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ABSTRACT

Introduction: Amenamevir (ASP2151), a her-
pesvirus helicase-primase inhibitor, is currently
used for the treatment of herpes zoster in Japan.
Amenamevir is mainly metabolized in the liver,
and urinary excretion of amenamevir is
approximately 10% in healthy adults. The
increase of systemic exposure in non-dialysis
patients with severe renal impairment was
much less than that associated with nucleoside
antiviral agents. The aim of this study was to
evaluate the pharmacokinetics and dialyzability
of a single oral dose (400 mg) of amenamevir in
hemodialysis patients.

Methods: This was a single-arm, open-label,
multicenter clinical pharmacology study. Nine
patients aged 20–80 years with end-stage kidney
disease and undergoing maintenance
hemodialysis three times weekly were enrolled.
Pharmacokinetics and dialyzability were inves-
tigated by serial collection of blood samples
until 48 h post-dose during the study.
Results: The maximum plasma concentration
and time to reach maximum plasma concen-
tration during 24 h post-dose were 1585 ng/mL
and 6.2 h, respectively. The area under the
plasma concentration–time curve (AUC) from
time zero to 24 h was 23,890 ng h/mL. The
median terminal elimination half-life within
24 h before, during, and after hemodialysis was
14.7, 15.2, and 12.4 h, respectively. The AUC in
hemodialysis patients was approximately dou-
ble that in healthy adults. This increase in AUC
was much less than that reported in nucleoside
antiviral agents. The hemodialysis clearance,
elimination fraction percentage, and amount of
amenamevir removed were 37.8 mL/min,
28.1%, and 132.0 lg, respectively. The amount
of amenamevir removed by hemodialysis was
minimal. None of the hemodialysis parameters
were associated with serum albumin. This study
revealed no clinically relevant safety concerns.
Conclusion: There were no clinically relevant
safety concerns when 400 mg of amenamevir
was administered as a single dose to hemodial-
ysis patients without dose adjustment and/or
modification of the dosing schedule.
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Trial Registration: JapicCTI-184242.
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Key Summary Points

Why carry out this study?

Amenamevir (ASP2151), a herpesvirus
helicase-primase inhibitor currently used
for the treatment of herpes zoster in
Japan, is mainly metabolized in the liver
and urinary excretion of amenamevir was
approximately 10% of the total dose in
healthy adults.

The increase of systemic exposure in non-
dialysis patients with severe renal
impairment was much less than that
associated with nucleoside antiviral
agents.

The aim of this study was to evaluate the
pharmacokinetics and dialyzability of a
single oral dose (400 mg) of amenamevir
in hemodialysis patients.

What was learned from the study?

The area under the plasma
concentration–time curve (AUC) in
hemodialysis patients was approximately
double that in healthy adults, but the
increase was much less than that reported
in nucleoside antiviral agents.

The amount of amenamevir removed by
hemodialysis was minimal.

There were no clinically relevant safety
concerns when 400 mg of amenamevir
was administered as a single dose to
hemodialysis patients without dose
adjustment and/or modification of the
dosing schedule.

INTRODUCTION

Amenamevir (ASP2151) is a non-nucleoside
human herpesvirus helicase-primase inhibitor
[1] that was approved at a dosage of 400 mg
once a day for the treatment for herpes zoster
(shingles) in Japan in 2017. Phase 1 studies of
amenamevir in healthy adults demonstrated
that amenamevir is safe and well tolerated from
5 to 2400 mg as a single dose and from 300 to
600 mg as 7-day repeated doses [2]. Ame-
namevir is mainly metabolized in the liver [3, 4]
and urinary excretion of unchanged ame-
namevir was approximately 10% in healthy
adults [5]. In patients with chronic kidney dis-
ease (CKD), the clearance of amenamevir
decreased depending on the severity of renal
failure [6]. However, even in non-dialysis
patients with severe renal impairment, systemic
exposure was found to be 1.78 times higher
than that of healthy adults, and amenamevir
was safe and well tolerated in these patients [6].
Therefore, the package insert of amenamevir
does not require dose reduction in relation to
the degree of renal impairment [7]. On the
other hand, nucleoside antiviral agents such as
acyclovir [8], valaciclovir [9], and famciclovir
[10] are mainly excreted by the kidney; there-
fore, dose adjustment is needed on the basis of
the creatinine clearance (Ccr) in patients with
CKD. In general, there would be higher risk of
drug accumulation in patients with end-stage
kidney disease (ESKD) that require renal
replacement therapy such as hemodialysis than
in non-dialysis patients with CKD. In the for-
mer patients, dose reduction is often needed to
avoid adverse drug reactions [11]. In addition,
drug dialyzability and its potential impact on
drug efficacy should be considered in
hemodialysis patients. If removal of a drug by
dialysis is significant, additional dosage or
modification of the dosing schedule would be
required to ensure adequate therapeutic efficacy
[12]. However, there is no report describing the
pharmacokinetics and dialyzability of ame-
namevir in hemodialysis patients.

Here, we report the pharmacokinetics and
dialyzability of amenamevir in hemodialysis
patients, when 400 mg was orally administered,
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which is used for the treatment of herpes zoster
in patients with normal renal function.

METHODS

Study Design

This was a single-arm, open-label, multicenter
clinical pharmacology study in patients under-
going maintenance hemodialysis to evaluate
the pharmacokinetics and dialyzability of ame-
namevir and its major metabolite R5 when a
single dose (400 mg) of amenamevir was
administered orally after breakfast. The study
protocol and informed consent form were
approved by the institutional review board at
each participating study site (Supplementary
Information). All patients gave written
informed consent before initiation of any study
specific procedures. The study was designed and
conducted by the sponsor (Maruho Co., Ltd.) in
collaboration with the principal investigators.
The sponsor monitored study conduct, col-
lected the data, and performed the statistical
analyses. The study was conducted in accor-
dance with the ethical principles originating in
or derived from the Declaration of Helsinki,
International Conference on Harmonisation
Good Clinical Practice Guidelines, and locally
applicable laws and regulations. This study is
registered with the Japan Pharmaceutical
Information Center; JapicCTI-184242.

Patients and Treatment

Male and female patients (eight males and one
female) aged 20–80 years with a diagnosis of
ESKD undergoing 4-h maintenance hemodialy-
sis using a polysulfone dialyzer membrane three
times weekly for at least 12 weeks were enrolled
in the study. Other inclusion criteria were dry
weight between 40.0 and 80.0 kg, and body
mass index between 16.0 and 30.0 kg/m2. Key
exclusion criteria were patients who had sig-
nificant cardiac, hepatic, pulmonary, or blood
disease that made them unsuitable for partici-
pation in clinical trials; hepatitis B virus, hep-
atitis C virus, or HIV infection; hemoglobin

level less than 9 g/dL at screening; and history
of gastrointestinal surgery.

Patients received a 400-mg single oral dose of
amenamevir (two 200-mg tablets) 30 min after
breakfast on day 1 in the morning (Fig. 1).
During the study, patients were hospitalized at
the study site from day - 1 to day 3 (three
nights/four days), and received 4-h hemodialy-
sis on day - 1 and 24 h post-dose on day 2. Use
of new drugs, or a change in the dose or regi-
men of the concomitant drugs used before
day - 14, or change in surgical or physical
therapies was prohibited during the period from
day - 14 to day 3. Prohibited concomitant
medications and therapies comprised CYP3A
inhibitors, which may increase amenamevir
blood concentration, including macrolide
antibiotics, azole antifungal agents, HIV pro-
tease inhibitors, other drugs such as danazol,
tofisopam, bromocriptine mesylate, fluvoxam-
ine maleate, delavirdine mesylate, etc.; citrus
containing a large amount of furanocoumarins
such as grapefruit, sweetie, pomelo, etc.; CYP3A
inducers, which may decrease amenamevir
blood concentration, including rifampicin, car-
bamazepine, barbiturates, hydantoin
antiepileptics, amobarbital, nevirapine; and
food containing St. John’s wort. Drugs that are
metabolized by CYP3A could be used in con-
junction with amenamevir, but were to be
administered carefully while remaining alert to
the possibility of adverse events during the
period of concomitant administration.

Study Assessments

Blood samples for the measurement of ame-
namevir and R5 concentration in plasma were
taken immediately pre-dose and then 0.25, 0.5,
1, 1.5, 2, 3, 4, 6, 8, 12, 24, 25, 26, 28, 31, 34, and
48 h post-dose. Blood samples for the measure-
ment of protein binding of amenamevir were
collected 4 and 24 h post-dose. Blood samples
for dialyzability assessment were collected from
healthy veins other than the arteriovenous
shunt. On day 2, during hemodialysis treatment
that started 24 h post-dose, blood samples were
taken from the inlet and outlet of the dialyzer at
24, 25, 26, and 28 h post-dose. The hematocrit
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used for the permeability estimation was also
measured. Twelve-hour urine samples were
collected 0–24 and 24–48 h post-dose. Plasma,
urine, and dialysate concentration of ame-
namevir and R5 were measured by validated LC/
MS/MS. The lower limits of quantitation
(LLOQ) of amenamevir in plasma, urine, and
dialysate were 5.0, 50 and 2.5 ng/mL, respec-
tively. Those of R5 in plasma, urine, and dialy-
sate were 2.0, 20, and 1.0 ng/mL, respectively.
Pharmacokinetic assessments consisted of ame-
namevir and R5 concentrations in plasma,
plasma at the inlet and outlet of the dialyzer,
urine, and dialysate. The pharmacokinetic
parameters were calculated on the basis of
amenamevir and R5 concentrations in plasma
by a non-parametric superposition method
using Phoenix WinNonlin Standard version 6.3
(Pharsight Corporation, Sunnyvale, CA, USA).
Pharmacokinetic parameters for amenamevir
and R5 included maximum plasma concentra-
tion (Cmax), time to reach maximum plasma
concentration during 24 h post-dose (tmax),
AUC from time zero to 24 h (AUC24h), AUC
from time zero to infinity (AUCinf), terminal
elimination half-life (t1/2) observed within 24 h
(t1/2pre), t1/2 during hemodialysis (t1/2HD), t1/2

after hemodialysis (t1/2post), AUC during
hemodialysis (AUCD), AUC during hemodialysis
calculated on the basis of the concentration at
the inlet of the dialyzer (AUCA24–28h), and AUC
during hemodialysis calculated on the basis of
the concentration at the outlet of the dialyzer
(AUCV24–28h). Urine pharmacokinetic parame-
ters from time zero to 24 h (Ae24h) and from
time 24 to 48 h (Ae24–48h) were calculated for
both amenamevir and R5. The hemodialysis

parameters assessed were hemodialysis clear-
ance (CLHD) (mL/min) [13], hemodialysis
clearance normalized with dialyzer surface area
(mL/min/m2) [14], elimination fraction per-
centage (EP) (%) [14], and amount removed of
amenamevir (lg) [14]. The correlation between
hemodialysis parameters and serum albumin or
normalized dialysis dose (Kt/V) was assessed.
The Ccr was estimated using the Cock-
croft–Gault method and Kt/V was calculated
using the Daugirdas method [15].

The formulae used to calculate CLHD (mL/
min) (Eq. 1), hemodialysis clearance normalized
with dialyzer surface area (Eq. 2), EP (%) (Eq. 3),
and amount removed of amenamevir (lg)
(Eq. 4) are shown below:

CLHD mL/minð Þ ¼ Qb � 1 � HAð Þ
� CA � CV � f1 � HV � HAð Þ =HVg½ �=CA;

ð1Þ

Hemodialysis clearance normalized with

dialyzer surface area mL/min/m2
� �

¼ Qb � 1 � HAð Þ CA � CV½
� f1 � HV � HAð Þ =HVg� =CA= S; ð2Þ

EP %ð Þ ¼ 100 � 1 � CV½
� 1 � HV � HAð Þ =HVf g=CA�

ð3Þ

Amount of amenamevir removed lgð Þ
¼ AUCA24�28 h � AUCV24�28 hð Þ � Qb ð4Þ

AUCA24–28h is the AUC calculated by trapezoidal
method based on CA during dialysis,

Fig. 1 Study design and schedule
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AUCV24–28h is the AUC calculated by trapezoidal
method based on CV during dialysis, Qb is the
dialyzer blood flow, HA is the hematocrit value
at dialyzer inlet, HV is the hematocrit value at
dialyzer outlet, CA is the amenamevir or R5
concentration in plasma at dialyzer inlet, CV is
the amenamevir or R5 concentration in plasma
at dialyzer outlet, S is the dialyzer surface area.

The safety of amenamevir was assessed on
the basis of adverse events (AEs), clinical labo-
ratory evaluations (hematology and chemistry),
vital sign measurements (axillary temperature,
pulse, and supine systolic and diastolic blood
pressure), and physical examinations. The
investigators asked patients how they felt. The
patients were also asked to self-report adverse
events at any point in time to any staff member
including the investigator and research nurse.

Statistical Analyses

Approximately six to ten patients are needed to
evaluate the pharmacokinetics. Accordingly,
ten patients were considered sufficient for
achieving the study objectives. All safety anal-
yses were conducted in all patients who
received amenamevir. All pharmacokinetic
analyses were performed in patients for whom
sufficient plasma concentration data were
available to facilitate the derivation of at least
one pharmacokinetic parameter.

To assess the correlation between the
hemodialysis parameters and serum albumin or
Kt/V, we used the Pearson’s correlation coeffi-
cient (r). Scatter diagrams were graphed to
determine whether a linear trend existed.

AEs were coded using the Medical Dictionary
for Regulatory Activities Japanese version
(MedDRA/J), version 22.0.

RESULTS

Patient Characteristics

The study was conducted at six sites in Japan
from February 2019 to June 2019. Among the
ten patients who gave informed consent, nine
patients met the eligibility criteria, and received

a single oral 400-mg dose of amenamevir within
30 min following breakfast in the morning on
day 1 (Fig. 1). Patient demographics and clinical
characteristics at baseline are shown in Table 1.
Eight male patients and one female patient with
a mean age of 65.0 [standard deviation (SD)
9.0] years were enrolled in this study. The mean
estimated Ccr (SD) and normalized dialysis dose
(SD) (Kt/V) were 5.9 (1.6) mL/min and 1.41
(0.20), respectively. The hemodialysis prescrip-
tions on day 2 for each patient are shown in
Table 2.

Pharmacokinetics

The mean plasma concentration–time profiles
of amenamevir and R5 are shown in Fig. 2.
Summary statistics for the amenamevir and R5
pharmacokinetic parameters are shown in
Table 3. The mean (SD) AUC24h and AUCinf of
amenamevir were 23,890 (8400) and 38,120
(17,180) ng h/mL, respectively. The mean
AUC24h of R5 was 6054 (2125) ng h/mL. The
median (range) t1/2pre, t1/2HD, and t1/2post of
amenamevir were 14.7 (9.9–17.0), 15.2
(7.5–158.3), and 12.4 (8.4–15.7) h, respectively.
The median (range) t1/2HD and t1/2post of R5 were
11.9 (7.0–49.8) and 15.0 (9.3–17.2) h, respec-
tively. The mean (SD) AUCD, AUCA24–28h, and
AUCV24–28h of amenamevir were 2301 (926)
ng h/mL, 2145 (905) ng h/mL, and 1509 (672)
ng h/mL, respectively. The difference between
AUCA24–28h and AUCV24–28h suggests that about
30% of amenamevir was removed by
hemodialysis. The plasma concentration–time
curve of multiple doses of amenamevir was
estimated on the basis of the available data of
seven patients under the assumption that no
drug was removed by hemodialysis (Fig. 3). The
mean cumulative amount of amenamevir and
R5 excreted (Ae) in the urine from time zero to
48 h (Ae48h) was 2.0 (1.1) mg and 1.4 (1.0) mg,
respectively.

The dialyzability of amenamevir and its
major metabolite R5 is shown in Table 4. The
correlations between the dialyzability of ame-
namevir and either Kt/V or serum albumin are
shown in Supplemental Fig. S1A–F. There was
no correlation between CLHD and Kt/V (A), but a
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strong negative correlation between EP and Kt/
V (r = - 0.75) (C) was found, whereas the
amount removed was positively correlated with

Kt/V (r = 0.55) (E). No correlations between
these parameters and serum albumin were
found (B, D, F). As for R5, the correlations

Table 1 Individual patient demographics and clinical characteristics at baseline

Subject Sex Age (years) Dry weight (kg) Duration of dialysis
(months)

Creatinine clearance
(mL/min)

Albumin
(g/dL)

1 Male 69 56.3 13.3 5.3 3.40

2 Female 57 76.4 41.9 9.2 3.90

3 Male 61 71.9 61.3 7.1 3.90

4 Male 73 47.4 147.6 4.6 3.60

5 Male 77 64.5 141.6 6.1 3.20

6 Male 50 79.7 140.5 6.0 3.87

7 Male 63 50.7 93.1 3.7 3.80

8 Male 72 58.2 10.2 5.9 3.70

9 Male 65 61.6 45.1 5.6 3.70

Mean (SD) – 65.0 (9.0) 63.0 (11.2) 77.2 (55.3) 5.9 (1.6) 3.7 (0.2)

SD standard deviation

Table 2 Hemodialysis prescription of the individual patients on day 2

Subject Time from dosing
to start of HD (h)

Duration of
HD session
(h)

Blood flow
rate (mL/
min)

Ultrafiltration
rate (L/h)

Dialyzer
membrane

Dialyzer
surface area
(m2)

Kt/V

1 24–28 3.9 250 0.66 Polysulfone 2.6 1.56

2 24–28 4.2 220 0.42–0.63 Polysulfone 1.5 1.53

3 24–28 4.0 190–220 0.55 Polysulfone 2.1 1.16

4 24–28 4.0 200 0.33 Polysulfone 1.5 1.65

5 24–28 4.0 200 0.45 Polysulfone 1.8 1.42

6 24–28 4.0 230 0.5 Polysulfone 2.5 1.29

7 24–28 4.0 200 0.3–0.5 Polysulfone 1.1 1.50

8 24–28 4.2 150 0.43 Polysulfone 1.5 1.04

9 24–28 4.0 200 0.58 Polysulfone 1.3 1.52

Mean

(SD)

– 4.0 (0.1) 206.9 (27.4) 0.50 (0.10) – 1.8 (0.5) 1.41

(0.20)

HD hemodialysis, Kt/V normalized dialysis dose, SD standard deviation
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between dialyzability and either Kt/V or serum
albumin are shown in Supplemental Fig. S2A–F.
There was no correlation between CLHD and Kt/
V (A), a strong negative correlation between EP
and Kt/V (r = - 0.74) (C), and a correlation
between the amount removed and Kt/
V (r = 0.69) (E). No correlations between dia-
lyzability of R5 and serum albumin were found
(B, D, F).

Safety

There were no deaths or serious adverse events.
No patients discontinued their participation in
this study as a result of an adverse event. The
only adverse event observed was abdominal
distension in one patient. Any causal relation-
ship with amenamevir was ruled out. No
notable changes in clinical laboratory tests, vital
signs, or weight were observed during the study.

DISCUSSION

In this study, we directly evaluated the phar-
macokinetics and dialyzability of amenamevir
and its major metabolite R5 in patients under-
going maintenance hemodialysis, and demon-
strated that there were no clinically relevant
safety concerns in the absence of dose adjust-
ment and/or modification of the dosing
schedule.

The pharmacokinetics and pharmacody-
namics of nucleoside antivirus agents are affec-
ted significantly by kidney function. The AUC
of penciclovir, a metabolite of famciclovir, in
patients with severe renal impairment was
approximately 8.7 times higher than in healthy
participants with normal renal function, and
modification of the dosing schedule and dose
reduction are needed depending on the degree
of renal function impairment [16]. On the other

Fig. 2 Mean plasma concentration–time profiles after a single oral dose of amenamevir; a amenamevir, b its major
metabolite R5
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hand, amenamevir is mainly metabolized in the
liver and urinary excretion of the unchanged
amenamevir was approximately 10% in healthy
participants with normal kidney function [5].
The Cmax of amenamevir in hemodialysis
patients (1585 ng/mL) was similar to that in
healthy adults (1612 ng/mL). The AUCinf of
amenamevir in hemodialysis patients
(38,120 ng h/mL) was slightly higher than that
reported in non-dialysis patients with severe
renal impairment (30,621 ng h/mL), and
approximately double that of healthy adults
(16,886 ng h/mL) [6]. The t1/2 of amenamevir
was slightly longer in patients with mild (8.4 h),
moderate (9.5 h) and severe (9.8 h) renal

impairment compared with that in participants
with normal renal function (8.1 h) [6]. The
median t1/2pre, t1/2HD, and t1/2post of amenamevir
in this study were 14.7, 15.2, and 12.4 h,
respectively, suggesting that t1/2 is prolonged in
proportion to the extent renal function
impairment. Hemodialysis had a greater effect
on the disposition of R5 than amenamevir as
was also shown in non-dialysis patients with
CKD [6]. The AUC and Cmax of R5 in
hemodialysis patients were respectively almost
triple and double those reported in participants
with normal renal function [6]. They were
higher than in non-dialysis patients with severe
renal impairment, suggesting that renal

Table 3 Pharmacokinetic parameters of amenamevir and its major metabolite R5

Amenamevir R5

n Mean (SD) Median (Min–Max) n Mean (SD) Median (Min–Max)

Cmax (ng/mL) 9 1585 (442) 1658 (888–2407) 9 337.6 (104.7) 347.0 (215.8–486.9)

tmax (h) 9 6.2 (2.5) 6 (4–12) 9 12.9 (4.4) 12 (8–24)

AUC24h (ng h/mL) 9 23,890 (8400) 22,310 (12,370–40,280) 9 6054 (2125) 5830 (3855–9765)

AUCinf (ng h/mL) 7 38,120 (17,180) 34,100 (16,210–65,970) 0 - -

t1/2pre (h) 7 13.9 (2.6) 14.7 (9.9–17.0) 0 - -

t1/2HD (h) 9 32.7 (47.7) 15.2 (7.5–158.3) 9 15.2 (13.5) 11.9 (7.0–49.8)

t1/2post (h) 9 12.0 (2.5) 12.4 (8.4–15.7) 9 14.0 (2.8) 15.0 (9.3–17.2)

AUCD (ng h/mL) 9 2301 (926) 2041 (808.7–3626) 9 903.8 (392.6) 1025 (370.9–1561)

AUCA24–28h (ng h/mL) 9 2145 (905) 2004 (724.8–3555) 9 882.2 (401.6) 1021 (351.2–1571)

AUCV24–28h (ng h/mL) 9 1509 (672) 1252 (435.7–2451) 9 565.7 (262.4) 672.9 (193.5–964.2)

Ae24h (mg) 5 1.6 (0.8) 1.8 (0.7–2.7) 5 0.9 (0.9) 0.8 (0.2–2.4)

Ae24–48h (mg) 5 0.4 (0.3) 0.2 (0.1–0.8) 5 0.4 (0.3) 0.5 (0.1–0.8)

fb4h (%) 8 64.2 (3.3) 63.6 (61.3–72.0) - - -

fb24h (%) 9 62.7 (4.0) 62.2 (58.5–72.5) - - -

Ae24h urine pharmacokinetic parameters excreted into the urine from time zero to 24 h, Ae24–48h Ae from time 24 to 48 h
(Ae24–48 h), AUC24h area under the plasma concentration–time curve from time zero to 24 h, AUCA24–28h AUC during
hemodialysis calculated on the basis of the concentration at the inlet of the dialyzer, AUCD AUC during hemodialysis,
AUCinf AUC from time zero to infinity, AUCV24-28h AUC during hemodialysis calculated on the basis of the concentration
of the outlet of the dialyzer, Cmax maximum plasma concentration, fb4h plasma protein binding % at 4 h post-dose, fb24h fb
at 24 h post-dose, Max maximum, Min minimum, SD standard deviation, t1/2HD terminal elimination half-life (t1/2) during
hemodialysis, t1/2pre t1/2 observed within 24 h, t1/2post t1/2 after hemodialysis, tmax time to reach maximum plasma con-
centration during 24 h post-dose
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elimination might be the predominant pathway
for metabolite R5. However, R5 is not an active
metabolite [6]; therefore, the increased expo-
sure of R5 in hemodialysis patients might be less
clinically meaningful. The recommended oral
dosage of amenamevir is 400 mg once a day
after a meal for 7 days. The simulated plasma
concentration–time curve of 7-day administra-
tion of amenamevir in hemodialysis patients
without taking into account drug removal by
dialysis indicated that the Cmax increases
slightly during the first 3 days post-dose, then

remains steady during the following 4 days.
This suggests that the risk of overdose resulting
from multiple doses would be very low. As
described later, the amount of drug removed by
dialysis was limited. Amenamevir was safe and
well tolerated when administered as single
doses from 5 to 2400 mg under fasting condi-
tions, and a dose of 300 or 600 mg once a day
for 7 days under fed conditions were adminis-
tered [2]. Even though systemic amenamevir
exposure doubled in hemodialysis patients, the
exposure in these patients was within the range

Fig. 3 Simulation of the plasma concentration–time curve of multiple oral doses of amenamevir calculated on the basis of
seven patients under the assumption that no amenamevir was removed by hemodialysis

Table 4 Hemodialysis parameters of amenamevir and its major metabolite R5 (n = 9)

Amenamevir R5

Mean
(SD)

Median Min–Max Mean
(SD)

Median Min–Max

Hemodialysis clearance (mL/min) 37.8

(5.3)

37.5 30.9–48.0 46.5

(4.4)

45.0 41.4–56.2

Hemodialysis clearance normalized with dialyzer

surface area (mL/min/m2)

22.7

(5.4)

22.8 15.1–32.3 28.2

(7.4)

27.6 18.2–40.8

Elimination fraction percentage (%) 28.1

(5.1)

27.4 22.2–36.6 34.5

(4.7)

32.5 29.6–42.9

Removed amount (lg) 132.0

(54.2)

131.6 43.4–236.8 65.1

(28.7)

69.6 23.7–121.4

Max maximum, Min minimum, SD standard deviation
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reported in previous pharmacokinetic studies
which demonstrated the drug’s safety and tol-
erability [2]. Thus, repeated dosing of 400 mg
amenamevir once a day for 7 days in
hemodialysis patients is unlikely to cause sig-
nificant safety-related problems. Therefore, dose
reduction is not required in these patients.

The difference between AUCA24–28h and
AUCV24–28h suggests that about 30% of ame-
namevir was removed by hemodialysis. This low
level of removal was also confirmed by the
result that the median t1/2 during dialysis was
not shortened compared to that before and after
dialysis. These findings suggest that removal of
amenamevir by dialysis is limited, and addi-
tional administration after dialysis and/or
change in the dosing schedule is not needed.
On the other hand, additional dosing is
required in the case of acyclovir after
hemodialysis, since about 70% of acyclovir is
removed by 4-h hemodialysis [17]. We investi-
gated whether there was a correlation between
the dialysis parameters including CLHD, EP, and
the removed amount, and Kt/V and serum
albumin to elucidate the factors affecting the
dialyzability of amenamevir, but only a slight
correlation was found between the removed
amount and Kt/V.

This study has several limitations. First, the
data from patients in poor general condition
undergoing hemodialysis were not available
because such patients were excluded from this
study because of the unacceptable burden
imposed by frequent blood samplings. Second,
the study population was relatively small as is
the case in most other phase 1 studies, and this
study did not attempt to make a direct com-
parison of the pharmacokinetics of amenamevir
between hemodialysis patients and healthy
participants or participants with renal impair-
ment. Third, hemodialysis patients with herpes
zoster were not enrolled in this study. Last, the
simulation of pharmacokinetics of multiple
doses of amenamevir was calculated solely on
the basis of the pharmacokinetics of a single
oral dose. The effect of enzyme induction on
the pharmacokinetics was not considered.
Therefore, ongoing collection of information
on hemodialysis patients in the real world is

needed to confirm the efficacy and safety of
amenamevir in hemodialysis patients.

CONCLUSION

We directly evaluated the pharmacokinetics of
amenamevir following the administration of a
single oral dose of 400 mg given after breakfast
to patients with ESKD undergoing hemodialy-
sis. The AUC of amenamevir was approximately
doubled compared to healthy adults. This
increase was much smaller than those reported
in hemodialysis patients treated with nucle-
oside antiviral agents [8–10]. The amount of
amenamevir removed by hemodialysis was
minimal. There were no clinically relevant
safety concerns after the usual dosage
(400 mg/day) of amenamevir was administered
to hemodialysis patients in the absence of dose
adjustment and/or modification of the dosing
schedule. Therefore, amenamevir can be
administered once daily either before or after
dialysis.
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