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Summary

Edoxaban is an oral, reversible, direct factor Xa inhibitor in phase Il
clinical development for the prevention of stroke in atrial fibrillation
(AF). A phase Il study was undertaken to evaluate the safety and effi-
cacy of edoxaban in Asian patients with non-valvular AF with CHADS,
score >1. In a multicentre, active-controlled, double-blind edoxaban
and open-label warfarin, parallel-group study, a total of 235 patients
from four Asian countries were randomly assigned to edoxaban 30 mg
qd, 60 mg qd or warfarin dose adjusted to international normalised
ratio of 2—3 for three months. The primary endpoint was the incidence
of centrally adjudicated all bleeding events (major, clinically relevant
non-major and minor). Secondary endpoints included thromboembolic
events, biomarkers of thrombus formation and all adverse events (AEs).
The incidence of all bleeding events (95% Cl) was 20.3% (12.9, 30.4)
for edoxaban 30 mg, 23.8% (15.8, 34.1) for edoxaban 60 mg, and
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Introduction

Atrial fibrillation (AF), the most common cardiac arrhythmia, is
increasing in prevalence as the population ages (1, 2). AF is associ-
ated with considerable morbidity and mortality, and is a strong in-
dependent risk factor for stroke (1, 3). The rate of ischaemic stroke
among patients with non-valvular AF (NVAF) averages 5% per
year, three to seven times the rate among people without AF (4, 5).
Although clinical trials and meta-analyses have shown that anti-
coagulation with vitamin K antagonists (VKAs) is the most effec-
tive way to reduce the risk of stroke (5, 6), about half of all eligible
patients do not receive anticoagulation therapy (7-12). Studies
suggest that the underuse of VKAs is due to several factors includ-
ing the risk of bleeding; drug-drug, drug-food and alcohol inter-
actions and the need for dose titration, laboratory monitoring and
dose adjustment (13, 14). Major bleeding rates range from 0.6 to
2.5% in well-controlled primary prevention trials with VKAs (15).
New approaches to anticoagulation for stroke prevention in pa-
tients with AF are being studied. Direct factor Xa (FXa) inhibitors

29.3% (20.2, 40.4) for warfarin. A subgroup analysis suggested low
body weight (<60 kg) may affect the incidence of bleeding events with
edoxaban. The incidence of study drug-related AEs was 22% for edox-
aban 30 mg, 29% for edoxaban 60 mg and 33% for warfarin. No throm-
boembolic events occurred in any treatment group. In conclusion, this
phase Il study found a trend for a reduction in the incidence of all bleed-
ing events in Asian AF patients with edoxaban 30 mg and 60 mg com-
pared with warfarin. Adverse events were similar between the edox-
aban 60-mg and warfarin groups and were lower with the edoxaban
30-mg group.

Keywords
Edoxaban, non-valvular atrial fibrillation, factor Xa inhibitor, anticoagu-
lant, warfarin

Financial support:
This study was funded by Daiichi Sankyo Co., Ltd., Tokyo, Japan.

Received: July 15, 2010
Accepted after major revision: November 18, 2010
Prepublished online: December 6, 2010

doi:10.1160/TH10-07-0451
Thromb Haemost 2010; 105: 535-545

are a promising new class of anticoagulants because of the role of
FXa being located at the intersection of the intrinsic and extrinsic
pathways of the coagulation system.

Edoxaban is an oral, direct FXa inhibitor in phase III devel-
opment for the prevention of stroke in patients with AF and for the
treatment of venous thromboembolism. It has good oral bioavail-
ability with rapid absorption and a median time of maximum ob-
served plasma concentration (t,,,,) of 1-2 hours (h). Edoxaban
demonstrated predictable and linear pharmacokinetics (PK) in
doses up to 120 mg without saturable absorption (16). It is not ex-
tensively metabolised by CYP3A, giving edoxaban limited risk of
drug-drug interactions. Like other FXa inhibitors, edoxaban’s ex-
posure is affected by drugs that inhibit the P-glycoprotein trans-
port protein. Edoxaban has a half-life of 8-10 h; in a study of nor-
mal human volunteers, single doses of edoxaban 30 and 60 mg sup-
pressed thrombin generation for up to 24 h (16, 17).

Studies have shown that the risk of bleeding with anticoagulant
or antiplatelet therapy is higher in Asians than in Western patients;
therefore, it is important to evaluate new anticoagulants in differ-
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ent ethnic groups (18). In addition, because Asian countries are
participating in the large global phase III studies of edoxaban that
are now ongoing, it was important to conduct a dose-finding study
exclusively in Asian patients.

The primary objective of this study was to evaluate the inci-
dence of all bleeding (major, clinically relevant non-major and
minor) with two fixed dosages of edoxaban (30 mg qd or 60 mg qd)
compared with warfarin as active control in Asian patients with
NVAE

Materials and methods
Study population

Male or female patients aged 18-80 years, with NVAF (confirmed
by abnormal electrocardiogram of AF twice within six months
prior to randomisation) and with a CHADS, index score (19) 21
were eligible for the study. Exclusion criteria included: previous
valve surgery, contraindication to anticoagulants, known bleeding
disorder, conditions associated with high risk of bleeding (e.g. past
history of major bleeding; uncontrolled hypertension; uncon-
trolled diabetes; haemorrhagic disorder; significant thrombocy-
topenia), ongoing treatment with an antiplatelet agent, AF second-
ary to other reversible disorders (e.g. thyrotoxicosis), acute coron-
ary syndrome or revascularisation procedures, stroke, transient is-
chaemic attack, any major surgery within the previous 30 days, left

ventricular aneurysm or atrial myxoma, impaired hepatic function
(L-aspartate aminotransferase 22.0 times the upper limit of nor-
mal [ULN], L-alanine aminotransferase >2.0 times the ULN, alka-
line phosphatase > 2.0 times the ULN, total bilirubin > 2.0 times
the ULN), serum creatinine 1.5 mg/dl, women of child-bearing
potential without adequate contraception, pregnancy or lactation.

Study design

This was a randomised, parallel-group, multicentre, double-blind
edoxaban and open-label warfarin study of two fixed doses of ed-
oxaban with warfarin as active control conducted in four Asian
countries (Taiwan, South Korea, Hong Kong and Singapore). The
investigator, patients and sponsor were blinded to the dose of ed-
oxaban, but not to the identity of edoxaban and warfarin. Patients
were randomised to edoxaban 30 mg qd, 60 mg qd or warfarin dose
adjusted to a target international normalised ratio (INR) of 2-3 in
a 1:1:1 ratio via Fisher Automated Clinical Trials System (FACTS),
and followed for three months. Block randomisation was done by
FACTS; Cenduit produced the randomisation schedule, which was
kept confidential until the end of the study. A patient who received
275% of the planned study drug was considered to be compliant.
The study was conducted in accordance with the protocol, the
principles set forth in the Declaration of Helsinki, International
Conference on Harmonisation (ICH) for Good Clinical Practice
(GCP), and all applicable local regulatory requirements.

277 Patients
screened
| 42 Screening
- failures
235 Patients
randomized

76 Patients receiving
open-label warfarin

79 Patients receiving
double-blind investigational
product edoxaban 30 mg

B0 Patients receiving
double-blind investigational
product edoxaban 60 mg

1 Patient in
warfarin group
who was
not treated

| 75 (Full analysis set) | |

79 (Full analysis set) I

| 80 (Full analysis set)

6 Withdrawn
1 Death
1 Does not meet entrance criteria
1 Lost to follow-up

9 Withdrawn

12* Withdrawn
9 Adverse event
1 Death
3 Withdrawal of consent

2 Adverse event
1 Lost to follow-up
6 Withdrawal of consent

2 Withdrawal of consent
1 Other

69 Completed
study

70 Completed
study

68 Completed
study

Figure 1: Patient disposition. *Patients may have withdrawn for more than one reason.
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Study endpoints

The primary study endpoint was the incidence of all bleeding events
(major, clinically relevant non-major and minor) with two fixed do-
sages of edoxaban (30 mg qd or 60 mg qd) in comparison with war-
farin. Major bleeding was defined as overt if it was fatal, bleeding as-
sociated with >2 g/dl drop in haemoglobin, transfusion 2800 ml of
packed red blood cells or whole blood, and bleeding into a critical
area or organ (retroperitoneal, intracranial, intraocular, intraspinal,
intra-articular or pericardial or intramuscular with compartment
syndrome). Clinically relevant non-major bleeding was defined as
bleeding not meeting the criteria for major bleeding but resulting in
discontinuation of study medication; spontaneous skin haematoma
>25 cm?; spontaneous ear-nose-throat bleeding or gingival bleeding
lasting >5 minutes; macroscopic haematuria or urethral bleeding

requiring medical attention; spontaneous gastrointestinal or rectal
bleeding and any other bleeding event considered clinically signifi-
cant by the investigator and the Clinical Events Committee (CEC).
Minor bleeding was defined as bleeding not fulfilling the criteria for
major or clinically relevant non-major bleeding and included mac-
roscopic haematuria; occult haematuria >2+; occult haematuria
with microscopic (RBC) 210/high power field; ecchymosis, epistaxis
and gingival bleeding occurring without any external stimuli. Sec-
ondary safety variables were all adverse events (AEs) and laboratory
variables. The secondary efficacy endpoint was incidence of major
adverse cardiovascular (CV) events (MACE), consisting of stroke
(ischaemic or haemorrhagic), systemic embolic event, myocardial
infarction (MI), CV death and hospitalisation for any other cardiac
condition. Also, effects on D-dimer, a biomarker of thrombus
formation, were explored.

Table 1: Demographic and baseline char-

- 1 Characteristics Edoxaban Warfarin
acteristics.
30 mg 60 mg
(n=79) (n=80) (n=75)
Age (years) Mean (SD) 64.9(9.1) 65.9(7.7) 645 (9.5
<60 (n [%]) 15 (19.0) 18 (22.5) 21 (28.0)
Sex (n [%]) Male 51 (64.6) 55(68.8) 47 (62.7)
Body weight (kg) Mean (SD) 70.5(11.6) 71.5(12.1) 68.1(12.1)
<60 kg (%) 15 (19.0) 16 (20.0) 20 (26.7)
Presence of risk factors for embolism (n [%]) Hypertension 56 (70.9) 59(73.8)  52(69.3)
Diabetes mellitus ~ 30(38.0) 22 (27.5) 17(22.7)
Congestive heart ~ 18(22.8)  25(31.3) 24 (32.0)
failure
History of TIA or 21 (26.6) 19 (23.8) 17 22.7)
cerebral infarction
Age: > 75 years 12(15.2)  9(11.3) 10(13.3)
CHADS, score 1 (n [%]) 33(41.8) 37(46.3)  40(53.3)
2 (n [%]) 24 (30.4) 21 (26.3) 18 (24.0)
3-6 (n [%]) 22 (27.8) 22 (27.5) 17 (22.7)
mean (SD) 2.0(1.10) 1.9(1.03) 1.8(1.10)
Prior treatment with warfarin Present (n [%]) 40 (50.6)  40(50.0) 41 (54.7)
CLcg (ml/min) <50 (n[%]) 12(15.2)  14(17.5)  16(21.3)
>50 (n[%]) 67 (84.8) 66 (82.5) 59 (78.7)
Concomitant use of aspirin Yes (n[%]) 34(43.00 33(41.3) 26(34.7)
No (n[%]) 45 (57.0) 47 (58.8) 49 (65.3)
Liver function
AST (GOT) > 3 times the ULN n/N (%) 0/78 (0.0)  1/78(1.3)  0/75(0.0)
ALT (GPT) > 3 times the ULN n/N (%) 1/78 (1.3)  0/78 (0.0)  0/75 (0.0)
Total bilirubin > 2 times the ULN n/N (%) 4/78 (5.1)  4/78 (5.1)  1/75(1.3)
AST (GOT) or ALT (GPT) > 3 times the ULN  n/N (%) 0/78 (0.0)  1/78(1.3)  0/75(0.0)
and total bilirubin > 2 times the ULN
Abbreviations: ALT (GPT): alanine aminotransferase (glutamine pyruvic transaminase); AST (GOT): aspartate
aminotransferase (glutamic oxaloacetic transaminase); CHADS,: scoring system used to identify patients in
need of anticoagulation (congestive heart failure, hypertension, age, diabetes, previous stroke); CLc. creati-
nine clearance; SD: standard deviation; TIA: transient ischaemic attack; ULN: upper limit of normal.
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Table 2: CHADS,-VASc scores.

Characteristics Edoxaban Warfarin
30 mg 60 mg (n=175)
(n=79) (n=280)
CHADS,-VASc 0 (n[%]) 0(0.0) 0(0.0) 0(0.0)
Selts 1 (n[%]) 5(6.3) 13(163)  11(14.7)
2 (n[%]) 23(29.1)  17(213)  17(22.7)
3 (n[%]) 21(266) 17(213) 22(29.3)
4 (n[%]) 17(215)  24(30.0) 10(13.3)
5 (n[%]) 7(8.9) 5(6.3) 10 (13.3)
6 (n[%]) 4(5.1) 3(3.8) 3 (4.0)
7 (n[%]) 2(2.5) 1(1.3) 2(2.7)
8-10(n[%])  0(0.0) 0(0.0) 0(0.0)
Mean (SD) 3.2(1.40) 3.1(1.40) 3.1(1.51)

CHADS,-VASc: The 2009 Birmingham Schema expressed as appoint-based scor-
ing system (congestive heart failure/left ventricular dysfunction, hypertension,
age > 75 years, diabetes mellitus, stroke/TIA/thromboembolism, vascular dis-
ease (prior myocardial infarction, peripheral artery disease, or aortic plaque),
age 65-74 years, sex category (ie, female).

The independent CEC, which was blinded to study treatments,
adjudicated all bleeding events and thromboembolic events
(stroke, systemic embolic event, MI) during the study.

Sample analysis

Blood samples were collected for D-dimer (biomarker of throm-
bus formation) and pharmacodynamic (PD) variables on Day 1,
and Weeks 4, 8, and 12, as well as at the 1- and 2-month follow-up
visits for all patients. The lower limit of D-dimer detection was
0.02. The intra-assay and inter-assay variability (coefficient of
variability) ranged from 0.78-2.19% and 2.85-3.56%, respectively.

The samples for plasma concentrations of edoxaban were col-
lected on Weeks 4 and 8. Blood samples for clinical chemistry, hae-
matology and coagulation were taken during screening (<1
month), treatment (Day 1, Weeks 2, 4 and 8), end of treatment
(Week 12) and follow-up period (Months 1 and 2 post-last dose).

Statistical analyses

The sample size was determined based on the precision of the esti-
mate of the difference in the incidence of all bleeding (major, clini-
cally relevant non-major, and minor bleeding) between treatment
groups. If the true incidence of either of these is 10%, a sample size
of 82 patients per treatment group would provide an estimate of
the difference in incidence with precision of 20% (95% confidence
interval [CI]). One hundred patients per treatment group were
planned presuming a dropout rate of 20%. However, a decision
was made by the sponsor and the chairperson of the Independent
Data Monitoring Committee to change the sample size based on
re-evaluation and confirmation that 75 patients per group was ac-
ceptable for precise estimation of the incidence of bleeding events
in this preliminary study of safety (CI of 20% for initial plan, CI of
20.7% for revised size). The safety analysis set comprised all pa-
tients who received at least one dose of study drug and had at least
one post-dose safety assessment.

The primary analysis population for the efficacy endpoints was
the full analysis set (FAS) defined as all the patients who received at
least one dose of study drug and had at least one post-dose efficacy
assessment. The PK analysis set was defined as all patients who
were included in the FAS and had at least one plasma concen-
tration data point. The PD analysis set was defined as all patients
who were included in FAS and had one or more PD or biomarker
data. The incidence of MACE and incidence of bleeding events was
summarised by treatment group and 95% Cls were determined
based on the Score method. The differences in incidence between
the two edoxaban groups and between each edoxaban group and

Table 3: In-clinic INR data for warfarin

INR range Number (%) of patients in the warfarin Warfarin
group Total of period (days) (%)  treatment group.
Baseline Day28 Day56 Day 84 (N =70)
(N=70) (N=71) (N=70) (N=70)

<2.0 59 39 30 31 863.0
(84.3%)  (54.9%)  (42.9%)  (443%)  (43.9%)

>2.0t0<3.0 10 23 30 33 886.0

(target) (14.3%) (32.4%) (42.9%) (47.1%) (45.1%)

>18t0<3.2 15 36 36 44 1121.0
(21.4%) (50.7%) (51.4%) (62.9%) (57.1%)

>3.0 1 9 10 6 215.0
(1.4%) (127%)  (143%)  (8.6%) (10.9%)

INR: international normalised ratio. Percentages are based on number of patients at each visit. The period
was calculated using the method of Rosendaal (22) using all available in-clinic INR results during Days

56-84.
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warfarin group were estimated with 95% CIs for MACE and bleed-
ing events (20, 21). Bleeding events, AEs and MACE were counted
from the first dose to the next day of the last dose. The differences
in the biomarkers of thrombin formation (D-dimer) between ed-
oxaban doses and between each edoxaban dose and warfarin were
estimated with 95% Cls and the comparison between treatment
groups was performed using a two-sample t-test. Descriptive stat-
istics were used to summarise PK parameters.

Exploratory analysis was performed for the incidence of bleed-
ing events reported by treatment group and analysed with 95% CI
based on the Wald method for the following subgroups: age, re-
gion, gender, body weight, risk factor, CHADS, score, prior warfa-
rin treatment, creatinine clearance, concomitant medication usage
and aspirin with the presence/absence of dose adjustment factors.
In addition, a logistic regression model was used to investigate the
associations between incidence of bleeding and the factors.

Results
Study population

From October 20, 2007 (the first patient enrolled), until October
27,2008 (the last patient completed), 235 patients were randomis-
ed to receive 30 mg edoxaban qd (n=79), 60 mg edoxaban qd (n =
80) or dose-adjusted (INR 2-3) warfarin (n = 76) (P Fig. 1); 207
patients completed the study. A total of 234 patients were included
in the FAS. The safety analysis set and FAS were identical.

Demographic and baseline characteristics of the 234 patients in
the study were well balanced among the treatment groups (P Table
1). Mean CHADS, scores (P>Table 1) and CHADS,-VASc scores
(P> Table 2) were comparable between the three groups. A total of
113 (48.3%) patients were warfarin naive. The overall compliance
rate was >96% in all of the treatment groups.

Table 4: Incidence of bleeding events.

Edoxaban Warfarin
30mg 60mg (n=75)
(n=79) (n=280)
All bleeding, n (%) 16 (20.3) 19 (23.8) 22 (29.3)
95% Cl (12.9,30.4) (15.8,34.1) (20.2, 40.4)
Major bleeding, n (%) 0(0) 0(0) 2(2.7)
95% Cl (0.0, 4.6) (0.0, 4.6) (0.7,9.2)
Clinically relevant non-major 0(0) 6 (7.5) 3(4.0)
bleeding, n (%) (0.0, 4.6) (3.5,15.4) (1.4,11.1)
95% Cl
Minor bleeding, n (%) 16(20.3) 15(18.8) 17(22.7)
95% Cl (12.9,30.4) (11.7,28.7) (14.7,33.3)

Cl: confidence interval. 95% Cl based on the Score method.

Warfarin doses were adjusted based on INR values obtained by
individual investigators at their local laboratories. In this study,
45.3% of patients were warfarin naive at study entry in the warfa-
rin group. As expected, the percentage of patients with INR values
within the target range of 2-3 steadily increased from baseline. The
time in therapeutic range, calculated using the method of Rosen-
daal (22), and excluding INR values in the first eight weeks of ther-
apy, was 45.1% for an INR range of 2-3 and 57.1% for an extended
therapeutic INR range of 1.8-3.2 (> Table 3).

Bleeding events

The incidence of all bleeding events (major, clinically relevant
non-major and minor) was 20.3% (16/79) (95% CI: 12.9, 30.4) for
edoxaban 30 mg qd, 23.8% (19/80) (95% CI: 15.8, 34.1) for edox-
aban 60 mg qd,and 29.3% (22/75) (95% CI: 20.2,40.4) for the war-

Table 5: Incidence of bleeding events by Eloa
body weight. 30 mg 60 mg
(n=79) (n=80)
All bleeding Incidence of event (< 60 kg) (%) 40.0 31.3
95% Cl (19.8,64.3) (14.2, 55.6)
Incidence of event (> 60 kg) (%) 15.6 219
95% Cl for the difference (8.7,26.4) (13.5,33.4)
Major or clinical Incidence of event (< 60 kg) (%) 0.0 6.3
relevant non-major bleeding 95% Cl (0.0,20.4) (1.1,283)
Incidence of event (> 60 kg) (%) 0.0 7.8
95% Cl for the difference (0.0,5.7) (3.4,17.0
All bleeding except for urinary Incidence of event (< 60 kg) (%) 0.0 6.3
occult blood 95% Cl (0.0,20.4) (1.1,28.3)
Incidence of event (> 60 kg) (%) 6.3 10.9
95% Cl for the difference (2.5,15.0)  (5.4,20.9)
Cl: confidence interval. 95% Cl based on the score method.
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Variable PRale 0dds ratio estimates  1able 6: Logistic regression analysis for
Estimate 95% CI incidence of all bleeding events.

Gender (0: male, 1: female) 0.571 1.25 0.57-2.75

Body weight (0: > 50 kg, 1: < 50 kg) 0326 413 0.24-69.94

Body weight (0: > 55 kg, 1: <55 kg) 0.952 1.05 0.21-5.34

Body weight (0: > 60 kg, 1: < 60 kg) 0.048 2.38 1.01-5.62

Body weight (0: > 65 kg, 1: < 65 kg) 0.194 1.66 0.77-3.56

Risk factor — hypertension (0: no, 1: yes) 0.879 0.94 0.41-2.16

Risk factor — diabetes (0: no, 1: yes) 0.013 0.28 0.10-0.76

Risk factor — congestive heart failure (0: no, 1: yes) 0.801 0.90 0.38-2.12

Risk factor — history of stroke or TIA (0: no, 1: yes) 0.918 1.05 0.44-2.48

Risk factor — age > 75 years (0: no, 1: yes) 0.806 1.15 0.39-3.39

CHADS, score (0: 1, 1: 2-6) 0.083 0.51 0.24-1.09

CHADS, score (0: 1-2, 1: 3-6) 0.255 0.59 0.24-1.47

CHADS, score (1, 2, 3, 4, 5, 6) 0.254 0.80 0.55-1.17

Prior warfarin treatment (0: no, 1: yes) 0.540 0.79 0.37-1.68

Creatinine clearance (0: > 50 ml/min, 1: < 50 ml/min) 0.696 0.81 0.28-2.33

Concomitant usage — aspirin (0: no, 1: yes) 0.436 0.43 0.05-3.58

Abbreviations: CHADS,: scoring system used to identify patients in need of anticoagulation
(congestive heart failure, hypertension, age, diabetes, previous stroke); Cl: confidence interval; TIA: tran-

sient ischaemic attack. 95% CL based on the Wald method.

farin group (P> Table 4). The differences (95% CI) in the propor-
tions of patients with any bleeding event between the warfarin
group and the 30-mg or 60-mg edoxaban groups were —9.1%
(-22.4%, 4.5%) and —5.6% (-19.3%, 8.2%), respectively. Most pa-
tients experienced minor bleeding events. There were no major
bleeding events in the edoxaban groups. In the warfarin group, two
major bleeding events occurred, one retinal haemorrhage and one
upper gastrointestinal haemorrhage, which were fatal. Clinically
relevant non-major bleeding occurred in 7.5% (6/80) (95% CI:
3.5, 15.4) of patients in the edoxaban 60-mg group and 4.0%
(3/75) (95% CI: 1.4, 11.1) of patients in the warfarin group. No

Table 7: Summary of patients with AEs.

Edoxaban Warfarin
30mg 60mg (n=75)
(n=79) (n=280)
All AEs, n (%) 59 (74.7%) 59 (73.8%) 52 (69.3%)
Drug-related AEs, n (%) 17 (21.5%) 23 (28.8%) 25 (33.3%)
SAEs, n (%) 2 (2.5%) 5 (6.3%) 4 (5.3%)
Drug-related SAEs, n (%) 0 (0.0%) 1(1.3%) 1(1.3%)
AEs leading to study drug 3(3.8%) 9(113%) 2(2.7%)

discontinuation permanently, n (%)

Abbreviations: AE: adverse event; SAE: serious adverse event. Adverse event
period is limited to the range from the time of first dose to the next day of the
last dose. Adverse events leading to study drug discontinuation permanently:
The events with study drug actions taken as permanent discontinuation.

Thrombosis and Haemostasis 105.3/2011

clinically relevant non-major bleeding was observed in the edox-
aban 30-mg group. There were no statistically significant differ-
ences between the edoxaban dosing groups versus warfarin or be-
tween edoxaban 30 mg versus edoxaban 60 mg for all bleeding,
major bleeding, clinically relevant non-major bleeding or minor
bleeding, although the incidence of bleedings events in these
groups was low.

The incidence of all bleeding events in the subgroup of patients
with body weight <60 kg was higher than that in the subgroup of
those weighing > 60 kg (P> Table 5); the bleeding rate was 40.0%
(95% CI:19.8,64.3) and 15.6% (95% CI: 8.7, 26.4) in the edoxaban
30-mg group for <60 kg and > 60 kg, respectively. In the edoxaban
60-mg group, the incidence of all bleeding was 31.3% (95% CI:
14.2,55.6) and 21.9% (95% CI: 13.5, 33.4) for <60 kg and > 60 kg,
respectively. Analysis of other factors including creatinine clear-
ance, age, gender, region, concomitant diseases, prior warfarin use,
concomitant medications, and CHADS, score did not yield mean-
ingful results. The odds ratio of all bleeding events for body weight
<60 kg vs. > 60 kg estimated by logistic regression analysis was 2.38
(1.01, 5.62) (p = 0.048) (P Table 6), suggesting that body weight
may influence the incidence of bleeding events in both edoxaban
groups.

Adverse events

A summary of patients with AEs is shown in P>Table 7. The inci-
dence of study drug-related AEs was 21.5% (17/79) in the edox-
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aban 30-mg group, 28.8% (23/80) in the edoxaban 60-mg group
and 33.3% (25/75) in the warfarin group. The most commonly re-
ported study drug-related AEs were blood urine present (6.3%,
10.0% and 6.7%), gingival bleeding (2.5%, 6.3% and 0.0%) and
haematuria (7.6%, 6.3% and 10.7%) for edoxaban 30 mg, edox-
aban 60 mg and warfarin, respectively. The majority of drug-re-
lated AEs were mild to moderate in severity. Two serious AEs con-
sidered to be drug-related were observed, one each in the edoxaban
60-mg group (gingival bleeding) and the warfarin group (upper
gastrointestinal haemorrhage). The gingival bleeding resolved,
whereas the upper gastrointestinal haemorrhage was fatal. There
were no clinically significant changes in the mean values of any lab-
oratory tests and no clinically relevant differences between the
treatment groups.

MACE

MACE occurred in 2.5% (2/79) of patients in the edoxaban 30-mg
group, 3.8% (3/80) in the edoxaban 60-mg group and 1.3% (1/75)
in the warfarin group. Of these events, one MACE of CV death oc-
curred in the edoxaban 60-mg group as a result of heart failure 13
days after the patient had prematurely stopped the study drug; this
event was considered unrelated to the study drug by the investi-
gator. All other MACE were hospitalisations for other cardiac con-
ditions (exertional dyspnea, congestive heart failure or left-sided
heart failure, angina pectoris), and were considered to be unrelated
to the study drug by the investigator (two patients each in the edox-
aban 30-mgand 60-mg groups; one patient in the warfarin group).
No thromboembolic events occurred based on the adjudication of
the CEC.

© Schattauer 2011

PK and biomarker parameters

The plasma concentrations of edoxaban were evaluated in the PK
analysis set (edoxaban 30 mg, n = 60; edoxaban 60 mg, n = 66). The
mean plasma concentrations of edoxaban in the edoxaban 60-mg
group were approximately two-fold higher than those in the edox-
aban 30-mg group, both at trough and between 1 and 3 h after ad-
ministration (P Fig. 2).

The effects on D-dimer, a biomarker of thrombus formation,
were evaluated using the PD analysis set (edoxaban 30 mg, n = 79;
edoxaban 60 mg, n = 80; warfarin, n = 75). In the warfarin naive pa-
tients, D-dimer was decreased in all treatment groups, but to a
greater degree in the edoxaban 60-mg and warfarin groups (P Fig.
3A). D-dimer was already suppressed in the warfarin experienced
patients and started and remained low following treatment with
different doses of edoxaban (P Fig. 3B).

Discussion

The results of this study showed that oral doses of the novel, direct
FXa inhibitor edoxaban 30 mg qd and 60 mg qd were safe and well
tolerated and were associated with a trend to lower incidence of
bleeding compared with warfarin in Asian patients with NVAF and
a CHADS, score 21 when administered for three months, although
the difference was not statistically significant. There were no major
bleeding events in the edoxaban-treated patients compared with
two major bleeding events in the warfarin group, including a fatal
upper gastrointestinal bleed. The majority of the bleeding events in
this study were minor. As the number of bleeding events was gen-
erally low across all groups, no significant difference in bleeding
incidence was observed between the edoxaban 30-mg and 60-mg
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Figure 3: D-dimer levels in warfarin naive
patients (A) and warfarin experienced pa-
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dose groups. The low incidence of bleeding events suggests that the
study may have been underpowered to demonstrate a statistically
significant difference among groups.

The logistic regression analysis, with bleeding events as the ob-
jective variable, and subgroup analysis of bleeding events by demo-
graphic factors, suggested body weight might affect the incidence
of bleeding events in the edoxaban groups. The incidence of all
bleeding events in the subgroup of patients with body weight <60
kg was higher than that in the subgroup of those with body weight
> 60 kg in both edoxaban groups (30 mg and 60 mg), suggesting
that dose adjustment may be needed in patients with low body
weight (€60 kg). However, the influence of body weight on major
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or clinically relevant non-major bleeding events could not be as-
sessed because of the small number of events. Although no dia-
betes was identified on logistic regression as a risk for all bleeding,
the meaning of this finding is uncertain as it has not been found in
similar studies (23).

There were no thromboembolic events according to the adjudi-
cation of the CEC observed in this study and no MACE related to
the study drug. In warfarin naive patients, D-dimer levels were
suppressed in both edoxaban 30-mg and 60-mg groups. In addi-
tion, the extent of D-dimer suppression was similar in the edox-
aban 60-mg and warfarin groups.
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What is known about this topic?

« Guidelines recommend prophylaxis with dose-adjusted vitamin K
antagonists (VKAs) for stroke prevention in patients with non-
valvular atrial fibrillation.

- Limitations of VKAs are unpredictable pharmacokinetics and phar-
macodynamics, drug and food interactions, and genetic variability
in response, all of which necessitate frequent monitoring and dose
adjustments.

What does this paper add?

- Edoxaban, an oral factor Xa inhibitor, is in development for stroke
prevention in atrial fibrillation and treatment for venous throm-
boembolism.

« This phase Il study of edoxaban 30 mg and 60 mg qd in Asian pa-
tients with non-valvular atrial fibrillation showed a trend for re-
duced incidence of all bleeding compared with dose-adjusted war-
farin, confirming edoxaban’s safety for a phase Ill study (ENGAGE
AF-TIMI 48).

« This study suggests that dose adjustment of edoxaban may be
required in patients with low body weight (< 60 kg).

Considering the risk of bleeding with warfarin therapy has been
shown to be higher in Asian patients than in Western patients (18),
the effect of new anticoagulants in different ethnic groups must be
carefully examined. The safety of edoxaban in AF patients has been
previously evaluated in two studies (23, 24) as well as the current
study to confirm its use in a phase III study. In a multinational
study of 1146 patients with a CHADS, index score 22 randomised
to double-blind edoxaban 30 mg qd, 60 mg qd, 30 mg bid or 60 mg
bid, or open-label warfarin (INR 2-3) for three months, edoxaban
qd regimens had similar or less bleeding than warfarin, whereas the
bid regimens had significantly greater bleeding than warfarin (24).
In another study conducted in Japan of 525 patients with a
CHADS, index score 21 randomised to three dose levels of edox-
aban (30 mg qd, 45 mg qd, and 60 mg qd) or warfarin as an active
control (INR 2-3) for three months, there was no difference in the
mean incidence of all bleeding for edoxaban across the dose range,
and a logistic regression analysis suggested that low body weight
(<60 kg) is an important covariate for bleeding (23).

This study confirmed the safety and tolerability of edoxaban
(30 mg qd and 60 mg qd) in Asian patients and found the same risk
factor (i.e. body weight <60 kg) for bleeding events as in the Jap-
anese study (23).

From these three studies, the bleeding risk of edoxaban 30 mg
qd or 60 mg qd was lower or similar to that of warfarin, provided
that dose adjustments are made in patients with a body weight <60
kg. Body weight was not found to be a risk factor for bleeding in the
Western study (24), likely because of the small number of patients
with low body weight randomised to each treatment group. Be-
cause phase II studies conducted in Asian-only populations are still
rare, this study is very meaningful to define the safety of edoxaban
in Asian patients before conducting the global phase III study.

The main limitation of this study was that formal statistical
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analysis of safety and efficacy could not be conducted due to the
small sample size. The large multinational, phase III trial, EN-
GAGE AF-TIMI 48, is underway to further evaluate the safety and
efficacy of edoxaban 30 mg and 60 mg in AF patients (25).

In conclusion, when administered at doses of 30 mg and 60 mg
qdin Asian patients with NVAF, the incidence of all bleeding events
showed a trend for reduced incidence of bleeding with edoxaban
compared with warfarin. Low body weight (<60 kg) may affect the
incidence of bleeding events with edoxaban. An ongoing multi-
national, phase III trial, ENGAGE AF-TIMI 48, has been designed
based on the above results.
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