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Abstract Background We evaluated the pharmacokinetics (PK) of low-dose (15mg) edoxaban
in very elderly patients (�80 years) with nonvalvular atrial fibrillation (NVAF) and high
bleeding risk.
Methods This subanalysis of the phase 3, randomized, double-blind, placebo-con-
trolled, multicenter ELDERCARE-AF study evaluated edoxaban plasma concentrations
and compared them with the Japanese population of the ENGAGE AF-TIMI 48 and
Japanese severe renal impairment (SRI) studies.
Results The PK analysis population included 451 patients, 53.8% of whom concomi-
tantly used antiplatelet drugs, 41.0% had SRI, and 38.0% had low body weight.
Edoxaban plasma concentrations at trough and 1 to 3 hours post-dose in ELDER-
CARE-AF were 17.3�13.9 (n¼ 427) and 93.3� 57.8 ng/mL (n¼447), respectively.
These values were slightly higher than the 15mg group in ENGAGE AF-TIMI 48 (n¼ 79;
12.4�12.1 and n¼ 115; 78.7� 45.0 ng/mL, respectively), lower than the ENGAGE AF-
TIMI 48 high-dose reduced to 30mg group (n¼83; 25.1�36.6 and n¼111;
150� 91.6 ng/mL, respectively), but similar to the Japanese SRI study (n¼ 39;
18.4�11.2 and n¼ 40; 96.8�48.3 ng/mL, respectively). ELDERCARE-AF patients
with SRI and low body weight (�45 kg) had higher concentrations than those without,
and those taking antiplatelet drugs had lower concentrations than those who were not.
Conclusion PK data support edoxaban 15mg once daily for very elderly NVAF
patients with high bleeding risk, with caution for patients with SRI and/or low body
weight.
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Introduction

Atrial fibrillation (AF) is the most common sustained cardiac
arrhythmia, and it increases in frequency with age.1 AF has
become an important health care problemglobally, including
in Japan,2 specifically because of the increased stroke risk.3,4

Edoxaban is usually taken at a dose of 60mg once daily.
The dosage is reduced to 30mg if a patient has a low body
weight (�60 kg), has low creatinine clearance (CrCl � 50
mL/min), or takes a concomitant P-glycoprotein (P-gp)
inhibitor.5 The Edoxaban Low-Dose for EldeR CARE AF
patients (ELDERCARE-AF) study6 was a randomized place-
bo-controlled study in which the efficacy and safety of
edoxaban 15mg once daily versus placebo were evaluated
in Japanese patients with nonvalvular AF (NVAF) aged �80
years who were ineligible for standard oral anticoagulant
therapy. In the ELDERCARE-AF population, we reported that
the annual stroke or systemic embolism rateswere 2.3%with
edoxaban and 6.7% with placebo, major bleeding rates were
3.3 and 1.8%, and intracranial hemorrhage rateswere 0.3 and
0.6%, respectively.7 Based on the available evidence, edox-
aban 15mg has been approved in some Asian countries,
including Japan, for stroke prevention invery elderly patients
(�80 years) with NVAF and bleeding risk.7

A previous Japanese severe renal impairment (SRI) study
evaluated the plasma concentration of edoxaban 15mg in
patients with NVAF with SRI (CrCl �15 to <30mL/min) and
that of edoxaban 30 to 60mg in patients with normal renal
function or mild renal impairment (CrCl � 50mL/min) during
12 weeks of treatment.8 The Effective Anticoagulation with

Factor XaNext Generation in Atrial Fibrillation-Thrombolysis in
Myocardial Infarction 48 (ENGAGE AF-TIMI 48)9 trial compared
two dose regimens of edoxaban (high dose: 60mg reduced to
30mg; low dose: 30mg reduced to 15mg) with warfarin in
patientswith AF aged�21 years. However, the pharmacokinet-
ics (PK) of 15mg edoxaban, which is administered to very
elderly NVAF patients with high bleeding risk such as those
included in the ELDERCARE-AF study,6 remains unclear.

This prespecified subanalysis of the ELDERCARE-AF study
aimed to evaluate the PK of edoxaban 15mg once daily in
NVAF patients aged �80 years. The PK results were also
comparedwith those of the previous Japanese SRI study8 and
the Japanese population of ENGAGE AF-TIMI 48.9

Methods

Study Design, Ethics, Randomization, and
Intervention
The study design and detailed methodology of the ELDER-
CARE-AF study have been previously published.6 Briefly,
ELDERCARE-AF was a phase 3, randomized, double-blind,
placebo-controlled, parallel-group, multicenter, event-driv-
en, superiority trial conducted in Japan. The institutional
review board at each study site approved the study protocol.
The study conduct complied with the standards specified in
the Pharmaceutical and Medical Devices Act, the Ministerial
Ordinance on Good Clinical Practice for Drugs, and the
Declaration of Helsinki. In addition, banking of clinical speci-
mens for genomic and genetic analysis and research using
these specimens was performed following the Ethical
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Guidelines for Human Genome/Gene Analysis Research and
Ethical Guidelines for Clinical Research (only at study sites
where genomic and genetic analysis or banking was
approved).

Eligible patients were randomly assigned in a 1:1 ratio to
receive 15mg edoxaban or placebo once daily. The randomi-
zation scheme was permuted in blocks of four, and patients
were stratified according to their CHADS2 scores (congestive
heart failure, hypertension, age, diabetes mellitus, and
previous stroke/transient ischemic attack; 2 points or �3
points). The patients, investigators, and sponsor were
unaware of the trial group assignments to ensure blinding.
Study drug administration was continued until the end-of-
study drug administration test, which was performedwithin
60 days after the end of the study.

Patients
The eligibility criteria havebeenpublishedpreviously.7Briefly,
eligible patients were aged �80 years, had a history of NVAF
documented by electrocardiogram or monitor recording
within 1 year of consent, had a CHADS2 score of �2, were
not eligible to receive standard oral anticoagulant doses (i.e.,
warfarin,dabigatran, rivaroxaban, apixaban,oredoxaban), and
presentedwith one ormore of thefivebleeding risks: SRI (CrCl
�15 to <30mL/min), a history of bleeding in a critical organ,
low body weight (�45kg), chronic use of acidic nonsteroidal
anti-inflammatory drugs (NSAIDs), and use of antiplatelet
drugs.More informationon the eligibility criteria can be found
in the main ELDERCARE-AF paper.7

A detailed list of exclusion criteria has been published.7

Patients with transient AF due to reversible disorders; treated
with other oral anticoagulants within 8 weeks of study initia-
tion; who had severe bleeding or ischemic events within
30daysof randomization;withsevere infections,uncontrolled
hypertension, malignancies, severe heart disease, severe he-
patic or kidney disorder; for whom edoxaban was contra-
indicated, including patientswith CrCl<15mL/min andwith a
high riskofbleeding, suchasactivebleeding,unresolvedpeptic
ulcer, hemoglobin<9g/dL or platelet count<10�104/µL, and
hemorrhagic diseases; and whowere considered ineligible by
the investigator were excluded.

The details of the Japanese SRI8 and ENGAGE AF-TIMI 48
studies have been published.9,10

PK Endpoints
As reported by Matsushima et al, edoxaban plasma concen-
trations were analyzed using a validated liquid chromatogra-
phy-tandemmass spectrometrymethod.11 Internal standards
were mixed with plasma samples and extracted using solid-
phase extraction. Gradient chromatography was performed
with ammonium acetate and methanol as mobile phases. The
high-performance liquid chromatography column used was
Agilent Zorbax EclipseXDB Phenyl. The assay had a lower limit
ofquantitationof0.764ng/mLandvalidatedcalibrationcurves
ranging from 0.792 to 382ng/mL. Edoxaban intra- and inter-
assay precisions were �11.0% and �8.8%, respectively.11 The
PK endpoint was edoxaban plasma concentration at Week 8
during the study treatment period (Visit 3). Further details of

the PK endpoint sample collection are available in the
“Data/Sample Collection” section.

Data/Sample Collection
The timingof theblood sampling atWeek8 of the study (Visit
3) was the trough time before the study drug administration
(pre-dose). Blood samples were also collected at 1 to 3 hours
after drug administration and (for patients whowere willing
to cooperate) at 4 to 8 hours after drug administration.
Trough samples were drawn on the same day as the peak
sample. Data on dosing times 1 and 2 days prior to sampling
were collected using case report forms (CRFs). CRFs prepared
for each patient were entered electronically using a validated
electronic data collection system for preparing CRFs. Sam-
ples were processed, and measurements were obtained
immediately upon sample receipt at central laboratories.
Plasma concentration (PK endpoint) was measured by liquid
chromatography-tandem mass spectrometry at Q2 Solu-
tions, Durham, North Carolina, United States.

Sample Size Rationale and Calculations
Detailed information regarding the target sample size cal-
culations is provided in the ELDERCARE-AF rationale and
design article.6 ELDERCARE-AF was an event-driven study,
and it was considered that changes in the total number of
patients could occur as necessary depending on the number
of target events collected. The plan was to collect data for 65
primary endpoint events in the intention-to-treat popula-
tion between randomization and the final follow-up exami-
nation. Under the conditions that the annual incidence in the
placebo group was 5% per year, the hazard ratio of edoxaban
relative to the placebo group was 0.5, the two-tailed signifi-
cance level was 5%, and the power was 80%. The estimated
number of patients to be enrolled in each groupwas approx-
imately 400.

Statistical Analysis
The PK analysis set consisted of all patients randomly
assigned to receive edoxaban without major protocol devia-
tions affecting PK and with at least one available edoxaban
plasma concentration measurement.

For PK analysis, edoxaban concentrations in each study
are reported using summary statistics. Likewise, the ob-
served edoxaban plasma concentrations are presented using
summary statistics by bleeding risk subgroups (i.e., SRI, a
history of bleeding in a critical organ, low body weight
[�45kg], chronic use of acidic NSAIDs, use of antiplatelet
drugs). The plasma concentrations were compared using the
Student’s t-test across subgroups categorized by dose-ad-
justment factors. Additionally, external validation of a pre-
viously developed population PK (PopPK) model was
performed, and the details are provided in the Supplemen-
taryMaterials. Model-predicted exposure metrics were then
compared by patient status.

For any given time point, unavailable data were consid-
ered missing for that time point. Missing data were not
replaced by estimates or calculations for missing data. Indi-
vidual CrCl values were calculated using the Cockcroft–Gault
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formula, and baseline CrCl was used for the analysis. Ob-
served edoxaban plasma concentrations were summarized
and presented across the overall population and stratified by
variables of interest.

Results

Patient Disposition
Between August 5, 2016 and November 5, 2019, 1,086
patients from 164 institutions were enrolled, and 102
were excluded; 984 were randomly assigned (edoxaban
15mg, n¼492; placebo, n¼492). The PK analysis population
consisted of 451 patients in the edoxaban 15mg group. The
date of the last patient follow-up was December 27, 2019.
The median (interquartile range) trial duration was 466.0
(293.5–708.0) days.

Patient Characteristics
Patient baseline characteristics have been previously
reported7 and were considered well-balanced between
groups. The baseline characteristics of the patients are
shown in ►Table 1. In the total population and the PK
analysis set of ELDERCARE-AF,7 the mean age was 86.6 and
86.7 years, 57.4 and 56.3% of patientswerewomen, themean
weight was 50.6 and 50.8 kg, and themean CrCl was 36.3 and
36.7mL/min, respectively. Overall, 47.1 and 49.4% of patients
had paroxysmal AF, 52.9 and 50.6% had nonparoxysmal AF,
43.0 and 40.8% had a history of oral anticoagulant treatment,
and 7.6 and 6.0% concomitantly received at least one P-gp
inhibitor, respectively. The mean CHADS2 score was 3.1 and
3.0, and the mean HAS-BLED score was 2.3 and 2.3, respec-
tively. Overall, the most common risk factors for bleeding
were concomitant use of one antiplatelet drug (53.8%),
followed by SRI (41.0%), lowbodyweight (38.0%), continuous
use of acidic NSAIDs (32.2%), and a history of bleeding in a
critical area or organ (22.6%). According to the frailty assess-
ment, 40.9 and 37.3% of patients were frail, and 55.1 and
61.0% were robust or pre-frail, respectively.

PK
The mean (�standard deviation) edoxaban plasma concen-
trations at trough and at 1 to 3hours after administration in
ELDERCARE-AF were 17.3�13.9 (n¼427) and 93.3�57.8
ng/mL (n¼447), respectively (►Fig. 1, ►Supplementary

Table S1, available in the online version). When compared
with the concentrations in the Japanese population of EN-
GAGE AF-TIMI 48, they were both slightly higher than those
in the 15mg group (n¼79; 12.4�12.1 and n¼115;
78.7�45.0 ng/mL, respectively) and lower than those in
the high-dose 60mg group (n¼76; 28.7�27.2 and
n¼107; 215�119ng/mL, respectively), high-dose 30mg
group (n¼83; 25.1�36.6 and n¼111; 150�91.6 ng/mL,
respectively), and low-dose 30mg group (n¼87;
20.8�24.9 and n¼114; 122�63.1 ng/mL). The concentra-
tions were similar to those in the Japanese SRI study (n¼39;
18.4�11.2 and n¼40; 96.8�48.3 ng/mL, respectively).

The edoxaban plasma concentrations in ELDERCARE-AF
patientswith andwithout each risk factor were compared by

bleeding risk subgroups (►Fig. 2,►Supplementary Table S2,
available in the online version). Before edoxaban adminis-
tration (trough), patients with SRI (p<0.001) or low body
weight (�45 kg; p¼0.004) had higher edoxaban plasma
concentrations than patients without these conditions. Plas-
ma concentrations were lower in patients using antiplatelet
drugs (p<0.001) than in patients not using antiplatelet drugs
(►Fig. 2A). At 1 to 3 hours after edoxaban administration,
plasma concentrations in patients with SRI (p¼0.011),
patients with low body weight (�45 kg; p<0.001), and
patients using antiplatelet drugs (p¼0.003) showed similar
patterns to those seen at trough (►Fig. 2B). At 4 to 8hours
after edoxaban administration, the edoxaban plasma con-
centration was increased in patients with low body weight
(�45 kg; p<0.001) compared with those with body weight
>45kg. Among patients treated and not treated with anti-
platelet drugs, the mean weight was 54.12 and 46.99 kg, and
the mean CrCl was 40.59 and 32.15mL/min, respectively. No
differences were observed in the other subgroups (►Fig. 2C).
The time variation in the edoxaban plasma concentration by
each risk factor is shown in ►Supplementary Fig. S1 (avail-
able in the online version).

Currently, in clinical settings, edoxaban administration is
subject to dose reduction by dose-adjustment factors of body
weight �60 kg, CrCl �50mL/min, or concomitant P-gp in-
hibitor. Although no dose reduction criteria were applied in
this ELDERCARE-AF study, the plasma concentration of
edoxaban with and without these dose-adjustment factors
was evaluated to examine the impact of the dose reduction
criteria on this study population. Plasma concentrations of
edoxabanwerehigher in patientsweighing�60 kg (p<0.001
at trough; p<0.01 at 1–3hours) and patients with CrCl
�50mL/min (p<0.001 at trough; p¼0.385 at 1–3hours)
than in patients who did not meet the respective criteria
(►Supplementary Fig. S2, ►Supplementary Table S3 [avail-
able in the online version]). Similar results were obtained
for the exposure metrics when using the previously devel-
oped PopPK model, indicating that the existing model
accurately describes the data of the ELDERCARE-AF study
(►Supplementary Fig. S3, available in the online version).
A comparison of steady-state exposure (steady-state trough
concentration [Cmin,ss], steady-state peak concentration
[Cmax,ss], and steady-state area under the curve [AUCss]) to
edoxaban in the ELDERCARE-AF study by the dose-adjust-
ment factors and the high-dose groups of ENGAGE AF-TIMI
48 is provided in ►Supplementary Fig. S4 (available in the
online version). The exposures of all subpopulations in
the ELDERCARE-AF study were lower than those of the
high-dose group in ENGAGE AF-TIMI 48.

Pharmacodynamics
The pharmacodynamics results are summarized in the Sup-
plementary Materials (available in the online version).

Discussion

In the present study, we evaluated the PK of edoxaban 15mg
in very elderly patients from the ELDERCARE-AF study7
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Table 1 Demographic and clinical characteristics of patients

Edoxaban, 15mg
(N¼451)

Placebo
(N¼492)

Age, y, mean� SD 86.7� 4.3 86.4�4.3

Distribution, n (%)

�85 y 200 (44.3) 229 (46.5)

> 85 y 251 (55.7) 263 (53.5)

Male sex, n (%) 197 (43.7) 207 (42.1)

Type of atrial fibrillation

Nonparoxysmal 228 (50.6) 266 (54.1)

Paroxysmal 223 (49.4) 226 (45.9)

Weight, kg 50.8� 10.6 50.6�11.1

Body mass indexa 22.1� 3.4 22.2�3.8

Creatinine clearance, mean� SD 36.7� 14.3 36.2�14.5

Distribution, n (%)

�50mL/min 376 (83.4) 408 (82.9)

> 50mL/min 75 (16.6) 84 (17.1)

CHADS2 scoreb

Mean score 3.0� 1.1 3.1�1.1

Distribution, n (%)

2 172 (38.1) 182 (37.0)

�3 279 (61.9) 310 (63.0)

Components, n (%)

Age �75 y 451 (100.0) 492 (100.0)

Previous stroke or transient ischemic attack 95 (21.1) 126 (25.6)

Congestive heart failure 223 (51.7) 274 (55.7)

Diabetes mellitus 106 (23.5) 110 (22.4)

Hypertension 378 (83.8) 398 (80.9)

CHA2DS2-VASc scorec 4.8� 1.2 5.0�1.3

HAS-BLED scored 2.3� 0.9 2.4�0.9

Coronary artery disease 118 (26.2) 127 (25.8)

Dementia 63 (14.0) 90 (18.3)

History of falling within past year 139 (30.8) 186 (37.8)

Frailty categorye

Robust or pre-frail 275 (61.0) 253 (51.4)

Frail 168 (37.3) 217 (44.1)

Could not be evaluated 5 (1.11) 10 (2.0)

Missing data 3 (0.7) 12 (2.4)

History of oral anticoagulant therapy

Yes 184 (40.8) 216 (43.9)

Warfarin 101 (22.4) 128 (26.0)

Direct oral anticoagulantsf 109 (24.2) 127 (25.8)

Unknown 0 (0.0) 2 (0.4)

No 267 (59.2) 276 (56.1)

Concomitant Use of P-gp inhibitors 27 (6.0) 46 (9.3)

(Continued)
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compared with the Japanese population of the ENGAGE AF-
TIMI 489 and Japanese SRI8 studies. Moreover, we deter-
mined the effects of bleeding risk factors on PK in this patient
population.

The edoxaban plasma concentrations at trough and at 1 to
3hours after administration in the ELDERCARE-AF study
were slightly higher than in the Japanese 15mg group in
ENGAGE AF-TIMI 48 and lower than in the ENGAGE AF-TIMI

48 high-dose groups, but similar to those in the Japanese SRI
study (n¼40). Furthermore, the concentrations were higher
in patients with SRI and low body weight in ELDERCARE-AF
than in those without. In patients using antiplatelet drugs,
the concentrations were lower than in those who were not.

In the Japanese population of ENGAGE AF-TIMI 48, the
edoxaban concentration increased in association with
lower body weight and impaired renal function. When

Table 1 (Continued)

Edoxaban, 15mg
(N¼451)

Placebo
(N¼492)

Number of concomitant medications

Minimum 0 1

Median 9 9

Maximum 24 25

Abbreviations: P-gp, P-glycoprotein; PK, pharmacokinetics; SD, standard deviation.
Note: Plus–minus values are mean� SD. Percentages may not total 100 because of rounding.
aThe bodymass index is the weight in kilograms divided by the square of the height in meters. Data weremissing for 1 patient in the edoxaban group
and 2 patients in the placebo group.

bCHADS2 scores range from 0 to 6, with higher scores indicating a greater risk of stroke. Previous stroke or transient ischemic attack is assigned 2
points, and congestive heart failure, hypertension, diabetes mellitus, and an age of �75 years are each assigned 1 point toward the total score.

cCHA2DS2-VASc scores range from 0 to 9, with higher scores indicating a greater risk of stroke. Previous stroke or transient ischemic attack and an age
of�75 years are each assigned 2 points, and congestive heart failure, hypertension, diabetesmellitus, an age of 65–74 years, female sex, and history
of vascular disease are each assigned 1 point toward the total score.
dHAS-BLED scores range from 0 to 9, with higher scores indicating a greater risk of bleeding. Abnormal renal or liver function are assigned 1 point
each; the use of antiplatelet or nonsteroidal anti-inflammatory drugs or alcohol concomitantly is assigned 1 point each (for a total of 1 or 2 points),
and hypertension, stroke, history of bleeding or a predisposition to bleeding, labile international normalized ratio, and elderly age (>65 years) are
each assigned 1 point toward the total score.

eFrailty was assessed with the use of five measures of physical condition; a score of 0 indicated robust, a score of 1 or 2 indicated pre-frail, and a score
of �3 indicated frail. Details of the assessment of frailty are provided in the Supplementary Materials (available in the online version).

fDirect oral anticoagulants included dabigatran, rivaroxaban, apixaban, and edoxaban.

Fig. 1 Comparison of edoxaban plasma concentration at trough and at 1 to 3hours in the ELDERCARE-AF study, the Japanese SRI study, and the low- and
high-dose groups of the ENGAGEAF-TIMI 48 study. Data from the ELDERCARE-AFand the Japanese SRI studies correspond to data fromWeek8, and from the
ENGAGE AF-TIMI 48 study correspond to data from Day 29. In the box and whisker plot, the box represents the interquartile range, and the line
intersecting the box represents themedian. The upper side of the box represents the 75th percentileþ 1.5� interquartile range. The lower side of the box
represents the 25th percentile� 1.5� interquartile range. The upper whisker point is the maximum observation below the upper side (75th percentile).
The lower whisker point is the minimum observation above the lower side of the box (25th percentile). The lozenge represents the mean.
The data points above the upper whisker indicate the outliers. h, hour; H, high-dose; L, low-dose; SRI, severe renal impairment.
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Fig. 2 Edoxaban plasma concentration at (A) trough, (B) 1 to 3 hours, and (C) 4 to 8 hours post-dose in patients with or without bleeding risk
factors. In the box and whisker plot, the box represents the interquartile range, and the line intersecting the box represents the median.
The upper side of the box represents the 75th percentileþ 1.5� interquartile range. The lower side of the box represents the 25th
percentile� 1.5� interquartile range. The upper whisker point is the maximum observation below the upper side (75th percentile).
The lower whisker point is the minimum observation above the lower side of the box (25th percentile). The lozenge represents the median.
The data points above the upper whisker are outliers. h, hour; NSAIDs, nonsteroidal anti-inflammatory drugs.
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comparing the PK values of edoxaban in very elderly
ELDERCARE-AF patients with those in ENGAGE AF-TIMI
48, edoxaban 15mg appears to be therapeutically effective
for very elderly patients. This is based on the observation
that the PK values were slightly higher than those in the
Japanese 15mg group of ENGAGE AF-TIMI 48, in which the
low-dose group (30 or 15mg) was noninferior to warfarin.9

Although the edoxaban 15mg dosage was not approved
in Japan based on the ENGAGE AF-TIMI 48 study, it was
subsequently approved based on the findings of the ELD-
ERCARE-AF study in NVAF patients with older age and high
bleeding risk. However, the patient background character-
istics differed between the studies (mainly in bleeding
risk), which may affect the risk–benefit balance of this
edoxaban dose. Thus, caution is still required when admin-
istering edoxaban 15mg to very elderly patients with SRI
and/or low body weight because of increased exposure to
edoxaban. However, in patients with very high bleeding
risk, exposure to edoxaban 15mg did not exceed that of the
high-dose group (60 or 30mg) from the Japanese popula-
tion of ENGAGE AF-TIMI 48.12 In the ELDERCARE-AF study,7

edoxaban 15mg numerically increased major bleeding
events compared with placebo, but it did not increase
intracranial hemorrhage or fatal bleeding. These findings
support the feasibility of using this edoxaban dose for
elderly patients with NVAF who have a high bleeding
risk, as the increase in bleeding events was minimal.

The incidences of stroke/systemic embolic events and
major hemorrhage in the ELDERCARE-AF study7 were
comparable with those in the subgroup analyses of other
direct oral anticoagulants in elderly patients.13–15

Although the present PK data show a slightly lower plasma
concentration with edoxaban 15mg than the plasma
concentration observed with the usual edoxaban dose in
the elderly population in the ENGAGE AF-TIMI 48 study,16

the incidences of stroke/systemic embolic events and
major bleeding were similar between the studies. These
results support that edoxaban 15mg once daily may be an
appropriate regimen in very elderly AF patients with high
bleeding risk.

This study was designed to include elderly patients for
whom regular anticoagulant doses were deemed inappro-
priate. It was also designed not to exclude the relatively
robust patients who did not meet the criteria for dose
reduction. Therefore, the study population included patients
with relatively high CrCl and body weight values, many of
whom fulfilled the inclusion criteria of receiving treatment
with long-term NSAIDs or antiplatelet agents. ►Fig. 2 indi-
cates that edoxabanplasma concentrations at trough and at 1
to 3 hours post-dose were lower in patients with concomi-
tant antiplatelet agents as a bleeding risk factor. These results
could be explained by patient characteristics, such as body
weight >60kg and/or CrCl >50mL/min (►Supplementary

Fig. S4, available in the online version). Given these consid-
erations, administration of edoxaban 15mg to patients with
high CrCl and high body weight solely because of long-term
antiplatelet use may raise concerns about inadequate effica-
cy in terms of lowering the edoxaban plasma concentration.

Therefore, it may be necessary to discontinue antiplatelet
agents before prescribing edoxaban 15mg to patients who
do not meet the dose reduction criteria and to consider
administration of the usual dose by eliminating potential
bleeding risk factors.

There are limitations associated with this subanalysis of
the ELDERCARE-AF study. Only data from Japanese patients
were included and analyzed. The sample size for this analysis
was based on the main ELDERCARE-AF study,7 and the
sample size was not set to calculate PK data. Furthermore,
the PK blood sampling was infrequent and was only
performed a maximum of three times at 8 weeks post-
dose (Visit 3). The small number of events limited the
confirmation of the association between events and the
plasma concentration of edoxaban. Finally, as the 15mg
edoxaban and low-dose 30mg edoxaban regimens used in
the ENGAGE AF-TIMI 48 study are not disclosed in public
documents, some comparisons could not be made between
these groups and the patients in the ELDERCARE-AF study.

In conclusion, based on the present PK analysis, edoxaban
15mg once daily may offer an alternative risk–benefit bal-
ance in very elderly AF patients at high bleeding risk.

What is known about this topic?

• Atrial fibrillation is a major global health care problem
because of its association with an increased risk of
stroke.

• Previous studies indicate the effectiveness of lowdoses
of the anticoagulant medication edoxaban for non-
valvular atrial fibrillation in very elderly patients
ineligible for standard oral anticoagulant therapy.

• However, the pharmacokinetics of low doses of edox-
aban in very elderly patients with nonvalvular atrial
fibrillation and high bleeding risk remains to be
elucidated.

What does this paper add?

• At a dose of 15mg, edoxaban plasma concentrations at
trough and 1 to 3 hours post-dose were slightly higher
than those of patients who received edoxaban 15mg
and lower than those in patients who received
edoxaban 30mg in the Japanese population of ENGAGE
AF-TIMI 48 study. However, concentrations were sim-
ilar to those of patients with severe renal impairment
in another Japanese study.

• The pharmacokinetic data support the use of once-
daily administration of edoxaban 15mg in very elderly
patients with nonvalvular atrial fibrillation and high
bleeding risk.

• However, in patients who received edoxaban 15mg
with severe renal impairment and low body weight
(�45 kg), edoxaban plasma concentrations were
higher than in those without these conditions.
Therefore, edoxaban 15mg should be administered
with caution to very elderly patients with severe
renal impairment and those with low body weight.

Thrombosis and Haemostasis © 2024. The Author(s).

PK of Edoxaban 15mg in Very Elderly Patients with NVAF Yamashita et al.



Data Availability Statement
Anonymized data related to the present study will be
made available to other researchers at https://search.vivli.
org/ upon reasonable request to the corresponding author
and pending approval by Daiichi Sankyo Co., Ltd.

Authors’ Contribution
T.Y., M.F., and K.O. participated in the design and conduct
of the study; Y.I., T.H. and S.H. conducted data analysis; all
authors interpreted the data; all authors drafted the
manuscript; and all authors revised the manuscript and
approved the final version.

Funding
This research was supported by Daiichi Sankyo Co., Ltd.

Conflict of Interest
T.Y. received personal fees from Daiichi Sankyo Co., Ltd.
during the conduct of the study; grants and personal fees
from Daiichi Sankyo Co., Ltd., Bayer Yakuhin, Ltd., and
Bristol Myers Squibb K.K.; personal fees from Pfizer Japan
Inc., Nippon Boehringer Ingelheim Co., Ltd., Ono Pharma-
ceutical Co., Ltd., Toa Eiyo Ltd., Novartis Pharma K.K., and
Otsuka Pharmaceutical Co., Ltd. outside the submitted
work. Y.I., M.F., and T.H. are employees of Daiichi Sankyo
Co., Ltd. S.H. is an employee of Certara, Inc. K.O. received
grants and personal fees from Daiichi Sankyo Co., Ltd.
during the conduct of the study; personal fees from
Daiichi Sankyo Co., Ltd., Nippon Boehringer Ingelheim
Co., Ltd., Bristol-Myers Squibb K.K., Medtronic Japan Co.,
Ltd., Johnson and Johnson K.K., and Bayer Yakuhin, Ltd.
outside the submitted work.

Acknowledgment
The authors wish to thank Keyra Martinez Dunn, MD, of
Edanz (www.edanz.com), for providing medical writing
support, which was funded by Daiichi Sankyo Co., Ltd.

References
1 Wasmer K, Eckardt L, Breithardt G. Predisposing factors for atrial

fibrillation in the elderly. J Geriatr Cardiol 2017;14(03):179–184
2 Chugh SS, Havmoeller R, Narayanan K, et al. Worldwide epidemi-

ology of atrial fibrillation: a Global Burden of Disease 2010 Study.
Circulation 2014;129(08):837–847

3 Friberg L, RosenqvistM, Lindgren A, Terént A, Norrving B, Asplund
K. High prevalence of atrial fibrillation among patients with
ischemic stroke. Stroke 2014;45(09):2599–2605

4 Björck S, Palaszewski B, Friberg L, Bergfeldt L. Atrial fibrillation,
stroke risk, and warfarin therapy revisited: a population-based
study. Stroke 2013;44(11):3103–3108

5 SAVAYSA™ (edoxaban) tablets for oral use. Full prescribing informa-
tion. Daiichi Sankyo Inc., Parsippany, NJ, United States. Accessed
March 29, 2023 at: https://www.accessdata.fda.gov/drugsatfda_doc-
s/label/2015/206316lbl.pdf

6 Okumura K, Lip GYH, AkaoM, et al. Edoxaban for themanagement
of elderly Japanese patients with atrial fibrillation ineligible for
standard oral anticoagulant therapies: rationale and design of the
ELDERCARE-AF study. Am Heart J 2017;194:99–106

7 Okumura K, Akao M, Yoshida T, et al; ELDERCARE-AF Commit-
tees and Investigators. Low-dose edoxaban in very elderly
patients with atrial fibrillation. N Engl J Med 2020;383(18):
1735–1745

8 Koretsune Y, Yamashita T, Kimura T, Fukuzawa M, Abe K, Yasaka
M. Short-term safety and plasma concentrations of edoxaban in
Japanese patients with non-valvular atrial fibrillation and severe
renal impairment. Circ J 2015;79(07):1486–1495

9 Giugliano RP, Ruff CT, Braunwald E, et al; ENGAGE AF-TIMI 48
Investigators. Edoxaban versus warfarin in patients with atrial
fibrillation. N Engl J Med 2013;369(22):2093–2104

10 YinOQP, AntmanEM, Braunwald E, et al. Linking endogenous factor
Xa activity, a biologically relevant pharmacodynamic marker, to
edoxaban plasma concentrations and clinical outcomes in the
ENGAGE AF-TIMI 48 trial. Circulation 2018;138(18):1963–1973

11 Matsushima N, Lee F, Sato T, Weiss D, Mendell J. Bioavailability
and safety of the factor Xa inhibitor edoxaban and the effects of
quinidine in healthy subjects. Clin Pharmacol Drug Dev 2013;2
(04):358–366

12 Morishima Y, Kamisato C. Laboratory measurements of the oral
direct factor Xa inhibitor edoxaban: comparison of prothrombin
time, activated partial thromboplastin time, and thrombin gen-
eration assay. Am J Clin Pathol 2015;143(02):241–247

13 Halvorsen S, Atar D, Yang H, et al. Efficacy and safety of apixaban
comparedwith warfarin according to age for stroke prevention in
atrial fibrillation: observations from the ARISTOTLE trial. Eur
Heart J 2014;35(28):1864–1872

14 Hori M, Matsumoto M, Tanahashi N, et al; J-ROCKET AF Study
Investigators. Rivaroxaban vs. warfarin in Japanese patients with
non-valvular atrial fibrillation in relation to age. Circ J 2014;78
(06):1349–1356

15 Eikelboom JW,Wallentin L, Connolly SJ, et al. Riskof bleedingwith
2 doses of dabigatran compared with warfarin in older and
younger patients with atrial fibrillation: an analysis of the
randomized evaluation of long-term anticoagulant therapy
(RE-LY) trial. Circulation 2011;123(21):2363–2372

16 Kato ET, Giugliano RP, Ruff CT, et al. Efficacy and safety of
edoxaban in elderly patientswith atrialfibrillation in the ENGAGE
AF-TIMI 48 trial. J Am Heart Assoc 2016;5(05):e003432

17 Shimizu T, Tachibana M, Kimura T, Kumakura T, Yoshihara K.
Population pharmacokinetics of edoxaban in Japanese atrial
fibrillation patients with severe renal impairment. Clin Pharma-
col Drug Dev 2017;6(05):484–491

Thrombosis and Haemostasis © 2024. The Author(s).

PK of Edoxaban 15mg in Very Elderly Patients with NVAF Yamashita et al.

https://search.vivli.org/
https://search.vivli.org/
http://www.edanz.com
https://www.accessdata.fda.gov/drugsatfda_docs/label/2015/206316lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2015/206316lbl.pdf



