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Benefit-Risk Summary and Assessment

Betrixaban is an orally administered Factor Xa (FXa) inhibitor that selectively blocks the active site of FXa. Approval is being sought for the use 
of betrixaban for extended duration prophylaxis of venous thromboembolism (VTE) in the acutely ill medical population with high risk factors 
for VTE. In support of this application the Applicant has provided the final report for a single large, multinational, randomized, double-blind, 
controlled (enoxaparin with follow-on placebo) clinical trial  (APEX Study) for efficacy and safety.  

APEX was a randomized, double blind, multinational study comparing extended duration of betrixaban (for 35 to 42 days) to short duration of 
enoxaparin (for 6 to 14 days) in the prevention of venous thromboembolic events (VTE) in a hospitalized acutely medically ill population with 
risk factors for VTE.  The primary efficacy endpoint was a composite of asymptomatic proximal deep-vein thrombosis (DVT) between day 32 
and day 47, symptomatic proximal or distal deep-vein thrombosis, symptomatic nonfatal pulmonary embolism (PE), or death from venous 
thromboembolism occurred between day 1 and day 42.  Patients were randomized to either:  (a)active betrixaban (either 80 or 40 mg PO QD) for 
35 days (+ 7 day window) with enoxaparin placebo SQ QD for 10 ± 4 days OR (b)active enoxaparin (either 40 or 20 mg SQ QD) for 10 ± 4 days 
with betrixaban placebo for 35 days (+ 7 day window).  The 40 mg betrixaban dose (in the betrixaban arm) was given in patients with severe 
renal insufficiency (i.e., with creatinine clearance (CrCl) between ≥15 mL/min and < 30 mL/min) and in patients requiring concomitant strong P-
gp inhibitor.  The 20 mg enoxaparin dose (in the enoxaparin arm) was given in patients with severe renal insufficiency.  

A total of 7513 patients were randomized (3759, betrixaban; 3754, enoxaparin).  Mean age was 76 years, 68% were >75 years of age, 55% were 
females, and 93% were white. The Primary Efficacy Outcome Population (PEOP) (6296 patients; 3112 betrixaban; 3174 enoxaparin) included all 
patients who had at least one dose of study drug and who had assessment of all components of the primary efficacy outcome endpoint necessary 
to determine (via adjudication) whether or not a primary efficacy outcome event had occurred.  The primary efficacy analysis based on the 
sponsor’s pre-specified analysis plan showed the event rate of the primary efficacy endpoint was 6.9% in the betrixaban group vs. 8.5% in the 
enoxaparin group. The relative risk is 0.806 (95% CI [0.647, 1.004]).  There was consistency in the finding of efficacy tending to favor 
betrixaban across multiple secondary endpoints. Exploratory analyses suggested a lesser degree of efficacy of betrixaban in the groups that 
received the 40 mg dose.

Safety review found the major concern for betrixaban to be bleeding, consistent with its mechanism of action as an anticoagulant.  Occurrence of 
major bleeding (most commonly gastrointestinal) was comparable in the betrixaban and enoxaparin treatment arms (0.67% and 0.57%, 
respectively).  There was 1 fatal major bleeding event in each treatment arm.   Other clinically relevant non-major (CRNM) bleeding occurred in 
2.4% of betrixaban treated patients and 1.0% of enoxaparin treated patients.  For patients assigned to the 40 mg betrixaban dose group due to 
receiving P-gp inhibitor, a major or CRNM bleeding rate of 4.5% was observed with betrixaban as compared to a rate of 1.4% in patients in those 
receiving enoxaparin.  This subgroup comprised about 17% of the PEOP. For patients assigned to the 40 mg betrixaban dose group due to having 
severe renal impairment, a major or CRNM bleeding rate of 5.2% was observed with betrixaban as compared to a rate of 2.0% in those receiving 
enoxaparin.   
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Overall, the review team finds a favorable benefit-risk profile for betrixaban for prophylaxis of venous thromboembolism (VTE) in adult patients 
hospitalized for acute medical illness who are at risk for thromboembolic complications due to moderate or severe restricted mobility and other 
risk factors for VTE. The overall benefit of betrixaban prophylaxis is considered to outweigh the risk for prophylaxis of venous 
thromboembolism (deep vein thrombosis (DVT) and/or pulmonary embolism (PE)) in adult patients hospitalized for acute medical illness who 
had restricted mobility and other risk factors for venous thromboembolism (VTE).  The prescribed dosing should be as used in the clinical trial.  
The labeling should make prominent note, such as via a limitation of use or strong warning, of the apparent increased bleeding risk in patients 
who received the lower 40 mg dose of betrixaban. 
   
There are no issues from the Product Quality review, the Pharmacology Toxicology review, Clinical Pharmacology review or other reviews that 
would preclude approval of the application.  All review disciplines have made recommendations for labeling which are being considered for the 
labeling negotiations.    

Dimension Evidence and Uncertainties Conclusions and Reasons 

Analysis of 
Condition

 Venous thromboembolism (VTE) is associated with substantial long-
term morbidity and reduced survival. The American College of Chest 
Physicians guidelines recommended the use of low molecular-weight 
heparin [LMWH] for 6 to 14 days in acutely ill hospitalized medical 
patients to reduce the risk of thrombosis. Randomized trials and 
observational studies have shown that the risk of VTE, including VTE 
related death following hospitalization continues in high risk acutely 
ill medical patients after discontinuation of standard of care in-
hospital short duration VTE prophylaxis (recommended for 10 ± 4 
days) with parenteral anticoagulants such as enoxaparin.  Though 
short-term anticoagulation (e.g., approved enoxaparin for 10-14 days) 
is effective in reducing the VTE risk in these patients, optimal 
duration of anticoagulation for these patients is not known. (See 
Combined Clinical and Statistical Review)

VTE is a serious condition in hospitalized, 
acutely ill medical patients.  The Applicant’s 
rationale to conduct the APEX trial was to 
demonstrate the benefit of extended duration 
VTE prophylaxis in decreasing the incidence of 
symptomatic and asymptomatic VTE events in 
hospitalized patients with acute medical illness. 
There is currently no drug approved for 
thromboprophylaxis in this setting for the 
extended duration (i.e., beyond 14 days). 

Current 
Treatment 

Options

 Enoxaparin, a low molecular weight heparin (LMWH), is approved for 
prophylaxis of deep vein thrombosis (DVT) in medical patients with 
severely restricted mobility during acute illness based on a 
randomized, placebo-controlled study of enoxaparin treatment (7-14 
days) in this population. 

  Enoxaparin and other LMWH (i.e., dalteparin, tinzaparin), and 

Betrixaban, a new Factor Xa inhibitor would be 
the fourth agent in the class of newer oral 
anticoagulants (NOACs).
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Dimension Evidence and Uncertainties Conclusions and Reasons 

fondaparinux are approved for SC use for antithrombotic indications.
 Several newer oral anticoagulants (NOACs) (rivaroxaban, apixaban, 

edoxaban, dabigatran) are approved for a variety of antithrombotic 
indications.  Dabigatran is a Fator IIa inhibitor. The others are Factor 
Xa inhibitors. 

 Heparin and oral warfarin are broadly labeled for anticoagulant 
indications

 Among the NOACs only dabigatran has a marketed reversal agent.

Benefit

 Betrixaban was shown to decrease the risk of VTE when given for 35-
42 days in immobilized hospitalized medical patients with risk factors 
for VTE in the APEX Study.

 Patients in the APEX Study were hospitalized medical patients with 
restricted mobility and other risk factors for VTE. 

 Effect of betrixaban 80 mg once daily given for 35-42 days was 
compared to effect of enoxaparin 40 mg SC given for 10-14 days.

Absolute oral bioavailability of betrixaban is 32%, and the median time 
to attain maximum concentration is 2 h. Food reduces the Cmax and 
AUC of betrixaban by approximately 60%.  In the APEX trial 
betrixaban was given with food. 

Betrixaban is a P-gp substrate. A dose of 40 mg was used in patients on 
concomitant P-gp inhibitors.

 Following intravenous administration approximately 20% of the 
administered dose is excreted in urine.  A reduced dose of betrixaban 
(40 mg) was used in patients with severe renal impairment (creatinine 
clearance >15 and <30 mL/min).

The APEX Study provides substantial evidence 
of effectiveness of betrixaban in reducing VTE 
in immobilized hospitalized medical patients 
with risk factors for VTE.

Risk

 The major risk for the proposed use is bleeding, as for other anticoagulants.    
This is particularly important when considering a prophylactic indication 
where the majority of patients who receive the drug would not have 
experienced a VTE event even in the absence of prophylaxis.  

 Betrixaban prolongs the QTc (probably via hERG potassium channel 
blockade).     

  Because betrixaban is not yet approved anywhere in the world for any 

Bleeding risk appears to be comparable to that 
of other oral anticoagulants for prophylactic 
indications.

Bleeding risk for patients receiving P-gp 
inhibitors and to a lesser degree for patients 
with severe renal impairment (creatinine 
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Dimension Evidence and Uncertainties Conclusions and Reasons 

use, there is no real-world, post-marketing data to help inform the 
safety of the use of the drug.  

clearance 15 mL/min and <30 mL/min) appears 
increased relative to the overall population.  
Benefit-risk may not be as favorable for use of 
betrixaban in patients receiving concomitant P-
gp inhibitors and in patients with severe renal 
impairment as for the overall population.  In the 
APEX trial patients receiving concomitant P-gp 
inhibitors and patients with severe renal 
impairment received a reduced dose (40 mg) of 
betrixaban.

Risk 
Management

Risk management for betrixaban relates mainly to bleeding.  Warnings for bleeding should be included 
in the label.

 The label should describe the increased risk 
for bleeding seen in patients on P-gp 
inhibitors and in patients with severe renal 
impairment who received betrixaban.

  Class labeling (Boxed Warning) for 
risk of neuraxial/epidural hematomas 
should be included in the label.

 Implementation of a REMs program is not 
indicated.  
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2. Background

The sponsor has submitted an original 505(b)(1) NDA application for betrixaban, an orally 
administered factor Xa inhibitor for the indication “extended prophylaxis of venous 
thromboembolism (VTE) in the acutely ill medical population with risk factors for VTE”.  For 
this application the sponsor has provided the final report for a single large, multinational, 
randomized, double-blind, controlled (enoxaparin with follow-on placebo) clinical trial  (APEX 
Study) for efficacy and safety.  Currently there is no anticoagulant approved for the requested 
duration of “extended thromboprophylaxis” (35-42 days) and the sponsor has requested priority 
review of the application.  

Occurrence of venous thromboembolism (VTE) in hospitalized, medically ill patients who have 
severely restricted mobility is estimated to affect about 2 of 100 hospitalized medically ill 
patients.  VTE can have serious consequences including pulmonary embolism (PE) leading to 
death.  Because of the large numbers of patients potentially at risk for VTE, hospitalized, 
immobilized medical patients commonly receive an anticoagulant for thromboprophylaxis 
during the hospital stay.  Currently enoxaparin, a low-molecular weight heparin (LMWH), is 
approved for the indication “thromboprophylaxis  in medical patients who are at risk for 
thromboembolic complications due to severely restricted mobility during acute illness” with a 
recommended dose of 40 mg once daily administered  by subcutaneous (SC)  injection. The 
labeled recommended duration of enoxaparin administration is 6 to 11 days, based upon the 
specified treatment duration in the clinical trial supporting use of enoxaparin for the indication; 
up to 14 days of enoxaparin was administered in the controlled clinical trial.  Use of enoxaparin 
for longer durations of prophylaxis in this setting has not been studied.  Betrixaban is a small 
molecule (molecular weight 567.98, maleate salt) orally administered inhibitor of human 
plasma-derived factor Xa. Inhibition of factor Xa results in anticoagulation by inhibiting the 
formation of thrombin from prothrombin catalyzed by the prothrombinase complex (factor Xa in 
combination with factor Va).  Betrixaban has been developed as an anticoagulant to provide a 
longer period of thromboprophylaxis (35 to 42 days) for acutely ill medical patients at risk for 
VTE.  Because the optimal duration of thromboprophylaxis has not been established in this 
clinical setting, benefit that may be obtained with duration of anticoagulation extended beyond 
14 days can be viewed as an unmet medical need and consequently betrixaban was granted Fast 
Track Designation on October 2, 2015 (IND 72679) for this use.

Betrixaban has also been explored for other anticoagulant uses, including stroke prevention in 
patients with non-valvular atrial fibrillation and VTE prophylaxis in patients following total knee 
replacement (see summary table in Appendix).  Betrixaban is not approved anywhere in the 
world for any use.
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Absorption, Distribution, Metabolism and Excretion (ADME):  Key findings from the ADME 
studies include: 
 a nonlinear PK profile (greater than dose proportional exposure even at the higher doses and 

accumulation after repeated dosing) observed in various repeated dose toxicity studies that 
may affect exposure at the therapeutic dose range in humans; 

 food effects: the exposure was reduced when administered with food  
formulation; 

 betrixaban is widely distributed except for the CNS and is largely cleared within 24 hours; 
 betrixaban is not significantly metabolized by CYPs; 
 betrixaban is primarily excreted through the biliary route (81% in the feces) rather than the 

renal route (23% in the urine); and 
 betrixaban is not likely to show drug interactions.

The transfer of betrixaban and/or metabolites into milk was not specifically evaluated. The 
percentage of betrixaban that was protein bound in human, rat, dog, and monkey plasma was 
approximately 61, 66, 59, and 58%, respectively. Several metabolites of betrixaban were found 
in human, rat, dog and monkey plasmas, including two major but inactive metabolites 
(PRT062802 and PRT063069) and two minor but active metabolites (PRT054156 and 
PRT058326).  The two major metabolites showed no adverse cardiovascular or CNS effects 
when tested in rats.

Toxicology:  The Pharmacology/Toxicology Review comments that in general toxicology 
studies in mice (7-day), rats (up to 6 months) and dogs (up to 9 months), “The most pronounced 
findings included: hemorrhage (changes of erythroid parameters, macroscopic findings such as 
dark discolorations, dark swellings of organs/tissues, clot in the skeletal muscle and thorax, and 
microscopic evidence of bleeding in multiple organs, including female reproductive tracts), in 
addition to increased fibrinogen levels and PT and aPTT times.”  Other findings included:  
changes in heart rate and ECGs including prolongation of QTc; renal azotemia and uremia, 
subacute nephropathy with inflammation and necrotic and basophilic tubules and intratubular 
crystal formation (determined to be due to betrixaban crystals)(rats and mice); biliary epithelial 
injury and hyperplasia/hypertrophy (mice and dogs) and periportal necrosis, reactive sinusoidal 
lining cells (rats and dogs); mixed-cell inflammation, hyperplasia/hypertrophy, and/or 
hemorrhage in the gall bladder in dogs at high doses; lymphoid atrophy/necrosis and 
histiocytosis in the spleen, thymus and lymph nodes; hematopoietic hypocellularity and 
increased M:E ratio in bone marrow; myofiber necrosis in skeletal muscle; necrosis and 
epithelial hyperplasia in the trachea; stomach ulceration; adrenal gland cortical hypertrophy and 
single cell necrosis.

Mutagenicity:  Betrixaban was not mutagenic in bacterial Ames test or clastogenic in a 
chromosome aberration test in Chinese Hamster Ovary cells (CHO) and did not increase 
micronucleus formation in rats after oral doses up to 2000 mg/kg.   During review thirteen 
impurities with ICH Q3A qualification threshold of 0.15% were identified and 
mutagenic potential was assessed.  The 3/22/2017 Pharmacology/Toxicology Review states, 
“The mutagenicity of impurities was assessed through 3 computational SAR analyses (Derek 
Nexus, Leadscope Model Applier and CASE Ultra). Most of the 13 impurities tested were not 
identified to be potentially mutagenic, except for Impurities F and S. Impurity F was qualified up 
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to % based on the genotoxic studies. Because the content of Impurity S is low in the current 
clinical lots (BLQ, %), the total daily intake of this impurity at the recommended clinical 
dose of 80 mg/day, although slightly  in ICH M7, is acceptable from the 
pharmacology toxicology reviewer’s perspective. Carcinogenicity studies are not required for the 
indication being sought.” A follow-up review memo dated 4/7/2017 comments that analysis of 
the mutagenicity potential by the CDER QSAR group via in silico modeling found that 
“Impurity F and Impurity S are potentially mutagenic via Salmonella and/or E. coli TA102 
mutagenicity expert prediction.”  Regarding these the review concludes, “Impurity S  

 was devoid of mutagenic potential based 
on an Ames test. However, there is a discrepancy in the prediction of mutagenic potential for 
Impurity F by the Applicant (not mutagenic according to ICH M7 guidance, Class 4) and by the 
CDER QSAR group (positive according to bacterial mutagenicity expert predictions). The CMC 
review team will communicate with the Applicant with regards to controlling the levels of 
Impurity F.”

Reproductive:  Assessment of effect of oral doses of betrixaban on fertility and early embryonic 
development of rats and rabbits showed no adverse effects on male or female fertility, 
reproductive performance or embryo-fetal viability.  In rats and rabbits, betrixaban at exposures 
of 44 and 35 times the human AUC with an 80 mg/day dose showed no adverse embryofetal or 
teratogenic effects. Treatment of rats with betrixaban did not have adverse effects on sexual 
maturation, reproductive performance, and behavioral development of the F1 generation.  

Conclusions and Recommendations:  The review concluded that there are no 
pharmacology/toxicology issues that preclude approval of betrixaban for the indication and 
recommended approval.  There were no recommendations for post-marketing studies.  

5. Clinical Pharmacology

The Office of Clinical Pharmacology (OCP) Review of the application was conducted by Lars 
Johannesen, Jeffry Florian, and Sudharshan Hariharan (reviews signed 4/3/2017 and 6/16/2017).   
The major findings of the review are summarized below.

ADME:  The review provides the following findings for betrixaban ADME in humans:
 Absorption: Absolute oral bioavailability of betrixaban is 32%, and the median time to 

attain maximum concentration is 2 h. Betrixaban is also a P-gp substrate and food 
reduces the Cmax and AUC by approximately 60%.

 Distribution: Betrixaban has a volume of distribution of 32 L/kg and a plasma protein 
binding of 60%. No difference in protein binding was observed between healthy 
volunteers and patients with renal impairment.

 Metabolism: The predominant metabolic pathway of betrixaban is amide hydrolysis with 
minor CYP-based metabolism. Two primary metabolites (PRT062802 and PRT063069) 
have been identified with approximately 18% molar-corrected AUC ratio to parent. None 
of the identified metabolites have been shown to be active for factor Xa or to interact 
with the hERG potassium channel.
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 Elimination: Following intravenous administration approximately 20% of the 
administered dose is excreted in urine (19% as unchanged betrixaban). The clearance of 
betrixaban is 677 mL/min and the terminal half-life is 40 h.

Clinical pharmacokinetics (PK):  From the single dose PK studies the review found a greater 
than proportional change in Cmax and AUC0-12h.  Upon examining the results from fasting single-
dose PK in the relevant healthy volunteer study (Study 04-001; N=8) the review observed, “The 
confidence interval around the point estimate for a doubling in dose includes 2 in most cases 
likely due to the small number of subjects included and the inter-subject variability in betrixaban 
pharmacokinetics (CV ~50%). Therefore, the reviewer conducted a pooled analysis of data from 
single dose studies under fasting conditions, which supported the greater than dose-proportional 
increase (AUC: 2.6 [2.5 to 2.8]; Cmax: 2.8 [2.6 to 3.4]) and it appears to be most pronounced 
between 40 and 80 mg…. Of note, the independent analysis by the reviewer is based on a pool of 
all single dose studies. No mechanism for the apparent and not entirely consistent observation of 
greater than dose proportional pharmacokinetics has been identified and it is plausible that it is a 
chance finding.” 

For multiple dose PK the review found a ~2.8-3.8-fold increase in AUC0-12h, corresponding to an 
effective half-life of 18.8 – 27.2 h and expected time to steady state of 5 days in a study where 
betrixaban was administered twice daily under fasting conditions for 10 days.  A similar 
effective half-life was estimated from a study where 80 mg betrixaban was given once daily for 8 
days (RAUC: 2.3, T1/2,eff: 29.2 h).  Using data from pooled bioequivalence study and the thorough 
QT study for the 80 mg dose to assess the impact of weight and gender, the review examined the 
relationship between apparent oral clearance and weight and gender and confirmed the 
Applicant’s conclusions (based on APEX Study data) of no clinically relevant impact of either 
weight (5th percentile vs median: 0.76 [0.65 to 0.88], 95th percentile vs median: 1.27 [1.11 to 
1.46]) or sex (male vs female: 1.43 [1.2 to 1.72]) on betrixaban exposure.

The Review discusses that, studies found that betrixaban is a substrate of P-gp and also has a 
potential for inhibition of P-gp (IC50: 11.6 μM) and BCRP (IC50: 11.6 μM). However, a clinical 
drug-drug interaction (DDI) study showed no impact of betrixaban on digoxin PK, suggesting 
betrixaban is not an inhibitor of P-gp in vivo and, based on this finding, the review commented 
that betrixaban might also not be a clinically significant BCRP inhibitor ([I]/IC50 <0.1) based on 
a similar in vitro IC50 value as that for P-gp. 

Drug-drug interaction studies showed: ketoconazole increased Cmax and AUC of betrixaban ~2.3-
fold; verapamil gave a ~4.7-fold increase in Cmax and a ~3-fold increase in AUC; there was no 
effect of betrixaban on digoxin PK and digoxin showed no impact on betrixaban PK; there was 
insignificant impact of proton pump inhibitor (PPI)(esomeprazole) and antacid on betrixaban PK.

The review notes that a relationship between betrixaban concentrations and QTc prolongation 
was noted early on and a pooled analysis of data from several studies showed an increase of  ~10 
ms per 100 ng/mL. In addition, a TQT study was conducted that was reviewed by the QT-IRT 
(IND 72679 , 10/29/2008 by Dr. Madabushi) that showed a similar concentration-
QTc relationship. The review commented that the 140 mg dose used in the TQT study as 
supratherapeutic could not be considered as supratherapeutic due to observed effect of verapamil 
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and ketoconazole on betrixaban exposures.  Accordingly, additional analyses were done which 
suggested a linear C-QTc relationship and the Review comments, “The linear relationship is 
consistent with predominant blockade of the hERG potassium channel being the driver of the 
observed QTc prolongation. The provided predictions were at the observed geometric Cmax 
following 80 mg (across studies) under fasting conditions (as food is expected to decrease the 
Cmax by approximately 60% and there is an expected accumulation of ~2.3-fold) representing 
the therapeutic Cmax and 4.7-fold increase in the therapeutic Cmax to represent the new 
supratherapeutic dose.”  

The Review identified clinical pharmacology findings relevant to the proposed indication:
 Pharmacodynamics studies showed a correlation between maximum change in 

endogenous thrombin generation and the time of peak betrixaban concentration, 
supporting a direct effect of betrixaban on this coagulation biomarker. 

 In the APEX Study the applicant conducted sparse PK sampling to examine the 
exposure-efficacy and –safety relationships for patients in the trial.  However, the Review 
found the data collected to be too limited to support exposure-response analyses.  OCP, 
therefore, based exposure-response analyses on summary of event rates and time-to-event 
analysis. The Review states, “An evaluation of symptomatic VTE events and major and 
[clinically relevant non-major] (CRNM) bleeds by time suggests a clear separation 
between betrixaban and enoxaparin starting around day 10 for efficacy, which coincides 
with the switch from enoxaparin to placebo in the enoxaparin arm.… This seems to 
indicate that the superiority in efficacy is attributable to the longer duration of 
anticoagulation associated with the betrixaban arm as opposed to betrixaban being a 
superior anticoagulant compared to enoxaparin.”

 The Review discusses that “a prospective dose reduction was implemented in APEX for 
patients with severe renal impairment (CrCl< 30 mL/min) based on PK information from 
EXPLORE and DEC [trials in atrial fibrillation].  However, based upon the results from 
APEX in this subgroup of patients, there appears to be a lack of efficacy benefit in 
patients with severe renal impairment compared to a similar group of patients in the 
enoxaparin control arm.”  The Applicant attributed the difference to a lower exposure in 
patients receiving the 40 mg dose of betrixaban as compared to those receiving 80 mg. 
However, the OCP review team noted that major and CRNM bleeds in the 40 mg 
subgroup are already significantly higher compared to enoxaparin (6.0% vs 2.4%, 
respectively) than the general population without an apparent efficacy benefit relative to 
enoxaparin (VTE rate of 7.3% vs 6.4%, respectively).  The Review noted also that “there 
is a trend for an earlier separation between the betrixaban and the enoxaparin arm in 
terms of major and CRNM bleeds which suggests that these patients have a higher risk 
for bleeding with betrixaban.”  Because of these observations the OCP review team 
recommends a limitation of use for patients with severe renal impairment.  OCP further 
examined the PK data for the relationship between CrCl and betrixaban concentrations 
and found that i) betrixaban exposure is influenced by renal impairment; and ii) a dose 
reduction would be needed for patients with severe renal impairment so such patients 
would have exposures similar to patient without renal impairment.  Therefore, the OCP 
review team believes that the dose-reduction implemented in the APEX study was 
appropriate in this subgroup from a PK standpoint to match exposures to the general 
population receiving 80 mg.
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Based on the finding of the Clinical Pharmacology Review, OCP proposes the following labeling 
recommendations for the sponsor:

In a Clinical Pharmacology Review Addendum (Lars Johannesen 6/16/2016) additional 
analyses were provided to explore the relationship between efficacy and bleeding in 
patients with severe renal impairment or on concomitant P-gp inhibitors.  These analyses 
focused on the more objective components of the definition of CRNM bleeding.  For this 
analysis the review team ordered the criteria for CRNM as follows: medical intervention, 
cessation of study drug, unscheduled contact (any) and patient discomfort.  The 
exploration showed that upon expanding the bleeding definition to include medical 
intervention and cessation of study drug gives a less favorable benefit risk profile 
compared to enoxaparin consistent with the results for combined major and CRNM 
bleeding.   

6. Clinical Microbiology 
The BevyxXa is an orally administered drug product.  The Process Review (Diane Goll, 
3/8/2017) states, “The ICH guideline Q6A, ‘Specifications: Test Procedures and Acceptance 
Criteria for New Drug Substances and New Drug Products: Chemical Substances’ includes a 
decision tree to determine if microbial limits testing should be included in a finished product 
specification. Decision tree #8, Microbiological Attributes of Non-Sterile Drug Products, 
indicates that a solid oral product that does not exhibit antimicrobial activity will require 
microbial limits testing. The preparatory test for Betrixaban capsules has not shown inhibition to 
microbial growth. During development of Betrixaban capsules, microbiological examination 
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tests were performed at drug product release to provide added assurance of the absence of 
microbial contamination.”

7. Clinical/Statistical- Efficacy
The primary Combined Clinical and Statistical Review of the application was completed by 
Saleh Ayache and Xin Gao, final signature 3/29/2017).   Following is a description of the trial 
and a summary of the efficacy results from the study. 

Betrixaban is a Factor Xa (FXa) inhibitor that selectively blocks the active site of FXa. Approval 
is being sought for the use of betrixaban for extended duration prophylaxis of venous 
thromboembolism (VTE) in the acutely ill medical population with risk factors for VTE. The 
sponsor conducted a single study for the proposed indication.  This study, titled, “Multicenter, 
Randomized, Active-Controlled Efficacy and Safety Study Comparing Extended Duration 
Betrixaban with Standard Of Care Enoxaparin for the Prevention of Venous Thromboembolism 
in Acute Medically Ill Patients,” (also referred to as the APEX Study: Acute Medically Ill 
Prevention with EXtended Duration Betrixaban Study), was conducted from March 29, 2012 to 
January 15, 2016 enrolling patients from 460 clinical sites worldwide.
 
APEX was a randomized, double blind, multinational study comparing extended duration of 
betrixaban (for 35 to 42 days) to short duration of enoxaparin (for 6 to 14 days) in the prevention 
of venous thromboembolic events (VTE) in a hospitalized acutely medically ill population with 
risk factors for VTE.  The primary efficacy endpoint was a composite of asymptomatic proximal 
deep-vein thrombosis (DVT) between day 32 and day 47, symptomatic proximal or distal deep-
vein thrombosis, symptomatic nonfatal pulmonary embolism (PE), or death from venous 
thromboembolism occurred between day 1 and day 42.  The study enrolled two cohorts of 
patients.  Cohort 1 included patients who had an elevated baseline D-dimer level (i.e., at least 
two times the upper limit of the normal range).  Cohort 2 included the patients in Cohort 1 plus 
those who were 75 years of age or older.  Eligible patients for the APEX trial included adults 40 
years of age or older, expected to be hospitalized for least 3 days for a specified acute medical 
illness (heart failure, respiratory failure, infectious disease, rheumatic disease, or ischemic 
stroke), and had moderate or severe immobility for at least 24 hours and had an additional risk 
factor for VTE. In addition, eligible patients needed to have any one of the following additional 
risk factors for VTE:
• ≥ 75 years of age, or
• 60 through 74 years of age with D-dimer ≥ 2 ULN, or
• 40 through 59 years of age with D-dimer ≥ 2 ULN and a history of either VTE (DVT or PE) or 
cancer (excluding non-melanoma carcinoma of the skin)

The trial excluded patients whose condition required prolonged anticoagulation (e.g., concurrent 
VTE, atrial fibrillation, cardiac valve prosthesis), were at increased risk of bleeding, had end 
stage renal disease with CrCL <15 mL/min or require dialysis, had severe renal insufficiency
(CrCL 15-29 mL/min) and required the concomitant use of a P-gp inhibitor, had liver 
dysfunction, or were on dual anti-platelet therapy.
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Study treatments were:  (a)active betrixaban (either 80 or 40 mg PO QD) for 35 days (+ 7 day 
window) with enoxaparin placebo SQ QD for 10 ± 4 days OR (b)active enoxaparin (either 40 or 
20 mg SQ QD) for 10 ± 4 days with betrixaban placebo for 35 days (+ 7 day window).  For 
patients who remained hospitalized after 14 days, continuation of enoxaparin active or placebo 
was according to the Investigator’s judgement. Initial betrixaban dose (first dose only) was 160 
mg for those to receive 80 mg daily and 80 mg for those to receive 40 mg daily.  The 40 mg 
betrixaban dose was given in patients with severe renal insufficiency (i.e., with creatinine 
clearance (CrCl) between ≥15 mL/min and < 30 mL/min) or requiring concomitant strong P-gp 
inhibitor and the 20 mg enoxaparin dose was given in patients with severe renal insufficiency.  
All others received the higher study drug doses. For patients who developed severe renal 
dysfunction after randomization, study drug doses could be reduced consistent with their new 
level of renal function or both study drugs could be interrupted and patient would receive open 
label enoxaparin for as long as required.  Patients who were not taking a strong P-gp inhibitor at 
randomization but required it post-randomization could either receive reduced doses of study 
medication, i.e., a 40 mg QD dose of betrixaban (or betrixaban placebo) and a 40 mg QD dose of 
enoxaparin (or enoxaparin placebo) or they could have both study drugs interrupted and receive 
open label enoxaparin for as long as required.  If the P-gp inhibitor was discontinued, patients 
were allowed to re-start study drugs for up to seven days after interruption. Patients who 
developed severe renal dysfunction (i.e., CrCl < 30 mL/min) and required a strong P-gp inhibitor 
had both study drugs interrupted and received open label enoxaparin for as long as required.
A total of 7513 patients were randomized (3759, betrixaban; 3754, enoxaparin).  Mean age was 
76 years, 68% were >75 years of age, 55% were females, and 93% were white. About 66% were 
from Eastern Europe and 7% were from the U.S.  About 77% had history of hypertension and 
27% had cardiac failure and 27% had chronic obstructive pulmonary disease (COPD). A total of 
7432 (3716, betrixaban; 3716, enoxaparin) received study drug.  The Primary Efficacy Outcome 
Population (PEOP) (6296 patients; 3112 betrixaban; 3174 enoxaparin) included all patients who 
had at least one dose of study drug and who had assessment of all components of the primary 
efficacy outcome endpoint necessary to determine (via adjudication) whether or not a primary 
efficacy outcome event had occurred.

The disposition of patients enrolled in the APEX Study is summarized in the following table 
from the Combined Clinical and Statistical Review.
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From Combined Clinical and Statistical Review, (Saleh Ayache and Xin Gao, final signature 
3/29/2017)

About 92% of patients completed the study through Visit 4 (30 day follow-up).

Study medication compliance (>80% of assigned medication taken) was >95% in both treatment 
arms.

The primary efficacy analysis by the Applicant’s Statistical Analysis Plan gave the following 
result: 

From Combined Clinical and Statistical Review, (Saleh Ayache and Xin Gao, final signature 
3/29/2017)

As described in the Combined Clinical and Statistical Review, for the pre-specified primary 
analysis betrixaban was compared with enoxaparin in Cohort 1 of the PEOP using D-dimer 
values from the local laboratories.  Based on the sponsor’s pre-specified analysis plan, the event 
rate of the primary efficacy endpoint was 6.9% in the betrixaban group vs. 8.5% in the 
enoxaparin group. The relative risk is 0.806 (95% CI [0.647, 1.004]) with p-value of 0.054 from 
the Cochran–Mantel–Haenszel (CMH) test and the hypothesis test did not reach statistical 
significance.  The Review stated that, “Hierarchical testing and gate keeping procedure were pre-
specified in the SAP to control the type I error rate and multiplicity adjustment. Because the 
hypothesis test in cohort 1 of PEOP did not reach statistical significance, all other analyses are 
considered exploratory analyses.”  The Review also commented, “Hierarchical testing and gate 
keeping procedure were pre-specified in the SAP to control the type I error rate and multiplicity 
adjustment.  Because the hypothesis test in cohort 1 of PEOP did not reach statistical 
significance, all other analyses are considered exploratory analyses.”

From the Combined Clinical and Statistical Review supporting analyses of the individual 
components of the primary efficacy endpoint for the two cohorts and overall showed the 
following results.
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From Combined Clinical and Statistical Review, (Saleh Ayache and Xin Gao, final signature 
3/29/2017)

From Combined Clinical and Statistical Review, (Saleh Ayache and Xin Gao, final signature 
3/29/2017)

From Combined Clinical and Statistical Review, (Saleh Ayache and Xin Gao, final signature 
3/29/2017)

For all cohorts, the component events of the primary efficacy endpoint trended in favor of the 
betrixaban arm (except for VTE-related death in Cohort 1 where rates were essentially the same 
in both arms), consistent with the overall composite primary efficacy endpoint.  The great 
majority of VTE events in both treatment arms were asymptomatic events identified at day 42 by 
required compression ultrasound (CUS) imaging. There were fewer nonfatal cases of pulmonary 
embolism in the betrixaban group (e.g., In Cohort 1 there were 5 cases compared to 17 cases in 
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the enoxaparin group.   However, there were numerically more patients with malignancies in the 
betrixaban group compared to enoxaparin group (22 vs. 11)).  

Exploratory analyses did not reveal important differences in results by gender, geographic area 
or age.  With regard to age VTE rates in patients age <65 years tended to be much lower in the 
betrixaban arm as compared to the enoxaparin arm (3.9% vs 8.1%) while in those >65 years the 
difference between betrixaban arm and enoxaparin arm was less (5.5% vs 6.9%).  For patients 
having D-dimer levels <2 x ULN (local read) VTE rates were 2.8% in the betrixaban arm and 
4.6% in the enoxaparin arm.   For those with levels >2 x ULN rates were 6.8% in the betrixaban 
arm and 8.5% in the enoxaparin arm.  Concordance between the local and central results for D-
dimer was about 80.6%.    

Because betrixaban is a P-gp substrate and because betrixaban has a significant amount of 
excretion via the renal route, the study incorporated two dosing regimens in its randomized 
treatment assignments. Study treatments were:  (a)active betrixaban (either 80 or 40 mg PO QD) 
for 35 days (+ 7 day window) with enoxaparin placebo SQ QD for 10 ± 4 days OR (b)active 
enoxaparin (either 40 or 20 mg SQ QD) for 10 ± 4 days with betrixaban placebo for 35 days (+ 7 
day window).  For patients who remained hospitalized after 14 days, continuation of enoxaparin 
active or placebo was according to the Investigator’s judgement. Initial betrixaban dose (first 
dose only) was 160 mg for those to receive 80 mg daily and 80 mg for those to receive 40 mg 
daily.  The 40 mg betrixaban dose was given in patients with severe renal insufficiency (i.e., with 
creatinine clearance (CrCl) between ≥15 mL/min and < 30 mL/min) or requiring concomitant 
strong P-gp inhibitor and the 20 mg enoxaparin dose was given in patients with severe renal 
insufficiency.  All others received the higher study drug doses. For patients who developed 
severe renal dysfunction after randomization, study drug doses could be reduced consistent with 
their new level of renal function or both study drugs could be interrupted and patient would 
receive open label enoxaparin for as long as required.  Patients who were not taking a strong P-
gp inhibitor at randomization but required it post-randomization could either receive reduced 
doses of study medication, i.e., a 40 mg QD dose of betrixaban (or betrixaban placebo) and a 40 
mg QD dose of enoxaparin (or enoxaparin placebo) or they could have both study drugs 
interrupted and receive open label enoxaparin for as long as required.  If the P-gp inhibitor was 
discontinued, patients were allowed to re-start study drugs for up to seven days after interruption. 
Patients who developed severe renal dysfunction (i.e., CrCl < 30 mL/min) and required a strong 
P-gp inhibitor had both study drugs interrupted and received open label enoxaparin for as long as 
required. 

The following table shows numbers of patients and primary efficacy endpoint event rates in each 
dose group, for each Cohort by reason for dose for the PEOP population.

Primary Efficacy Outcome (Asymptomatic Proximal DVT, Symptomatic DVT, Non-Fatal PE, or 
VTE-Related Death through Visit 3) by Dosing Criteria – PEOP – Cohort 1, Cohort 2, Overall

Cohort Dose Group Betrixaban n/N
Event Rate (%)

Enoxaparin n/N
Event Rate (%)

1 Renal Insufficiency 11/108   (10.2%) 10/79   (12.7%
1 P-gp inhibitor 29/342   (8.5%) 28/356   (7.9%)
1 Neither 92/1464   (6.3%) 128/1521   (8.4%)
2 Renal Insufficiency 12/146   (8.2%) 10/110   (9.1%)
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2 P-gp inhibitor 33/483   (6.8%) 32/494   (6.5%)
2 Neither 115/2213   (5.2%) 162/2289   (7.1%)

Overall Renal Insufficiency 12/146   (8.2%) 10/110   (9.1%)
Overall P-gp inhibitor 33/540   (6.1%) 33/553   (6.0%)
Overall Neither 120/2426   (5.0%) 180/2511   (7.2%)
Note: Cohort 1 includes patients with D-dimer ≥ 2 x ULN as determined by the local lab. Cohort 2 includes 

patients with D-dimer ≥ 2 x ULN as determined by the local lab and/or age ≥ 75 years.  
‘Neither’ includes patients without severe renal insufficiency and not receiving a strong P-gp inhibitor at 
randomization, randomized to receive the 80 mg dose of betrixaban. ‘Renal’ and ‘P-gp’ includes patients with severe 
renal insufficiency and patients receiving a strong P-gp inhibitor at randomization, respectively, randomized to receive 
the 40 mg dose of betrixaban.

Percentages and event rates are based on the total number of patients and events included in each treatment group.

Reviewer’s table, based on data in sponsor’s Table 56 in APEX Clinical Study Report 

Approximately 22% (686/3112) of patients in the betrixaban arm and 21% (663/3174) of patients 
in the enoxaparin arm were receiving concomitant P-gp inhibitor and/or had severe renal failure 
(and consequently were assigned to reduced 40 mg betrixaban dose group).  Overall, the renal 
insufficiency population constituted about 4% (256/6286) of the PEOP.  The concurrent P-gp 
inhibitor population constituted about 17% (1093/6286) of the PEOP.  Event rates in the P-gp 
inhibitor subpopulation were comparable in the two treatment arms.  The betrixaban arm was 
modestly favored in the severe renal failure group. The most favorable result for betrixaban was 
in the group that neither had severe renal impairment nor was receiving P-gp inhibitor and thus 
were assigned to the 80 mg betrixaban dose. 

The Combined Clinical and Statistical Review provided the following exploratory analysis of the 
primary efficacy endpoint by dose and subpopulation.

From Combined Clinical and Statistical Review, (Saleh Ayache and Xin Gao, final signature 
3/29/2017)
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Among patients with P-gp inhibitor and/or severe renal insufficiency (and who received the 
lower 40 mg betrixaban dose), the VTE rates in the two treatment arms tended to be more 
similar.  The Statistical comment in the Review stated, “The study population is heterogeneous 
between the patients who were randomized to receive 80 mg betrixaban (neither have severe 
renal insufficiency nor receive p-Gp inhibitor) and patients who were randomized to receive 40 
mg betrixaban (either have severe renal insufficiency or receive p-Gp inhibitor) (Note, the 
assignment to reduced dose was not randomized). Therefore, there is not enough evidence from 
the APEX study to support whether or not 80 mg betrixaban should be recommended to the 
overall general population. This analysis is exploratory subgroup analysis; therefore 
interpretation should be taken with caution.”

The summary discussion of efficacy in the Combined Clinical and Statistical Review identifies 
the following as key efficacy review issues for the application which may further complicate the 
interpretation of the results:

Reviewer’s Comment: 
The sponsor conducted a single study to demonstrate efficacy of betrixaban for extended 
prophylaxis of venous thromboembolism (VTE) in the acutely ill medical population with risk 
factors for VTE.  The APEX Study enrolled hospitalized medical patients assessed to be at risk 
for VTE due to immobilization and other risk factors.  Importantly, modifications to the inclusion 
criteria were incorporated during the course of the trial in an attempt to enrich the study 
population with higher risk patients. This randomized, double-blind trial compared rate of VTE 
occurrence in patients who received betrixaban for 35-42 days to the VTE rate in patients who 
received enoxaparin at its labeled dose of 40 mg daily SC for for 10-14 days followed by placebo 
for the duration of the treatment period.  Efficacy assessment was done at 42 days. Based on the 
sponsor’s submitted  primary efficacy analysis, the efficacy result showed a p-value of 0.054 
(relative risk 0.806; 95% CI 0.647,1.004) in favor of betrixaban. In evaluating the evidence for 
efficacy of betrixaban in this study I considered the following:
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Enoxaparin (first approved 3/29/1993) has shown a therapeutic anticoagulant effect in a variety 
of clinical settings.  It is approved and labeled for thrombprophylaxis in patients undergoing 
abdominal surgery who are at risk for thromboembolic complications, in patients undergoing 
hip replacement surgery during and following hospitalization, in patients undergoing knee 
replacement surgery and in medical patients who are at risk for thromboembolic complications 
due to severely restricted mobility during acute illness with rates of all VTE (including death 
considered related to VTE) ranging from  4% to about 10%.  Enoxaparin is also approved for 
treatment of DVT with or without PE, for prophylaxis of ischemic complications of unstable 
angina and non-Q-wave myocardial infarction (MI) and for treatment of acute ST-segment 
elevation MI (STEMI) managed medically or with subsequent percutaneous coronary 
intervention (PCI).  There are some differences in the dosing approved for the various 
indications and duration of dosing differs among the indications, with doses) ranging from flat 
dose of 40 mg SC once daily for DVT prophylaxis following abdominal surgery and for DVT 
prophylaxis in medical patients with severely restricted mobility during acute illness to 1 mg/kg 
every 12 hours (70 mg every 12 hrs for a 70 kg person) for treatment of DVT and/or PE and in 
patients with acute STEMI <75 yrs of age. 
 
In most studies enoxaparin for the indication was compared to an active comparator 
(unfractionated heparin or warfarin).  However, for thromboprophylaxis in hip and knee 
replacement patients and for prophylaxis of DVT in medical patients with severely restricted 
mobility during acute illness (the indication most similar to the one currently under review), 
treatment with enoxaparin was compared to placebo.  Total VTE rates with enoxaparin 
(including death related to VTE) in those studies was reduced at least by half compared to with 
placebo.  For prophylaxis of DVT in medical patients with severely restricted mobility during 
acute illness in a randomized controlled trial enoxaparin 40 mg once daily SC given for a 
median duration of 7 days (maximum 14 days) gave a total VTE rate of 4.4% compared to a rate 
of 11.9% for placebo given for the same duration.  In the APEX study the total VTE rate for 
enoxaparin was <10% for all cohorts. Although a placebo only arm was not present during the 
first 14 days in the study, one could reasonably surmise that had there been a placebo only arm 
for the total duration of the study treatment period, the total VTE rate would have exceeded that 
observed in both the enoxaparin and betrixaban arms of this large study.  Therefore, it is 
reasonable to conclude on the basis of the totality of evidence that betrixaban was effective for 
thromboprophylaxis in the APEX study. Discerning the size of the treatment effect is more 
problematic because the study design did not provide for evaluation of efficacy at 14 days 
(treatment duration per the labeled use of enoxaparin) and quantitative comparisons of 
treatment effects across studies are fraught with a multitude of problems (e.g., differences in 
study populations, differences in practice and standards of care when studies were done) that 
limit drawing conclusions.  Therefore, while APEX is adequate to conclude that betrixaban 
provides effective thromboprophylaxis in this study, it is not sufficiently well-designed to permit 
a reliable comparison of betrixaban versus enoxaparin for the active treatment duration used in 
the study (i.e., up to 42 days).    

Examination of the study results by dose of betrixaban revealed an apparent better outcome (for 
both efficacy and bleeding [for bleeding discussion see Section 8. Safety below]) in the 
population that received the 80 mg betrixaban dose as compared to those who received the 
reduced 40 mg betrixaban dose. About 4% of patients in the PEOP had severe renal failure and 
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about 17% were receiving concomitant P-gp inhibitor.  It is not clear whether the differences in 
clinical event rates are due to differences in PK/PD effects of the drug because of the different 
doses and/or due to underlying differences between the two populations (i.e., receiving or not 
receiving P-gp inhibitors and/or having or not having severe renal failure (creatinine clearance 
<30 mL/min).  Interpretation of these results is confounded because assignment to these 
subgroups was not randomized. Nevertheless, clinical findings based on the available data 
should be conveyed in the labeling to inform clinical use of the drug. 

8. Safety
The primary Combined Clinical and Statistical Review of the application was completed by 
Saleh Ayache and Xin Gao, final signature 3/29/2017).  Following is a summary of the major 
safety findings of the review.

The primary safety population for the application comprised all patients in the APEX study who 
received any study drug. This included 3716 patients who received betrixaban and 3716 patients 
who received enoxaparin.   As for other anticoagulants, the major safety issue for the use of 
betrixaban is bleeding.   The primary safety endpoint was major bleeding that occurred through 7 
days after the last dose of study medication.  Major bleeding was defined according to 
International Society of Thrombosis and Hemostasis (ISTH) criteria as follow: Acute, clinically 
overt (i.e., directly observable), bleeding that was associated with: 

 a reduction in hemoglobin of at least 2 g/dl within 48 hours of an overt bleeding event, or 
 a transfusion of at least two units of whole blood or red blood cells, or
 a critical area; e.g., intraocular, intracranial, intraspinal, intramuscular with compartment 

syndrome, retroperitoneal, intra-articular, pericardial, or 
 a fatal outcome.

The occurrence of major bleeding events during the study is summarized in the following table 
from the Combined Clinical and Statistical Review.  [NOTE:  In the Betrixaban column of the 
table the Major Bleeding rate for betrixaban is ‘25 (0.67)’ rather than ‘25 (0.57)’ shown]. 
 

From Clinical and Statistical Review, (Saleh Ayache and Xin Gao, final signature 
 3/29/2017)
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Occurrence of major bleeding events was comparable in the two treatment arms.  The Review 
indicates there was one fatal major bleed in each of the two treatment arms.  The most common 
site of major bleeding was gastrointestinal (occurred in 20 (0.53%) patients in the betrixaban arm 
and 10 (0.3%) patients in enoxaparin arm).  Intracranial hemorrhage was reported in 2 patients in 
the betrixaban arm and 7 patients in the enoxaparin arm.

Key secondary endpoints were the occurrence of clinically relevant non-major bleeding (CRNM 
bleeding) through 7 days after discontinuation of all study medication and the occurrence of 
major bleeding through the time of parenteral study medication discontinuation.   CRNM 
bleeding was defined as overt bleeding not meeting the criteria for major bleeding but associated 
with medical intervention, unscheduled contact (visit or telephone call) with a physician, 
(temporary/permanent) cessation of the study treatment, or associated with discomfort for the 
patient such as pain or impairment of activities of daily life.  The following table summarizes 
adjudicated major or CRNM bleeding through 7 days after study drug discontinuation.  

From Clinical and Statistical Review, (Saleh Ayache and Xin Gao, final signature 
 3/29/2017)

The review provides the following description of CRNM bleeds in the study:
“Approximately, two thirds of patients with CRNM bleeding in the betrixaban group required 
cessation of the study drugs. The CRNM bleeding in the betrixaban was mild in 42%, moderate 
in 46% and severe in 12% of patients. In both groups none of the CRNM bleed was life 
threatening. Serious bleeding was reported in 46 patients in the betrixaban vs 18 patients in the 
enoxaparin. Medical intervention was required to manage CRNM bleeding in 38% of patients 
with the events in the betrixaban group. Hospitalization or prolonged hospitalization required for
CRNM bleed for 11 patients in the betrixaban group compared to 8 patients in the enoxaparin 
patients. The median duration of CRNM bleeding was 3 days in the betrixaban group compared 
to 2 days in the enoxaparin group.”

Examination of bleeding rates among various subpopulations is shown in the following table 
from the Combined Clinical and Statistical Review.
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Of note, in this subset analysis, patients who were on a P-gp inhibitor and received betrixaban 40 
mg or 80 mg had higher bleeding rates than did such patients who received enoxaparin.  Also, 
patients’ bleeding rates appeared to increase with decreasing creatinine clearance.  

Reviewer comment:  Occurrence of major bleeding (most commonly gastrointestinal) was 
comparable (0.57%) in the betrixaban and enoxaparin treatment arms.  There was 1 fatal major 
bleeding event in each treatment arm.   Other clinically relevant non-major (CRNM) bleeding 
occurred in 2.4% of betrixabn treated patients and 1.0% of enoxaparin treated patients.  For 
patients assigned to the 40 mg betrixaban dose group due to receiving P-gp inhibitor, a major or 
CRNM bleeding rate of 4.5% was observed with betrixaban as compared to a rate of 1.4% in 
patients in those receiving enoxaparin.  This subgroup comprised about 17% of the PEOP. For 
patients assigned to the 40 mg betrixaban dose group due to having severe renal impairment, a 
major or CRNM bleeding rate of 5.2% was observed with betrixaban as compared to a rate of 
2.0% in those receiving enoxaparin. Because P-gp inhibitor use and renal impairment are not 
randomly assigned, it is not possible to distinguish between whether the apparently increased 
risk is due to some drug-drug or other interaction effect or is related to the patient’s underlying 
disease state.

In the Safety Population for the APEX study 5.5% of patients in the betrixaban arm and 5.7% in 
the enoxaparin arm experienced treatment emergent adverse events that lead to death.  Fatal 
bleeding was the cause of death in 1 patient in each treatment group (betrixaban: pericardial 
hemorrhage; enoxaparin: hemorrhagic stroke).  
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Regarding nonfatal serious adverse events, the review found that the rates of the nonfatal serious 
adverse events were comparable between the two groups (14.3% in betrixaban vs 12.9% in 
enoxaparin). The most common nonfatal SAE was serious hemorrhagic nonfatal events followed 
by heart failure. The rate of serious nonfatal bleed in betrixaban group was two times higher than 
that in the enoxaparin group (2.4% vs 1.2%).  Nonfatal serious heart failure occurred in 2% of 
patients in the betrixaban group versus 1.6% of patients in the enoxaparin group. 

Adjudicated stroke events occurred in 24 (0.65%) of patients in the betrixaban group and 41 
(1.1%) of patients in the enoxaparin group.  There was 1 hemorrhagic stroke in each group.  
There were 7 fatal strokes in the betrixaban group and 12 in the enoxaparin group.  There were 
numerical imbalances in number of patients with nonfatal stroke (14 vs 26 for the betrixaban and 
enoxaparin, respectively).  Ischemic stroke accounted for most of the stroke cases, 13 in the 
betrixaban group vs. 23 cases in the enoxaparin group. 

Rate of premature permanent discontinuations in the trial was slightly higher in the betrixaban 
arm than that in the enoxaparin arm (18.2% vs 16.6%).  Discontinuations of study drug due to 
adverse events were comparable between the betrixaban (10.3%) and enoxaparin (9.7%) groups. 
Hemorrhagic events were the most common AEs that led to study drug discontinuation (2.4% of 
patients in the betrixaban arm vs 1.2% in the enoxaparin arm). Adverse events of DVT and PE 
led to discontinuation in 0.4% of betrixaban treated patients and 0.6% of enoxaparin treated 
patients.  The Review comments, “There were similar percentages of patients who discontinued 
treatment due to adverse events in both arms. There was an imbalance in number of patients who 
discontinued treatment due to hemorrhage AEs with double the number in the betrixaban arm (88 
cases) than in the enoxaparin arm (44 cases). However, pulmonary embolism and deep venous 
thrombosis AEs leading to discontinuations of study drug were fewer in the betrixaban arm (16 
cases) than that in the enoxaparin arm (27 cases).”  

As discussed in the Combined Clinical and Statistical Review, the incidences of the event of 
serum aminotransferase elevations (ALT or AST ≥ 3 times of upper limits of normal [ULN] and 
≥5xULN) were comparable between the two groups (1.7% and 0.6% in the betrixaban group and 
1.5% and 0.4% in the enoxaparin group, respectively). The incidence of events of total bilirubin 
level (TBL) elevations of ≥ 2xULN in the betrixaban group and the enoxaparin group was 
similar at 0.7% of patients.  Among 5 potential Hy’s law cases, none was clearly related to 
betrixaban.  One patient an 81 year old man hospitalized for congestive heart failure received 
betrixaban for 13 days developed elevated transaminases and developed multiorgan failure, 
received multiple drugs including amiodarone and antibiotics and died 60 days after first 
betrixaban dose.

Additional safety data sources:  As summarized in the Combined Clinical and Statistical Review, 
in addition to the APEX Study, the clinical development program for betrixaban included 20 
Phase 1 clinical pharmacology studies and three phase 2 studies.  The phase 2 trials were 
conducted to evaluate evaluated safety, tolerability and efficacy of betrixaban in patients with 
non-valvular atrial fibrillation (PN006, DEC and 08-015, EXPLORE Xa) and in surgical patients 
after unilateral total knee replacement (Study 05-003, EXPERT) and included a total 741 patients 
who received betrixaban.  DEC was a randomized, dose exposure, PK with extension, dose 
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11. Other Relevant Regulatory Issues 
As noted in the Combined Clinical and Statistical Review, there were no issues with regard to 
the submitted financial disclosures.

Office of Scientific Investigations (OSI) inspection (Min Lu, 3/23/2017)  of  four clinical sites 
found one site no action indicated (NAI), two sites pending interim classification – and one 
site pending interim classification –

The FDA Establishment Inspection Report (EIR) and the documents submitted with that
Report did not reveal any issues and concludes the applicant adhered to the applicable statutory 
requirements and FDA regulations governing the conduct of clinical investigations and the 
protection of human subjects.

Proprietary name review (Nicole Garrison, 6/13/2017) finds the proposed proprietary name, 
Bevyxxa is acceptable.  Approval of the proprietary name Bevyxxa was granted on 6/14/2017.

12. Labeling 
The sponsor included proposed labeling in the submission.  

Final wording for the labeling for the proposed indication has been developed by the DHP 
review team with discussion and consideration of the recommendations from each of the review 
disciplines and consulting review divisions and with negotiation with the sponsor.

Notable recommendations from the Combined Clinical and Statistical Review (primary review 
completed by Saleh Ayache and Xin Gao, final signature 3/29/2017) are as follows:

 Betrixaban should be indicated for “prophylaxis of venous thromboembolism in adult 
patients hospitalized for an acute medical illness who have restricted mobility and other 
risk factors for VTE.”

 The recommended duration of treatment is 35 to 42 days.
 A limitation of betrixaban use should state that “the safety and efficacy of betrixaban 

have not been established in patients

o with prosthetic heart valves.”
 In Section 6.1 Clinical Trials Experience,

o Add detail description of the safety population
o Add analysis results of the primary and secondary safety endpoints and the incidence 

of bleeding by anatomical site (adverse reaction related to bleeding)
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Reviewer comment:  There is no recommendation for a REMS for use of betrixaban.  Information 
to permit safe use of the product should be conveyed in the labeling.  Postmarketing follow-up 
for safety should be as per regulations (21CFR314.80 and 21CFR314.81). 

Postmarketing Requirements (PMRs) and Commitments (PMCs)

Studies required as part of the sponsor’s Agreed Pediatric Study Plan (PSP) (including timelines) 
should be included in the approval letter as Postmarketing Requirements (PMR) for the drug.  
These include the following:

1. Conduct a single-dose, open label pediatric PK/PD study in the Fed 
State.  The study population will be children 2 years or older who have 
just completed a course of anticoagulation for venous thrombosis.

Final Protocol Submission: 09/30/2016
Study/Trial Completion: 12/31/2019
Final Report Submission: 06/30/2020

2. Conduct a “VTE Prophylaxis study in immobilized adolescents 
hospitalized for acute medical or surgical disease.” The study will be a 
single-arm, open-label study of betrixaban with point estimates of 
events to be compared to historical controls.  The objective of this 
study is to identify the safety and efficacy of betrixaban in the pediatric 
population.

Final Protocol Submission: 03/31/2018
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Study/Trial Completion: 05/31/2020
Final Report Submission: 12/31/2020

3. Conduct a randomized multi-center, active-controlled clinical trial 
comparing betrixaban to standard of care (in patient ≥2 years of age 
with central venous catheter) or either enoxaparin or warfarin (in 
patients≥2 years of age with secondary prevention indication) in 
prevention of VTE. The objective of this study is to identify the safety 
and efficacy of betrixaban in the pediatric population 

Final Protocol Submission: 03/31/2018
Study/Trial Completion: 12/31/2022
Final Report Submission: 06/30/2023

14. Recommended Comments to the Applicant
Negotiated labeling should be conveyed to the Applicant.

APPENDIX
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From Sponsor’s table, Module 5.2
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