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Abstract

Objective The objective of this study was to assess the pharmacokinetic and pharmacodynamic profiles and safety of edoxa-
ban in patients with nonvalvular atrial fibrillation (NVAF) who were hospitalized with acute heart failure (AHF).

Methods The trough plasma concentrations of edoxaban, and the coagulation biomarkers prothrombin fragments 1 and 2
(F142) and p-dimer, were determined. Twenty-six patients received edoxaban 60 mg (30 mg when dose adjustment was
required) and blood samples were collected immediately before oral edoxaban administration for 7 consecutive days after
hospitalization and on the day of discharge.

Results The mean observation period was 13 (range 7-46) days. Trough plasma concentrations of edoxaban were constant
from day 2 onwards. On day 1, the variation was greater owing to the differing intervals between the last edoxaban dose
and day 1 blood collection. Trough plasma concentrations were higher in patients with reduced creatinine clearance (< 50
mL/min). Median values for F14+2 and p-dimer remained within normal ranges throughout the study. There were no drug
discontinuations, and no serious adverse events were reported.

Conclusions This is the first study of edoxaban pharmacokinetics and pharmacodynamics in patients with NVAF and AHF, and
shows that the pharmacokinetic and pharmacodynamic profiles of edoxaban were constant during hospitalization. Thus, even
in patients with NVAF and AHF, edoxaban anticoagulation therapy with guided dose adjustment is considered to be a safe and
appropriate intervention. In particular, patients with reduced creatinine clearance should adhere to dose adjustment criteria.
Clinical Trial Registration jRCTs031190006 (Japan Registry of Clinical Trials), 5 April, 2019 retrospectively registered.

1 Introduction

Worldwide, about 26 million people have heart failure

(acute and chronic), and this prevalence is increasing each
year [1, 2]. In Japan, approximately 40% of patients with
acute heart failure also have a history of atrial fibrillation
(AF) [3, 4]. Although these findings are generally similar
to those from the USA and Europe [5], the US Framing-
ham study reported that > 60% of patients with heart fail-
ure also had previous or concurrent AF [6].

Some results from this study have been submitted as an abstract
to the 85th Annual Scientific Meeting of the Japanese Circulation
Society; 26-28 March, 2021; PACIFICO Yokohama Conference
Center, Yokohama, Japan.
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Embolic prophylaxis with anticoagulant drugs is
required in patients with atrial fibrillation (AF) and heart
failure (HF) but HF may alter the pharmacokinetic (PK)
and pharmacodynamic (PD) profiles of direct-acting oral
anticoagulants (DOACsS).

This was the first study to assess the PK and PD profiles
and safety of edoxaban in patients with non-valvular
(NV) AF who were hospitalized with acute HF.

The PK and PD profiles of edoxaban were found to be
constant from Day 2 onwards in patients with NVAF and
acute HF, suggesting that appropriate stroke prevention
with edoxaban is feasible at the current dose regimen.

These findings may encourage enhanced confidence in the
clinical pharmacology of DOACS in this setting; however,
additional research with other DOAC:s is required.
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Owing to the high frequency of thromboembolic com-
plications, embolic prophylaxis with anticoagulants is
required in patients with AF with heart failure [7]. It is
reported that heart failure is associated with a hyperco-
agulable state as shown by the elevations of coagulation
markers, thrombin/antithrombin complex, prothrombin
fragment F1 + 2 (F1+42), and p-dimers [8]. In recent years,
several direct-acting oral anticoagulants (DOACs) have
been approved for anticoagulation in patients with nonval-
vular AF (NVAF) [9, 10]. DOACSs include a direct throm-
bin inhibitor and factor Xa inhibitors [10], and large-scale
global clinical trials have demonstrated stable antithrom-
botic efficacy and reduced bleeding relative to warfarin at
fixed doses of these agents [11-14]. Moreover, as US data
showed that heart failure complicates prothrombin time-
international normalized ratio control in warfarin-treated
patients, DOACs may provide appropriate antithrombotic
prophylaxis for patients with NVAF and acute heart failure
[14].

In acute heart failure, worsening renal function is
reported in up to 30% of patients [15]. The guidelines
from the European Society of Cardiology (2016) and
American College of Cardiology/American Heart Asso-
ciation (2019) outline that DOAC dosage adjustment is
required in patients with renal dysfunction [16, 17]. Japa-
nese guidelines (2017) also suggest that DOACs should be
administered cautiously, owing to renal function changes
associated with alterations in NVAF pathology and treat-
ment [18]. Indeed, pathophysiologic changes in acute heart
failure may cause altered gastrointestinal blood flow and
modified drug absorption in patients with concurrent renal
impairment [19, 20].

There are few previous publications reporting phar-
macokinetic (PK) and pharmacodynamic (PD) data for
DOAC s in acute heart failure per se, although some
changes in rivaroxaban pharmacokinetics and apixaban
pharmacodynamics in patients with NVAF and both
acute and chronic heart failure have been demonstrated
[21-23]. Edoxaban, a direct oral factor Xa inhibitor, has
demonstrated stable antithrombotic activity and reduced
bleeding relative to warfarin at fixed doses in global clini-
cal trials, and is now widely used to provide antithrom-
botic prophylaxis in patients with NVAF [13]. As with
other DOACS, the plasma concentration of edoxaban is
increased in patients with low renal function, thus the dose
of edoxaban should be adjusted from 60 mg to 30 mg in
patients with creatinine clearance (CrCL) of 15-50 mL/
min. Despite a favorable and predictable PK profile [20,
24, 25], it is unclear whether the PK and PD profiles of
edoxaban remain stable over time in patients with acute
heart failure. Thus, the current study was designed to
evaluate the PK and PD profiles and safety of edoxaban
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in patients with NVAF and acute heart failure, to better
characterize appropriate antithrombotic prophylaxis.

2 Methods
2.1 Study Design

This was a prospective, multicenter, uncontrolled, open-label
study in hospitalized patients with NVAF and acute heart
failure. The study was conducted at six institutions from
February 2019 to January 2020. The study was conducted
in accordance with ethical principles of the Declaration of
Helsinki, International Conference on Harmonisation-Good
Clinical Practice, and all applicable Japanese laws and regu-
lations concerning clinical research. All patients, or their
legal proxies, provided written informed consent for par-
ticipation in the study.

Edoxaban was administered according to the Japanese
labeling [26]. Edoxaban 60 mg was administered once daily.
Edoxaban 30 mg was administered if any one of the fol-
lowing criteria for dose adjustment was met: bodyweight <
60 kg; CrCL 15-50 mL/min; or concomitant use of P-gly-
coprotein inhibitors, such as cyclosporine, erythromycin,
quinidine, or verapamil.

The definition of day 1 in the study differed between
patients receiving or not receiving edoxaban before hospi-
talization (Electronic Supplementary Material [ESM]). For
patients receiving edoxaban before hospitalization, the day
of the first edoxaban administration after hospitalization was
defined as day 1. For patients not receiving anticoagulants,
the day of the second edoxaban administration after hospi-
talization was defined as day 1. The interval between the
first administration and the second administration was > 12
h. Blood collection in all patients was performed just before
oral edoxaban administration on day 1. Additional blood
samples were collected immediately before oral edoxaban
administration for seven consecutive days after hospitaliza-
tion. The final blood sample was collected on the day of dis-
charge, or when the investigator determined that the patient
had entered the clinically stable phase of heart failure and
observation could be stopped. Edoxaban was administered
at a set time so that the dosing interval during hospitaliza-
tion was 24 h, and medication time and blood sampling time
were recorded. There were no restrictions regarding water
intake.

2.2 Study Participants
2.2.1 Inclusion Criteria

The study included patients aged > 20 years with NVAF
who were hospitalized with acute heart failure (including
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acute exacerbations of chronic heart failure). Eligible
patients were either receiving edoxaban administration at
the time of obtaining informed consent or agreed to com-
mence edoxaban therapy after obtaining informed consent
and were considered suitable for oral drug administration.

2.2.2 Exclusion Criteria

The principal exclusion criteria comprised: oral anticoagu-
lant therapy, other than edoxaban, at the time of hospital
admission; previous hypersensitivity to edoxaban; acute
bacterial endocarditis; renal failure (CrCL < 15 mL/min,
calculated using the Cockcroft-Gault equation); dual anti-
platelet therapy; cardiopulmonary arrest or cardiogenic
shock; gastrointestinal hemorrhage or major hemorrhage
(International Society on Thrombosis and Haemostasis crite-
ria [27]) within 4 weeks of enrollment; unlikely to complete
the study (for example, because of advanced malignancy);
pregnancy; participation in another clinical trial; or judged
by the principal investigator to be inappropriate for the study.
Combination therapy with anticoagulants (e.g., warfarin and
other DOACs) was prohibited.

2.3 Study Endpoints

The PK endpoints were trough plasma edoxaban concentra-
tions from day 1 to day 7 and the final blood sample, and
ratios of trough plasma edoxaban concentration on each day
to that of the final blood sample. Pharmacodynamic end-
points included the change in the coagulation biomarkers,
F1+42, and p-dimer levels throughout the study. The meth-
ods for measuring edoxaban, F142, and p-dimer have been
reported previously [28]. In brief, plasma edoxaban concen-
trations were measured via liquid chromatography-tandem
mass spectrometry solid-phase extraction (SCIEX, Framing-
ham, MA, USA) at Shin Nippon Biomedical Laboratories,
Ltd. (Wakayama, Japan). b-dimer and F1+2 were measured
using a latex immunoturbidimetric assay (KAINOS Labo-
ratories, Inc., Tokyo, Japan) and an enzyme-linked immu-
nosorbent assay (Siemens Healthineers AG, Erlangen, Ger-
many), respectively at SRL Medisearch Inc. (Tokyo, Japan).

Other parameters evaluated were mortality (including
cardiovascular mortality); stroke (including ischemic or
hemorrhagic stroke, but excluding transient ischemic attack)
and systemic embolism; intracranial hemorrhage; and major
bleeding (fatal bleeding, symptomatic intramuscular bleed-
ing, or hemoglobin reduction of > 2 g/dL [or hematocrit
decrease of > 6%] and clinically evident hemorrhage requir-
ing transfusion). Safety was assessed via the occurrence of
adverse events, classified using the Medical Dictionary for
Regulatory Activities/Japanese version 22.0, and via changes
in laboratory test values.

2.4 Statistical Analyses

The target sample size was set at 30 based on feasibility.
Assuming intra-individual coefficient variations of 0.3-0.5
and geometric mean ratios of trough plasma edoxaban con-
centration to that of the final blood sample to be 0.5-2.0, this
number of study participants allowed trough plasma edoxa-
ban concentrations to be analyzed with a degree of accuracy.

Summary statistics were calculated for all PK and PD
endpoints. For the PK endpoint of trough edoxaban ratio,
the geometric least-squares mean ratios on each day to that
of final blood samples and their two-sided 90% Cls were
calculated using a linear mixed model, with the time point
as the fixed effect and the study subject as the random effect.
All statistical analyses were performed using SAS, version
9.4 (SAS Institute Inc., Cary, NC, USA).

3 Results

Demographic and baseline characteristics for the analy-
sis population (N = 26) are shown in Table 1. As it was
difficult to recruit patients who met the inclusion criteria
during the enrollment period (February 2019-January
2020), only 26 patients were registered and enrollment was
completed without reaching the target sample size (N =
30). All 26 enrolled patients completed the study. Overall,
69.2% of patients were male, mean age was 71 years, mean
bodyweight was 64.9 kg, and 12 patients (46.2%) weighed
60 kg or less. Only 13 patients (50.0%) had normal renal
function (CrCL > 50 mL/min), whereas the other 13
patients (50.0%) had moderate or greater renal dysfunction
(CrCL 15-50 mL/min). Seven patients (26.9%) had a body
weight < 60 kg and CrCL < 50 mL/min. Persistent AF was
the most frequent AF classification (38.5%), followed by
paroxysmal AF (34.6%). A total of 21 patients (80.8%) had
not been previously hospitalized for heart failure. Most
patients (61.5%) had heart failure with reduced ejection
fraction, the majority (88.5%) had stage C heart failure
(American College of Cardiology Foundation/American
Heart Association), and most (61.5%) had a clinical sce-
nario 2 (ESM). At registration, frequently administered
medications for heart failure were diuretics (82.6% of
patients), f-blockers (56.5%), and angiotensin-converting
enzyme inhibitors (47.8%).

Altogether, five patients (19.2%) were treated with
edoxaban 60 mg and 21 patients (80.8%) received a dos-
age of 30 mg; one patient had edoxaban dosage modifica-
tion during the study, from 30 mg (day 1) to 60 mg (day
2), and then 30 mg from day 4 onwards; for our analyses,
this patient was categorized as the 30-mg dose. The mean
observation period was 13 (range 7-46) days.
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Table 1 Demographic and baseline characteristics (analysis population; N = 26)

Total (N = 26)

Edoxaban dosage

60 mg (n=15) 30 mg* (n =21)
Male, n (%) 18 (69.2) 5 (100.0) 13 (61.9)
Age (years), mean + SD 71+ 11 57+12 75+8
Median (IQR) 73 (66-80) 55 (48-63) 76 (67-81)
Weight (kg), mean + SD 64.9 +20.2 86.0 +31.0 599 +13.5
Median (IQR) 63.8 (51.1-73.0) 75.0 (67.2-83.0) 58.2 (50.0-71.2)
<60kg, n (%) 12 (46.2) 0(0.0) 12 (57.1)
Body mass index (kg/m?), mean + SD 243 +4.4 272 +5.5 23.6 +4.0
Median (IQR) 24.3 (22.5-25.9) 24.9 (24.1-26.6) 23.8 (22.3-25.7)
CrCL (mL/min), mean + SD 64.2 + 66.9 136.9 + 138.7 46.9 +10.7
Median (IQR) 50.3 (40.9-63.2) 73.3 (70.8-84.9) 46.8 (40.4-53.0)
< 50 mL/min, n (%) 13 (50.0) 0(0.0) 13 (61.9)
Type of AF, n (%)
Paroxysmal 9 (34.6) 2 (40.0) 7 (33.3)
Persistent 10 (38.5) 3 (60.0) 7(33.3)
Long-standing persistent 6 (23.1) 0(0.0) 6 (28.6)
Permanent 1(3.8) 0 (0.0) 1(4.8)
CHADS, score, n (%)
Oorl 6(23.1) 2 (40.0) 4 (19.0)
2 9 (34.6) 3 (60.0) 6 (28.6)
>3 11 (42.3) 0(0.0) 11 (52.4)
Classification of heart failure by LVEEF, n (%)
HFrEF 16 (61.5) 4 (80.0) 12 (57.1)
HFmrEF 6(23.1) 1 (20.0) 5(23.8)
HFpEF 4(154) 0(0.0) 4 (19.0)
Comorbid conditions, n (%)
Hypertension 14 (53.8) 2 (40.0) 12 (57.1)
Dyslipidemia 7 (26.9) 0(0.0) 7 (33.3)
Diabetes mellitus (including diabetic complications) 7(26.9) 1(20.0) 6 (28.6)
Renal disease 17 (65.4) 2 (40.0) 15(71.4)
Cerebrovascular disorder 2(7.7) 0(0.0) 2(9.5)
Receiving edoxaban before hospitalization, n (%) 13 (50.0) 0(0.0) 13 (61.9)
Concomitant medication, n (%)
ACE inhibitor 11 (47.8) 3(75.0) 8 (42.1)
Angiotensin II receptor blocker 7(30.4) 1(25.0) 6 (31.6)
Mineralocorticoid receptor antagonist 8 (34.8) 1(25.0) 7 (36.8)
f-Blocker 13 (56.5) 3(75.0) 10 (52.6)
Diuretic 19 (82.6) 3(75.0) 16 (84.2)
Antiarrhythmic drug 3(13.0) 0(0.0) 3(15.8)
Vasodilator 8 (34.8) 2 (50.0) 6 (31.6)
Digitalis 14.3) 0(0.0) 1(5.3)

ACE angiotensin converting enzyme, AF atrial fibrillation, CHADS, congestive heart failure, hypertension, age >75 years, diabetes mellitus,
stroke (double weight), CrCL creatinine clearance, HFmrEF heart failure with mid-range ejection fraction, HFpEF heart failure with preserved
ejection fraction, HFrEF heart failure with reduced ejection fraction, LVEF left ventricular ejection fraction, /QR interquartile range, SD stand-

ard deviation

“Edoxaban 30 mg was administered if any one of the following criteria for dose adjustment was met: bodyweight < 60 kg; CrCL 15-50 mL/min;
or concomitant use of P-glycoprotein inhibitors, such as cyclosporine, erythromycin, quinidine, or verapamil
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A total of 13 patients (50%) had received edoxaban
before hospitalization, all at a dose of 30 mg. In these
cases, the last pre-hospital dose of edoxaban was admin-
istered 12—40 h before edoxaban administration on study
day 1.

3.1 PKEndpoints

Trough plasma concentrations of edoxaban from days 1 to 7
and the final blood sample are shown in Fig. 1 and the ESM.
Edoxaban trough concentrations were constant from day 2
onwards: median (interquartile range) was 27.4 (13.9-49.0)
ng/mL, 26.8 (16.0-44.2) ng/mL, 21.2 (16.7-41.4) ng/mL,
and 24.2 (19.8-40.0) ng/mL on day 1, day 2, day 7, and
at the final blood sample point, respectively. The varia-
tion was greatest on day 1, when trough plasma edoxaban

concentrations tended to decrease in line with the increase
in time interval between the last pre-study drug administra-
tion and day 1 blood collection (ESM). The geometric least-
square mean ratios of trough plasma edoxaban concentration
on each day to that of the final blood sample ranged from a
minimum of 0.905 to a maximum of 0.987 between day 1
and day 7 (ESM).

Except for day 1, median trough plasma edoxaban con-
centrations were almost the same and stable, regardless of
the history of edoxaban use before hospitalization (Fig. 2).
On day 1, median trough plasma edoxaban concentra-
tion was higher in patients without a history of edoxaban
use before hospitalization; in these patients, the interval
between the last edoxaban dose and day 1 blood collection
was shorter than in patients who were receiving edoxaban
before hospitalization (ESM).
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Median trough plasma edoxaban concentration was
higher in the 30-mg group than in the 60-mg group (Fig. 3a).
When patients treated with 30 mg were stratified by renal
function (CrCL < 50 mL/min or > 50 mL/min), patients
with CrCL < 50 mL/min tended to have higher PK values
(Fig. 3b). Patient-level data are shown in the ESM.

3.2 PD Endpoints

Median values for prothrombin F142 (Fig. 4a) and b-dimer
(Fig. 4b) remained within normal ranges throughout the
study. Dose-specific data are shown in the ESM.

3.3 Other Parameters and Safety

There were no deaths (including cardiovascular mortality),
or cases of stroke (including ischemic or hemorrhagic stroke,

Gpict

but excluding transient ischemic attack), systemic embo-
lism, intracranial hemorrhage, or major bleeding during the
study. Adverse events occurred in 11 patients, and primar-
ily comprised gastrointestinal disorders (n = 4: abdominal
discomfort [# = 1], constipation [n = 1], isolated rectal ulcer
syndrome [n = 1], and nausea [n = 1]). One adverse event,
a case of elevated protein induced by vitamin K absence or
antagonist-II, was considered causally related to edoxaban.
There were no serious adverse events, including deaths, and
no adverse reactions that led to discontinuation of edoxaban
during the study.

0 60 mg (n=5)
O 30 mg (n=21)

i 45 I

Fig.3 Trough plasma edoxaban T 120+
concentrations: a according % (a)
to edoxaban dosage; and b £
according to edoxaban dos- S 1004
age and creatinine clearance |
(CrCL). Data are presented as _§
box-and-whisker plots, in which 2 80
the rhombus represents mean, o
the lower and higher ends of _S °
the box represent Q1 and Q3, T 601 i
respectively, the horizontal §
line within each box represents 2
the median, the bars represent S 407
90th and 10th percentiles, and g
the dots represent 95th and 5th ]
percentiles s 20
K=
>
=
o
= 0 T T
Day 1 Day 2
120 (b)
100
80

.
60

40

0 s

Day 3

-1 géﬁ oo Lol

T 1
Day 4 Day 5 Day 6 Day 7 Final blood

sample

O 60 mg+ CrCL > 50 mL/min (n = 5)
[0 30 mg + CrCL > 50 mL/min (n = 8)
Bl 30 mg + CrCL < 50 mL/min (n = 13)

l !

Trough plasma concentration of edoxaban (ng/mL)

L
Day 1 Day 2

A\ Adis

Day 3

T T T T T T 1
Day 4 Day 5 Day 6 Day 7 Final blood

sample



PK and PD Study of Edoxaban in NVAF and Acute HF 1067
Fig.4 Effects of edoxaban 400+ _

on pharmacodynamic param- (a) N=26
eters (all patients; N = 26). a 3504 * ° °
Prothrombin fragments 1 and 2 ° hd

(F142); dashed lines indicate 300- T °

the normal range (69229 —_ s ®

pmol/L [28]). b p-dimer levels; H

the dashed line indicates the =° 250__ - :If_ ____________________________________________________ ___': __________________
standard threshold value (< 1.0 £

pg/mL [28]). Data are presented £ 200+

as box-and-whisker plots, in ‘_;‘ . . o * * o * *
which the rhombus represents o 150+

mean, the lower and higher ends

of the box represent Q1 and 100 J_

Q3, respectively, the horizontal
line within each box represents

the median, the bars represent 507
90th and 10th percentiles, and 0
T T 1
the dots represent 95th and Sth Day1 Day2 Day3 Day4 Day5 Day6 Day7 Final blood
percentiles
sample
107 (b) d N=26
9_
°
8 °
— T ° °
E
| °
=) 6
2
= 57
£
| [)
5 4
o 3
2_
. < +
1-__ BN R i B e B B2 B OB é__
0 - < - - - == o
T T T T T T T 1
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Final blood
sample

4 Discussion

Given the marked heterogeneity of patients with acute heart
failure presentation, it is important to carefully assess the
potential for any PK variability in the drugs used during
clinical treatment. In this study, which provides the first
data from an investigation of edoxaban pharmacokinetics
and pharmacodynamics in patients with NVAF and acute
heart failure, trough plasma concentration of edoxaban var-
ied on day 1 (owing to the differences in time from the last
edoxaban dose) but were constant from day 2 onwards. It
was found that edoxaban pharmacokinetics (trough values)
from day 2 remained stable, even in patients with early acute
heart failure who started new treatment with edoxaban, and
no serious adverse events occurred.

Importantly, patients with NVAF, including those with
acute heart failure, have a high risk of cerebral infarction,

and appropriate anticoagulant therapy should be given to
prevent such injury occurring [29, 30]. However, there is
a paucity of published data regarding changes in the phar-
macokinetics and pharmacodynamics of DOACS in patients
with acute heart failure. Indeed, the heart failure disease
category includes both acute and chronic heart failure, and in
a previous study of rivaroxaban, PK and PD (F1+2, p-dimer,
and thrombin/antithrombin complex) profiles were similar
in patients with acute or chronic heart failure [21]. It was
also reported that the PK and PD profiles of rivaroxaban
were similar in patients with heart failure compared with
healthy subjects; however, some changes in the rivaroxaban
area under the plasma concentration—time curve and clear-
ance parameters have been observed, which are likely due
to reduced renal and hepatic function associated with heart
failure [21, 22]. Another study showed that the PD profile
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(i.e., intrinsic factor Xa activity) of apixaban in patients with
NVAF was affected by heart failure [23].

In the present study, it was considered that edoxaban
could be used safely, either after previous continuous edoxa-
ban administration or when a new treatment schedule was
started. Altogether, the PK and PD profiles of edoxaban were
consistent with those in the ENGAGE AF-TIMI 48 trial, in
which the efficacy and safety of edoxaban were confirmed in
Asian patients with NVAF [31]. In that trial, trough plasma
edoxaban concentrations in Asian patients ranged from 13.9
to 47.4 ng/mL (interquartile range), and edoxaban dosage
adjustments prevented elevated drug concentrations and
facilitated patient risk management regarding bleeding [31].
In the present study, interquartile ranges of trough plasma
edoxaban concentrations were similar to those of the Asian
patients in the ENGAGE AF-TIMI 48 trial throughout the
study period. Moreover, in the overall population of the
ENGAGE AF-TIMI 48 study [13], approximately 60% of
patients had heart failure, compared with 100% in the cur-
rent study; nevertheless, blood edoxaban concentrations
were not notably different between studies. Therefore, it
is considered that administration of edoxaban may reduce
the risks of bleeding, stroke, or systemic embolic events in
patients with NVAF with acute heart failure to the same
extent as in patients with NVAF without acute heart failure.

Interestingly, the KYU-RABLE study in Japanese
patients with NVAF undergoing catheter ablation confirmed
the clinical utility of continued periprocedural edoxaban
therapy; plasma concentrations of the coagulation biomark-
ers D-dimer and F1+2 were unchanged and remained within
the normal range (< 1.0 pg/mL for p-dimer and 69-229
pmol/L for F1+2) [28]. In the current study, median plasma
concentrations of the coagulation biomarkers were also
within the normal range.

Although data for DOACSs have been limited, there have
been multiple reports showing irregular pharmacokinet-
ics of other drugs in patients with acute heart failure [32].
For example, the peak plasma tolvaptan concentration after
administration of 15 mg in patients with heart failure was 1.9
times higher than that in healthy people, and the area under
the plasma concentration—time curve was 3.4 times higher. It
has been reported that this may be due to reduced drug clear-
ance and reduced volume of distribution in patients with
heart failure [33]. Of potentially major clinical relevance,
there are also reports of patients with heart failure with a sig-
nificantly prolonged elimination half-life (#,,) for oral furo-
semide (+ 70%); significantly reduced clearance (— 50%)
after intravenous furosemide administration, although vol-
ume of distribution and #,, were similar to values in controls;
significantly shorter #,, (— 44%) for carvedilol; and increased
values for time to reach peak plasma concentration (+ 67%)
and t,, (+ 130%), and reduced clearance (— 75%), after
oral enalapril administration in patients with heart failure
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[32]. Although the prothrombin time-international normal-
ized ratio is known to be unstable when warfarin is used in
patients with heart failure [14], the results from our study
show that edoxaban pharmacokinetics and pharmacodynam-
ics are not affected by acute heart failure.

The median trough plasma edoxaban concentration was
greater in the 30-mg group than in the 60-mg group, for
which there are two possible explanations: pathophysiologic
aspects of acute heart failure per se or differences in renal
function. In the 30-mg vs 60-mg group, a smaller propor-
tion of patients were male (61.9% vs 100.0%), patients were
older (mean age 75 vs 57 years), had a lower body mass
index (mean 23.6 vs 27.2 kg/m?), and a smaller proportion
of patients (57.1% vs 80.0%) had heart failure with reduced
ejection fraction. Overall, 13/26 patients (50.0%) had a
CrCL of 15-50 mL/min, and therefore required an edoxa-
ban dose adjustment to 30 mg, as per the Japanese labeling
[26]; other 8/26 patients (30.8%) also received edoxaban
30 mg. Importantly, a CrCL of 15-50 mL/min vs > 50 mL/
min was associated with greater trough plasma edoxaban
concentrations. Thus, it should be noted that the label-rec-
ommended dose reduction in edoxaban is crucial in patients
with impaired renal function.

Compared with the other study periods, the trough plasma
edoxaban concentration on day 1 varied widely. This is
because the definition of day 1 varied; the time interval
between the last edoxaban dose on day 1 and blood sampling
ranged from 12.8 to 26.9 h in patients who did not receive
edoxaban before hospitalization, and from 23.5 to 40.3 h
in patients who received edoxaban before hospitalization.
This explains the variability in plasma edoxaban concentra-
tions on day 1. After day 2, plasma edoxaban concentration
remained constant, despite treatment for acute heart failure
and entry into the clinically stable phase of heart failure.
This suggests that the pathophysiological processes underly-
ing acute heart failure do not affect the pharmacokinetics of
edoxaban. Indeed, CrCL levels did not show any remarkable
changes during this study period (data not shown).

Regarding study limitations, the sample size was small
and, as such, analyses according to the different presen-
tations of acute heart failure were not possible. Further,
generalizability of the results to patients with severe heart
failure is limited, as the study included only three patients
with American College of Cardiology Foundation/Ameri-
can Heart Association stage D heart failure. As this study
was designed to evaluate patients who received emergency
hospitalization, it was not always possible to obtain prior
medical data relating to previous hospitalizations for acute
heart failure. Instead, in this study, the time of discharge
(i.e., the time when heart failure management by hospi-
talization became unnecessary) was regarded as the time
when the pathological condition of heart failure was sta-
ble, which was set as a reference for the final PD levels. No
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specific data were available for patients with dehydration
or acute kidney injury, and these populations may warrant
further investigation.

5 Conclusions

The PK and PD profiles of edoxaban showed no marked
deviations in patients with NVAF and acute heart failure
compared with those without heart failure. Thus, even in
this patient population, edoxaban anticoagulation therapy
with guided dose adjustment is considered safe and can be
recommended. In particular, patients with reduced CrCL
should adhere to dose adjustment criteria.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40262-021-00999-y.
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