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ABSTRACT

Introduction: The mineralocorticoid receptor
(MR) blocker esaxerenone is a new treatment for
hypertension in Japan and under development
for treatment of diabetic nephropathy. Hepatic
impairment is known to impact the pharma-
cokinetics (PKs) of other MR blocking drugs.
The aim of the present study was to characterise
the PKs and safety of a single oral dose of
esaxerenone in Japanese subjects with
mild–moderate hepatic impairment.
Methods: In this open-label, parallel-group
study, subjects with mild (Child–Pugh grade A)
or moderate (grade B) hepatic impairment, and
healthy controls with normal hepatic function
matched by age and BMI (all groups n = 6),

received a single 2.5-mg oral dose of esax-
erenone. Plasma concentrations were measured
by liquid chromatography–tandem mass spec-
trometry, and PK parameters were calculated
using non-compartmental analysis.
Results: Geometric least-squares mean (GLSM)
ratios (90% confidence intervals [CIs]) for area
under the plasma concentration–time curve (up
to the last quantifiable time, up to infinity) in
subjects with mild hepatic impairment versus
normal hepatic function were 0.837 (0.637,
1.099) and 0.824 (0.622, 1.092), respectively.
Corresponding values for moderate hepatic
impairment versus normal hepatic function
were 1.078 (0.820, 1.415) and 1.098 (0.829,
1.454). GLSM ratios (90% CIs) for peak plasma
concentration (Cmax) were 0.959 (0.778, 1.182)
for mild hepatic impairment versus normal
hepatic function and 0.804 (0.653, 0.992) for
moderate hepatic impairment versus normal
hepatic function. Time to Cmax and clearance
values were comparable between groups. The
incidence of adverse events (AEs) was 16.7% in
the moderate hepatic impairment and normal
hepatic function groups. One serious AE (hep-
atic encephalopathy) occurred in one subject
with moderate hepatic impairment.
Conclusions: Mild to moderate hepatic
impairment had no clinically relevant effect on
esaxerenone exposure. Esaxerenone dosage
adjustment based on PKs is unlikely to be nee-
ded in patients with mild to moderate hepatic
impairment.
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Key Summary Points

Why carry out this study?

Safety concerns related to increased
exposure to eplerenone, a
mineralocorticoid receptor (MR) blocker
used to treat hypertension and heart
failure, have been identified in patients
with mild to severe hepatic impairment,
which has led to advised caution or
limitation of its use in these patients.

Esaxerenone, a novel non-steroidal MR
blocker, has a favourable pharmacokinetic
(PK) profile for daily oral treatment in
healthy subjects.

This study aimed to examine the PK and
safety profile of a single oral dose of
esaxerenone in Japanese subjects with
mild to moderate hepatic impairment.

What was learned from the study?

Mild to moderate hepatic impairment did
not have any clinically relevant effect on
esaxerenone exposure and the drug was
safe in this subject population.

Esaxerenone can be administered at
unadjusted dosages to subjects with mild
to moderate hepatic impairment.

Because of this, side effects observed with
other drugs in this class of MR blockers
can likely be avoided during treatment.

INTRODUCTION

Mineralocorticoid receptor (MR) blockers are
used to treat hypertension and oedematous
conditions such as heart failure and hepatic

cirrhosis [1, 2]. Currently available MR agents
include spironolactone and eplerenone, both of
which improve prognoses in patients with heart
failure [3–5]. However, use of these MR agents is
limited by adverse events (AEs) such as hyper-
kalaemia [6, 7], suggesting a need for new
treatment options.

Esaxerenone (CS-3150) is a novel, oral, non-
steroidal MR blocker approved for the treatment
of hypertension and currently in development
for the treatment of diabetic nephropathy in
Japan [8]. In a pharmacokinetic (PK) study in
healthy Japanese subjects [9, 10], esaxerenone
plasma concentrations were generally propor-
tional to dose, with steady-state levels achieved
at day 4 of once-daily dosing. The time (tmax) to
peak plasma concentration (Cmax) of esax-
erenone was approximately 2.5–3.5 h, and the
half-life (t1/2) of esaxerenone was approximately
20 h. Phase 1 studies have shown that esax-
erenone is suitable for daily dosing without
safety and tolerability concerns [9, 10].

Optimal functioning of the liver is important
for drug elimination, and chronic liver disease is
linked to various factors that lower drug-
metabolising activity [11]. Hepatic impairment
reduces hepatic blood flow, leading to reduced
plasma clearance of drugs and altered plasma
protein binding, which in turn influences the
PKs of drugs [12]. Portal systemic shunting, as
seen in advanced hepatic impairment, can
considerably increase drug exposure by reduc-
ing the first-pass effect [12]. Changes in
metabolising enzyme activity can also influence
drug clearance and cause PK variations when
hepatic function is impaired [12].

Several studies have examined the effect of
hepatic impairment on the PKs of existing MR
blockers [13–15]. When a single oral 200-mg
dose of spironolactone was administered to five
patients with chronic liver disease, the mean
t1/2 of the active metabolite canrenone was
59.4 h, which was about three times longer than
the t1/2 in healthy adults [15]. In individuals
with moderate hepatic impairment, the area
under the plasma concentration–time curve
(AUC0–24) for eplerenone at steady state was
42% higher than in healthy adults [14]. There-
fore, the prescribing information for eplerenone
advises caution in patients with mild or
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moderate hepatic impairment [16]. A previous
study has shown that esaxerenone has good
bioavailability (approximately 90%) [10] and is
primarily excreted as metabolites into the urine
and faeces [17]. The route of esaxerenone
clearance is primarily via metabolism involving
oxidation by cytochrome P450 (CYP) 3A4/3A5,
glucuronidation by several isozymes of uridine
diphosphate-glucuronosyltransferase (UGT),
and hydrolysis [17]. On the basis of these data,
it is important to evaluate the effect of hepatic
impairment on esaxerenone clearance. There-
fore, this study investigated the PKs and safety
of a single oral 2.5-mg dose of esaxerenone in
Japanese subjects with mild or moderate hepatic
impairment.

METHODS

Study Design and Treatments

This multicentre, single-arm, open-label, paral-
lel-group study examined the effects of mild
and moderate hepatic impairment on the PK
profile of a single oral 2.5-mg dose of esax-
erenone (2 9 1.25-mg tablets; Daiichi Sankyo
Co., Ltd, Tokyo, Japan).

Eligible subjects were identified at a screen-
ing examination 2–30 days before esaxerenone
administration. Subjects were admitted to hos-
pital the day before esaxerenone administration
and then remained at the study site for three
additional days after dosing for a total of 5 days
and 4 nights. Assessments were performed at
admission, before esaxerenone administration,
and after administration but before discharge.
Esaxerenone was administered on the second
day of hospitalisation. Subjects were required to
fast for at least 10 h on the day of dosing, then
consume a standard meal [18]. Thirty minutes
after eating, each subject took a single oral dose
of esaxerenone with 200 mL of water. No other
beverages were permitted for 1 h before or 2 h
after dosing. Caffeinated drinks were prohibited
during hospitalisation, and subjects were only
permitted food provided at a predetermined
time and prepared at the study centre. Two
subsequent assessments were performed, the
first on day 5 at discharge, and the second

10–14 days after esaxerenone administration
(post-study examination).

The study was conducted in accordance with
Good Clinical Practice guidelines, as defined by
the International Conference on Harmonisa-
tion, and ethical principles outlined in the
Declaration of Helsinki. The study was regis-
tered with JAPIC Clinical Trials Information
(http://www.clinicaltrials.jp; JapicCTI-163339).
The study received institutional review board
approvals from ETHIPRO, Montreal, QC,
Canada (IORG0000689); the Clinical Trials
Review Committee of Hakata Clinic (1464P3S-
6); and the Clinical Trials Review Committee of
Kurume Clinical Pharmacology Clinic (ap-
proved on 22 August 2016; reference number
not stated). All subjects provided written
informed consent before inclusion in the study.

Study Subjects

Japanese male and female subjects who met the
following criteria were included in the study:
age 20 years or more; body mass index (BMI)
less than 30 kg/m2 at screening; ability of
smokers to quit smoking during hospitalisation
and at each study visit; and no confirmed
pregnancy for female subjects. Subjects were
classified into three groups based on hepatic
function at the screening examination, as
determined by aspartate transaminase (AST)
and alanine transaminase (ALT) levels, and
Child–Pugh classification [19]: normal hepatic
function (AST and ALT less than two times the
upper limit of normal [ULN]); mild hepatic
impairment (Child–Pugh grade A [score 5–6]);
or moderate hepatic impairment (Child–Pugh
grade B [score 7–9]). Healthy adult subjects with
normal hepatic function were matched by age
and BMI to the patients with hepatic
impairment.

Exclusion criteria included any subject who
had undergone whole blood collection,
plasmapheresis, or platelet apheresis after
screening (except blood collection for retest-
ing); who was breastfeeding; who could not take
medically reliable contraception from the time
of screening to 12 weeks after the last study
visit; who had an estimated glomerular
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filtration rate (eGFR) less than 60 mL/min/
1.73 m2 at admission; who had used or planned
to use prohibited concomitant drugs; who had
consumed grapefruit (juice or pulp) within
7 days before esaxerenone administration; who
had any previous serious disease affecting thy-
roid, central nervous system, respiratory, blood/
haematopoietic, gastrointestinal, pituitary, or
adrenal function; who had laboratory values
outside reference ranges (except for hepatic
function) or clinically relevant symptoms; or
who had an abnormal electrocardiogram on
admission. Additional exclusion criteria for
subjects with mild or moderate hepatic impair-
ment included the presence of ascites that
required invasive treatment, cholestatic liver
disease, or any change in medication from
admission to the post-study examination.

Subjects with normal hepatic function were
prohibited from taking other drugs or supple-
ments from 14 days before esaxerenone
administration until completion of the post-
study assessments. Subjects with mild or mod-
erate hepatic impairment could not receive the
following medications from 2 days before dos-
ing until completion of the post-study assess-
ments: K?-sparing diuretics, K? preparations,
insulin preparations, ion-exchange resins, and
blood products. Additionally, drugs associated
with inhibition or induction of CYP3A were
contraindicated from 14 days before esax-
erenone administration until after the post-
study assessments. Other investigational drugs
were prohibited from 120 days before dosing
until completion of the post-study assessments.

PK Assessments

Full details of plasma esaxerenone concentra-
tion measurement have been described previ-
ously [9]. Blood samples were collected into a
vacuum tube containing ethylenediaminete-
traacetic acid dipotassium salt, before, and at
0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 24, 48, 72, and 120 h
after esaxerenone administration. Drug con-
centrations were measured by liquid chro-
matography–tandem mass spectrometry
(LC–MS/MS). Chromatographic separation was
performed using a CAPCELL PAK C18 MGIII

(Shiseido Co., Ltd.; Tokyo, Japan) column
(2.0 9 150 mm, 5 lm). Detection was per-
formed using an API 4000 (AB SCIEX, Fram-
ingham, Massachusetts, USA) tandem mass
spectrometer with TurboIonSpray source by
electrospray ionisation in the negative ion
mode and multiple-reaction monitoring of
esaxerenone (m/z 465–365) and its internal
standard (m/z 472–370) as described previously
[9]. For esaxerenone test samples of 0.3, 4.0, and
80.0 ng/mL, intra-study assay precision was
3.7%, 3.7%, and 3.5%, respectively. Accuracy of
the assay ranged from 0.3% to 1.0%, with a
lower limit of quantification of 0.1 ng/mL.

The primary endpoint of the study was
esaxerenone PKs, based on plasma concentra-
tions using a non-compartmental method:
Cmax, AUC up to the last quantifiable time
(AUClast), AUC up to infinity (AUCinf), tmax, t1/2,
apparent volume of distribution based on the
terminal phase (Vz/F), and apparent total body
clearance (CL/F).

Phoenix� WinNonlin� (version 6.3, Certara
USA Inc., Princeton, NJ, USA) was used for PK
parameter calculation.

Safety Assessments

Safety assessments were performed at various
time points throughout the study and included
vital signs (blood pressure, pulse rate, and body
temperature), laboratory tests, body weight, and
electrocardiogram findings. AEs were cate-
gorised in accordance with the Medical Dic-
tionary for Regulatory Activities (MedDRA/J
Ver. 14.0) System Organ Class and Preferred
Terms for the individual AEs. MedDRA� the
Medical Dictionary for Regulatory Activities
terminology is the international medical ter-
minology developed under the auspices of the
International Council for Harmonisation of
Technical Requirements for Pharmaceuticals for
Human Use (ICH).

Statistical Analyses

The planned sample size of 18 subjects, six in
each subgroup, was based on guidance from the
United States Food and Drug Administration
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[20] and the European Medicines Agency [21].
The PK analysis set comprised subjects who
received a single dose of the study drug, who
had no serious study protocol violation, and
who had samples and measurements available
for each assessment. The safety analysis set
comprised subjects who received a single dose
of the study drug.

Baseline values were defined as the last non-
missing measurement (including repeated and
unscheduled measurements) before the study
drug dose, unless otherwise specified. To assess
the effect of hepatic impairment (mild or
moderate) versus normal hepatic function, an
analysis of variance (ANOVA) was used with
hepatic impairment as a fixed effect. Geometric
least-squares mean (GLSM) ratio and 90% con-
fidence interval (CI) values for AUCinf, AUClast,
and Cmax were calculated. Scatter plots were
created for CL/F with respect to hepatic func-
tion (Child–Pugh score and albumin
concentration).

Statistical analysis was performed using SAS
(version 9.2, SAS Institute, Cary, NC, USA).

RESULTS

Subject Disposition

A total of 18 subjects were enrolled in the study,
six in each group. Except for hepatic function,
baseline characteristics did not differ signifi-
cantly between the study groups (Table 1). All
subjects enrolled in the mild or moderate hep-
atic impairment groups had liver cirrhosis
caused by hepatitis virus infection, hepatic
steatosis, or other conditions. All subjects
completed the study and were included in the
PK analysis and safety analysis sets.

PKs

The time course of plasma esaxerenone con-
centrations is shown in Fig. 1a, b. The PK profile
of esaxerenone did not differ across hepatic
function groups; thus, PK parameters were rel-
atively similar in subjects with different degrees
of hepatic impairment (Table 2). Although

mean Cmax values were similar in the mild
hepatic impairment group (25.5 ng/mL) and
normal hepatic function group (26.0 ng/mL),
AUClast (514 vs 602 ng h/mL) and AUCinf (521
vs 620 ng h/mL) were lower in the mild hepatic
impairment than normal hepatic function
group. The value for mean Cmax was lower (21.2
vs 26.0 ng/mL) in the moderate hepatic
impairment versus normal hepatic function
group, whereas the mean value for AUClast was
slightly greater (659 vs 602 ng h/mL), as was the
mean value for AUCinf (692 vs 620 ng h/mL). No
major differences were evident between the
three hepatic function groups regarding tmax, t1/2

and Vz/F. Moreover, no trend was evident
between the three study groups regarding dif-
ferences in exposure to esaxerenone, and CL/
F was similar between the three groups
(Table 2).

The GLSM ratios for Cmax, AUClast, and
AUCinf are shown in Table 3. For subjects with
mild hepatic impairment versus normal hepatic
function, the GLSM ratios (90% CI) for AUClast

and AUCinf were 0.837 (0.637, 1.099) and 0.824
(0.622, 1.092), respectively, and 0.959 (0.778,
1.182) for Cmax. For subjects with moderate
hepatic impairment versus normal hepatic
function, GLSM ratios (90% CI) for AUClast and
AUCinf were 1.078 (0.820, 1.415) and 1.098
(0.829, 1.454), respectively, and 0.804 (0.653,
0.992) for Cmax. CL/F values were distributed
within a fixed range (approximately 3–7 L/h) in
all groups and did not show any clear trends as
Child–Pugh score increased (Fig. 2a) or as base-
line albumin levels decreased (Fig. 2b).

Safety

Overall, two subjects experienced three AEs
(Table 4). One patient with moderate hepatic
impairment had severe hepatic encephalopa-
thy, as judged by the investigator, 3 days after
esaxerenone administration—this event was
judged as a serious AE by the investigator—and
mild headache; these events were considered
possibly related to esaxerenone. The hepatic
encephalopathy resolved after hospitalisation
and pharmacological treatment, and the head-
ache resolved after treatment. This subject had a
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history of hepatic encephalopathy and consti-
pation; indeed, their blood ammonia level was
high before and after administration, with
224 lg/dL 1 month before administration and

223 lg/dL after AE onset (normal range
30–80 lg/dL), and the subject had ongoing
constipation. The subject underwent colonic
hydrotherapy and their blood ammonia

Table 1 Baseline demographics and clinical characteristics

Parameters Normal hepatic function
(n = 6)

Hepatic impairment

Mild (n = 6) Moderate (n = 6)

Age, years 58.2 ± 7.8 56.0 ± 9.6 63.5 ± 7.4

Sex, male/female 4/2 5/1 5/1

Weight, kg 69.2 ± 2.7 69.5 ± 5.2 72.1 ± 11.4

Body mass index, kg/m2 25.6 ± 2.3 24.4 ± 2.0 27.4 ± 3.4

SBP, mmHg 122.8 ± 10.8 130.8 ± 8.2 115.8 ± 10.3

DBP, mmHg 71.0 ± 11.3 79.2 ± 10.1 73.0 ± 2.4

Albumin, g/L 40.9 ± 3.3 40.3 ± 2.2 37.4 ± 4.9

AST, U/L 16.5 ± 4.0 25.5 ± 6.9 30.7 ± 9.9

Below ULN, n (%) 6 (100.0) 4 (66.7) 4 (66.7)

ULN to\ 2 9 ULN, n (%) 0 2 (33.3) 2 (33.3)

C 2 9 ULN, n (%) 0 0 0

ALT, U/L 16.7 ± 6.9 29.3 ± 18.8 25.7 ± 7.6

Below ULN, n (%) 5 (83.3) 3 (50.0) 6 (100.0)

ULN to\ 2 9 ULN, n (%) 1 (16.7) 3 (50.0) 0

C 2 9 ULN, n (%) 0 0 0

Child–Pugh score, n (%)a

Grade A (score 5) – 5 (83.3) 0

Grade A (score 6) – 1 (16.7) 0

Grade B (score 7) – 0 4 (66.7)

Grade B (score 8) – 0 1 (16.7)

Grade B (score 9) – 0 1 (16.7)

Encephalopathy grade, n (%)a

None – 6 (100.0) 0

1 or 2 – 0 6 (100.0)

3 or 4 – 0 0

Values are means ± standard deviations, or numbers of subjects (%)
ALT alanine transaminase, AST aspartate transaminase, DBP diastolic blood pressure, SBP systolic blood pressure, ULN
upper limit of normal
a Evaluated in subjects with mild and moderate hepatic impairment only
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concentration decreased to 98 lg/dL 2 days after
AE onset, and improvement of hepatic
encephalopathy was observed. Therefore, the
possibility that this event was worsened by
constipation was considered. Esaxerenone PKs
in this subject (Cmax 15.5 ng/mL, AUClast

783 ng h/mL) did not differ from that of other
study subjects.

One subject with normal hepatic function
had an increased AST level, considered by the
investigator to be unrelated to esaxerenone.
This change was transient and resolved without
pharmacological treatment; at follow-up, the
change was determined to have been owing to
an altered living environment.

There were no deaths or discontinuations
and no abnormal changes in vital signs,

Fig. 1 Plasma concentration–time profiles of esaxerenone in Japanese subjects with normal or impaired hepatic function:
a linear plot; b semi-log plot. LLOQ lower limit of quantification, SD standard deviation
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electrocardiogram, and other laboratory tests
(including K?) during the study.

DISCUSSION

This study evaluated the effect of hepatic
impairment on esaxerenone PKs and safety after
single-dose administration in Japanese subjects.

The results indicate that esaxerenone PKs after a
single 2.5-mg oral dose are not influenced by
mild or moderate hepatic impairment. The
scatter plot of Child–Pugh scores at baseline and
esaxerenone CL/F values showed that the CL/
F for each subject was distributed within a fixed
range and that there was no clear trend of
decreased clearance as Child–Pugh score
increased, with considerable overlap between

Table 2 Pharmacokinetic parameters for esaxerenone

Parameters Normal hepatic function (n = 6) Hepatic impairment

Mild (n = 6) Moderate (n = 6)

Cmax, ng/mL 26.0 ± 2.98 25.5 ± 7.03 21.2 ± 4.50

AUClast, ng h/mL 602 ± 127 514 ± 153 659 ± 178

AUCinf, ng h/mL 620 ± 141 521 ± 156 692 ± 195

tmax, h 4.00 (2.00, 6.00) 4.00 (1.50, 6.00) 3.50 (2.00, 8.00)

t1/2, h 22.0 ± 3.71 18.2 ± 1.57 24.7 ± 6.47

CL/F, L/h 4.19 ± 0.847 5.19 ± 1.55 3.90 ± 1.23

Vz/F, L 130 ± 12.7 135 ± 38.3 131 ± 18.9

Values are mean ± standard deviation, or median (minimum, maximum)
AUCinf area under the plasma concentration–time curve up to infinity, AUClast area under the concentration–time curve up
to the last quantifiable time, CL/F apparent total body clearance, Cmax maximum plasma concentration, t1/2 terminal
elimination half-life, tmax time to reach maximum plasma concentration, Vz/F apparent volume of distribution based on the
terminal phase

Table 3 Ratios for esaxerenone pharmacokinetic parameters in subjects with hepatic impairment versus normal hepatic
function

Geometric least-squares mean Ratio (hepatic
impairment/normal)

90% CI

Hepatic impairment Normal function

Mild hepatic impairment

Cmax, ng/mL 24.785 25.842 0.959 0.778, 1.182

AUClast, ng h/mL 495.071 591.809 0.837 0.637, 1.099

AUCinf, ng h/mL 500.942 607.886 0.824 0.622, 1.092

Moderate hepatic impairment

Cmax, ng/mL 20.790 25.842 0.804 0.653, 0.992

AUClast, ng h/mL 637.698 591.809 1.078 0.820, 1.415

AUCinf, ng h/mL 667.411 607.886 1.098 0.829, 1.454

CI confidence interval, AUCinf area under the plasma concentration–time curve up to infinity, AUClast area under the
concentration–time curve up to the last quantifiable time, CI confidence interval, Cmax maximum plasma concentration
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mean CL/F values in the different groups. When
plasma albumin levels decrease owing to
impaired hepatic function, the PKs of highly
protein-bound drugs are affected [22]. Although
esaxerenone has a high protein-binding rate

(98.2–99.0%; unpublished data on file, Daiichi
Sankyo, Tokyo, Japan), only two subjects with
hepatic impairment had blood albumin levels
below 35 g/L in our study, which may explain
why no correlation was identified between
blood albumin level and esaxerenone clearance
(Fig. 2b). Thus, between-group differences in
esaxerenone clearance indicate no consistent
trend associated with the extent of hepatic
impairment, and no clear influence of hepatic
impairment on the PK profile of esaxerenone.

In a previous mass balance study of esax-
erenone in healthy volunteers, excretion of
unchanged esaxerenone in faeces and urine was
18.7% and 1.6%, respectively, of the adminis-
tered dose (total excretion of radioactivity was
92.5% in faeces and urine); thus, clearance of
esaxerenone was primarily via metabolism [17].
From the analysis of urinary and faecal
metabolites after administration of radiola-
belled esaxerenone to humans and from in vitro
metabolic studies, esaxerenone metabolism is
considered to involve oxidation by CYP3A4/
3A5, glucuronidation by several isozymes of
UGT, and hydrolysis [17]. Hepatic impairment
reportedly influences various CYP enzymes,
including CYP3A; however, UGT activity may
be generally less susceptible to mild to moderate
hepatic impairment than oxidation by CYP
[12]. Because multiple pathways are involved in
esaxerenone elimination, it seems likely that
mild and moderate hepatic impairment will
have only a minor influence on esaxerenone
PKs.

Fig. 2 Scatter plots of a Child–Pugh score and b albumin
at baseline versus apparent total body clearance of
esaxerenone in Japanese subjects with normal or impaired
hepatic function

Table 4 Adverse events in subjects with varying degrees of hepatic function treated with a single dose of esaxerenone

Adverse events Normal hepatic
function (n = 6)

Hepatic impairment Total (n = 18)

Mild (n = 6) Moderate (n = 6)

Any adverse event 1 (16.7) 0 1 (16.7) 2 (11.1)

Nervous system disorders 0 0 1 (16.7) 1 (5.6)

Headache 0 0 1 (16.7) 1 (5.6)

Hepatic encephalopathy 0 0 1 (16.7) 1 (5.6)

Laboratory test abnormalities 1 (16.7) 0 0 1 (5.6)

Aspartate transaminase increase 1 (16.7) 0 0 1 (5.6)

Values are number of subjects (%)
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The impact of hepatic function on the PKs of
MR blockers was studied previously in patients
receiving eplerenone [14]. Because the main
route of eplerenone elimination is considered to
be via CYP3A metabolism, non-Asian patients
with moderate hepatic impairment who were
receiving eplerenone had an AUC value
approximately 1.4-fold higher than that in
healthy adults [13], thus creating increased
potential for AEs such as hyperkalaemia [6, 7].
In contrast, our study showed that esaxerenone
AUC increased to a smaller extent by about 1.1-
fold in moderate hepatic impairment versus
normal hepatic function. Therefore, the PKs of
esaxerenone are considered to be less affected
by hepatic function than the PKs of eplerenone.

Esaxerenone was generally well tolerated in
the current study, in agreement with existing
data from two other phase 1 studies [9, 10]. A
previous, multiple-dose study of esaxerenone
safety in healthy Japanese men reported that all
AEs were mild or moderate: two resolved with
treatment and the others resolved without
treatment [9].

Hyperkalaemia is a well-recognised AE of MR
blockers, especially in patients with diabetes or
kidney dysfunction. In a repeated-dose study of
10–100 mg esaxerenone for 10 days [9], serum
K? concentration increased with esaxerenone
dosage. However, in our trial, no clinically sig-
nificant changes in K?-related laboratory test
values were found, and only one AST increase
was observed in one subject. As our study was a
small, single-dose study, we were unable to
quantify the potential risk of hyperkalaemia in
esaxerenone-treated patients with more
advanced hepatic failure, such as liver cirrhosis
complicated with ascites. A case of serious
hepatic encephalopathy developed in the
moderate hepatic impairment group in our
study, but because blood ammonia concentra-
tion in this subject was high before esaxerenone
administration, it is very likely that this event
was due to chronic constipation; indeed, the
event resolved with treatment and was consid-
ered unrelated to the overall safety profile of
esaxerenone.

The limitations of this study include that it
only investigated PK after a single esaxerenone
dose and did not include a multiple-dose arm.

Furthermore, the study sample size was only six
subjects per group, which is the minimum
required by FDA and EMA guidance [20, 21],
and the study did not evaluate patients with
severe hepatic impairment.

CONCLUSIONS

The current findings indicate that mild or
moderate hepatic impairment has no clinically
relevant effect on esaxerenone PKs and that
dose adjustment is considered unnecessary from
the PK viewpoint.
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