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In clinical practice, edoxaban is sometimes prescribed for off-label
use based on the hypothesis that it is as safe and effective as
warfarin. However, there is limited safety information on off-label
use due to lack of clinical trial. We aimed to analyze the
tolerability of off-label use of edoxaban and to identify patient
characteristics associated with major bleeding as adverse effects.
Patients under edoxaban treatment between January 2017 and
December 2017 were enrolled in this retrospective cohort study.
The incidence of major bleeding with off-label use compared with
on-label use was analyzed using by log-rank test. Univariate and
multivariate regression analysis were undertaken to detect
independent variables with significant odds ratio that associated
with major bleeding. After the exclusion criteria were applied, the
patients were divided into two groups: off-label group (n = 30)
and on-label group (n = 161). Incidence of major bleeding was
found to be higher in the off-label group (13.3%) than in the
on-label group (3.7%) (p<0.05). Multivariate adjustment showed
that the off-label use or portal vein thrombosis and patients with
history of major bleeding has significantly higher incidence of
major bleeding. We demonstrated that off-label use of edoxaban
may be a significant risk factor for major bleeding.
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I n Japan, the first direct oral anticoagulant (DOAC),
dabigatran etexilate, was approved for ischemic stroke and

systemic embolism prevention in patients with nonvalvular atrial
fibrillation (NVAF) in 2011. Until the advent of DOACs,
warfarin, a vitamin K antagonist, was the only available oral anti‐
coagulant. Warfarin and other vitamin K antagonists are highly
effective treatments that reduce the risk of stroke by approxi‐
mately two thirds.(1) However, warfarin has some limitations: a
narrow therapeutic range, drug and food interactions, variable/
unpredictable pharmacokinetic/pharmacodynamic properties, and
the need for regular coagulation monitoring.(2) DOACs were
intracranial and fatal bleeding occurred lesser frequently than
warfarin in phase III trials,(3–6) but the number of on-label indica‐
tion is very limited. Warfarin is approved for various types of
thromboembolism, but DOACs are only approved for indications
such as the prevention of ischemic stroke and systemic embolism
in patients with NVAF, treatment and prevention of recurrence of
venous thromboembolism (VTE) and pulmonary embolism (PE),
and prevention of VTE in people undergoing elective hip or knee
replacement surgery or hip fracture repair in Japan. Thus,
warfarin may be only available oral option for some anti‐
coagulant therapy. Several reports have demonstrated the
effectiveness of off-label use of DOACs for left ventricular

thrombosis, Trousseau syndrome, and portal vein thrombosis
(PVT).(7–11) However, most of these reports were a small number
of patients, the safety of DOACs in off-label use remains
uncertain. In on-label use, the FUSHIMI AF registry showed
that the incidence rate of major bleeding in patients with NVAF
was 1.8% per year.(12) Only a few clinical data are available
concerning safe off-label use of DOACs; hence incidence of
major bleeding for off-label use has been unknown. Moreover,
thrombosis is the most frequent complication and the second
leading cause of death in cancer patients.(13,14) Cancer patients
often develop PVT and Trousseau syndrome as complications;
however, DOACs have not been recommended or only part of
DOACs were positioned as optional per guidelines.(15–17) In the
Hokusai VTE Cancer study, edoxaban was shown noninferior to
dalteparin with respect to the composite outcome of recurrent
VTE or major bleeding.(18) Edoxaban is easier to control than
warfarin in that it is not affected by drug and food and has
immediate expression of the anticoagulant effect after admin‐
istration because edoxaban selectively inhibits factor Xa. There‐
fore, edoxaban may be used in cancer patients and it is highly
advisable to assess the tolerability of edoxaban for off-label use
in clinical practice.

In this study, we aimed to analyze the safety and tolerability of
off-label edoxaban use and to identify factors associated with
major bleeding.

Materials and Methods

Patient selection criteria. A retrospective cohort study was
conducted using data from a single hospital in Japan. Medical
records of patients who were prescribed with edoxaban for the
year 2017 in Shiga Universal of Medical Science Hospital were
reviewed. The patients prescribed edoxaban for prevention of
ischemic stroke and systemic embolism in patients with NVAF,
treatment and prevention of recurrence of VTE and PE were
defined as on-label group. Off-label use was defined by the
absence of an approved indication in the package insert.
Exclusion criteria were as follows: (1) patients with unknown
indication, (2) patients who underwent orthopedic surgery
because of short-term medication, (3) patients with inadequate
background information, (4) patients who did not visit our
hospital after prescription, (5) patients who did not take
edoxaban due to a switch to other anticoagulant after pre‐
scription, and (6) patients who were taking edoxaban before
admission.
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Ethics approval statement. This study was conducted in
accordance with the “Declaration of Helsinki”, and approved by
the Ethics Board of Shiga University of Medical Science
(Approval Number: 30-081). Off-label use in this study was
approved by the Intractable Diseases Treatment Technology and
Unapproved Medication Assessment Management Office of
Shiga University of Medical Science Hospital. Written informed
consent was waived because of the anonymous nature of the data.
As an ethical consideration, participants had been provided the
opportunity to opt out of this research based on the written
information about using electronic records for this research
which was posted in the homepage of the Shiga University of
Medical Science Hospital.

Primary outcome. The primary outcome was the incidence
of major bleeding in a year after edoxaban prescription. All
patients were followed at least a year after taking edoxaban at a
first time. The incidence rates of major bleeding between the
off-label group and on-label group were compared. The factors
related to major bleeding were analyzed using multivariate
analysis. Major bleeding in multivariate analysis included all
observation periods. Major bleeding was defined according to the
International Society on Thrombosis and Hemostasis (ISTH)
bleeding criteria.(19) ISTH major bleeding was defined as follows:
(i) fatal bleeding, and/or (ii) symptomatic bleeding in a critical
area or organ, such as intracranial, intraspinal, intraocular,
retroperitoneal, intra-articular or pericardial, or intramuscular
with compartment syndrome, and/or (iii) bleeding causing a fall
in hemoglobin levels of 20 g/L (1.24 mmol/L) or more or leading
to a transfusion of 2 U or more of whole blood or red blood cells.
The HAS-BLED score for major bleeding risk(20,21) was used as

explanatory variables for multivariate analysis, which includes
renal dysfunction, liver dysfunction, stroke history, use of
antiplatelet drugs, use of nonsteroidal anti-inflammatory drugs
(NSAIDs), heart failure, hypertension, diabetes, major bleeding
history or predisposition, and vascular disease. The factors for
labile international normalized ratio (INR) and alcohol concomi‐
tantly were not included as explanatory variables because there
was no participant who applicable for these factors. In addition,
gastric secretion inhibitors (proton pump inhibitors or
histamine-2 receptor antagonists) presumed to control gastric
bleeding and malignant tumors presumed as a risk factor for
bleeding were also added as explanatory variables. Renal
dysfunction was defined as maintenance dialysis and/or kidney
transplant and/or creatinine level (Cr) >2.26 mg/dl. Liver
dysfunction was defined as chronic liver disease, total bilirubin
level (T-Bil) ≥2x upper limit of normal, or aspartate aminotrans‐
ferase (AST)/alanine aminotransferase (ALT)/alkaline phos‐
phatase (ALP) ≥3x upper limit of normal. Major bleeding history
or predisposition was defined as major bleeding based on ISTH
bleeding criteria. Heart failure was defined as a diagnosis of
congestive heart failure by the attending physician or an ejection
fraction (EF) ≤50%. Hypertension was defined as high blood
pressure with systolic blood pressure ≥160 mmHg or history of
or ongoing oral antihypertensive medication use. Diabetes was
defined as hemoglobin A1c (HbA1c) ≥7.0% or history of or
ongoing hypoglycemic medication use. Vascular disease was
defined as a history of myocardial infarction, peripheral arterial
disease, and aortic plaque.

Statistical analysis. To analyze the averages of continuous
variables of patient characteristics and the proportions of
categorical variables of patient characteristics between the
groups, unpaired t test and Fisher’s exact test were used, respec‐
tively. The difference in edoxaban daily doses was compared
between the two groups using Mann–Whitney U test. The proba‐
bility of event-free survival was assessed by Kaplan–Meier
method and log-rank test. Univariate and multivariate logistic
regression analyses were performed to identify independent
predictors of the endpoint. The results of logistic regression

analyses were expressed as odds ratio and 95% confidence
interval (95% CI). In all analyses, p values were two-tailed and
p<0.05 was considered as statistically significant. Statistical
analyses were performed using SPSS ver. 22 (SPSS Inc.,
Chicago, IL) and R ver. 3.0.2 (The R Foundation for Statistical
Computing, Vienna, Austria).

Results

Background. A total 328 patients were enrolled in this
study. After the exclusion criteria were applied, 191 patients were
selected (Fig. 1). A total of 30 patients were included in the
off-label group and 161 patients in the on-label group. The
demographics and baseline clinical characteristics of the 191
patients were presented in Table 1. Significantly lower age, lower
stroke risk score (CHADS2 and CHA2DS2-VASc), and higher
ratio of malignant tumor were compared between the off-label
group and on-label group. Sixty percent (18 of 30) of patients in
the off-label group were diagnosed with PVT. In both on-label
and off-label groups, edoxaban doses were appropriately reduced
based on renal function, body weight, and concomitant drugs as
described in the package insert. Only one case in the on-label
group showed an overdose (60 mg), albeit the recommended
dose of 30 mg for low body weight (<60 kg).

Comparison of the bleeding risk. A follow-up period of
12 months showed a significantly higher incidence of major
bleeding in the off-label group (4 out of 30, 13.3%) than in the
on-label group (6 out of 161, 3.7%) (OR = 4.22, 95% CI 1.38–
12.93, p<0.05 by univariate logistic regression analysis).
Gastrointestinal bleeding was observed in 3 patients and hema‐
turia in 1 patient in the off-label group. And gastrointestinal
bleeding was observed in 2 patients, genital bleeding in 1 patient
and 3 patients were transfused with no apparent bleeding source
in the on-label group. Kaplan–Meier curves for the time to major
bleeding event indicated significantly higher incidence rates
in the off-label group than in the on-label group (p<0.05 by
log-rank test), as shown in Fig. 2.

Multivariate analysis of the risk factors for major
bleeding. Table 2 presents univariate and multivariate logistic
regression analyses associated with major bleeding. Univariate
analysis showed that the clinical risk factors for major bleeding
were off-label use (OR = 4.22, 95% CI 1.38–12.93, p<0.05),
PVT (OR = 9.11, 95% CI 2.78–29.88, p<0.01), liver dysfunction
(OR = 3.50, 95% CI 1.09–11.20, p<0.05), and major bleeding
history (OR = 10.75, 95% CI 2.16–53.63, p<0.01). Because
off-label use was significantly correlated with PVT, multi‐
collinearity should be considered in the multivariate analysis.
Therefore, two independent multivariate logistic regression anal‐
yses with off-label use or PVT were performed. Multivariate
logistic regression analysis with off-label use showed that
off-label use (OR = 4.37, 95% CI 1.09–17.46, p<0.05) and major
bleeding history (OR = 12.38, 95% CI 2.14–71.50, p<0.01) were
detected as the independent risk factors for major bleeding.
Furthermore, multivariate logistic regression analysis with PVT
showed that the independent risk factors for major bleeding were
PVT (OR = 23.77, 95% CI 3.28–172.15, p<0.01) and major
bleeding history (OR = 17.27, 95% CI 2.74–108.64, p<0.01). The
OR values for renal dysfunction, antiplatelet drugs, NSAIDs,
heart failure, and vascular disease were not able to be calculated
because of their small population and low incidence of events.

Discussion

After multivariate adjustment, off-label use or diagnosis of
PVT and major bleeding history were detected as the significant
risk factors of major bleeding caused by edoxaban treatment, in
which major bleeding history was a well-known risk factor.(20–22)

It is the first report that showed off-label use of edoxaban as a
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Edoxaban prescribed  328

Unspecified  9

Off-label  30

191

161

Postoperative orthopedic surgery  98

Lack of information 3
No follow 1
No take edoxaban 1
Unknown at the beginning 25

Portal vein thrombosis 18
Left ventricular thrombus 4
Thrombosis around the catheter 4
Trousseau syndrome 1
Ileal colon venous thrombosis 1
Non-arrhythmic stroke 1
Cerebral venous thrombosis 1

On-label  289

Fig. 1. Patient selection criteria.

Table 1. Patient background

Off-label (n = 30) On-label (n = 161) p value

Sex (male/female) 18/12 89/72 0.692
Age (years) 63.6 ± 9.7 70.4 ± 10.3 <0.01**
Body weight (kg) 55.3 ± 12.9 58.6 ± 12.1 0.169
Body surface area (m2) 1.6 ± 0.2 1.6 ± 0.2 0.308
Uncorrected eGFR (ml/min) 73.6 ± 18.9 67.4 ± 22.6 0.164
CHADS2 score 1.2 ± 1.0 2.0 ± 1.7 <0.01**
CHA2DS2-VASc score 2.0 ± 1.1 2.8 ± 1.7 <0.01**
HAS-BLED score 1.6 ± 1.1 1.7 ± 1.0 0.644
Malignant tumor (yes/no) 19/11 68/93 0.045*
Administration period (days) 323.8 ± 427.9 395.8 ± 384.5 0.356
Gastric secretion inhibitors (PPI/H2RA/no) 21/1/8 91/8/62 0.388

Daily dose 0.361
 15 mg 1 5
 30 mg 24 116
 60 mg 5 40

Indication —

Prevention of ischemic stroke and systemic
embolism in patients with NVAF

0 92

Treatment and prevention of recurrence of
VTE and PE

0 69

PVT 18 0
Left ventricular thrombus 4 0
Thrombosis around the catheter 4 0
Trousseau syndrome 1 0
Ileocolic venous thrombosis 1 0
Non-arrhythmic stroke 1 0
Cerebral venous thrombosis 1 0

*p<0.05, **p<0.01. Continuous variable is tested using unpaired t test and noncontinuous variable is tested using
Fisher’s exact test. The daily dose of edoxaban is tested using Mann–Whitney U test. eGFR, estimated glomerular
filtration rate; H2RA, histamine-2 receptor antagonist; NVAF, nonvalvular atrial fibrillation; PE, pulmonary
embolism; PPI, proton pump inhibitor; PVT, portal vein thrombosis; VTE, venous thromboembolism.
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risk factor for the major bleeding.
Not limit to edoxaban, off-label prescribing is common in

clinical practice, in cancer patients ranged from 18% to 41%.(23)

Off-label prescribing remains an issue of controversy, due to
uncertainty around the clinical benefits and potential toxicities,
limited evidence to support clinical decision-making, increased
out-of-pocket costs for patients and ethical concerns around the
lack of informed consent. Most clinicians perceive off-label
prescribing as appropriate and believe that the benefits typically
outweigh any risks.(24) However, there was 1.44 times greater
risk of occurrence of adverse events associated with the use of
off-label drugs.(25) The use of off-label with the insufficient
information may lead to several problems including adverse
effects and an increased risk/benefit balance. In the present study,
off-label use of edoxaban was also associated with a higher

risk of major bleeding events (OR = 4.37, 95% CI 1.09–17.46,
p<0.05).

Despite these limited indications, DOACs are widely
prescribed off-label for various other thrombosis.(26) Because
warfarin is limited by the narrow therapeutic range, the need for
monitoring, and food and drug interactions.(2) However, DOACs
have not yet found mainstream success as an alternative for
thrombosis treatment of various areas. The American College
of Chest Physicians (ACCP), American Society of Clinical
Oncology (ASCO), and National Comprehensive Cancer
Network (NCCN) clinical practice guideline in oncology suggest
DOACs are generally not recommended or only part of DOACs
were positioned as optional for patients with VTE due to a lack
of large-scale studies and the absence of clinical experience with
the use of DOACs.(15–17) The limitation of a specific reversal
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Fig. 2. Kaplan–Meier curve for the time to major bleeding event. Off-label group (black line) vs on-label group (gray line). Tick marks mean
censored cases.

Table 2. Univariate and multivariate analyses of the risk factors for major bleeding

Covariate Univariate analysis
OR (95% CI)

Multivariate analysis
OR (95% CI)

Off-label use 4.22 (1.38–12.93) 4.37 (1.09–17.46)

Age per 1 year increase (year) 0.98 (0.93–1.03) —

Male Sex 1.63 (0.54–4.96) —

Body weight per 1 kg increase (kg) 0.99 (0.94–1.03) —

Uncorrected eGFR per 1 ml/min increase (ml/min) 1.00 (0.97–1.02) —

Liver dysfunction 3.50 (1.09–11.20) 1.25 (0.29–5.37)

Hypertension 0.70 (0.24–2.00) —

Diabetes 0.73 (0.20–2.70) —

Stroke 1.08 (0.29–4.06) —

Major bleeding history 10.75 (2.16–53.63) 12.38 (2.14–71.50)

HAS-BLED score per 1 point increase 1.19 (0.70–2.02) —

Malignant tumor 1.40 (0.49–4.04) —

Gastric secretion inhibitors 1.52 (0.59–3.91) —

CI, confidence interval; eGFR, estimated glomerular filtration rate; OR, odds ratio.
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agent of edoxaban has caused concern among clinicians because
anticoagulant reversal may be required in specific clinical situa‐
tions, such as in patients experiencing spontaneous or traumatic
bleeds, or in anticoagulated patients requiring emergency surgery
or other invasive procedures.(26) Furthermore, the system called
“the relief system for sufferers from adverse drug reactions” to
provide various relief benefits and prompt relief to patients and
their families, apart from civil liabilities, in relation to health
damage caused by adverse reactions in spite of proper use of
drugs in Japan cannot be applied to the side effect of off-label
use.(27) Although several studies reported that DOACs are safe
and efficacious alternatives to traditional anticoagulation for
off-label, literature evaluating DOACs use in the treatment of
off-label is sparse.(7–11) Hence, the risks and benefits of off-label
use have to be assessed, and patients have to be informed
accordingly when licensed alternative treatments are lacking.
Several studies reported the safety of drug administration for

PVT patients,(9–11) but this study suggested that off-label use of
edoxaban, especially for PVT patients, associated with high
incidence of major bleeding. PVT is common in patients with
advanced liver disease and malignancy, and complicated by
bleeding from a gastroesophageal variceal and an imbalance of
the whole coagulation system associated with liver dysfunction
or malignancy.(13,14,28) And patients with PVT may have higher
exposure to a high concentration of edoxaban due to severe
liver dysfunction because approximately 50% of systemically
absorbed edoxaban is eliminated via hepatic metabolism and
biliary secretion.(29) An ENGAGE AF-TIMI 48 subanalysis
concluded a history of liver disease did not alter the relative
efficacy and safety of edoxaban compared with warfarin.(30) But
bleeding was increased in patients with liver disease,(30) and it
was known that increasing plasma trough edoxaban concentra‐
tions were associated with a higher risk of major gastrointestinal
bleeding.(22) As the risk of bleeding is uncertain, care should be
taken during treatment with edoxaban to diagnose and treat any
potential bleeding, especially gastrointestinal bleeding.

Major bleeding history is associated with an increased risk
of hemorrhage.(20–22) The recommended dose of edoxaban stated
on its package insert is dependent on only body weight, renal
function, and concomitant drugs that interact with edoxaban via
P-gp.(31) However, it was known that genetic polymorphisms
in drug-metabolizing enzymes and drug transporters affect the
pharmacokinetics of DOACs.(32,33) A genome-wide association
study of dabigatran identified that a polymorphism of CES1
was associated with low exposure to active metabolite of
dabigatran.(34) Similar to other DOACs, pharmacokinetics of
edoxaban is regulated by metabolic enzymes and transporters
such as CES1, CYP3A4/5, and ABCB1. Patients with major
bleeding history taking edoxaban on the package insert may have
been higher exposure to a high concentration due to pharmaco‐
kinetic variability.(32) Due to several factors underlying major
bleeding history, pharmacogenetics (PGx) may provide useful
information for individualized edoxaban pharmacotherapy to
prevent the risk of adverse reactions.

Some limitations of the study should be acknowledged. First,
there are differences in baseline patient characteristics, the indi‐
cations for anticoagulation. This study was adjusted multiple
variables between two group by multivariate analysis, because

this study compared totally different two group. The second
major limitation is the quality of the study. The retrospective
collection of data does not allow exclusion of any potential
confounding factor escaping our analysis. There was not
controlled study as the anticoagulation prescribing (initiation,
choice of the agents, discontinuation, and transitioning to and
from traditional anticoagulants due to intolerance or adverse
effect) was not under the investigators’ control. Finally, we are
inherently limited by the number of patients in our study cohort.
Because of limited patient number of the present retrospective
study, it is difficult to absolutely divide the impact of PVT and
off label use. In addition, a number of major bleeding in off-label
group happened after 6 months from the start of edoxaban.
Although progression of the primary disease may be an internal
factor affecting major bleeding, the limited patient number of the
present study could not define a causal relationship between
progression of the primary disease and incidence of major
bleeding on this research. Therefore, further large-scale clinical
trial should be conducted to describe these impacts of PVT and
onset time of major bleeding. However, our present study indi‐
cated that off-label use, including PVT, may be a risk factor of
major bleeding. The risk of bleeding should probably be alerted
of off-label use if one considers the high incidence of bleeding in
our study. The risk/benefit ratio must be assessed carefully in
individual patients.
We demonstrated that the off-label use of edoxaban, especially

in PVT patients, increased the incidence of major bleeding.
Off-label use is not illegal, and may sometimes be clinically
appropriate. On this research, PVT patients with history of major
bleeding should have sought alternative anticoagulants except for
edoxaban. Patient using off-label edoxaban should be carefully
selected. In the case of off-label use, patients have to be carefully
considered to minimize patient harm and informed prior to the
start of medication, after a thorough risk-benefit analysis.
Accordingly, confirmation of risk factor and PGx tests may
reduce the risk of major bleeding. Extensive research is needed to
evaluate the relationship between PGx and bleeding risk for
patients with off-label use of DOACs.
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