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1. Introduction

Edoxaban (DU-176b) is an orally active, selective Factor Xa inhibitor being developed for 
anticoagulant indications.  This is the first marketing application for this product.  The sponsor 
is seeking approval of edoxaban for indications as follows:

 In atrial fibrillation: for reduction of the risk of stroke and systemic embolic events in 
subjects with non-valvular atrial fibrillation

 In VTE:  for the treatment of venous thromboembolism (VTE) including deep vein 
thrombosis (DVT) and pulmonary embolism (PE),

The atrial fibrillation indication is being reviewed by the Division of Cardiovascular and Renal 
Products (DCRP) and is not addressed in this review.  The VTE indications are being reviewed 
in the Division of Hematology Products (DHP).

For the VTE indications the proposed dose is 60 mg once daily for treatment  of 
VTE   For patients with moderate to severe renal 
impairment (CrCL 15-50 mL/min), low body weight ≤60 kg, or concomitant use of P-
glycoprotein (P-gp) inhibitors  a dose of 30 mg once daily is proposed.  

Edoxaban is marketed in Japan (approved 4/22/2011) for thromboprophylaxis following total 
knee replacement, total hip replacement, and hip fracture surgery. 

2. CMC/Device

In this NDA the sponsor is seeking approval of edoxaban immediate release (IR) tablets 15 
mg, 30 mg and 60 mg.  The detailed chemistry, manufacturing and controls (CMC) review is 
presented in the CMC review by A Khairuzzaman, D Ghosh, and Y Tang, signed in DARRTS 
on 9/8/2014.  The CMC review team for this application consisted of the following:
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Methods Validation review was conducted by Division of Pharmaceutical Assessment (C Guo, 
DPA Chemist) (M Trehy and JF Kauffmann, final signature 6/25/2014).  Review of the near 
infrared (NIR) methods for the application was conducted by the Division of Pharmaceutical 
Analysis (JD Rodriguez, Chemist)(review in DARRTS 9/5/2014, M Trehy) and found the 
information, as amended in response to an Information Request from DPA to the sponsor, 
adequate.

A CMC Memorandum providing IQA Risk Assessment for edoxaban was completed (J 
Brown, 8/22/2014).  The NDA risk assessment table is shown below:

CMC Memo, J Brown, 8/22/2014

Tertiary CMC review (RK Sood, 10/7/2014) summarized the findings of the CMC review and 
noted the biopharmaceutics recommendation for a Post-Marketing Commitment “to develop 
an improved discriminating and canonical method and set the final dissolution acceptance 
criteria for the product using the new method”. Dr. Sood found the application adequate from 
CMC perspective and recommended for “Approval” from CMC perspective pending a final 
overall “Acceptable” recommendation from the Office of Compliance about the manufacturing 
facilities.

3. Nonclinical Pharmacology/Toxicology

The non-clinical Pharmacology/Toxicology primary review of this application was conducted 
by S-L Lee (final signature 8/19/2014) and B. Yang (final signature 8/12/2014). Dr. Lee’s 
review addresses the primary and secondary pharmacology studies conducted with edoxaban
(DU-176b).  Dr. Yang’s review addresses results of safety pharmacology, ADME, and 
toxicology studies and includes recommendation on approval and labeling.

As described in Dr. Lee’s review, edoxaban (DU-176b) is an anti-coagulant exerting its 
pharmacodynamics effects mainly via inhibition of activated coagulation factor X (Factor Xa; 
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FXa). Edoxaban also had inhibitory activity against thrombin to a lesser degree (Ki for FXa 
was ~0.6 nM and for thrombin was 6 mcM). FXa inhibition was comparable in human, rabbit, 
and cynomolgus and less in rat plasma. The three metabolites of edoxaban (D21-1402-0201, 
D21-2135-0101, D21-2393) also had anti-FXa activity and caused clotting time prolongation.  
The human specific metabolite D21-2393 (10% of the total exposure in healthy human 
subjects) showed comparable anti-coagulant effects as edoxaban. The review states, “In 
various animal models, oral administration of edoxaban resulted in dose-dependent anti-
thrombotic activity, as manifested by reduced weight of thrombi, as well as prolongation of 
clotting time. Under the conditions tested, the antithrombotic effects, in terms of PT 
prolongation and inhibition of thrombosis, of edoxaban were comparable to enoxaparin (a low 
molecular weight heparin, which inhibits both FXa and thrombin) and warfarin (vitamin K 
antagonist).”  Edoxaban also was found to inhibit platelet aggregation induced by thrombin, 
possibly via inhibition of thrombin, since edoxaban did not affect ADP.  The review also 
comments that, “in the in vitro studies, recombinant FVIIa, FEIBA (a plasma-derived activated 
prothrombin complex concentrate) or PPSB-HT (a prothrombin complex concentrate) were 
used to determine the reversibility of edoxaban-induced anticoagulant activities. Under the 
conditions tested, reversibility of edoxaban-induced anticoagulation was demonstrated when 
these plasma factors were added to the mixture. Despite this reversibility, a conclusion cannot 
be made on the antidote effect of plasma factors in animals or in humans due to limitations of 
an in vitro study.”

The summary toxicology findings of Dr. Yang’s review included: (I) increased polyploidy in 
chromosomal aberration tests; (II) hemorrhage in mice, rats, rabbits, and monkeys; (III) more 
post-implantation loss, less live fetuses, lower fetal weight, increased gall bladder and skeletal 
variations, and delayed avoidance response in a learning test in F1 females, which were 
associated with maternal hemorrhagic toxicity; and (IV) higher mortality in male rats at the 
high dose in a 2-year carcinogenicity study that was associated with higher incidence and 
greater severity of centrilobular hepatocellular degeneration/ necrosis. 

The review described that in animal toxicity studies (monkeys, mice, rats, rabbits)
hemorrhagic findings and anemia leading to deteriorated animal condition or animal deaths 
occurred. These findings are thought to be the exaggerated anticoagulant effect of DU-176b 
(its principal pharmacological action), which constitutes the dose-limiting toxicity for this 
compound.  The pharmacological activity of DU-176b in the cynomolgus monkey was found 
to be comparable to that in humans.  The review states that since the pharmacological activity 
of DU-176b in the cynomolgus monkey was comparable to that in humans, safety margins for 
hemorrhagic risk were estimated by comparison of exposures between cynomolgus monkeys 
and humans. The mean AUC0-24h values at NOAEL (5 mg/kg/day) in the 52-week repeated 
dose oral toxicity study in cynomolgus monkeys were approximately 1.5 times the exposures 
in human subjects given DU-176b at the maximum recommended human dose (MRHD) of 60 
mg/day.

As described in Dr. Yang’s review, DU-176b was embryo-fetal toxic and developmental toxic 
in both rats and rabbits showing higher post-implantation loss in the rat, more post-
implantation loss, less live fetuses, lower fetal weight, and increased variation in the gall 
bladder in rabbits, and increased 13th full ribs and 27 presacral vertebrae in rabbits.  There was
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delayed avoidance response during a learning test in F1 rats at ~2.9 times the human exposure 
at adult MRHD of 60 mg/day based on AUC0-24h, and moderately lower body weight in 
juvenile rats at ~2.2 times the human exposure at adult MRHD of 60 mg/day based on AUC0-
24h).  Maternal toxicity including dam deaths and abortion, decreased food consumption and 
body weight, hemorrhage in uterus, or vaginal hemorrhage also occurred. The DU-176b 
associated embryo-fetal toxicity in rats and rabbits and developmental toxicity in rats were 
considered to be secondary effects of maternal toxicity, rather than direct DU-176b effect.

Dr. Yang’s review discusses that DU-176 systemic exposure and liver findings suggested that 
(1) male rats had higher liver DU-176 metabolite rate (first-pass) which led to low systemic 
exposure; (2) DU-176 metabolic processes in liver were toxic, and (3) long term, persistent, 
and excessive DU-176 metabolic processes in liver led to centrilobular hepatocellular 
degeneration/necrosis that contributed to higher mortality, indicating that liver toxicity may be 
a potential safety issue for long-term high dose.  DU-176b along with increased liver 
metabolism, although such findings were not seen in mice and monkeys orally administrated 
with DU-176b.

Dr. Yang’s review commented that numerical chromosome aberrations (polyploidy) observed 
in DU-176b or D21-2393-treated Chinese Hamster Lung (CHL) cells and human peripheral 
lymphocytes were the only positive finding among a battery tests for genotoxicity and 
concluded that, “Based upon a weight of evidence approach, DU-176b is not considered to 
pose a genotoxic risk.”

Dr. Yang’s review concluded “Yes” on recommendation for approvability and provided a 
number of labeling comments.  In particular, Pregnancy category C was recommended.  Also, 
wording was provided for 8.2 Labor and Delivery, 8.3 Nursing Mothers, description of a 
results of a juvenile rat study under 8.4 Pediatric Use and additional recommendations for non-
clinical toxicity.  See Dr. Yang’s 8/12/2014 review for full Pharmacology/Toxicology 
recommendations for labeling.  

Statistical Review of 2 carcinogenicity studies (one in rat one in mice) was conducted by MA 
Rahman (final signature 7/8/2014).  In the rat study the findings showed statistically 
significant dose response relationship in mortality across control and treated groups in male 
rats. The pairwise comparisons showed statistically significant increased mortality in the male 
rat high dose group compared to their control.  The tests did not show statistically significant 
dose response relationship in any observed tumor type in either sex. The pairwise comparison 
also did not show statistically significant increased incidence in any observed tumor type in 
any treated group in either sex compared to their respective control.  In the mouse study results 
showed a statistically significant dose response relationship in mortality across the treatment 
groups in male mice. The pairwise comparison showed statistically significant increased 
mortality in male mice high dose group compared to their control.  The tests did not show a 
statistically significant dose response relationship in any observed tumor type in either sex. 
The pairwise comparisons showed statistically significant increased incidence of adrenal 
cortex B-adenoma in subcapsular cell in low dose male mice and whole body cavities M-
hemangiosarcoma in medium dose female mice compared to their respective control.  Dr. 
Rahman commented that in the review “dose response relationship” refers to “the linear 
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component of the effect of treatment, and not necessarily to a strictly increasing or decreasing 
mortality or tumor incidence rate as the dose increases”. 

Tertiary Pharmacology Review by PC Brown (11/7/2014) concurred that the nonclinical 
information is adequate to support approval of edoxaban tosylate for the indications being 
sought.

4. Clinical Pharmacology/Biopharmaceutics 

The Clinical Pharmacology Review of the application with regard to the VTE indications 
(based on the Hokusai VTE Study) was completed by D Menon-Andersen, YJ Moon, and J 
Earp (10/31/2014). The review concludes, “The exposure-response analysis suggests that 
patients with varying degrees of renal function have similar or improved efficacy and safety 
compared to warfarin. Based subgroup analysis of efficacy and safety, a dose reduction to 30 
mg in patients with low body weight or who are taking concomitant P-gp inhibitors is not 
necessary. The dose reduction to 30 mg in patients with moderate renal impairment as studied 
in Hokusai VTE is acceptable and will be included in product labeling.”

The key findings of the review were summarized as follows:
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It should be noted that the Clinical Pharmacology Review conducted for the indication to 
prevent stroke and systemic embolism in patients with non-valvular atrial fibrillation (a-fib 
indication) (Divya Menon-Andersen, Young-Jin Moon, Justin Earp, Robert Schuck, 
9/30/2014) found a significant treatment-by-renal function interaction in the clinical trial for 
this indication (ENGAGE-AF).  That review states, “Subgroup analyses of ENGAGE-AF 
identified unfavorable findings in patients with normal renal function (CrCL ≥ 80 mL/min),
who comprised a large fraction of the target population (~37% in ENGAGE-AF). The HR for 
stroke/SEE in this subgroup for edoxaban 60 mg was 1.41 (0.97 – 2.05). The treatment by 
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The Hokusai VTE study enrolled adult patients with confirmed acute DVT and/or PE.  Major 
exclusion criteria are listed in the Clinical Review which states:

This study was conducted from January 28, 2010 to June 12, 2013. A total of 8292 subjects 
were randomized to the edoxaban (N=4143) or warfarin (N=4149) treatment arms. Enrolled 
patients were from 439 sites in 37 countries in Europe, Asia, North America, South America, 
and Africa (South Africa only). About 54% of patients were from Europe and 9.9% were from 
the U.S. and Canada.  There were 7 sites noted as having “data of suspect authenticity”; 
however these accounted for only 24 randomized subjects. Twenty-five patients in the 
edoxaban arm and 27 patients in the warfarin arm did not receive any study drug and are 
excluded from the mITT and safety analysis populations.  (Among these the vast majority 
were simply indicated as “IP not administered”; 2 patients died; 1 was diagnosed with 
pancreatic cancer).  Overall, about 96% of patients completed the study with completion 
defined as having completed 12-month followup (or <12 month followup due to truncation of 
the study), regardless of actual duration of study drug treatment.  Overall, 74.4% of treated 
patients completed full 12-month study followup and 21.4% had less than 12 months followup 
due to study truncation.  An additional 4.2% of treated patients did not complete 12 months 
followup due to:  death (3.2%), withdrew consent (0.8%), lost to followup (0.1%) or 
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investigator or subject decision (0.1%).  Rates of study completion and followup and reasons 
for premature withdrawal were comparable in the two treatment arms. Disposition of patients 
in the study is shown in the sponsor’s table below.  

Sponsor’s table from Study report for DU176b-D-U305 (Hokusai VTE)

The demographic and baseline characteristics were similar in the two treatment groups.  
Overall, mean age was 55.8 years.  About one-third of patients were age 65 years or older.  
There were slightly more males than females (57.2% vs 42.8%).  About 70% were Caucasian 
and 21% were Asian.  About 40.7% had pulmonary embolism with or without DVT as the 
presenting diagnosis and 59.3% had DVT only as presenting diagnosis.  Treatment duration 
was intended to be 12 months in 72.3% of patients at study enrollment.  The vast majority of 
patients (93.4%) had creatinine clearance greater than 50 mL/min at randomization.  

Underlying diseases were similarly distributed between the two treatment groups.  About 39% 
of patients had history of hypertension, 10.5% had history of diabetes, 9% had history of 
cancer, and <1% had history of bleeding (0.6% edoxaban, 0.9% warfarin) or active/high risk 
of bleeding (0.2% edoxaban, 0.4% warfarin).  About 40% of patients had history of 
smoking/tobacco use and 34% had current alcohol use.

Only 17.6% of patients were assigned to treatment with the 30 mg edoxaban (or edoxaban 
placebo) dose at randomization (733 in edoxaban arm; 719 in warfarin arm).  These included 
patients with low body weight (≤ 60kg), moderate renal impairment (CrCL 30 to 50 ml/min), 
or taking pre-specified concomitant medications (e.g. verapamil, quinidine).  Overall, mean 
age of the patients assigned to the 30 mg dose group was 60.1 years as compared to 54.9 years 
for the 60 mg dose group, 66.55 of patients in the 30 mg dose group were females as compared 
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to 37.7% of patients in the 30 mg dose group, and 46.0% of patients in the 30 mg dose group 
were Asian as compared to 15.6% of patients in the 30 mg dose group.  Distribution of 
characteristics was similar between treatment groups.

Demographic and baseline characteristics for the Per Protocol and Safety Analysis Sets were 
comparable to those for the mITT Analysis Sets.

The Statistical Review summarized the efficacy findings of the Hokusai VTE study as follows:

The primary efficacy analysis and component endpoints from the Statistics Review (9/8/2014) 
are shown below:
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Regarding the non-inferiority margin, the Statistics Review commented that the nominal P 
value of <0.0001 for non-inferiority testing was based on a non-inferiority margin of 1.5 for 
upper 95% confidence limit for HR, which the Agency and the Applicant had not reached
agreement upon and which only retained about 70% of the warfarin treatment effect. The 
Agency recommended greater percentage (85-90%) retention of Warfarin effect.  The review 
stated the nominal P-value for testing superiority in primary efficacy endpoint was 0.34, and 
therefore, the edoxaban arm was not superior to the Warfarin arm for efficacy.

The Kaplan-Meier plot of cumulative incidence of recurrent VTE during the study from the 
Statistical Review is shown below:
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Because treatment dose was reduced (to 30 mg daily instead of 60 mg daily), based on 
decreased renal function (CrCL 15 to 50 mL/min), low body weight (<60 kg), and concomitant
use of Pgp inhibitors, an analysis of response by treatment dose was performed.  The results 
are shown in the following table from the Statistics Review:  
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7. Safety

The detailed Clinical Review of this application for the VTE indications was conducted by S
Ayache (signed 9/8/2014) and Statistical Review was conducted by Y Wang (final signature 
9/9/2014).  See those reviews for detailed presentation of the clinical safety findings.

The Clinical Review summarizes the safety findings for the application as follows:

The primary safety endpoint was time to major or clinically relevant non-major (CRNM)
bleeding. The Statistical Review states that Study Hokusai VTE was adequately powered to 
test superiority in primary safety endpoint for Edoxaban compared to Warfarin. The primary 
safety analysis is shown in the following table:

From Statistical Review, Y Wang, 9/9/2014
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The review states that edoxaban was superior to Warfarin in reducing major or CRNM
bleeding (p value=0.004).

In the Clinical Review Dr. Ayache lists the major safety findings as shown below:

The Clinical Review also stated the following additional safety findings:
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Detailed review of the application database to evaluate for possible hepatic toxicity was 
conducted by Dr. J. Senior, Office of Pharmacovigilance and Epidemiology (OPE) and a 
Hepatology Consultation Memorandum was provided (9/25/2014).  Regarding risk of liver 
injury the review concluded:  “Despite the fairly careful search for evidence of serious liver 
injury and dysfunction attributable to edoxaban in this gigantic study of more than 21,000 
subjects, there were no cases of clear-cut DILI found, either by the sponsor or by our review, 
This is consistent with findings for the two previously approved drugs in the class, rivaroxaban 
and apixaban, and for dabigatran (but not for ximelagatran).”  The memorandum stated the 
following recommendation:

Regarding use of edoxaban during pregnancy, Dr. Ayache’s Clinical Review states the 
following:

Note:  Under the description of 18 pregnancy cases meeting criteria for fetal drug exposure,
the sentence:  
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Also, there is a post-marketing requirement from CMC “to develop an improved 
discriminating and canonical method and set the final dissolution and acceptance criteria for 
the product using the new method”.

It is also noted that the sponsor is developing an antidote for edoxaban.  This development 
program is to be encouraged.

In conclusion, the application is acceptable for approval for the treatment of deep vein 
thrombosis (DVT) and pulmonary embolism (PE)  

pending final agreement on the wording of the
labeling and post-marketing commitments.
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General nonclinical pharmacology/toxicology considerations: Edoxaban reversibly binds to and 
inhibits the activity of the activated form of human coagulation Factor X (FXa) with a Ki of 0.561 
nM.  FXa is a protease that converts prothrombin to thrombin.  In turn, thrombin converts 
fibrinogen to fibrin resulting in formation of a blood clot.  While edoxaban lacks notable inhibitory 
activity when tested against plasmin, t-PA, and several other serine proteases, it inhibits 
thrombin with a Ki of 6 µM, not far above observed Cmax values in some patients in the 
population PK subset of ENGAGE AF treated with 60 mg daily (i.e., about 1 µM).  In addition, 
edoxaban inhibited thrombin-induced platelet aggregation with an IC50 of 2.90 µM (95 CI, 1.99 - 
3.81) and doubled thrombin time from baseline in human plasma at a concentration of 5 µM.  
These findings suggest that the effect of edoxaban on thrombin activity might be medically 
important in the case of an edoxaban overdose or possibly during treatment with the Applicant’s 
recommended doses under circumstances promoting low drug clearance, such as unrecognized 
renal impairment and/or concomitant use of P-gp inhibitors.  While the results of ENGAGE are 
generally reassuring about the bleeding risk of edoxaban compared to warfarin, if a hypothetical 
antidote to edoxaban for use in the case of uncontrolled bleeding targeted only edoxaban’s  
effects on FXa, pathological bleeding might persist after treatment with the antidote due to 
edoxaban’s effects on thrombin.  This could be a labeling issue.   
 
The major toxicity of edoxaban in preclinical studies was its on-target effects:  prolongation of 
coagulation parameters and increased rates of bleeding.   
 
Carcinogenicity:  In his tertiary pharmacology/toxicology review, Dr. Brown states that the 
Executive Carcinogenicity Assessment Committee found that that the carcinogenicity studies in 
rats and mice were acceptable and that there were no drug-related neoplasms in either study.   
 
Reproductive toxicology:  In pregnant rats, edoxaban crossed the placenta and was taken up by 
fetal tissues after a single oral dose of 3mg/kg.  In nursing rats, edoxaban concentrations were 
higher in milk than in plasma (based on radioactivity) at all time points between 1 and 48 hours 
after a single 3 mg/kg oral dose of radioactive (14C) edoxaban.   
 
Fertility, early embryo, embryo-fetal development and pre-/postnatal development studies were 
felt to be adequate.  There were findings of embryo-fetal and developmental toxicity in studies in 
rats and rabbits, as follows:    
 

• higher post-implantation loss in rat at ≥ 300 mg/kg/day (~48 times the human exposure 
at MRHD (maximum recommended human dose) of 60 mg/day based on surface area);  

• more post-implantation loss, fewer live fetuses, lower fetal weight, and increased 
variation in gall bladder anatomy in rabbits at ≥ 200 mg/kg/day (~63 times the human 
exposure at the MRHD);  

• increased findings of 13th full ribs and 27 presacral vertebrae in rabbits at 600 
mg/kg/day (~190 times the human exposure at the MRHD);  

• delayed avoidance response during a  learning test in F1 rats at 30 mg/kg/day (~2.9 
times the human exposure at the MRHD); and  

 
Maternal toxicity including dam deaths and abortion, decreased food consumption and body 
weight, hemorrhage in uterus, or vaginal hemorrhage occurred at the same or lower edoxaban 
doses that led to embryo-fetal/developmental toxicity.  Consequently, embryo-fetal toxicity in 
rats and rabbits and developmental toxicity in rats might be secondary effects of maternal 
toxicity, rather than direct effects of edoxaban.  There was no impairment of fertility.    
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• Edoxaban undergoes minimal metabolism.  The main metabolite, D21-2391 (which is 
active), is formed through hydrolysis by carboxylesterase 1 (CE-1), but exposure to this 
metabolite is about 10% of edoxaban levels.  There is metabolism by CYP3A4/5, but 
exposure to hepatic metabolites is less than 5% of exposure to edoxaban, indicating that 
this route of elimination is not consequential.   

• Edoxaban is a substrate of P-gp, but not of the OAT polypeptides or OCT2.   
• Edoxaban has a terminal elimination half-life of about 9 hours and an effective half-life of 

about 6 hours.  CL/F is ~36 L/h.   
• As one would expect from the T1/2 information above, there are wide swings from peak to 

trough with once daily dosing.  This is discussed further below in a comment.   
• Accumulation with repeated once daily administration is 10%-15% in terms of AUC, but 

Cmax is increased by 70%.  For twice daily dosing, analogous increases for AUC and 
Cmax are 45% and 100%, respectively.   

• The primary metabolite of edoxaban, D21-2393, has PK that is not notably different from 
the parent.   

• Healthy volunteers and patients with A Fib have similar edoxaban PK.  In volunteers, the 
inter- and intra-subject variability for clearance and volume of distribution is <30%.  In 
patients with A Fib, intra-subject variability in clearance and volume of distribution is 14% 
and 22%, respectively.   

 
5.2. Drug-drug interactions 
 

P-gp inhibitors and inducers: 
Results of studies with use of edoxaban with concomitant administration of 7 inhibitors and 1 
inducer of P-gp (with or without effects on other enzymes relevant to PK) show increased 
edoxaban exposure (with the inhibitors) or decreased exposure (with the inducer) as follows: 
 

Table 1  Effects of P-gp Inhibitors and Inducers on Cmax and AUC of Oral Edoxaban 
 

Inhibitor Drug Effect on Cmax, AUC 
(point estimate of 

increase, in %) 

Inducer Drug Effect on Cmax, AUC 
(point estimate of 
decrease, in %) 

Ketoconazole 89%, 87% Rifampin 0%, 34% 
Quinidine 85%, 77%   
Verapamil 53%, 53%   

Erythromycin 68%, 85%   
Cyclosporine 73%, 73%   
Dronedarone 46%, 85%   
Amiodarone 56%, 40%   

 
The sponsor’s only current recommendation regarding drug-drug interactions based on drug 
metabolism is to not use edoxaban with P-gp inducers such as rifampin.  P-gp inhibitors 
increase edoxaban exposure (see Table 1) but not more than about 90% in the worst case of 
studied interactions.  The applicant now agrees with OCP that no adjustment of dose is 
necessary for use with P-gp inhibitors.   
 

Esomeprazole 
 
Coadministration with esomeprazole 40 mg QD X 5 days, with a single dose of edoxaban 60 mg 
2 hr after the last dose of esomeprazole, resulted in no change in total exposure, but peak 
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exposure decreased by 33%.  In ENGAGE, about 17% of subjects were treated with various 
proton pump inhibitors.  Their trough edoxaban concentrations were similar across the PPIs and 
also similar to those not taking a PPI.    
 
5.3. Pathways of Elimination  
 

• About 60% of absorbed edoxaban is excreted unchanged in the urine, with a lesser 
extent of biliary excretion.  

• In subjects with mild, moderate or severe renal impairment (creatinine clearance of >50 
to 80 mL/min, 30 to 50 mL/min, or <30 mL/min, respectively) edoxaban AUC was 
increased by 32%, 74%, and 72% respectively, compared to subjects with normal renal 
function.   

• Edoxaban undergoes minimal metabolism.  The main active metabolite, D21-2391, is 
formed through hydrolysis by carboxylesterase 1 (CE-1), but exposure to this metabolite 
is about 10% of that of edoxaban.  There is metabolism by CYP3A4/5, but exposure to 
hepatic metabolites of edoxaban is less than 5% of exposure to edoxaban, indicating 
that this route of elimination is not consequential.   

• Edoxaban is a substrate of P-gp, but not of the OAT polypeptides or OCT2 (see drug-
drug interactions, above.). IC50 values for inhibition of tested transporters were >100 µM 
for OAT1, OAT3, OCT1 and OCT 2 and > 50 µM for OATPB1 and OATPB2.      

 
5.4. Demographic interactions/special populations  
 
The most important intrinsic factor affecting edoxaban exposure and clinical effects is renal 
function, which is discussed at the end of this section.   
 

Hepatic Function: 
 

There was no effect of mild or moderate hepatic impairment on edoxaban exposure or exposure 
to the major metabolite.  However, we typically state in labeling of novel anticoagulants that 
because of intrinsic coagulation abnormalities in patients with Child-Pugh Class B hepatic 
dysfunction (i.e., moderate impairment), dosing recommendations cannot be made, and OCP 
proposes such a statement for edoxaban.  There is no experience in patients with severe 
hepatic impairment.   
 
  Age: 
When weight and renal function was taken into account, there was no effect of age on 
edoxaban PK.  OCP does not support a dose adjustment based on age.   
 
 Gender: 
OCP recommends no dose adjustment based on gender because gender-related defenses in 
PK were not significant after other factors were taken into account.   
 
 Body Weight: 
Subjects in ENGAGE AF with weight ≤60 kg, about 4% of enrolled patients, received a 50% 
reduction in edoxaban dose.    However, in 
the final ENGAGE population PK model, body weight was not a significant predictor of 
edoxaban clearance.  It did predict efficacy events (low body weight was associated with 
increased risk of efficacy events, the opposite of what one would expect if exposure was high), 
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but there was no effect of weight on bleeding.  OCP concluded that there is no need for dose 
reduction in patients with weight ≤60 kg.  
 
5.5. Thorough QT study or other QT assessment 
 
There was no effect of edoxaban 90 or 180 mg on the QT interval in a thorough QT study in 
healthy men and women.  Assay sensitivity was demonstrated.     
 
5.6. Other notable issues (resolved or outstanding) 
 
The only issue found to date that could affect approval of edoxaban or substantially affect 
labeling is the interaction between baseline renal function and results for the primary endpoint 
and ischemic stroke in ENGAGE.  The most notable finding related to this interaction was 
decreased efficacy in the normal renal function subgroup. The clinical and OCP review teams 
collaborate worked separately and together on this issue.  The outstanding work both teams is 
presented in this section.    
 
Primary endpoint results overall and for the renal function subgroups are shown in tabular form 
in Table 2 and Figure 4.  Key findings are: 

• The most favorable results for edoxaban compared to warfarin were observed in the 
subgroup with mildly impaired renal function in the 60/30 mg arm.   One would expect 
patients with mild renal impairment to have higher exposure to edoxaban than those with 
normal renal function because of the high degree of renal excretion of edoxaban, and 
they did (see Figure 6 for PK data for all renal function subgroups). 

• Patients with normal renal function in the 60/30 mg arm had a reversal of the hazard 
ratio vs. warfarin for the primary endpoint, with results numerically favoring warfarin by a 
substantial margin.   

• About 80% of patients with moderately impaired renal function, who would be expected 
to have the highest edoxaban exposure, were dose reduced, and received 30 mg or 15 
mg, depending on their randomized arm.  Their mean edoxaban exposure was thus 
substantially less than that of patients with mild renal impairment.    

The two edoxaban arms had similar patterns of results across the renal function subgroups 
(Figure 4).  The p value for the interaction between renal function and the primary endpoint was 
<0.01 for each edoxaban arm compared to warfarin. The similarity of the pattern of results in the 
two treatment arms and the small interaction p values suggest it is unlikely that observed 
reduction in efficacy of edoxaban in the normal renal function subgroups is due to chance.       
 
Results for ischemic stroke show a similar pattern in each edoxaban arm as the primary 
endpoint results (see Table 3 and Figure 5).  However, results in each arm for ischemic stroke 
are less favorable for edoxaban overall than for the primary endpoint due to the inclusion in the 
primary endpoint analysis of data relating to hemorrhagic stroke, which strongly favors 
edoxaban (and all the other NOACS) over warfarin. A p was not calculated for the interaction of 
renal function vs. the ischemic stroke results, but the similarity of pattern of results with the 
primary endpoint results suggests that it also would be quite small for each edoxaban arm vs. 
warfarin.  Notably, the overall results favor warfarin over edoxaban 30/15 mg for ischemic stroke 
with a confidence interval that does not cross 1 (Table 3), which supports the Applicant’s 
decision not to seek approval of this regimen.       
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Table 3  Ischemic Stroke Results Overall and in Subgroups  
Based on Renal Function at Baseline 

MITT Population, On Treatment 
 

Renal Function 
Subgroup* Arm n(N) Event Rate 

%/yr HR vs. W 

All patients W 144 (7012) 0.93  

 E30 226 (7002) 1.43 1.55 (1.26, 1.91) 

 E60 135 (7012) 0.87 0.94 (0.75, 1.19) 
     30 to <=50 (moderately impaired) W 28 (1348) 1.09  
 E30 55 (1274) 2.21 2.04 (1.29, 3.24) 

 E60 30 (1287) 1.29 1.12 (0.67, 1.89) 
     >50 to <80 (mildly impaired) W 83 (3030) 1.23  
 E30 98 (3034) 1.42 1.13 (0.85, 1.51) 

 E60 51 (2985) 0.77 0.62 (0.43, 0.87) 
     ≥80 (normal) W 33 (2595) 0.53  
 E30 69 (2611) 1.11 2.09 (1.38, 3.16) 

 E60 52 (2612) 0.84 1.58 (1.02, 2.45) 
Primary Endpoint:  Time to stroke or systemic embolism 
* Renal function:  Estimated creatinine clearance in mL/min calculated using Cockcroft-Gault formula  
Source: Reviewer’s Table: Source Data: BASEGP.xpt, ADJEFFCA.xpt, modeling with Dose Adjustment, yes 
or no. CHADS2≤3=0, or >3=1. 

 
Figure 5  Ischemic Stroke Results in Subgroups Based on Renal Function at Baseline 

MITT Population, On Treatment – Hazard Ratios for Edoxaban vs Warfarin 

 
 

X axis markers represent renal function subgroups: 1 – moderately impaired; 2 – mildly impaired; 3 – normal 
Source:  Reviewer’s figure,  based on data Table 3 
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Finally, it should be noted that the results for the primary safety endpoint, ISTH Major 
Bleeding, show a pattern across the renal function subgroups that is essentially the inverse 
of the efficacy results pattern:  for each edoxaban dose group, the subgroup with the highest 
edoxaban exposure and the best efficacy results compared to warfarin (i.e., the mild renal 
impairment subgroup), had the worst results for bleeding compared to warfarin.  However, 
all renal function subgroups had point estimates for this endpoint that are less than 1 
(Figure 7).     
 

Figure 7  ENGAGE – ISTH Major Bleeding by Treatment and Renal Function Subgroup 
MITT Population on Treatment 

 

 
 
Barred lines represent 95% CI. 
Source: Safety Reviewer Analysis.   
 
Note that in Figure 7 the color coding is reversed from the efficacy figures:  here the E 60/30 
mg group data are in red and the E 30/15 data are in blue.  While there are differences in 
bleeding hazard ratios that generally vary directly with exposure (i.e., higher edoxaban results in 
higher bleeding rates and less favorable hazard ratios) among the subgroups of each treatment 
arm, the differences in hazard ratios are not as striking as for efficacy.   
 
All of the above reinforces the Applicant’s decision not to seek approval of the 30/15 mg 
regimen for the A Fib indication and also suggests that 60 mg, the highest dose studied in 
Phase 3, is too low a dose for patients with normal function. While exposure in the moderate 
renal impairment subgroup was similar to exposure in the normal renal function subgroup, the 
hazard ratios for the primary endpoint and ischemic stroke were more favorable for edoxaban 
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than those for the normal renal function subgroup.  OCP agrees with the Applicant that 30 mg is 
an appropriate dose for subjects with moderate impairment of renal function.     
 
Accordingly, OCP has plotted the concentration-response relationships for ischemic stroke and 
bleeding.  They have also performed PK modeling to find a dose appropriate for the normal 
renal function subgroup.  Their PK modeling assumes subjects with mild renal dysfunction who 
received edoxaban 60 in the mildly impaired renal function subgroup achieved appropriate 
exposure levels because they had the best efficacy results and Major Bleeding rate numerically 
less than warfarin.  The goal of the modeling was to determine a dose for subjects with normal 
renal function that would result in trough edoxaban exposure that is similar to that of patients 
with mild renal impairment who received 60 mg.   
 
Figure 8 is a plot of edoxaban trough plasma concentrations from the large PK subset of over 
12,000 patients.  Colored curves were generated for each renal function subgroup.  The 
horizontal colored bars with the subset labels (e.g., “60 mg – Normal” in purple) represent the 
actual 95% range of trough concentrations for that subgroup.  The dashed purple horizontal line 
represents the actual rate of events in eh warfarin arm in the purple (normal renal function) 
subgroup.  The other subgroups are analogously represented and labeled.  For example, when 
the range corresponding to the purple bar is superimposed on the purple concentration- 
response curve, the expected rates of ischemic stroke appear to be about 0.8% (for 
concentrations at the low end of the purple bar) to 0.5% (based on the high end of the purple 
bar).  The actual rate in the warfarin arm of was 0.5%, meaning that 97.5% of subjects in the 
normal renal function subgroup who received 60 mg daily had edoxaban concentrations that 
yielded an expected rate of ischemic stroke similar or higher than the observed rate for warfarin.   
On the other hand the entire red bar (for mildly impaired renal function) corresponds to 
concentrations that would expected to be associated with rates of ischemic stroke below the 
observed rate for warfarin in that subgroup, about 1.2% (represented by the red dotted line).   
  
 

Figure 8  Exposure Response Relationship for Ischemic Stroke 
ENGAGE PK Subset 

 

Source: OCP reviewer  
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An analogous plot for the primary endpoint was produced but is not shown.  The plot is quite 
similar to the one above and yields similar conclusions, which is not surprising because most 
primary endpoint events are ischemic strokes.  
 
Figure 9 is a plot for ISTH Major Bleeding that is analogous in format to the one above.  Note 
that when the red bar (corresponding to mildly impaired renal function is superimposed on the 
red curved line, part of the line segment thus selected lies above the dotted red line, indicating 
that patients with exposures at the high end of the exposure range would be expected to have 
higher bleeding rates than with warfarin, while those at the lower end would have a rate less 
than with warfarin.   
 
When the purple bar is superimposed on the purple curve (for the normal renal function 
subgroup, the entire length of the selected segment is below the purple dotted line, suggesting 
that expected concentrations in the expected range would be expected to produce less bleeding 
than warfarin, which is what occurred in ENGAGE in this subgroup.  However, when the range 
of the red bar is superimposed on the purple curve (as would be appropriate if patients with 
normal renal function had exposure similar to that of patients with mildly impaired renal 
function), a small part of the selected segment would be above the purple dotted line, 
suggesting that persons at the high end of the exposure range would have a higher bleeding 
risk than with warfarin, but the most patients in the expected range would have a lower risk than 
with warfarin.   
 

Figure 9   Exposure Response Relationship for Major Bleeding  
ENGAGE PK Subset  

 

 
Black vertical line at 52 ng.mL represents the 99% limit of observed concentration values. 
Source:  OCP reviewer figure. 
 
Thus, the exposure-response information suggest that for patients with normal renal function, 
exposure matching to edoxaban levels observed in patients with mild renal impairment would 
lower the risk of ischemic stroke without a substantial increase in the risk of having a Major 
Bleed.  Similar plots was generated for Major GI bleeding and show a slightly larger increase in 
similar increase risk – to about a doubling of risk compared to warfarin with the highest 
exposures in the expected range – with the exposure matching strategy.  The OCP review also 
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Edoxaban doses used in PRT-018 were based on Phase I data and prior studies in patients with 
DVT.  For patients randomized to edoxaban, there was a double bind with respect to dose.  
Warfarin was administered in an entirely open manner.  Planned enrollment was about 240 
subjects per arm. 
 
Patients were treated for 3 months, with a 30 day post treatment visit.  In addition to the safety 
data already described, MACE events were captured.  These were defined as stroke of any 
kind, SEE, CV death, and hospitalization for any cardiac condition.  There was a fully blinded 
CEC to adjudicate events.  PD sampling was performed on Day 1 (randomization) and Day 28 
(1 and 3 h post dose).   
 
At the recommendation of the DMC, the 60 mg bid arm was terminated early due to excess 
bleeding after 180 subjects had enrolled in that arm.  The other 4 arms were fully enrolled, with 
a mean enrollment of 242 subjects per arm. 
 
Safety data, copied from the clinical review, are shown below: 
 

Table 5: Incidence of Bleeding in PRT-018 during the treatment period 
 
 Edoxaban Dose  
 Any 

Dose 
   

30 mg qd 
(N = 235) 

30 mg bid 
(N = 244) 

60 mg qd 
(N = 234) 

60 mg bid 
(N = 180) 

Warfarin 
(N = 250) 

All bleeding, n (%) 94 (10.5) 13 (5.5) 31 (12.7) 17 (7.3) 33 (18.3) 20 (8.0) 
95% CIa 8.6, 12.7 3.0, 9.3 8.8, 17.5 4.3, 11.4 13.0, 24.8 5.0, 12.1 

Difference vs warfarin  -2.5% 4.7% -0.7% 10.3%  
95% CIb  -6.9, 2.0 -0.7, 10.1 -5.5, 4.0 3.8, 16.9  

p-valuec  0.367 0.104 0.864 0.002  
       
Major or CR non- 
major bleeding, n (%) 

54 (6.0) 7 (3.0) 19 (7.8) 9 (3.8) 19 (10.6) 8 (3.2) 

95% CIa 4.6, 7.8 1.2, 6.0 4.8, 11.9 1.8, 7.2 6.5, 16.0 1.4, 6.2 
Difference vs warfarin  -0.2% 4.6% 0.6% 7.4%  

95% CIb  -3.3, 2.9 0.6, 8.6 -2.6, 3.9 2.4, 12.3  
p-valuec  1.000 0.029 0.807 0.002  
       
Major bleeding, n (%) 12 (1.3) 0 (0.0) 5 (2.0) 1 (0.4) 6 (3.3) 1 (0.4) 

95% CIa 0.7, 2.3 0.0, 1.6 0.7, 4.7 0.0, 2.4 1.2, 7.1 0.0, 2.2 
Difference vs warfarin  -0.4% 1.6% 0.0% 2.9%  

95% CIb  -1.2, 0.4 -0.3, 3.6 -1.1, 1.2 0.2, 5.7  
p-valuec  1.000 0.119 1.000 0.023  

Percentages are based on the number of patients in each group in the safety analysis set. 
Note: CR = clinically relevant; CI = confidence interval. 
a: 95% Clopper-Pearson confidence interval within treatment group. 
b: 95% confidence interval for the difference in percentages between each DU-176b group and the warfarin group. 
c: Fisher’s exact test p-value for incidence of DU-176b dose group versus warfarin. 
Source: PRT-018 CSR 
 
The 60 mg bid arm had the highest rate of bleeding, and the 30 mg OD arm had the lowest rate.  
Bleeding was more frequent in the 30 mg bid arm than with 60 mg OD.   Bleeding with 60 mg 
OD was similar to bleeding with warfarin.  Largely on the basis of the bleeding data above, 60 
mg once daily and 30 mg once daily were selected for evaluation in Phase 3.   
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Data for MACE events in PRT-018 is shown in the following table.  Note that while the rate of 
stroke and systemic embolism was low with 60 mg OD, this arm had the highest rate of MACE 
events.   
 

Table 6: Major Adverse Cardiovascular Events in Study PRT-018 
 

 Edoxaban Daily Dose  
 30 mg qd 

(N = 235) 
30 mg bid 
(N = 244) 

60 mg qd 
(N = 234) 

60 mg bid 
(N = 180) 

Warfarin 
(N = 250) 

MACE, n (%) 
[CI] 

4 (1.7) 
[0.5, 4.3] 

6 (2.5) 
[0.9, 5.3] 

10 (4.3) 
[2.1, 7.7] 

2 (1.1) 
[0.1, 4.0] 

6 (2.4) 
[0.9, 5.2] 

Any Stroke, n (%) [CI] 1 (0.4) 
[0.0, 2.3] 

2 (0.8) 
[0.1, 2.9] 

1 (0.4) 
[0.0, 2.4] 

2 (1.1) 
[0.1, 4.0] 

4 (1.6) 
[0.4, 4.0] 

SEE, n (%) [CI] 1 (0.4) 
[0.0, 2.3] 

1 (0.4) 
[0.0, 2.3] 

0 (0.0) 
[0.0, 1.6] 

0 (0.0) 
[0.0, 2.0] 

0 (0.0) 
[0.0, 1.5] 

Any Stroke and/or SEE, 
n (%) [CI] 

1 (0.4) 
[0.0, 2.3] 

3 (1.2) 
[0.3, 3.6] 

1 (0.4) 
[0.0, 2.4] 

2 (1.1) 
[0.1, 4.0] 

4 (1.6) 
[0.4, 4.0] 

MI, n (%) [CI] 2 (0.9) 
[0.1, 3.0] 

1 (0.4) 
[0.0, 2.3] 

2 (0.9) 
[0.1, 3.1] 

0 (0.0) 
[0.0, 2.0] 

0 (0.0) 
[0.0, 1.5] 

Cardiovascular Death, 
n (%) [CI] 

2 (0.9) 
[0.1, 3.0] 

4 (1.6) 
[0.4, 4.1] 

0 (0.0) 
[0.0, 1.6] 

0 (0.0) 
[0.0, 2.0] 

2 (0.8) 
[0.1, 2.9] 

Hospitalization for any 
Cardiac Condition, n (%) [CI] 

2 (0.9) 
[0.1, 3.0) 

2 (0.8) 
[0.1, 2.9] 

7 (3.0) 
[1.2, 6.1] 

0 (0.0) 
[0.0, 2.0] 

1 (0.4) 
[0.0, 2.2] 

Source: PRT-018 CSR 
 
The Applicant cites PRT-018 as the major study contributing to the selection of doses for 
ENGAGE.  Their intent was to select doses of edoxaban that would have less bleeding risk than 
warfarin.  Both 30 mg OD and 60 mg OD appeared to meet that test in PRT-018.  PD testing in 
PRT-018 indicated that edoxaban 60 mg was associated with similar reductions in fibrin split 
products as warfarin (data not shown), suggesting that the drugs might have similar 
antithrombotic effects.   
 
Of note, the quality of anticoagulation in the warfarin arm was not good.  Over 90% of subjects 
were from eastern Europe, an area that has sometimes performed poorly in terms of time in 
therapeutic range (TTR) for INR in anticoagulant studies.  At baseline, 57% to 68% of subjects 
in each of the 5 arms were warfarin naïve, meaning that about 30% to 40% came into the study 
on warfarin.  However, only 7% were in range for INR at baseline in the warfarin arm.  By the 
end of the study the TTR in the warfarin ARM was 50%.  About 80% of the time out of range 
was time below range (i.e., a 40% absolute rate of time below range).  If TTR was similar to the 
excellent TTR obtained in ENGAGE (about 65%), one would expect patients in the warfarin arm 
to have bled more.  A comment in the clinical review suggests that a higher rate of bleeding in 
the warfarin arm in PRT-018 might have induced the Applicant to choose a higher edoxaban 
dose for evaluation in Phase 3.  However, it is impossible to know whether better control of INR 
would have affected the Applicant’s choice of dose for Phase 3.   
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Design and results of the pivotal efficacy study: 
 
In support of the proposed indication, the applicant conducted one trial:  the ENGAGE AF-TIMI 48 
study, a large (21,000+ subjects) trial comparing wo dosing regimens of edoxaban to warfarin to 
reduce the rate of stroke and systemic embolism.    
 
ENGAGE was an international, randomized, double- blind, double-dummy, event-driven, non-
inferiority study comparing edoxaban given orally once daily to warfarin titrated to a  target INR 2.0 
to 3.0 except in Japan, where patients age 70 and above were titrated to an INR of 2.0 – 2.5.  
Two edoxaban dosing regimens were evaluated:  a high exposure regimen, with most patients 
receiving 60 mg daily, with a reduced dose of 30 mg for patients who met any one or more of 3 
dose reduction criteria:  creatinine clearance 30 to 50 mL/min; body weight ≤60 kg, or use of 
specified p-GP inhibiting drugs (dronedarone, verapamil, quinidine); and a low exposure 
regimen, with most patients receiving 30 mg daily, with a reduced dose of 15 mg daily for those 
who met the dose reduction criteria described above.  Randomization was stratified by 
dichotomized CHADS2 score (2-3 vs. 4-6) and dose adjustment (full dose or half dose).         
 
ENGAGE enrolled patients with non-valvular atrial fibrillation and a CHADS2 score ≥ 2.  This 
requirement produced a population at higher risk of stroke than patients in RE-LY and ARISTOTLE but at 
lower risk than those in ROCKET.  Study exclusions included:  patients who with transient A Fib with 
a reversible cause; moderate or severe mitral stenosis; intracardiac mass;  left ventricular thrombus;   
a mechanical heart valve;  high risk of bleeding from a list of specified causes including dual anti-platelet 
therapy, other  anticoagulants, and use of chronic systemic NSAIDS;  creatinine clearance < 30 mL/min,; 
transaminase ≥ 2X ULN;   total bilirubin ≥ 1.5 X ULN;  stroke or ACS or PCI within 30 days;  and use of 
specified potent P-gp inhibitors, among others.      
 
A double dummy technique was used in ENGAGE.  A point of care device was used to determine 
INR, with provision of sham INRs to patients randomized to edoxaban. In attempt to maintain the blind, 
the protocol also specified that while on study drug, unblinded INR measurements were not to be 
performed the investigator first contacted the TIMI hotline to discuss the situation except in the setting of 
a medical emergency. A warfarin dosing algorithm was provided but its use was not mandatory.  
Intervals for INR determination were not specified; the investigator was to use “good clinical judgment” and 
keep the INR in the specified therapeutic range.   
 
The trial was event-driven and was designed to establish the non-inferiority of edoxaban to 
warfarin for the reduction of stroke and systemic embolism. A non-inferiority margin of 1.38 was 
used, as is customary.  Efficacy endpoints and safety endpoints of interest (i.e. bleeding and liver 
findings) were adjudicated by an independent blinded clinical endpoint committee.  
 
There was a scheduled interim analysis when 50% of the target number of events had occurred, 
but only the result of this analysis could be dropping of a study group, so there was no reduction 
in the final alpha.  In the final analysis, each edoxaban group was compared to warfarin at the 
0.025 level (two-sided) using a Cox model with stratification covariates, assessing non-inferiority 
of edoxaban to warfarin win an NI margin of 1.38.  A hierarchical analysis plan was specified in 
the event that the 60 mg group was non-inferior to warfarin for the primary endpoint with all 
analyses involving the comparison of edoxaban 60 mg to warfarin.  In the order to be performed 
the analyses were:     
 

1. superiority for the primary endpoint, p=0.01 
2. superiority for  time to the composite of stroke/SE/CV death, p=0.01 
3. superiority for time to MACE (which includes fatal bleeding as part of CV death), p=0.01 

Reference ID: 3670108



26 
 

4. superiority for time to stroke/SE/all-cause death, p=0.01  
 
All of these analyses were conducted using a Cox model with the stratification covariates.  If any 
of these analyses did not succeed, subsequent analyses were not to be performed.    
 
There were two major analysis populations:  the ITT population (all patients randomized), and 
the MITT population (all patients who received at least one dose of study drug).  There were two 
major analysis periods:  the “overall study period,” defined as randomization or first dose of 
study drug (as specified in the analysis plan) to the CSED visit, and the “on-treatment period,” 
defined as first dose to last dose + 3 days or the CSED, if the patient took study drug up to the 
CSED.    
 
There was also a per-protocol population, which consisted of MITT patients without major 
protocol violations.  Inclusion in this population was made on the basis of a blinded assessment 
of whether a major protocol violation occurred.  However, this population was not analyzed in 
any of the analyses in the hierarchy described above.    
 
The primary analysis of NI was determined in the MITT population on-treatment. All the 
superiority analyses in the hierarchy above were made using the ITT population in the overall 
study period.   
 
An overview of ENGAGE’s design is shown in Figure 10  ENGAGE Design, along with some 
relevant data on enrollment, TTR, and endpoints reported:      
 

Figure 10  ENGAGE Design 
 

 
 
Table 7 is a display the study analysis populations and disposition.  The study was well run with 
a low rate of loss to follow-up for vital status (0.2%).    
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• Ischemic stroke results favored edoxaban 60 mg over warfarin slightly, but favored 
warfarin over edoxaban 30 mg by a wide margin with nominal statistical significance.    

• Hemorrhagic stroke rates favored both edoxaban arms over warfarin, with the hazard 
ratios being nominally significant in each case.  A dose response was observed here, 
with edoxaban 30 mg having a lower rate than edoxaban 60 mg, unlike the findings in 
RE-LY where there was no evident dose response for the effect of dabigatran on 
hemorrhagic stroke.  

• Disabling stroke favored warfarin over edoxaban 30 mg. 
• There was no signal of MI risk with edoxaban 60 mg. 
• Both edoxaban arms had fewer CV deaths and all-cause deaths than warfarin.  For the 

edoxaban 30 mg arm, the advantage over warfarin was nominally significant for CV 
death. 

• The results for MACE (defined as MI, stroke, CV death, fatal bleeding) favored 
edoxaban 60 mg over warfarin with nominal statistical significance.   

• Results for the per-protocol, on-treatment analysis were very similar to the MITT, on-
treatment results, and support non-inferiority of edoxaban 60 mg to warfarin.    
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An examination of the primary endpoint results by quartiles of center-based TTR was performed 
by the Applicant.  In the 3 lowest quartiles of INR control, with TTR up to 73.9%, the HR for the 
primary endpoint ranged from 0.73 to 0.80 for the edoxaban 60 mg arm.  In the fourth quartile, 
with sites with TTR >73.9%, TTR was 1.02 (data not shown).   
 
Overall, the efficacy findings support approval of the edoxaban 60 mg regimen.  Because this 
regimen came close to being superior to warfarin for the primary endpoint, and warfarin was 
nearly superior to edoxaban 30 mg, one can infer that edoxaban 60 mg is superior to edoxaban 
30 mg for reducing the rate of the primary endpoint of time to stroke and systemic embolism.  
One can also infer that edoxaban 60 mg was superior to edoxaban 30 mg for ischemic stroke 
(the event we are hoping to prevent with anticoagulation in patients with A Fib) because warfarin 
was shown to be superior to edoxaban 30 mg and edoxaban had numerically better results for 
this endpoint than warfarin.  The superiority of  dabigatran 150 mg bid over dabigatran 110 mg 
bid was a factor in our decision to approve only the higher dose, even though the lower dose 
was non-inferior to warfarin.  The ENGAGE data support the Applicant’s decision to not seek 
approval of the 30 mg regimen, and there is precedent for not approving the less effective dose 
in this situation.        
 
Other than the interaction between renal function and efficacy (discussed in Sec. 5), there are 
no other issues relating to efficacy that would stand in the way of approving edoxaban for the A 
Fib indication.   
  
6.2  Safety 
 
General safety considerations: 
 
All data discussed in this section are from the ENGAGE trial unless otherwise specified.  Total 
exposure to study drug in ENGAGE was quite extensive and is displayed in Table 9Error! 
Reference source not found.  Median exposure to study drug was more than 900 days in each 
arm and total exposure in each arm was more than 15,000 patient-years. Note that the 
headings below refer to randomized treatment arms, not dose as-treated.    

 
 

Table 9 Study Drug Exposure in ENGAGE  
 

 
Reviewer’s Table. Source: The Applicant’s datasets- DM, BASEGRP, DRUGPER. 
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Death 
  
Death on treatment is discussed in Sec. 6.2, regarding efficacy.  Death during the overall study 
period is shown in Table 11. For death in the overall study period, the treatment arms are 
ordered in the same way as for death on-treatment: from fewest to most deaths the arms are 
edoxaban 30 mg (731 deaths), edoxaban 60 mg (769), and warfarin (836).  Because total N in 
each arm is similar, I will focus on the number of deaths.   The count of death due to 
malignancies was 93, 94, and 84 in the edoxaban 30 mg, edoxaban 60 mg and warfarin arms 
respectively.  The Yates chi square p for edoxaban 60 mg vs. warfarin is 0.5 and is even higher 
for the both edoxaban arms pooled vs. warfarin.  This is not a signal of harm.  Note that in Table 
12, with results for deaths by MedDRA SMQ, the results for malignancy-related deaths for the 3 
arms are even more similar to each other than in Table 11.  In addition, the overall count of 
SAEs in the Neoplasms Benign, Malignant and Unspecified SOC was lower for both edoxaban 
arms than for warfarin:  261, 264, and 283 in the edoxaban 30 mg, edoxaban 60 mg and 
warfarin arms respectively.1      
 
For non-CV, non-malignant deaths, the count was 116, 148, and 144 in the edoxaban 30 mg, 
edoxaban 60 mg and warfarin arms respectively.  The lower rate in the edoxaban 30 mg arm 
was driven by the results for deaths due to infection, which were 69, 94, and 92 in the edoxaban 
30 mg, edoxaban 60 mg and warfarin arms respectively.  One possible explanation for this 
pattern was that the increased rate of bleeding with edoxaban 60 mg and warfarin led to more 
hospitalizations and subsequent serious infections, but this is speculative and was not explored.  
Less bleeding with edoxaban 30 mg also might have contributed to the results for deaths due to 
accidents or trauma:  5, 10, and 10 in the edoxaban 30 mg, edoxaban 60 mg and warfarin arms 
respectively.  

                                                
1 There was no notable excess with edoxaban for any of the many reported solid malignancies in the 
Applicant’s table of SAEs, including (in order of prevalence, starting with the most commonly reported 
tumor): colon cancer, prostate cancer, basal cell carcinoma, breast cancer, 2 terms for bladder cancer, 
“lung neoplasm malignant”, lung adenocarcinoma, rectal cancer, and squamous cell carcinoma, which 
constituted 10 of the 12 most common tumors.  Two of the 12 most common had results notably favoring 
warfarin: myelodysplastic syndrome (9th most common, 1, 6, and 1 cases in the edoxaban 30 mg, 
edoxaban 60 mg and warfarin arms respectively) and prostatic adenoma (10th most common, 1, 6, and 0 
cases in the edoxaban 30 mg, edoxaban 60 mg and warfarin arms respectively.  However, there was no 
signal for either acute myeloid leukemia (which may follow myelodysplastic syndrome) or prostate cancer 
with edoxaban.  None of this belongs in labeling.   
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Table 11 Summary of Adjudicated Deaths- overall study period 

 
                Data source: The Applicant’s CSR Table 12.18  
  
Dr. McDowell performed an analysis of deaths associated with MedDRA SMQs (Table 12). 
She examined all SMQs, but only those of special interest and those with unexpected findings 
are shown in the table.  
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Table 13 is a display of various classifications and anatomic locations of bleeding in ENGAGE.  
The results for ISTH Major bleeding, the primary safety endpoint, favored each edoxaban 
regimen over warfarin with nominal statistical significance, but there is a clear dose-response for 
bleeding with edoxaban.  All comparisons for edoxaban 30 mg vs. warfarin favored edoxaban 
30 mg numerically.  All comparisons for edoxaban 60 mg vs. warfarin favored edoxaban 60 mg 
except several comparisons of GI bleeding.  However, the more serious cases of GI bleeding, 
classified as TIMI major or GUSTO severe, were not more frequent with edoxaban 60 mg than 
with warfarin (highlighted in blue).    
 

Table 13  ENGAGE – Adjudicated Bleeding Results 
 

ENGAGE CSR Table 12.6; Reviewer’s analysis, Source: Applicant’s dataset: BLDDATA, BASEGRP and DM. First 
major bleeding event for each category was used. Subjects without a major bleeding event were censored at the 
earliest day of death, last dose +3 days, withdrawal of consent, or last known information about the event of interest  
 
The above tables count hemorrhagic strokes as major intracranial bleeds.  However, 
hemorrhagic strokes are also counted as primary endpoint events.  To avoid double 
counting of these events, Dr. McDowell performed an analysis of major bleeding without 

 

Edoxaban  
30 mg 
N = 7002 
n (per 100  
pt-year) 

Edoxaban  
60 mg 
N = 7012 
n (per 100  
pt-year) 

Warfarin 
N = 7012 
 
n (per 100 
 pt-year) 

Edoxaban 30mg vs. W 
 
HR (95% CI)               p value 

Edoxaban 60 mg vs. W 
 
  HR (95% CI)              p value 

ISTH Major Bleeding 254 (1.57) 418 (2.68) 524 (3.34) 0.47 (0.41-0.55) <.0001 0.80 (0.71-0.91) 0.0009 

 -GI 129 (0.80) 232 (1.48) 190 (1.20) 0.67 (0.53-0.84) 0.0004 1.24 (1.02-1.50) 0.0309 

-Upper GI 88 (0.54) 140 (0.89) 111 (0.70) 0.78 (0.59-1.03) 0.08 1.28 (0.99-1.64) 0.06 

-Lower GI 44 (0.27) 96 (0.61) 81 (0.51) 0.54 (0.37-0.77) 0.0009 1.20 (0.89-1.61) 0.2301 

-Intracranial (ICH) 41 (0.25) 61 (0.38) 132 (0.82) 0.31 (0.22-0.43) <.0001 0.47 (0.34-0.63) <.0001 

-Non-ICH 213 (1.32) 359 (2.30) 396 (2.52) 0.52 (0.44-0.62) <.0001 0.91 (0.79-1.05) 0.2177 

-Fatal Bleeding 20 (0.12) 32 (0.20) 59 (0.37) 0.33 (0.20-0.55) <.0001 0.55 (0.36-0.84) 0.0061 

 -ICH 12 (0.07) 24 (0.15) 42 (0.26) 0.28 (0.15-0.53) 0.0001 0.58 (0.35-0.95) 0.0319 

-Non ICH 8 (0.05) 8 (0.05) 17 (0.11) 0.46 (0.20-1.07) 0.0708 0.48 (0.21-1.10) 0.0822 

GUSTO Severe 56 (0.34) 92 (0.58) 175 (1.09) 0.31 (0.23-0.42) <.0001 0.53 (0.41-0.68) <.0001 

-Non ICH 15 (0.09) 31 (0.20) 44 (0.27) 0.34 (0.19-0.60) 0.0003 0.71(0.45-1.12) 0.1443 

-GI 9 (0.06) 21 (0.13) 25 (0.16) 0.36 (0.17-0.76) 0.0077 0.85 (0.47-1.51) 0.58 

TIMI Major 106 (0.65) 165 (1.04) 259 (1.63) 0.40 (0.32-0.50) <.0001 0.64 (0.53-0.78) <0.0001 

-Non ICH 65 (0.40) 104 (0.66) 127 (0.80) 0.50 (0.37-0.68) <.00001 0.83 (0.64-1.07) 0.1475 

-GI 47 (0.29) 80 (0.50) 83 (0.52) 0.56 (0.39-0.80) 0.0013 0.97 (0.71-1.32) 0.8520 

CRNM Bleeding 965 (1.44) 1210 (8.32) 1390 (9.65) 0.66 (0.61-0.71) <0.0001 0.86 (0.80-0.93) 0.0002 

Major + CRNM Bld. 1161 (7.68) 1528 (10.64) 1761 (12.39) 0.62 (0.58-0.67) <0.0001 0.86 (0.80-0.92) <0.0001 

Minor Bleeding 533 (3.52) 604 (4.12) 714 (4.89) 0.72 (0.65-0.81) <0.0001 0.84 (0.76-0.94) 0.0023 
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hemorrhagic stroke (Table 14).  Results favor each edoxaban regimen over warfarin for 
each category of bleeding.  Notably, even without counting hemorrhagic strokes, there 
is a 3 per thousand rate of intracranial hemorrhage with warfarin, several-fold higher 
than with edoxaban at either dose.  Fatal bleeding without hemorrhagic stroke also 
favors each edoxaban dose over warfarin.  GI bleeding rates and other rates of non-ICH 
bleeding are not included because they would not be expected to change with exclusion 
of hemorrhagic stroke events.   
 

Table 14  ENGAGE – Adjudicated Major Bleeding Results without Hemorrhagic 
Stroke 

 

 
Reviewer’s analysis, Source: Applicant’s dataset: BLDDATA, BASEGRP and DM. This analysis excluded MB due to 
hemorrhagic stroke (HS) which included both adjudicated HS and ischemic stroke with hemorrhagic conversion  
First major bleeding event for each category was used. Subjects without a major bleeding event were censored at the 
earliest day of death, last dose +3 days, withdrawal of consent, or last known information about the event of interest.  
 
Anemia and Hemoglobin 
 
Oddly, although observed bleeding was more frequent with warfarin, anemia was more frequent 
with edoxaban 60 mg than with warfarin (Table 15).  There was also a higher incidence of 
anemia-related conditions in the edoxaban 60 mg group compared with the warfarin group 
among subjects who did not report any bleed in the study (4.9% vs. 3.1%).  Likewise, reductions 
in hemoglobin were more frequent with edoxaban 60 mg than with warfarin (Figure 11, Table 
16).  The warfarin and edoxaban 30 mg arms were similar for these parameters.  Finally, , a 
more in the edoxaban 60 mg group compared with the warfarin group had ≥ 2 units of 
transfusion (5.4% vs. 4.9%, respectively).  Dr. McDowell speculated that, “These imbalanced 
findings in anemia-related AEs are likely partly due to a higher incidence of GI bleeds or non-
apparent bleeds in the edoxaban 60 mg group compared with the warfarin group.”  This thought 
is reasonable, but we can’t be sure about the cause of the excess anemia with edoxaban 60 
mg, which was not explored further.  However, the finding should be included in labeling in Sec. 
6.   
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Table 15 Summary of Anemia AE/SAE during the overall study period 
 

 
Source: the Applicant’s CSR Table 12.26 
 
 

Figure 11 Time Course of Change in Hemoglobin from Baseline 

 
Reviewer’s Figure. The Applicant’s dataset: LB & DM All hemoglobin collected during on treatment + 30 days were 
used for the analysis. Standard error was plotted for each mean hemoglobin change from baseline by study group 
and time point. 
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incident cases during the study (regardless of end of treatment) was 23, 33 and 26 in the 
placebo and vorapaxar arms, respectively.  There is little difference between warfarin and the 
edoxaban 60 mg arm.  However, the imbalance in serious AEs on treatment suggests that this 
AE should be flagged for post marketing follow-up.          
 
Increased Serum Creatinine 
 
Clinical laboratory data show that compared to warfarin, patients in both edoxaban arms had 
similar (i.e., there was no dose response), consistent and small increases in serum creatinine 
concentration from baseline compared to warfarin, on the order of 0.01 to 0.02 mg/dL, starting 
at month 3 (the first on-treatment blood draw for creatinine) and lasting until the end of the study 
(Figure 12).  At month 18, the 95% CI of the increase from baseline was 0.036 to 0.044 mg/dL.  
The resulting decrease from baseline in creatinine clearance (Cockcroft-Gault) compared to 
warfarin was about 1.0 to 1.5 mL/min (data not shown).  There are insufficient data to determine 
whether this change in serum creatinine compared to warfarin resolved after study drug was 
discontinued. 
 
Shift tables for serum creatinine showed slightly more upward shifts for the 2 edoxaban arms 
than for warfarin, but again with no edoxaban dose response (Table 18).  However, there was 
no AE signal indicating an increased risk of renal failure.  
 

Figure 12 Time Course of Change in Serum Creatinine from Baseline 
 

 
Reviewer’s Figure. The Applicant’s dataset: LB & DM. All serum creatinine collected during on treatment 
+ 30 days were used for the analysis. Standard error was plotted for each mean creatinine change from 
baseline by study group and time point.  
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