extensively metabolized followed by excretion in urine and feces. Based on a mass 

balance study, <2% of vorapaxar is excreted unchanged in feces and none in urine.  
 
Pharmacodynamics: 
 

• Vorapaxar inhibits platelet aggregation induced by thrombin receptor activating peptide [TRAP].  
Following repeat oral doses of 2.5 mg once-daily, the onset of platelet inhibition [i.e., <10% 
aggregation relative to baseline] is projected to be achieved by day 2. Time to offset platelet 
inhibition is relatively slow with ~50% of platelet function recovered by 4 weeks post-last dose.  
 
PK/PD: 
 

• Vorapaxar demonstrates a steep exposure-platelet inhibition relationship. Over a narrow range of 
vorapaxar concentration [~1 to 5 ng/mL], the TRAP-induced platelet aggregation changes from 
non-effect to maximal inhibition. 
 

• Based on population PK and PK//PD data from Phase 1, 2 and 3 studies, 2.5 mg vorapaxar 
sulfate administered once-daily is predicted to achieve the target engagement i.e., ≥ 80% platelet 
inhibition in almost all patients by day 7.  
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Impact of intrinsic factors: 
 

• Based on an increased risk of bleeding [hazard ratio (HR) = 1.87; GUSTO severe or moderate 
bleeding events] and potential lack of benefit [HR = 1.28; primary efficacy MACE endpoint] for 
vorapaxar in patients with body weight < 60 kg, the use of vorapaxar should be avoided in this 
subgroup.  
    

• Though vorapaxar is extensively metabolized, the results of a dedicated hepatic impairment 
study showed that the pharmacokinetics of vorapaxar was not significantly impacted. It should 
be noted that one subject from the severe hepatic impairment group in the dedicated study 
experienced severe gastrointestinal hemorrhage secondary to esophageal varices. As severe 
hepatic impaired subjects are predisposed to a higher risk of bleeding due to compromised 
coagulatory state, the use of vorapaxar should be avoided in this subgroup. 
 

• Renal impairment does not affect the pharmacokinetics of vorapaxar. No dose-adjustment is 
proposed in patients with renal impairment.  
 
Impact of extrinsic factors: 
 

• Vorapaxar is metabolized by CYP3A4 and CYP2J2. Inhibition or induction of these enzymes 
may affect the systemic exposures to vorapaxar. 

 
• Upon repeat co-administration, ketoconazole, a strong CYP3A inhibitor, increases the systemic 

exposures to vorapaxar by 2-fold, while rifampin, a strong CYP3A inducer, decreases the 
systemic exposure to vorapaxar by 55%. The efficacy or bleeding risk for a change in exposure 
of this magnitude is not known due to the absence of concentration-outcome relationship. 
Further, concomitant administration of these drugs with vorapaxar was excluded in the phase 3 
studies. Therefore, avoid use of vorapaxar with strong inhibitors or inducers of CYP3A. 

 

• The phase 3 trial allowed the use of mild and moderate CYP3A inhibitors. The bleeding risk of 
vorapaxar in the patients concomitantly receiving these drugs was similar to the control group. 
No dose adjustments are required when used with mild or moderate CYP3A inhibitors. 

 
• The role of vorapaxar as a perpetrator is low. There is no PK or PD interaction between 

vorapaxar and digoxin, warfarin, and rosiglitazone.  
 
• Co-administration with a high fat meal, or an antacid, or a proton pump inhibitor [PPI], has a 

modest impact on the rate of absorption of vorapaxar, but does not significantly alter the extent 
of absorption. No dose-adjustments are required.  
 
Biopharmaceutics: 
 

• Vorapaxar sulfate converts partially to the amorphous free base upon manufacturing and storage. 
A pivotal bioequivalence study was performed to evaluate the impact of the base content in the 
batches used in Phase 3 trial on PK. The low base product [23%] and high base product [46%] 
were bioequivalent in the presence of a PPI [worst case scenario].  
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2. QUESTION BASED REVIEW 
 
2.1. General Attributes of the Drug 
 
2.1.1. What are the highlights of the chemistry and physical-chemical properties of the 
drug substance and the formulation of the drug product? 
 
Drug substance: The physicochemical characteristics of vorapaxar sulfate are summarized in 
Table 1.  
 
Table 1: Physicochemical properties of vorapaxar sulfate 
Appearance White to off-white crystalline powder 

Chemical name Ethyl[(1R,3aR,4aR,6R,8aR,9S,9aS)-9-{(1E)-2-[5-(3-fluorophenyl) 
pyridin-2-yl]ethen-1-yl}-1-methyl-3-oxododecahydronaphtho[2,3-
c] furan-6-yl]carbamate sulfate 

Molecular formula C29H33FN2O4•H2SO4 
Molecular weight 590.7 
Structural formula 

 

Solubility pH dependent 
• fasted conditions, stomach [pH 1.4] = 0.65 mg/mL 
• fasted conditions, small intestine [pH 6.7] = 0.065 mg/mL 
• pH 7.5 = 0.001 mg/mL 

pKa 4.7 
Partition coefficient Log P = 5.1 
Stability Vorapaxar sulfate salt converts partially to the amorphous free base 

upon manufacturing and storage  
Hygroscopicity Slightly hygroscopic, adsorbs 1% wt at 85% RH 

 
 
Drug product: Vorapaxar sulfate is formulated as an immediate release, yellow, oval, film-coated 
tablet. The formulation does not contain any excipients that impact the release of the drug 
substance.  
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2.1.2. What are the proposed mechanism(s) of action and therapeutic indication(s)? 
 
Vorapaxar is a selective, competitive and reversible antagonist of PAR-1, the receptor that 
mediates the downstream effects of thrombin on human platelets. The EC50 of vorapaxar is 15 
nM, as shown in vitro by the effects on human platelet aggregation induced by thrombin receptor 
activating peptide [TRAP]. The monohydroxy metabolite of vorapaxar M20, is also reported to 
be active in an activity assay involving inhibition of calcium efflux induced by a specific PAR-1 
agonist in human coronary artery smooth muscle cells. Based on this assay, M20 [EC50 = 3.4 
nM] and vorapaxar are equipotent [EC50 = 4.5 nM].  
 
The proposed indication for vorapaxar in the current submission is for the reduction of 
atherothrombotic events in patients with a history of MI and no prior history of stroke or TIA.  
 
2.1.3. What are the proposed dosage(s) and route(s) of administration? 
 
The proposed dosage form is an immediate release tablet for oral use to be administered once-
daily without regards to food. The dosage form is available at a single strength of 2.5 mg. 
 
2.1.4. What are the current treatments available for the proposed indications? 
 
Aspirin [80-325 mg once daily] and clopidogrel [75 mg once daily] are the other approved 
treatment options available to reduce the rate of thrombotic cardiovascular events in patients 
with a prior history of MI. 
 
 
2.2. General Clinical Pharmacology 
 
2.2.1. What are the design features of the clinical pharmacology and clinical studies used 
to support dosing or claims? 
 
The clinical pharmacology program for vorapaxar comprised of 19 in vivo studies which are 
listed in Table 2. The submission also included 15 in vitro studies which characterized plasma 
protein binding and the enzymes/transporters responsible for metabolism/transport of vorapaxar 
and M20.  
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Table 2: List of in vivo clinical pharmacology studies 
Relative bioavailability/Bioequivalence studies 

P03445 Pilot effect of food on vorapaxar PK administered as a 1 mg tablet 
Relative BA of tablet vs capsule 

P03447 Effect of food and antacid on PK 
Relative BA of different dose strengths of vorapaxar 

P06452 Relative BA of vorapaxar sulfate salt vs free base 
P06558 BE study of vorapaxar sulfate 2.5 mg tablets containing high and low percentage 

of drug as the free base within the range used in Phase 3 trials 
P07045 Absolute BA and mass balance of vorapaxar using a microdosing technique 
P07969 Effect of food on vorapaxar PK administered as a 2.5 mg tablet 

Healthy volunteer PK and PD studies 
P03449 Rising single dose safety, tolerability, PK and PD 
P03450 Rising multiple dose safety, tolerability, PK and PD 
P03454 14C-vorapaxar absorption, metabolism, excretion 
P06559 PK of vorapaxar and M20 in healthy volunteers (Caucasians) 

Intrinsic factor studies 
P03448 Effect of race and food on vorapaxar PK, PD and safety (Japanese vs Caucasians) 
P03464 Effect of renal impairment on vorapaxar PK and PD 
P03465 Effect of hepatic impairment on vorapaxar PK 
P06453 PK of vorapaxar and M20 in healthy volunteers (Chinese) 

Extrinsic factor studies 
P03458 Effect of vorapaxar on digoxin PK and PD 
P03629 Effect of ketoconazole and rifampin on vorapaxar PK 
P04132 Effect of vorapaxar on warfarin PK and PD 
P05361 Effect of vorapaxar on rosiglitazone PK and PD 
P06560 Evaluation of PK drug interaction between vorapaxar and prasugrel 

 
 
The clinical development program comprised of a Phase 2 study [P03573, N = 1030] aimed to 
establish proof-of-concept, evaluating a range of loading and maintenance doses in patients 
eligible for non-emergent percutaneous coronary intervention [PCI]. Two other Phase 2 studies 
with smaller sample size were conducted in Japanese patients. 
 
In Phase 3, the efficacy and/or safety of vorapaxar to reduce the rate of atherothrombotic 
cardiovascular events in two different at-risk populations was explored in two independent multi-
center trials. TRACER and TRA2°P - TIMI 50 were long-term, large-scale, outcome studies 
designed to support different indications of ACS and secondary prevention post MI, post stroke 
or peripheral artery disease [PAD], respectively. TRACER enrolled subjects in the midst of an 
acute episode during hospitalization while TRA2°P - TIMI 50 enrolled clinically stable subjects, 
2 weeks- to 1 year-post the index event. The results of TRACER showed an excess of ICH in the 
vorapaxar group. Hence, the applicant is not pursuing approval of vorapaxar in ACS patients. 
  
A similar finding was also observed in the TRA2°P - TIMI 50 trial. The applicant identified a 
subgroup of patients with a prior history of stroke, to have a higher risk of ICH on vorapaxar. 
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The protocol was amended to discontinue vorapaxar in patients with a prior history of stroke for 
the remainder of the trial. Upon trial completion and data analysis, the applicant has further 
identified specific patient population in whom the benefit may outweigh the risk and is seeking 
approval only in patients post MI with no history of stroke or TIA.   
 
2.2.2. What is the basis for selecting the response endpoints or biomarkers and how are 
they measured in clinical pharmacology and clinical studies? 
 
Inhibition of platelet aggregation induced by TRAP was used as a target engagement biomarker 
for dose-selection. The primary efficacy endpoint in TRA2°P - TIMI 50 was a composite of 
cardiovascular death, MI, stroke and urgent coronary revascularization [UCR]. Safety 
assessments included primarily pre-specified bleeding endpoints defined by GUSTO and TIMI 
categories and reported individual bleeding events.  
 
2.2.3. Are the active moieties in the plasma appropriately identified and measured to 
assess pharmacokinetic parameters and exposure-response relationships? 
 
Vorapaxar and M20 are the active moieties in plasma. These were appropriately identified and 
measured to permit adequate assessment of the pharmacokinetics in Phase 1 studies. Systemic 
exposures of vorapaxar and M20 was not measured in TRA2°P - TIMI 50 and available only 
from a small subset of patients [N=95] in TRACER, thus limiting a direct evaluation of 
concentration-outcome relationship.    
 
 
2.3. Exposure-Response 
  
2.3.1. What was the basis of dose selection for Phase 3 trial and is the rationale 
acceptable? 
 
Exposure-TRAP induced platelet aggregation relationship from Phase 1 and 2 studies was 
utilized for selection of dose in TRA2°P - TIMI 50. The selected dose was 2.5 mg vorapaxar 
sulfate administered once-daily.  
 
TRAP induced platelet aggregation was measured in 4 Phase 1 [P03449, P03448, P03450, 
P03464], 3 PK sub studies from Phase 2 [P3573, P04772, P05005] and a PK/PD sub study of 
TRACER [P04736] trial. Based on preclinical and clinical experience, achievement of ≥80% 
inhibition of TRAP-induced platelet aggregation by high proportion of patients on day 7 was 
considered as the target engagement for vorapaxar to show clinical efficacy. It should be noted 
that the type and nature of the relationship between platelet inhibition and prevention of 
atherothrombotic ischemic events is not known. 
 
Vorapaxar demonstrated a steep exposure-platelet inhibition relationship [Fig. 1]. In a narrow 
range of vorapaxar concentration, the TRAP-induced platelet aggregation can switch from a low 
to a high inhibition; however, there existed large variations in EC50 value among studies. While 
most Phase 1 to 3 studies demonstrated comparable EC50, two Phase 1 studies [P03448 and 
P03464] showed exceptionally high EC50, as demonstrated in Figure 1. There is no 
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pharmacogenomic basis to account for the differences in EC50 values in studies P03448 and 
P03464. Further, there were no identifiable methodological differences between these studies 
and the rest which could explain a shift in EC50 value.  

 

Figure 1: TRAP-induced platelet aggregation data versus effective concentration  

[Source: Figure 9 on page 47 of applicant’s Summary of Clinical Pharmacology Studies] 
 
The applicant used the combined population PK and PK/PD models to simulate the percentage of 
patients achieving ≥ 80% inhibition of TRAP-induced platelet aggregation on day 7 and 28 [Fig. 
2]. In patients representative of low EC50 value, 2.5 mg dose once-daily would achieve maximum 
platelet inhibition in almost all patients by day 7. In patients representative of high EC50 value, 
80% of patients are projected to achieve ≥ 80% inhibition by day 28 following 2.5 mg dose once-
daily.  
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Figure 2: Proportion of subjects achieving at least 80% inhibition of TRAP-induced platelet 
aggregation after 7 days (left) and 28 days (right) of treatment 

[Source: Figure 19 on page 62 of applicant’s Population PK and PK/PD report] 

 
In the absence of a plausible explanation for the differences in EC50, discussion on the choice of 
2.5 mg once-daily as the selected Phase 3 dose can be made in light of low and high EC50 values. 
If the high EC50 subgroup is a spurious finding [given the lack of plausible explanation], then a 
lower dose of 1 mg once daily can also achieve the desired target engagement. On the other 
hand, if there truly exists a subgroup with the high EC50 and that this subgroup cannot be 
identified prior to treatment, the selected dose of 2.5 mg once day is not optimal. As the target 
engagement is not achieved until 4 weeks post-dosing, a regimen with loading dose would be 
more appropriate in this scenario.  
 
Hence, based on the applicant’s choice of defined target engagement for vorapaxar, a 2.5 mg 
once-daily dose may not be optimal. As stated earlier, the relationship between TRAP-induced 
platelet aggregation and clinical outcomes is not known. Also, based on the results of the phase 2 
study, there was no dose response for bleeding risk at 0.5 mg, 1 mg or 2.5 mg doses, when 
administered concomitantly with aspirin and clopidogrel. 
 
2.3.2. What are the characteristics of the exposure-response relationship for efficacy? 
 
No PK sampling was included in the pivotal study. Therefore, it was not possible to estimate 
individual patient-level vorapaxar exposure to allow for a direct evaluation of exposure-response 
relationships for the primary efficacy endpoint [composite of cardiovascular death, MI, stroke, 
and UCR]. The applicant conducted an exploratory exposure-efficacy analysis based on 
population PK model-predicted average exposure data for subgroups of patients. No obvious 
exposure-efficacy relationship was identified. The reviewer agrees with the limitations of this 
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analysis outlined by the applicant, i.e., the lack of individual exposure and the assumption of 
balanced distribution of other risk factors among the subgroups. This highlights the fact that the 
population PK model from Phase 1 and 2 studies cannot entirely alleviate the need for sparse PK 
sample collection in Phase 3, for the evaluation of exposure-response relationship.    
 
2.3.3. What are the characteristics of the exposure-response relationship for safety? 
 
The applicant conducted an exploratory exposure-bleeding analysis based on a similar approach 
described under [Q. 2.3.2]. An upward trend was observed in the overall population, suggesting 
higher bleeding risk was associated with higher drug exposure. Despite the limitations of this 
analysis as outlined by the applicant [the lack of individual exposure and the assumption of 
balanced distribution of other risk factors among the subgroups], such a relationship is 
considered reasonable and is consistent with other drugs with similar mechanism of action. This 
relationship may be partially responsible for the observed higher risk of bleeding in the subgroup 
of patients with body weight < 60 kg [HR = 1.87 in patients with body weight < 60 kg versus 
1.48 in patients with body weight ≥ 60kg, ITT population] because higher drug exposure was 
observed in patients with lower body weight. 
 
2.3.4. Does this drug prolong the QT or QTc interval? 
 
No, vorapaxar does not appear to prolong QTc interval. Please refer to the QT-IRT review 
[DARRTS date: 11/29/2010].  
 
 
2.4. Pharmacokinetics 
 
2.4.1. What are the single- and multiple-dose PK parameters? 
 
The pharmacokinetics of vorapaxar was evaluated following a single dose range of 0.25 to 120 
mg as well as following once daily repeat administration of 1 to 5 mg up to 28 days in healthy 
volunteers. Upon oral administration, the median Tmax of vorapaxar was 1 to 2 h.  This was 
followed by a relatively faster distribution and a slow terminal elimination phase. The mean 
apparent clearance [CL/F] and volume of distribution [Vd/F] of vorapaxar is 2.2 L/h [CV%=32] 
and 634 L [CV%=43], respectively. The mean terminal elimination half-life of vorapaxar is 
about 7 to 11 days across Phase 1 studies. However, based on the accumulation ratios at steady 
state which ranged from 4.7 to 6.4, the effective half-life can be estimated to be about 3 to 4 
days. Upon once-daily dosing, steady state exposures of vorapaxar are achieved by day 21 
[earliest available PK].  
 
Pharmacokinetics of M20 was evaluated following a single dose of 120 mg and repeat doses of 
2.5 mg vorapaxar sulfate [once-daily, 42 days]. The median time to reach peak concentration 
was 4 h post-dose with the elimination phase of the concentration-time course mirroring that of 
the parent drug, vorapaxar [Fig. 3]. This suggests that M20 is a formation rate-limited 
metabolite, where the rate of elimination of the metabolite is faster than the rate at which it is 
formed. Across Phase 1 studies where M20 was quantified, the exposure to M20 was in the range 
of 8% to 29% to that of vorapaxar.  
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Figure 3: Plot of vorapaxar and M20 plasma concentration-time profile following repeat doses 
of 2.5 mg vorapaxar sulfate on day 1 and day 42 
 
 
2.4.2. How does the PK in healthy volunteers compare to that in patients? 
 
A population PK analyses was conducted to evaluate the influence of disease on the PK of 
vorapaxar. The results show that there is a 9% reduction in bioavailability and 82% increase in 
Vc/F in patients relative to healthy subjects. This translated to a 14% decrease in steady state 
exposures to vorapaxar [AUC0-τ], which may not be clinically meaningful [Fig. 4].  
 

 

Figure 4: Box-plot of individual 
vorapaxar exposure [AUC0-τ] determined 
using population PK model in healthy 
volunteers versus patients 
 
[Source: Figure 16 on page 59 of applicant’s 
Summary of Clinical Pharmacology Studies] 
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2.4.3. What are the characteristics of drug absorption? 
 
The absolute oral bioavailability of vorapaxar evaluated using a microdosing technique is ~ 
100%. Co-administration with a high fat meal, or an antacid, or a proton pump inhibitor, has a 
modest impact on the rate of absorption of vorapaxar, but does not significantly alter the extent 
of absorption [Table 3].  
 
Table 3: Impact of a high fat meal, an antacid and proton pump inhibitor on the PK measures of 
vorapaxar 

 Cmax AUC0-72 h Tmax 

Standardized high fat meal ↓21% ↓3% delayed by 45 min 

20 mL Gaviscon®  ↓38% ↓11%a  delayed by 60 min 

 40 mg Pantoprazoleb  ↓15% ↓10% No change 
a
 AUC0-t 

b
 7 day pretreatment with pantoprazole before vorapaxar administration 

 
 
2.4.4. What are the characteristics of drug distribution? 
 
Vorapaxar is widely distributed with a volume of distribution of 379 L. The protein binding 
[predominantly to serum albumin] of vorapaxar and M20 as determined using equilibrium 
dialysis is high [≥ 99%]. The binding of vorapaxar to plasma proteins is not concentration 
dependent in the range 40 to 10,000 ng/mL. The mean blood-to-plasma ratio of vorapaxar is 
0.60, indicating limited partitioning into red blood cells. 
  
2.4.5. Does the mass balance study suggest renal or hepatic as the major route of 
elimination? 
 
Vorapaxar is eliminated mainly by metabolism followed by excretion in urine and feces. 
Following oral administration of 14C-vorapaxar sulfate solution, only 39.2% [35% in feces, 4.2% 
in urine] of the administered dose was recovered in 7 days. Metabolite profiling showed that 
vorapaxar and M20 are the primary circulating moieties in plasma. Vorapaxar was not detected 
unchanged in urine in the 7 day collection period, suggesting that renal clearance of vorapaxar is 
low. Vorapaxar appears to be extensively metabolized followed by excretion of vorapaxar 
[minor, < 2%] and the metabolites [major] predominantly in feces [Table 4]. When the 
radioactivity recovery period was extended to 6 weeks, 83.5% [58.4% in feces, 25.1% in urine] 
of administered dose was recovered, however, metabolite profiling was not performed in this 
study [P07045]. 
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Table 4: LC-MS/FSA3 characterized drug derived material in 0-168 h post-dose pooled urine 
and 0-168 h, days 13-14 and 20-21 post-dose pooled feces following a single dose of 9.3 mg 
(100 µCi) 14C-vorapaxar sulfate administered as oral solution 

Metabolite 
label 

Metabolite name m/z 
% dose in 

urine 
% dose in 

feces 

NA Unknown -- 0.11 -- 

M8 Monohydroxy-vorapaxar-gluc 685a 0.42 ND 

M10 Monohydroxy-vorapaxar-gluc 685a 0.31 ND 

M13 Monohydroxy-vorapaxar-sulfate 589b 0.11 ND 

M14 Monohydroxy-vorapaxar-sulfate 589b 0.05 ND 

M15 Monohydroxy-vorapaxar 509 0.21 ND 

M16 Carboxylic acid metabolite 523 0.41 2.30 

M17 M+34 527 1.40 0.87 

M17a Dihydroxy-vorapaxar 525c ND 0.88 

M17b/c Dihydroxy-vorapaxar 525c ND 2.30 

NA Unknown -- -- 1.08 

NA Unknown -- -- 1.15 

M19 Amine metabolite 421 1.21 18.4 

M19a Monohydroxy-vorapaxar 509d ND 3.51 

M20 Monohydroxy-vorapaxar 509d ND 0.68 

M20b Monohydroxy-vorapaxar 509d ND 2.44 

M21 Monohydroxy-vorapaxar 509d ND 6.96 

Parent Vorapaxar 493 ND 1.59 

Cumulative recovery (% of dose) 4.23 42.2 

ND Not detected 
a Retention times for M8 and M10 are 18.4 and 18.9 min, respectively 
b Retention times for M13 and M14 are 21.6 and 22.7, respectively 
c Retention times for M17a and M17b/c are 24.0 and 26.2 min, respectively 
d Retention times for M19a, M20, M20b and M21 are 30.0, 30.7, 31.5 and 31.9 min, respectively 
 
2.4.6. What are the characteristics of drug metabolism? 
 
Vorapaxar is extensively metabolized by the liver. The major route of metabolism is carbamate 
hydrolysis leading to the amine metabolite [M19], the predominant metabolite [44%] in excreta. 
In addition, vorapaxar undergoes oxidation at one or more sites resulting in numerous 
monohydroxy [M15, M19a, M20, M20b, M21] and dihydroxy [M17a/b/c] metabolites as shown 

                                                           
3 Flow Scintillation Analysis 
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in Figure 5. Monohydroxy metabolites are also excreted as glucuronide [M8, M10] or sulfate 
[M13, M14] conjugates. All characterized human metabolites were also observed in the 
preclinical species used in toxicity and carcinogenicity studies.  
 
The role of various cytochrome [CYP] P450 enzymes in the biotransformation of vorapaxar was 
studied in vitro. CYP3A4 and CYP2J2 are the predominant enzymes involved in the formation 
of M19 and M20.  
 

 
 
Figure 5: Proposed in vitro and in vivo biotransformation pathway for vorapaxar. Boxed region 
represent probable region of metabolism. 

[Source: Figure 1 on page 19 of applicant’s Summary of Clinical Pharmacology Studies] 
 
2.4.7. What are the characteristics of drug elimination? 
 
Vorapaxar is eliminated mainly by metabolism followed by excretion in urine and feces. Based 
on the mass balance study [P03454], a small fraction [< 2%] of vorapaxar as unchanged drug is 
excreted in feces [Table 4].    
 
2.4.8. Based on PK parameters, what is the degree of linearity in dose-concentration 
relationship? 
 
The PK measures of vorapaxar in the dose range 2.5 mg to 40 mg are dose-related with a slight 
less than-proportional increase in exposure.  
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2.4.9. What is the inter- and intra-subject variability of PK parameters in healthy 
volunteers and patients, and what are the major causes of variability? 
 
The between subject variability in the PK measures i.e., Cmax and AUC0-τ as observed across 
individual Phase 1 healthy volunteer studies is in the range of 15% to 40% for vorapaxar and 
30% to 50% for M20, expressed as percent coefficient of variation. The between subject 
variability in the PK parameters of vorapaxar i.e., CL/F, Vc/F and Vp/F based on the final 
population PK model is 30%, 45% and 42%, respectively. Based on the results of a 
bioequivalence study [P06558] which employed a crossover design, the within subject variability 
of vorapaxar is estimated to be 6% and 14% for AUC0-72h and Cmax, respectively.  
 
 
2.5. Pharmacodynamics 
 
2.5.1. What are the PD characteristics of the drug? 
 
Inhibition of platelet aggregation induced by 15 µM TRAP was the primary pharmacodynamic 
measure in the vorapaxar development program. Vorapaxar was shown not to inhibit platelet 
aggregation in response to adenosine diphosphate [ADP]. The PD characteristics of vorapaxar 
were evaluated in a dedicated study following repeat doses of 1, 3 and 5 mg once-daily for 28 
days. A dose dependent inhibition in platelet aggregation was observed at 24 hours following the 
first dose. The 3 mg dose group showed 70 to 80% platelet inhibition by 24 h post-dose [Fig. 6]. 
On the next available sampling time point i.e., day 7, all the dose groups including 1 mg showed 
<10% platelet aggregation relative to baseline and continued at maximal inhibition through 
vorapaxar dosing period. Based on this data, following 2.5 mg once-daily, >90% inhibition of 
platelet aggregation can be expected 48 hours after the start of the treatment.  
 
Relative to the onset of pharmacodynamic effect, complete recovery of the platelet function upon 
drug discontinuation takes a long time. In the same study [P03450], after 28 days of stopping 
treatment, complete recovery of platelet function was not achieved in any of the dose groups by 
week 4. The mean % platelet aggregation relative to baseline was 84%, 43% and 4% for the dose 
groups 1, 3 and 5 mg, respectively at week 4 post-drug discontinuation [Fig. 6]. It took about 6 
weeks for 90% of the subjects to recover to at least 50% platelet function at baseline for the 3 mg 
dose group and ~9 weeks for the 5 mg dose group. 

Reference ID: 3423073



20 
 

 
 
Figure 6: Onset and offset of pharmacodynamic effect following repeat doses of 1 and 3 mg 
vorapaxar sulfate [once-daily, 28 days] in healthy volunteers 
 
 
2.6. Intrinsic Factors 
 
2.6.1. What intrinsic factors influence exposure and/or response, and what is the impact of 
any differences in exposure on efficacy or safety responses? 
 
Vorapaxar is extensively metabolized, thus suggesting that impairment in hepatic function might 
impact the pharmacokinetics of vorapaxar. 
  
Hepatic impairment: The effect of hepatic impairment on the PK of vorapaxar was assessed 
following administration of a single dose of 40 mg vorapaxar sulfate in subjects with mild 
[Child-Pugh A], moderate [Child-Pugh B] and severe [Child-Pugh C] hepatic impairment versus 
matched healthy volunteers. The results appeared to show a trend towards lower systemic 
exposures with increasing severity of hepatic impairment [Fig. 7]. The modest decrease in extent 
of absorption is driven by decrease in peak concentration, while the elimination half-life was 
similar [data not shown]. The pharmacokinetics of M20 was not affected by impairment in 
hepatic function.  The metabolite-to-parent ratio across all groups of hepatic impairment and the 
matched healthy volunteers was similar [19 to 26%]. Pharmacodynamics or protein binding was 
not measured in this study. 
  
One subject from the severe hepatic impairment group experienced severe gastrointestinal 
hemorrhage secondary to esophageal varices, which was considered a serious adverse event with 
possible relationship to vorapaxar administration. Patients with severe hepatic impairment are 
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predisposed at a higher risk for bleeding events due to reduced synthesis of coagulation proteins.  
In the phase 3 program, patients with clinically significant hepatobiliary disease or an ALT/AST 
> 3 times ULN were excluded. Hence, use of vorapaxar should be avoided in patients with 
severe impairment of hepatic function.  
 
Renal impairment: As the expectation for renal impairment to have a significant impact on the 
pharmacokinetics of vorapaxar was negligible, the applicant conducted a reduced design study in 
subjects with end stage renal disease [ESRD] requiring hemodialysis versus matched normal 
renal function subjects. The results show that the pharmacokinetics of vorapaxar is similar 
between ESRD and matched normal renal function subjects [Fig. 7]. The PK/PD relationship in 
ESRD subjects relative to matched normal renal function group could not be characterized as the 
data were limited.  
 
Population PK analyses showed that creatinine clearance [CrCl] was a significant predictor of 
vorapaxar CL/F.  The estimated increase in systemic exposure to vorapaxar is 17% and 34% for 
mild and moderate renal impairment groups, respectively. However, the mass balance study 
indicates minimal excretion via renal route.  Hence, this finding may be confounded with body 
weight, as subjects with impaired renal function usually have lower body weights. A subgroup 
analysis from TRA2°P - TIMI 50 for GUSTO severe or moderate bleeding events in subjects 
with CrCl < 60 mL/min [N=1510] when compared to CrCl ≥ 60 mL/min [N=15131] did not 
show any increase in bleeding risk. Integrating all these results, a dose-adjustment in patients 
with impairment of renal function is not required. 
 
 

 
 
Figure 7: Impact of renal and hepatic impairment on the PK measures of vorapaxar  
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Age, Gender, Race:  
 
The applicant conducted a population PK study that characterized the PK profile of vorapaxar in 
healthy volunteers and patients. Effect of covariates such as health status [healthy versus 
patients], body weight, age, sex, race, and creatinine clearance on key PK parameters was also 
explored [Fig. 8]. 
 
Results demonstrated that health status [healthy versus patients], gender, race and renal function 
had modest effects on vorapaxar exposure. But due to the high correlation among these 
demographic covariates, body weight may be the underlying driver for other covariates. Low 
body weight [< 60 kg] and high body weight [> 100 kg] patients have 33% [90% CI: 28% - 38%] 
higher and 19% [90% CI: 16% - 22%] lower steady state AUC, respectively, than typical 
patients weighing 60 to 100 kg. Since females and Asians tend to have lower body weight 
compared to male and White patients, exposures in females were estimated to be 32% [90% CI: 
26% - 40%] higher than those in male patients and exposures were estimated to be 22% [90% 
CI: 16% - 30%] higher in Asian patients and 19% [90% CI: 13% - 24%] lower in Black patients 
relative to exposures in White patients. Patients were estimated to have 14% [90% CI: 10% - 
17%] lower steady state AUC compared to healthy volunteers. Except body weight [which is 
discussed further] no other covariates require dose-adjustments. 
 

 
 

Figure 8: Impact of intrinsic factors on the PK measures of vorapaxar estimated using 
population PK model 
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Body weight: 
 
The increased drug exposure in lighter patients and the exposure-bleeding relationship provided 
a clear pharmacological justification to look into the safety subgroup analysis based on body 
weight. A subgroup analysis of the overall population from TRA2°P - TIMI 50 for GUSTO 
severe or moderate bleeding events showed that the hazard ratio between vorapaxar and placebo 
was 1.87 [95% CI: 1.19-2.94] in patients with body weight < 60 kg while it was estimated to be 
1.48 [95% CI: 1.28-1.73] in patients with body weight ≥ 60 kg patients. The larger point estimate 
of HR for the lighter patients suggested that the increased bleeding risk of vorapaxar relative to 
placebo was even higher [87%] in lighter patients when the hazard of bleeding was already 48% 
higher for vorapaxar relative to placebo in heavier patients. 
  
Individual steady state AUC was calculated based on the population PK model for vorapaxar. 
The median steady state AUC of vorapaxar in patients with body weight < 60 kg was 48% higher 
than that in patients with body weight ≥ 60 kg. In addition, the lighter patients included more 
elderly and female patients [Table 5]. Therefore, higher vorapaxar exposure, older age, and 
higher percentage of female patients all contributed to the higher bleeding risk of vorapaxar 
relative to placebo in patients with body weight < 60 kg. Exclusion of patients with prior history 
of stroke/TIA reduced the percentage of patients with body weight < 60 kg [Table 5]. However, 
the higher bleeding risk in patients with body weight < 60 kg was still evident as indicated by the 
HR of 1.78 [95% CI: 0.85-3.74] for GUSTO severe or moderate bleeding events even within the 
proposed label population. The wide confidence interval was due to the small sample size in this 
subgroup [N=857]. The median steady state AUC of vorapaxar in patients with body weight < 60 
kg was 49% higher than that in patients with body weight ≥ 60 kg in the proposed label 
population. 
 
Table 5: The distribution of elderly and female patients in weight based subgroups: overall and 
proposed label population 

Weight 
Group 

[kg] 

Age > 65 Age > 75 Female Overall 
Plc Vor Plc Vor Plc Vor Plc Vor 

Overall population 
<60 53% 56% 23% 24% 68% 68% 7% 7% 
≥60 36% 37% 11% 10% 21% 21% 93% 93% 

 Proposed label population 
<60 40% 46% 15% 16% 68% 66% 5% 5% 
≥60 28% 29% 7% 7% 17% 18% 95% 95% 

Plc = Placebo; Vor = Vorapaxar 
 
Given the increased risk of bleeding in patients with body weight < 60 kg, a reasonable benefit 
on the efficacy endpoint should be demonstrated to justify the increased bleeding risk from a 
risk/benefit perspective. However, the weight based subgroup analysis for the efficacy endpoint 
showed that vorapaxar was almost statistically worse than placebo with a HR of 1.28 [95% CI: 
0.95-1.73] in the overall population. 
  
To explore whether the results for the weight based subgroup analyses were due to chance, a 
resampling procedure was used to randomly select 1852 patients from the overall population of 
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26449 [ITT population] with a randomization allocation of 1:1 between placebo and vorapaxar 
arms [926 per arm]. The hazard ratio of the randomly selected subgroups [vorapaxar relative to 
placebo] was calculated. Such a procedure was repeated 100,000 times to evaluate the chance of 
estimating a hazard ratio of 1.28 or larger when the hazard ratio was 0.88 between the two arms 
in the overall population. The random chance of generating a subgroup [N=1852] with a hazard 
ratio of 1.28 or larger was estimated to be 0.0057, suggesting the results for the weight based 
subgroup analyses were unlikely due to random chance. 
  
The applicant’s supplementary secondary analysis for efficacy [Table 6] showed that the 
numerically worse efficacy result for vorapaxar was mainly driven by hemorrhagic stroke with 
10 events [1.1%] in vorapaxar arm and 1 event [0.1%] in placebo arm. This observation is 
consistent with the increased bleeding risk in this subgroup. Exclusion of patients with prior 
history of stroke/TIA mitigated the body weight effect to a certain degree as demonstrated by a 
HR of 1.07 [95% CI: 0.69-1.66] for patients with body weight < 60 kg in the proposed label 
population [Table 7]. However, the point estimate still suggested a numerically worse efficacy 
for vorapaxar compared to placebo. 
  
Table 6: Applicant’s supplementary secondary analysis: Primary and key secondary composite 
efficacy endpoints in subjects with body weight < 60 kg: ITT Population [Event Accrual Period: 
Randomization to Last Visit] 
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Table 7: Applicant’s supplementary secondary analysis: Primary and key secondary composite 
efficacy endpoints in subjects with no history of stroke or TIA whose qualifying condition was 
CAD with body weight < 60 kg: ITT Population [Event Accrual Period: Randomization to Last 
Visit] 

 
 
Similar resampling analysis was repeated for the proposed label population [N=16897]. The 
random chance of generating a subgroup [N=861] with a hazard ratio of 1.07 or larger was 
estimated to be 0.114. Given the increased bleeding risk in this subgroup, the efficacy result for 
this subgroup cannot justify the risk/benefit balance. The lack of clear efficacy in the non-
bleeding related components of the efficacy endpoint [Table 7] in this subgroup also precludes 
the dose reduction strategy. 
 
The applicant’s rationale to use 60 kg as the cutoff was based on precedent set by product 
labeling for other anti-platelet agents. Further analyses were conducted to explore different 
cutoff values. Figure 9 shows that 60 kg is a reasonable choice to identify a subgroup with no 
clear benefit on the efficacy endpoint.  
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A (overall population) B (proposed label population) 

  
 
Figure 9: Hazard ratio of efficacy endpoint between vorapaxar and placebo for a subgroup based 
on different body weight cutoff values. Each dot represents the hazard ratio for subgroup of 
patients with body weight < cut-off value [error bars represent the 95% CI] 
 
Prior stroke was considered the most important risk factor for intracranial hemorrhage by the 
data safety monitoring board [DSMB] and was the first exclusion criterion applied by the 
applicant to limit the patient population to achieve a favorable risk/benefit balance. However, the 
body weight based subgroup analyses suggested that the similar risk/benefit could be achieved 
by excluding patients with body weight < 60 kg [Table 8].   
 
Table 8: Comparison of efficacy and safety results based on two different subgroups 

Endpoint Subgroup Hazard Ratio [95% CI] Total sample size 
Efficacy Post MI and ≥60 kg 0.82 [0.74-0.90] 16836 

Post MI and no prior 
stroke/TIA 

0.82 [0.74-0.90] 16897 

GUSTO severe or 
moderate bleeding 

Post MI and ≥60 kg 1.45 [1.18-1.77] 16795 
Post MI and no prior 
stroke/TIA 

1.48 [1.21-1.82] 16856 

 
Further, within the post MI patient population with body weight ≥ 60 kg, patients with prior 
stroke showed numerically better efficacy between vorapaxar and placebo compared to patients 
without prior stroke [Table 9].  Despite the small sample size [N=543] in patients with prior 
stroke, the 95% CI of HR excluded 1, suggesting that vorapaxar showed statistically better 
efficacy than placebo in this subgroup. On the contrary, the prior TIA subgroup tends to 
numerically favor the control arm. 
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Table 9: The impact of prior stroke, prior TIA on efficacy within patients with post MI and body 
weight ≥ 60 kg 

Population Hazard Ratio [95% CI] Total sample size 
With prior stroke* 0.66 [0.46-0.96] 543 
With prior TIA* 1.56 [0.97-2.5] 357 
Without prior stroke or 
prior TIA 

0.80 [0.73-0.89] 16012 

  * 77 patients had both prior stroke and TIA 

The relative risk for GUSTO severe or moderate bleeding events in the prior stroke subgroup 
was 0.96 [95% CI: 0.42-2.17], indicating that the benefit-risk of vorapaxar in this subgroup is 
maintained [Table 10]. 
 
Table 10: The impact of prior stroke, prior TIA on GUSTO severe or moderate bleeding events 
within patients with post MI and body weight >=60 kg 

Population Hazard Ratio [95% CI] Total sample size 
With prior stroke* 0.96 [0.42-2.17] 540 
With prior TIA* 1.79 [0.66-4.83] 354 
Without prior stroke or 
prior TIA 

1.46 [1.18-1.81] 15977 

* 77 patients had both prior stroke and TIA 

Similar body weight effect can also be observed in the TRACER trial [Table 11]. 
 
Table 11: The impact of body weight on efficacy and safety in TRACER trial 

Endpoint Subgroup Hazard Ratio [95% CI] Total sample size 
Efficacy <60 kg 1.07 [0.80-1.42] 987 

≥60 kg 0.91 [0.83-1.00] 11898 
GUSTO severe or 
moderate bleeding 

<60 kg 1.64 [1.06-2.54] 982 
≥60 kg 1.34 [1.16-1.56] 11856 

 
Based on these analyses, vorapaxar should be avoided in patients with body weight < 60 kg.  
 
 
2.7. Extrinsic Factors 
 
2.7.1. Is there an in vitro basis to suspect in vivo drug-drug interactions? 
 
CYP3A4 is involved in the metabolism of vorapaxar to M19 and M20. Hence, in vivo studies 
with ketoconazole [strong CYP3A inhibitor] and rifampin [potent CYP3A inducer] were 
conducted.  
 
In vivo drug interaction studies with warfarin and rosiglitazone were performed as vorapaxar 
showed a very modest potential to inhibit CYP2C8 [IC50=1.5 µM] and 2C9 [IC50=~30 µM] in 
vitro. The inhibition potential towards other CYP enzymes [2A6, 2C19, 2D6] is minimal as 
shown by IC50 values ≥ 30 µM. Vorapaxar and M20 did not demonstrate time-dependent 
inhibition of CYP enzymes nor CYP-induction potential at clinically relevant concentrations.  
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Vorapaxar is not a substrate of P-glycoprotein [P-gp], but inhibited the transport of digoxin with 
an IC50 of 1.2 µM. The steady-state peak plasma concentration following a one daily 
administration of 2.5 mg vorapaxar sulfate is 0.11 µM.  This suggests that vorapaxar can 
possibly act as a P-gp inhibitor at the intestinal level, but not systemically. An in vivo drug 
interaction study with digoxin was conducted to validate the in vitro findings. 
  
The potential for vorapaxar being a substrate for OATP1B1, OATP1B3, BCRP, OAT1, OAT3 
and OCT2 has not been evaluated. However, given the absence or very minimal renal and biliary 
component in the clearance of vorapaxar, the potential for vorapaxar being a substrate is low. 
Vorapaxar and M20 were also not potent inhibitors of these transporters and the interaction 
liability is minimal.  
 
2.7.2. What are the drug-drug interactions? 
 
The applicant conducted 5 in vivo drug interaction studies to evaluate the impact of CYP3A 
modulators [ketoconazole, rifampin] on the pharmacokinetics of vorapaxar and the effect of 
vorapaxar on other concomitantly administered drugs [digoxin, warfarin, rosiglitazone, 
prasugrel]. 
 
Impact of CYP3A modulators on vorapaxar PK 
 
The effect of 400 mg once-daily ketoconazole [strong CYP3A, weak CYP2J2, P-gp inhibitor] on 
vorapaxar following first dose [20 mg, day 7] and at steady state [2.5 mg once-daily, day 28] was 
evaluated. Following the first dose of co-administration of vorapaxar with ketoconazole, there 
was no change in Cmax, but, a modest 20% increase in AUC0-τ of vorapaxar. However, upon 
repeat administration of both vorapaxar and ketoconazole, there was a 2-fold increase in Cmax 
and AUC0-τ as observed on day 28 [Fig. 10]. The effect of ketoconazole is consistent for a victim 
drug with long half-life as observed by a marginal increase in exposure following the first dose 
and significant increase in exposure at steady state. The plasma concentrations of M20 were not 
measured in this study. 
  
Upon concomitant administration of 600 mg once-daily rifampin [strong CYP3A inducer], there 
was no change in exposures following the first dose of vorapaxar. However, a 39% and 55% 
decrease in Cmax and AUC0-τ, respectively at steady state were observed [Fig. 10]. The efficacy 
or bleeding risk for a change in exposure of this magnitude [2-fold increase or 55% decrease] is 
not known due to the absence of concentration-outcome relationship. Therefore, avoid use of 
vorapaxar with strong inhibitors or inducers of CYP3A. 
 
 

Reference ID: 3423073



29 
 

 
 

Figure 10: Impact of ketoconazole and rifampin on the PK measures of vorapaxar at steady state 
[day 21] 
  
There was no dedicated drug interaction study performed to evaluate the impact of mild or 
moderate CYP3A inhibitors on the pharmacokinetics of vorapaxar. However, in TRA2°P - TIMI 
50, 57% of the patients were on mild or moderate CYP3A inhibitors for a period of at least 7 
days. An analysis of bleeding endpoints stratified by use of CYP3A inhibitors shows no increase 
in bleeding events [data not shown]. Hence, co-administration of vorapaxar with mild or 
moderate CYP3A inhibitors does not require dose-adjustments.  
 
Impact of vorapaxar on other co-administered drugs 
 
Digoxin: Upon administration of 2.5 mg vorapaxar sulfate on days 1 to 6 and co-administration 
of digoxin 0.5 mg with vorapaxar sulfate 40 mg on day 7, showed that the Cmax of digoxin 
increased by 50% with no change in AUC0-t. Hence, the potential for vorapaxar at clinically 
relevant dose of 2.5 mg to interact with digoxin or other P-gp substrates is expected to be lower.  
 
Warfarin, Rosiglitazone and Prasugrel: Dedicated in vivo interaction studies show that vorapaxar 
does not alter the pharmacokinetics or pharmacodynamics of warfarin and rosiglitazone. There 
was no pharmacokinetic interaction between prasugrel and vorapaxar.  The pharmacodynamic 
interaction potential was not assessed in this study. Though we know that vorapaxar does not 
affect platelet aggregation induced by ADP, this study would have informed if prasugrel affected 
platelet aggregation induced by TRAP. 
       
2.7.3.  What extrinsic factors influence exposure and/or response, and what is the impact of 
any differences in exposure on efficacy or safety responses? 
 
Other extrinsic factors that may affect the systemic exposures to vorapaxar are (i) a high fat 
meal, (ii) co-administration with an antacid, and (iii) co-administration with a proton pump 
inhibitor. The impact of these factors has been addressed in response to Q. 2.4.3 and Q. 2.8.3. 
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2.8.3. What is the effect of food on the bioavailability of the drug from the dosage form? 
 
The effect of food on the pharmacokinetics of vorapaxar was evaluated in four studies – P03445, 
P03448 [pilot] and P03447, P07969 [definitive]. To directly support the present application, the 
effect of a standardized high fat breakfast on the pharmacokinetics of vorapaxar following 2.5 
mg registration dose was evaluated. The results show that a high fat meal decreased mean peak 
concentration by 21%, delayed time to peak concentration by 45 min, but, did not affect the 
extent of absorption [AUC0-t] to vorapaxar [Fig. 12]. The phase 3 registration trial [TRA°2P 
TIMI], which demonstrated efficacy and safety of vorapaxar was performed by administering 
vorapaxar sulfate without regards to meals. 
  
 

 
 
Figure 12: [A] Mean vorapaxar plasma concentration-time profile following single dose of 2.5 
mg vorapaxar sulfate in fed and fasted states. [B] Impact of a high fat meal on PK measures of 
vorapaxar compared to fasted state.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A B 
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2.9. Bioanalytical Method 
 
Plasma concentrations of vorapaxar and M20 were quantified using validated UPLC-MS/MS 
methods. Standard curves were constructed in the range of 0.1 to 50 ng/mL or 1 to 1000 ng/mL 
[vorapaxar] and 0.5 to 500 ng/mL [M20]. The accuracy and precision values of at least two-
thirds of the overall quality control [QC] samples from all supporting bio-analytical reports were 
equal to or better than 15% [20% at the LLOQ]. All the supporting bio-analytical methods 
[inclusive of HPLC-accelerator mass spectrometry (AMS) method for quantification of 
radiolabeled vorapaxar concentration in plasma and that of co-administered drugs used in DDI 
studies] satisfy the criteria for ‘method validation’ and ‘application to routine analysis’ set by the 
‘Guidance for Industry: Bioanalytical Method Development’, and is acceptable [Table 12]. 
 
Table 12: Summary of bioanalytical methods 

Report 
Range 
[ng/mL] 

Accuracy Precision 

LC-MS/MS - Vorapaxar 
SN03176 0.1 to 50 1.1 to 6.0 0.9 to 10.8 
DM27304 1 to 1000 -14.8 to 3.6 5.7 to 12.7 
DM27721 0.834 to 1000 -2.3 to 0.4 3.0 to 10.5 
DM11003 1 to 1000 -1.8 to 1.8 3.1 to 7.9 

LC-MS/MS – M20 
DM27721 0.5 to 500 -4.5 to -0.8 5.0 to 11.9 

AMS - Vorapaxar 
P1180 0.011 to  3.92 -7.3 to 3.1 3.1 to 4.6 
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Office of Clinical Pharmacology 
New Drug Application Filing and Review Form 

General Information About the Submission 

 Information  Information 
NDA/BLA Number 204886 Brand Name ZONTIVITY 
OCP Division (I, II, III, IV, V) I Generic Name Vorapaxar sulfate 
Medical Division DCRP Drug Class Protease Activated Receptor-1 (PAR-1) 

antagonist 
OCP Reviewer(s) Sudharshan Hariharan Indication(s) Reduction in atherothrombotic events in 

patients with a history of myocardial 
infarction (MI) 

OCP Team Leader Raj Madabushi Dosage Form/Strength IR tablets/2.5 mg 
Pharmacometrics Reviewer Fang Li Dosing Regimen Once daily 
Date of Submission 05/10/2013 Route of Administration Oral 
Estimated Due Date of OCP Review 12/10/2013 Sponsor Merck Sharp & Dohme Corp. 
AC Meeting Yes, dates TBD Priority Classification Standard 

PDUFA Due Date 
 

05/10/2014 
  

Clin. Pharm. and Biopharm. Information 
 “X” if included 

at filing 
Number of 
studies 
submitted 

Number of 
studies 
reviewed 

Critical Comments If any 

STUDY TYPE                                                                                                                               

Table of Contents present and sufficient to 
locate reports, tables, data, etc. 

X    

Tabular Listing of All Human Studies  X    
HPK Summary  X    
Labeling  X    
Reference Bioanalytical and Analytical 
Methods 

X    

I.  Clinical Pharmacology                                                                                                      
    Mass balance: X 1 1  
    Isozyme characterization:     
    Blood/plasma ratio:     
    Plasma protein binding:     
    Pharmacokinetics (e.g., Phase I) -                                                                            

Healthy Volunteers- 
                                                                           

single dose: X 1 1  
multiple dose: X 2 2  

Patients- 
                                                                           

single dose:     
multiple dose:     

   Dose proportionality -                                                                            
fasting / non-fasting single dose:     

fasting / non-fasting multiple dose:     
    Drug-drug interaction studies -                                                                                                     

In-vivo effects on primary drug: X 2 2  
In-vivo effects of primary drug: X 3 3 PK & PD 

In-vitro: X 9 9  
    Subpopulation studies -                                                                                                                               

ethnicity: X 2 1 PK & PD 
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gender:     
pediatrics:     
geriatrics:     

renal impairment: X 1 1 PK & PD 
hepatic impairment: X 1 1  

    PD -                                                                                                     
Phase 2:     
Phase 3:     

    PK/PD -                                                      
Phase 1 and/or 2, proof of concept:     

Phase 3 clinical trial:     
    Population Analyses -                                                      

Pop PK X 1 1 PM consult 
Pop PK/PD X 1 1 PM consult 

II.  Biopharmaceutics                                                                                                     
    Absolute bioavailability X 1 1 Microdosing 
    Relative bioavailability -                                                                                                    

solution as reference:     
alternate formulation as reference: X 2 0  

    Bioequivalence studies -     
traditional design; single / multi dose: X 1 1  

replicate design; single / multi dose:     
    Food-drug interaction studies X 2 1  
    Bio-waiver request based on BCS     
    BCS class     
   Dissolution study to evaluate alcohol induced 
   dose-dumping 

    

III.  Other CPB Studies     
    Genotype/phenotype studies     
    Chronopharmacokinetics     
    Pediatric development plan     
    Literature References     
Total Number of Studies  30 26 In vitro studies: 9 

In vivo studies: 15 
PM consult: 2  

 
 
 
On initial review of the NDA/BLA application for filing: 
 

 Content Parameter Yes No N/A Comment
Criteria for Refusal to File (RTF) 
1 Has the applicant submitted bioequivalence data comparing to-be-

marketed product(s) and those used in the pivotal clinical trials? 
X    

2 Has the applicant provided metabolism and drug-drug interaction 
information? 

X    

3 Has the sponsor submitted bioavailability data satisfying the CFR 
requirements? 

X    

4 Did the sponsor submit data to allow the evaluation of the validity of 
the analytical assay? 

X    

5 Has a rationale for dose selection been submitted? X    
6 Is the clinical pharmacology and biopharmaceutics section of the NDA 

organized, indexed and paginated in a manner to allow substantive 
review to begin? 

X    

7 Is the clinical pharmacology and biopharmaceutics section of the NDA 
legible so that a substantive review can begin? 

X    

8 Is the electronic submission searchable, does it have appropriate X    
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hyperlinks and do the hyperlinks work? 
 
Criteria for Assessing Quality of an NDA (Preliminary Assessment of Quality) 
        Data  
9 Are the data sets, as requested during pre-submission discussions, 

submitted in the appropriate format (e.g., CDISC)?  
X    

10 If applicable, are the pharmacogenomic data sets submitted in the 
appropriate format? 

  X  

        Studies and Analyses  
11 Is the appropriate pharmacokinetic information submitted? X    
12 Has the applicant made an appropriate attempt to determine reasonable 

dose individualization strategies for this product (i.e., appropriately 
designed and analyzed dose-ranging or pivotal studies)? 

X    

13 Are the appropriate exposure-response (for desired and undesired 
effects) analyses conducted and submitted as described in the 
Exposure-Response guidance? 

X    

14 Is there an adequate attempt by the applicant to use exposure-response 
relationships in order to assess the need for dose adjustments for 
intrinsic/extrinsic factors that might affect the pharmacokinetic or 
pharmacodynamics? 

X    

15 Are the pediatric exclusivity studies adequately designed to 
demonstrate effectiveness, if the drug is indeed effective? 

  X  

16 Did the applicant submit all the pediatric exclusivity data, as described 
in the WR? 

  X  

17 Is there adequate information on the pharmacokinetics and exposure-
response in the clinical pharmacology section of the label? 

X    

        General  
18 Are the clinical pharmacology and biopharmaceutics studies of 

appropriate design and breadth of investigation to meet basic 
requirements for approvability of this product? 

X    

19 Was the translation (of study reports or other study information) from 
another language needed and provided in this submission? 

  X  

 
IS THE CLINICAL PHARMACOLOGY SECTION OF THE APPLICATION FILEABLE?  
 
YES 
 
 
Sudharshan Hariharan   06/12/2013 
Reviewing Clinical Pharmacologist      Date 
 
Raj Madabushi 06/12/2013 
Team Leader/Supervisor       Date 
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