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ABSTRACT

Introduction: Amenamevir (ASP2151) is a
nonnucleoside antiherpesvirus compound
available for the treatment of varicella–zoster
virus infections. In this article we summarize
the findings of four phase 1 studies in healthy
participants.
Methods: Four randomized phase 1 studies
investigated the safety and pharmacokinetics of
single and multiple doses of amenamevir,
including the assessment of age group effect
(nonelderly vs elderly), food effect, and the
relative bioavailability of two formulations.

Amenamevir was administered orally at various
doses as a single dose (5–2400 mg) or daily (300
or 600 mg/day) for 7 days.
Results: Following single and multiple oral
doses, amenamevir demonstrated a less than
dose proportional increase in the pharmacoki-
netic parameters area under the plasma drug
concentration versus time curve from time zero
to infinity (AUCinf) and Cmax. After single and
multiple oral 300-mg doses of amenamevir, no
apparent differences in pharmacokinetics were
observed between nonelderly and elderly par-
ticipants. In contrast, with the amenamevir
600-mg dose both the area under the plasma
drug concentration versus time curve from time
zero to 24 h and Cmax were slightly increased
and renal clearance was decreased in elderly
participants. The pharmacokinetics of ame-
namevir was affected by food, with AUCinf

increased by about 90%. In the bioavailability
study, AUCinf and Cmax were slightly lower fol-
lowing tablet versus capsule administration
(decreased by 14 and 12%, respectively), with
relative bioavailability of 86%. The different
amenamevir doses and formulations were safe
and well tolerated; no deaths or serious adverse
events were reported.
Conclusion: Amenamevir had less than dose
proportional pharmacokinetic characteristics.
Age may have an influence on amenamevir
pharmacokinetics; however, the effect was
considered minimal. The pharmacokinetics of
amenamevir were affected by food, with AUCinf
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almost doubling when amenamevir was
administered with food. The concentration
versus time profile of the tablet was slightly
lower than that of the capsule; the relative
bioavailability of the tablet versus the capsule
was 86%. Amenamevir was safe and well toler-
ated in the dose range investigated.
Funding: Astellas Pharma.
Trial registration: ClinicalTrials.gov identifiers
NCT02852876 (15L-CL-002) and NCT02796118
(15L-CL-003).

Keywords: Amenamevir; Japanese participants;
Pharmacokinetics; Safety; Varicella–zoster virus

INTRODUCTION

Herpes zoster, or shingles, is the painful erup-
tion of a rash caused by the varicella–zoster
virus (VZV). Herpes zoster is more common in
elderly people, patients with lymphoma,
patients receiving chemotherapy or steroids,
and people with HIV [1]. Antiviral therapy for
herpes zoster is recommended in certain
immunocompetent patients and all immuno-
compromised patients [2]. Nucleoside ana-
logues such as acyclovir, valacyclovir, and
famciclovir have been approved for the treat-
ment of herpes simplex virus (HSV)-1, HSV-2,
and VZV infections [3–5]. These drugs have the
same mechanism of action and are widely used
for the treatment of herpes zoster and herpes
simplex.

Acyclovir-resistant virus has been isolated
from patients with HSV. Acyclovir resistance is
mediated by mutations in the thymidine kinase
gene [6, 7] or the DNA polymerase gene [8].
Consequently, in clinical HSV isolates, resis-
tance to acyclovir has been shown to be regu-
larly linked to cross-resistance against
penciclovir, whose prodrug is famciclovir
[9–11]. Although acyclovir resistance of VZV is
virtually unobserved in immunocompetent
patients, it can be a major problem among
immunosuppressed hosts, mainly those who
have received prolonged acyclovir therapy
[12–15].

A drug with a new mechanism of action with
a lack of cross-resistance to current nucleoside

analogues is desired. Amenamevir (ASP2151) is
a nonnucleoside antiherpesvirus compound
available for the treatment of VZV infections.
Amenamevir targets the herpesvirus heli-
case-primase complex. This viral enzyme com-
plex is the target for the next generation of
antiherpes drugs [16, 17], as the helicase-pri-
mase complex of human Alphaherpesvirinae
viruses is known to be essential for viral DNA
replication and, hence, viral replication [16–20].

Preclinical pharmacology studies of ame-
namevir have demonstrated that amenamevir
inhibits the replication of acyclovir-resistant
strains of HSV-1, HSV-2, and VZV, with
half-maximal effective concentrations similar to
those exhibited against acyclovir-sensitive
strains [21]. Initial pharmacokinetic results
from two phase 1 studies (studies 15L-CL-002
and 15L-CL-003) have shown that amenamevir
exhibits less than dose proportional pharma-
cokinetics after single and multiple doses [22].
Here we summarize the findings of four phase 1
studies (including further data from studies
15L-CL-002 and 15L-CL-003) to evaluate the
safety and pharmacokinetics of single and
multiple doses of amenamevir, including the
assessment of age effect (nonelderly vs elderly),
food effect, and the relative bioavailability of
two formulations (capsule vs tablet).

METHODS

Study Design, Participants, and Dosing

The designs of the four phase 1 studies in
healthy participants are included in the sup-
plementary material (Table S1). The first study
was a randomized, double-blind, placebo-con-
trolled, dose-escalation study conducted in
Japan (study 15L-CL-001). Sequential cohorts of
healthy male participants (aged 20–44 years)
were randomized to receive a single capsule
dose of amenamevir or placebo under fasting
conditions. The doses of amenamevir were 5,
25, 100, 300, or 600 mg. This study was not
registered at a registry website as there was no
requirement in the International Council for
Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use (ICH)
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‘‘Guideline for Good Clinical Practice’’ to regis-
ter phase 1 trials at the time it was conducted.

The second study, conducted in France
(15L-CL-002; ClinicalTrials.gov identifier
NCT02852876) in healthy male participants
(aged 18–55 years), had two parts. Part 1 was a
randomized, double-blind, placebo-controlled,
single dose escalation study that evaluated the
safety, tolerability, and pharmacokinetics of
amenamevir 5-, 25-, 100-, 300-, 600-, 1200-,
1800-, and 2400-mg capsules under fasting
conditions. Part 2 was an open-label crossover
study that evaluated the effect of food on the
safety, tolerability, and pharmacokinetics of a
single capsule dose of 300 mg amenamevir.

The third study was a randomized, dou-
ble-blind, placebo-controlled, multiple ascend-
ing dose study conducted in Japan (15L-CL-003;
ClinicalTrials.gov identifier NCT02796118).
Healthy male nonelderly (aged 20–44 years) and
elderly (aged 65–79 years) participants were
randomized to receive amenamevir capsule,
300 mg/day, or placebo capsules, or ame-
namevir capsule, 600 mg/day, or placebo cap-
sules, all administered under fed conditions for
7 days. The safety and pharmacokinetics of
amenamevir were assessed over a 7-day period.

The final study was a randomized, open-la-
bel, three-period crossover study conducted in
the USA (15L-CL-006). Healthy male and female
participants received a single capsule dose of
800 mg amenamevir under fasting conditions, a
single tablet dose of 800 mg amenamevir under
fasting conditions, and a single tablet dose of
800 mg amenamevir under fed conditions. Each
participant underwent a 6-day washout
between each period. The safety and pharma-
cokinetics of amenamevir were evaluated,
including the relative bioavailability of ame-
namevir capsule and tablet formulations and
the effect of food with the tablet formulation.
This study was not registered at a registry web-
site as there was no requirement in the ICH
‘‘Guideline for Good Clinical Practice’’ to regis-
ter phase 1 trials at the time it was conducted.

The study protocols were approved by the
institutional review boards at each study site
(15L-CL-001 and 15L-CL-003 by OPHAC
Hospital Institutional Review Board, Osaka,
Japan; 15L-CL-002 by Comité Consultatif de

Protection des Personnes dans la Recherche
Biomédicale, Hôpital Rovert Ballanger—Centre
Daniel Eisenmann, Aulnay-sous-Bois, France;
15L-CL-006 by Independent Investigational
Review Board, Plantation, FL, USA), and the
studies were conducted in accordance with the
ethical standards of the ICH ‘‘Guideline for
Good Clinical Practice.’’ All procedures followed
were in accordance with the ethical standards of
the responsible committee on human experi-
mentation (institutional and national) and with
the Helsinki Declaration of 1964, as revised in
2000. Written informed consent was obtained
from all participants for their being included in
these studies.

Pharmacokinetic Assessments

For all four studies, plasma and urine drug
concentrations were determined by validated
liquid chromatography–tandem mass spec-
trometry methods [22], and plasma drug con-
centration–time data were used to calculate the
following pharmacokinetic parameters of ame-
namevir: peak drug concentration (Cmax),
half-life (t�), time to peak drug concentration
(tmax), and apparent oral clearance. For studies
15L-CL-001, 15L-CL-002, and 15L-CL-006, these
parameters were all calculated after a single dose
of amenamevir. For study 15L-CL-003, these
parameters were assessed on days 1 and 7. The
area under the plasma drug concentration ver-
sus time curve from time zero to infinity
(AUCinf) was also assessed in studies
15L-CL-001, 15L-CL-002, and 15L-CL-006, and
the time that the amenamevir drug concentra-
tion was above 200 ng/mL (t200) and the area
under the plasma drug concentration versus
time curve from time zero to 24 h (AUC24) were
also assessed in study 15L-CL-003. Urine phar-
macokinetics, including the cumulative
amount of the unchanged drug excreted into
the urine at 24 h, the percentage of drug
excreted in urine, and renal clearance were
assessed in studies 15L-CL-003 and 15L-CL-006.

For study 15L-CL-001, fasting participants
received amenamevir with 200 mL of water in
the morning. Participants continued to refrain
from having any food and drink until 4 h after
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dosing. Serial blood samples for amenamevir
were collected before the dose and 0.25, 0.5, 1,
1.5, 2, 3, 4, 6, 8, 10, 12, 24, 36, and 48 h after
the dose.

For part 1 of study 15L-CL-002, fasting par-
ticipants received amenamevir with 240 mL of
water in the morning. Participants continued to
refrain from having any food and drink until
4 h after dosing. For part 2 of study 15L-CL-002,
amenamevir was administered either 30 min
after an FDA high-fat breakfast or under the
same fasting conditions as in part 1 of the study.
Serial blood samples for amenamevir were col-
lected before the dose and 0.25, 0.5, 1, 1.5, 2, 3,
4, 5, 6, 7, 8, 10, 12, 16, 24, 36, and 48 h after the
dose.

For study 15L-CL-003, participants received
amenamevir with 200 mL of water within
30 min after breakfast. Participants refrained
from having any food and drink until 4 h after
dosing. Serial blood samples for amenamevir
were collected before the dose and 0.25, 0.5, 1,
1.5, 2, 3, 4, 6, 8, 10, and 12 h after the dose on
day 1, before the dose on day 2 to day 6, and
before the dose and 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8,
10, 12, 24, 36, and 48 h after the dose on day 7.
Urine samples for assessment of cumulative
urinary excretion of amenamevir were collected
at the following intervals: before the dose and
0–4 h, 4–8 h, 8–12 h, and 12–24 h after the dose
on day 1 and before the dose and 0–4 h, 4–8 h,
8–12 h, 12–24 h, 24–36 h, and 36–48 h after the
dose on day 7.

For study 15L-CL-006, participants who
received their dose under fasting conditions
received amenamevir with 240 mL of water.
Participants continued to refrain from having
any food and drink until 4 h after dosing. In
participants who received their dose under fed
conditions, amenamevir was administered
30 min after an FDA high-fat breakfast. Serial
blood samples for amenamevir were collected
before the dose and 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8,
10, 12, 16, 24, 36, and 48 h after the dose. Urine
samples for assessment of cumulative urinary
excretion of amenamevir were collected at the
following intervals: before the dose and 0–4 h,
4–8 h, 8–12 h, 12–24 h, 24–36 h, and 36–48 h
after the dose.

Safety Assessment

In all four studies, safety was evaluated by our
assessing treatment emergent adverse events,
12-lead electrocardiogram (ECG) recordings,
clinical laboratory parameters (biochemistry,
hematology, serology, and urinalysis), vital
signs (blood pressure and pulse), and physical
examination findings.

Statistical Analysis

Pharmacokinetic calculations were per-
formed with actual sampling times by non-
compartmental methods with use of
WinNonlin� Professional version 5.0 or
higher (Pharsight, Mountain View, CA, USA)
or SAS� version 8.2 or higher (SAS Institute,
Cary, NC, USA). In all four studies, descrip-
tive statistics included the number of par-
ticipants reflected in the calculation (n),
arithmetic mean, standard deviation, med-
ian, minimum, and maximum for continu-
ous variables, and frequency and percentage
for categorical end points.

For part 2 of study 15L-CL-002, the effect of
food on the pharmacokinetics of the ame-
namevir capsule was assessed with the two
one-sided t test procedure. A mixed effects
model with treatment, sequence, and period
as fixed effects and participant as a random
effect was used. The same two one-sided t test
procedure was used in study 15L-CL-003 to
assess the effect of age on the pharmacoki-
netics of the amenamevir capsule and in study
15L-CL-006 to assess the relative bioavailabil-
ity of the tablet and capsule formulations of
amenamevir as well as the effect of food on
the pharmacokinetics of amenamevir tablets.
For study 15L-CL-003, a fixed effects model
was used with age as an effect. For study
15L-CL-006, a mixed effects model with
treatment, sequence, period, and sex as fixed
effects and participant as a random effect was
used. For all analyses within each model, the
geometric least squares mean ratios (fed/fast-
ing for assessing food effect; tablet/capsule for
assessing relative bioavailability; elderly/
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nonelderly for assessing an age group effect)
and their corresponding 90% confidence
intervals for plasma AUCinf and Cmax were
obtained.

RESULTS

Participants

The baseline characteristics and demographics
of the participants included in each study are
reported in Table 1. The participants enrolled
in the four studies were generally comparable,
with the exception that study 15L-CL-006
enrolled both male and female participants
and study 15L-CL-003 included elderly par-
ticipants and that studies 15L-CL-001 and
15L-CL-003 enrolled Japanese participants
whereas studies 15L-CL-002 and 15L-CL-006
had mainly White participants. The flow of
participants through each study is shown in
Figs S1, S2, S3, and S4.

Pharmacokinetics

The mean concentration versus time curves
following a single administration of ame-
namevir capsule by dose cohort in participants
enrolled in study 15L-CL-001 and part 1 of
study 15L-CL-002 are shown in Fig. 1. Further-
more, the pharmacokinetic parameter estimates
for single-dose capsule administration of ame-
namevir in study 15L-CL-001 are presented in
Table 2. These studies show that the mean
AUCinf and Cmax increased in a less than dose
proportional way, whereas the median tmax and
mean t� were similar for each dose.

The geometric least squares mean ratios of
elderly to nonelderly participants for Cmax and
AUC24 in study 15L-CL-003 are presented in
Table 3. In participants receiving the ame-
namevir 300-mg dose, there were no consistent
differences in the amenamevir pharmacokinet-
ics between nonelderly and elderly participants.
After a single 300-mg dose of amenamevir,
elderly participants had a slight increase in

Table 1 Baseline characteristics

Study

15L-CL-001
(n5 40)

15L-CL-002
part 1 (n 5 64)

15L-CL-002
part 2 (n 5 8)

15L-CL-003
nonelderly
(n5 18)

15L-CL-003
elderly
(n5 18)

15L-CL-006
(n5 24)

Age (years) 23.3 ± 2.2 33.1 ± 9.2 33.9 ± 9.5 23.3 ± 4.8 69.8 ± 3.5 40.0 ± 10.7

Male 40 (100%) 64 (100%) 8 (100%) 18 (100%) 18 (100%) 12 (50%)

Race

White 0 44 (68.8%) 7 (87.5%) 0 0 21 (87.5%)

Black or

African

American

0 15 (23.4%) 0 0 0 3 (12.5%)

Asian 40 (100%) 2 (3.1%) 0 18 (100%) 18 (100%) 0

Other 0 3 (4.7%) 1 (12.5%) 0 0 0

Weight (kg) 62.6 ± 8.0 74.9 ± 8.1 76.0 ± 12.7 61.1 ± 6.7 63.3 ± 7.7 71.1 ± 11.6

Height (m) 1.73 ± 0.06 1.77 ± 0.06 1.78 ± 0.05 1.74 ± 0.05 1.65 ± 0.06 1.66 ± 0.11

BMI (kg/m2) 20.8 ± 1.9 24.0 ± 2.2 23.9 ± 2.7 20.2 ± 1.9 23.2 ± 1.9 25.6 ± 2.5

All values are presented as the mean ± standard deviation unless otherwise stated
BMI body mass index
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AUC24 and Cmax compared with nonelderly
participants, whereas after multiple 300-mg
doses of amenamevir, AUC24 and Cmax were
both slightly decreased in elderly participants.
In contrast, in participants receiving ame-
namevir at 600 mg/day, Cmax and AUC24 of
amenamevir were both slightly increased in
elderly participants after single and multiple
doses. In this study, the mean t200 was around
24 h on day 7 for amenamevir at both
300 mg/day and 600 mg/day in both age groups
(Table 4), which is assumed to be a relevant
parameter for clinical efficacy [23].

In study 15L-CL-003, renal clearance of
amenamevir ranged from 2.11 to 2.45 L/h with
300 mg/day and from 1.67 to 2.30 L/h with
600 mg/day. The percentage of drug excreted in
urine was lower in participants receiving ame-
namevir at 600 mg/day compared with partici-
pants receiving amenamevir at 300 mg/day in
both the nonelderly and the elderly partici-
pants. Renal clearance was lower in elderly
participants compared with nonelderly partici-
pants after single and multiple doses of 600 mg
(Table 4).

The pharmacokinetics of amenamevir were
affected by food. In part 2 of study 15L-CL-002,
the AUCinf and Cmax of a single capsule dose of
300 mg amenamevir were increased when
amenamevir was administered with food
(Table 2, Fig. 2), t� remained the same, whereas
apparent oral clearance was reduced. There was
a 90% increase in AUCinf and an 82% increase
in Cmax when amenamevir was administered
with food relative to fasting conditions. Similar
results were seen in study 15L-CL-006 (Table 5).
Furthermore, in study 15L-CL-006, the per-
centage of amenamevir excreted unchanged in
the urine in participants receiving the tablet
formulation under fasting and fed conditions
showed that the urine excretion increased when
amenamevir was administered with food
(Table 6).

The pharmacokinetics of the amenamevir
tablet and capsule in fasting participants
enrolled in study 15L-CL-006 are shown in
Fig. 3 and Tables 5 and 6. AUCinf and Cmax were
slightly lower following tablet versus capsule
administration in the fasted state, which
reflected a relative bioavailability of 86%.

Safety

Amenamevir was safe and well tolerated. No
deaths or serious adverse events were reported
in any study. In studies 15L-CL-001,
15L-CL-002, and 15L-CL-003, all adverse events
reported with amenamevir were mild in sever-
ity, and no adverse events resulted in partici-
pants discontinuing their participation in the
study. Two participants discontinued their par-
ticipation in study 15L-CL-006 because of an

Fig. 1 Mean plasma concentration versus time profile of
amenamevir in a study 15L-CL-001 and b part 1 of study
15L-CL-002 after a single capsule dose of amenamevir at
5 mg (open circles), 25 mg (closed circles), 100 mg (open
triangles), 300 mg (closed triangles), 600 mg (open
squares), 1200 mg (closed squares), 1800 mg (open dia-
monds), and 2400 mg (closed diamonds)
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adverse event, although the events were not
considered related to treatment.

In study 15L-CL-001, four of 30 participants
(13.3%) who received single doses of ame-
namevir experienced an adverse event: one
participant each receiving amenamevir at a dose
of 5, 100, 300, or 600 mg. Only one adverse
event was considered possibly related to the
amenamevir dose of 300 mg (increase in aspar-
tate aminotransferase level).

In part 1 of study 15L-CL-002, four of 48
participants (8.3%) who received single doses of
amenamevir experienced an adverse event: one
receiving 100 mg amenamevir, one receiving
300 mg amenamevir, and two receiving 600 mg
amenamevir. Of these, three events were con-
sidered related to study treatment: headache
(unlikely), headache (possibly), and shoulder
pain (possibly). No adverse events were reported
in part 2 of study 15L-CL-002.

Table 2 Summary of amenamevir plasma pharmacokinetics after a single dose

Study Amenamevir
dose (mg)

No. AUCinf

(ng h/mL)
Cmax (ng/mL) tmax (h)

a t� (h) CL/F
(L/h)

15L-CL-001 5 6 474 ± 113 42.9 ± 3.99 1.75

(1.00–3.00)

7.75 ± 1.58 11.1 ± 2.88

25 6 1980 ± 303 177 ± 21.9 2.50

(1.00–4.00)

7.42 ± 0.59 12.9 ± 2.04

100 6 5870 ± 1670 526 ± 76.9 2.00

(1.00–3.00)

7.09 ± 1.40 18.4 ± 5.71

300 6 11,700 ± 1920 1040 ± 264 3.00

(2.00–4.00)

6.88 ± 0.56 26.2 ± 4.49

600 6 18,700 ± 2960 1680 ± 218 3.00

(2.00–4.00)

6.86 ± 0.62 32.7 ± 4.78

Dose

proportionalityb
– 0.766

(0.718–0.814)

0.759

(0.720–0.799)

– – –

15-CL-002

part 1

Dose

proportionalityb
– 0.750

(0.714–0.785)

0.773

(0.740–0.806)

– – –

15-CL-002

part 2

300 (fasting) 8 11,200 ± 3420 937 ± 389 2.00

(1.5–5.0)

8.20 ± 1.79 29.2 ± 9.8

300 (fed) 8 20,700 ± 4130 1580 ± 257 5.00

(3.0–5.0)

8.45 ± 1.25 15.0 ± 2.8

GMRc – 1.90

(1.55–2.32)

1.82

(1.34–2.48)

– – –

All values are presented as the mean ± standard deviation unless otherwise stated
AUCinf area under the plasma concentration versus time curve from time zero to infinity, CL/F apparent oral clearance,
Cmax peak drug concentration, GMR geometric least squares mean ratio (fed/fasting), t� terminal half-life, tmax time to peak
drug concentration
a The median is presented (with the range in parentheses)
b Power model assessment of dose proportionality. The values presented are the slope (with the 95% confidence interval in
parentheses)
c For the fed/fasting condition (with the 90% confidence interval in parentheses)
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In study 15L-CL-003, adverse events were
reported in four of six nonelderly participants
(66.7%) receiving 600 mg amenamevir, three of
six elderly participants (50.0%) receiving pla-
cebo, and one elderly participant of six partici-
pants (16.7%) receiving 600 mg amenamevir.
Five participants experienced an adverse event
that was considered possibly related to treat-
ment: two nonelderly participants receiving
600 mg amenamevir (headache), one elderly
participant receiving 600 mg amenamevir
(blood amylase level increased), and two elderly

participants receiving placebo (headache and
blood cholesterol level increased, respectively).

In study 15L-CL-006, 13 of 24 participants
(54.2%) reported 25 adverse events. The adverse
events occurring in more than one participant
were alopecia (n = 5), constipation (n = 3),
upper respiratory tract infection (n = 2), and
vomiting (n = 2). In all five cases of alopecia,
the alopecia was mild in severity and occurred
in female participants on day 15. It was descri-
bed as finding hair on the pillow or increased
hair loss on brushing. Examination of these
participants did not reveal bald patches or scalp
changes. Three adverse events were moderate in
severity (pharyngitis, upper respiratory tract
infection, and pain in an extremity; all n = 1),
and the remainder were mild.

In all four studies, there were no clinically
significant changes from the baseline in vital
signs, ECGs, or clinical laboratory assessments.

DISCUSSION

The helicase-primase inhibitor amenamevir
offers an alternative therapeutic approach for
patients with VZV infection. Data from the four
human studies described here highlight the
pharmacokinetics of amenamevir in various
clinical settings (single and multiple dosing,
food effect, age effect, and relative

Table 3 Geometric least squares mean ratio of elderly/
nonelderly participants for amenamevir plasma pharma-
cokinetics after multiple doses in study 15L-CL-003

Dose (mg) Day AUC24 (ng h/mL) Cmax (ng/mL)

300 1 1.09 (0.85–1.38) 1.05 (0.81–1.35)

7 0.96 (0.75–1.24) 0.89 (0.67–1.19)

600 1 1.28 (0.92–1.77) 1.18 (0.93–1.50)

7 1.16 (0.90–1.49) 1.10 (0.90–1.36)

The values presented are the geometric least squares mean
ratio (with the 90% confidence interval in parentheses) for
elderly/nonelderly participants
AUC24 area under the plasma concentration versus time
curve from time zero to 24 h, Cmax peak drug
concentration

Table 4 Summary of amenamevir urine pharmacokinetics and plasma t200 after multiple doses in study 15L-CL-003

Age group Amenamevir dose (mg) Day No. Ae24 (mg) Ae% CLR (L/h) t200 (h)

Nonelderly 300 1 6 33.22 ± 9.50 11.07 ± 3.17 2.45 ± 0.53 21.1 ± 2.0

7 6 30.80 ± 10.40 10.27 ± 3.47 2.22 ± 0.61 21.5 ± 2.9

600 1 6 49.56 ± 10.82 8.26 ± 1.80 2.30 ± 0.43 22.8 ± 0.5

7 6 42.13 ± 12.84 7.02 ± 2.14 2.15 ± 0.64 24.4 ± 2.7

Elderly 300 1 6 30.06 ± 3.77 10.02 ± 1.26 2.11 ± 0.53 22.2 ± 1.8

7 6 28.79 ± 7.82 9.60 ± 2.61 2.17 ± 0.58 23.8 ± 4.8

600 1 6 50.78 ± 13.66 8.46 ± 2.28 1.80 ± 0.25 22.9 ± 1.1

7 6 39.30 ± 13.72 6.55 ± 2.29 1.67 ± 0.43 26.7 ± 3.8

All values are presented as the mean ± standard deviation
Ae24 cumulative amount of the unchanged drug excreted into the urine at 24 h, Ae% percentage of drug excreted in urine,
CLR renal clearance, t200 time above 200 ng/mL, tmax time to peak drug concentration
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bioavailability of capsule versus tablet), as well
as its safety and tolerability. Following single
and multiple oral doses, amenamevir demon-
strated a less than dose proportional increase in
the pharmacokinetic parameters AUCinf and
Cmax. Amenamevir was rapidly absorbed, and
tmax and t� of amenamevir were similar across
all doses.

The pharmacokinetics of amenamevir were
affected by food, with results showing that
AUCinf almost doubled when amenamevir was
administered with food. Cmax also increased
with food (1.5–1.8-fold increase), and there was
also a delay in tmax after eating. Food is known
to affect the bioavailability of multiple oral
drugs by various means, including delaying
gastric emptying, stimulating bile flow, chang-
ing gastrointestinal pH, increasing splanchnic
blood flow, changing luminal metabolism of a
drug substance, and physically or chemically
interacting with a dosage form or a drug sub-
stance [24]. Although the cause of the changes
in the pharmacokinetics of amenamevir with
food is unknown, it is likely due to the low
solubility of amenamevir. After food is con-
sumed, bile acid is released. Bile acid is likely to
increase the solubility of amenamevir and,
therefore, the increase in exposure to ame-
namevir with food may be due to the increased
levels of bile acid. In any case, the effect of food
on the pharmacokinetics of amenamevir should

be taken into consideration when one is
selecting the appropriate time of the day to
administer amenamevir as well as the appro-
priate dose.

Age may have a minimal influence on the
pharmacokinetics of amenamevir, as demon-
strated in study 15L-CL-003. In this study, in
participants receiving the amenamevir 300-mg
dose, there were no consistent differences in
amenamevir pharmacokinetics between none-
lderly and elderly participants. In participants
receiving amenamevir at 600 mg/day, Cmax and
AUC24 of amenamevir were both slightly
increased and renal clearance was decreased in
elderly participants after single and multiple
doses. However, the 90% confidence interval of
the geometric least squares mean ratios for both
pharmacokinetic parameters across the dose
range was wide and included 1; therefore, the
age effect was considered to be minimal.

Two of the studies described here were con-
ducted in Japanese participants and two were
conducted in predominantly White popula-
tions. Although a direct comparison was not
possible across the separate studies, the phar-
macokinetic parameters of amenamevir in the
two single ascending dose studies were similar
[22], suggesting that there were no substantial
differences between Japanese and non-Japanese
participants.

In study 15L-CL-006, there were slight dif-
ferences in the pharmacokinetics of the ame-
namevir tablet and capsule in fasting male and
female participants. In this study, AUCinf and
Cmax were slightly lower following tablet versus
capsule administration in the fasted state, and
this is reflected by a relative bioavailability of
86%. Subsequent studies of amenamevir used
the tablet formulation as the final product.

In study 15L-CL-003, the mean t200 of ame-
namevir on day 7 was around 24 h (range
21.5–26.7 h) for all doses investigated. In a
murine pharmacokinetic/pharmacodynamic
analysis of amenamevir, it was determined that
t100, the length of time the amenamevir con-
centration in plasma exceeds 100 ng/mL, was
the most reasonable way to predict the efficacy
of amenamevir with respect to the complete
inhibition of HSV-1 replication [23]. As the
activity of amenamevir against VZV is

Fig. 2 Mean plasma concentration versus time profile of
amenamevir after a single capsule dose under fasting (open
circles) and fed (closed circles) conditions in part 2 of
study 15L-CL-002
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approximately twofold lower than that against
HSV-1 [23], it was speculated that VZV growth
can be suppressed with a dosage regimen
resulting in a t200 of close to 24 h per day. As
such, the results of study 15L-CL-003 suggest
that amenamevir may be effective against VZV.

Amenamevir was safe and well tolerated
across all doses investigated in these studies. No
deaths or serious adverse events were reported,
and no clinically significant effects on vital
signs, ECG, and clinical laboratory parameters
were observed. These results are consistent with

Table 5 Summary of amenamevir capsule and tablet plasma pharmacokinetics after a single dose in study 15L-CL-006

Formulation Condition Sex No. AUCinf

(ng h/mL)
Cmax (ng/
mL)

tmax (h)
a t� (h) CL/F

(L/h)

Capsule Fasting Male 12 26,900 ± 8800 2050 ± 713 2.0 (2.0–4.0) 7.8 ± 1.1 32.2 ± 8.5

Female 12 31,800 ± 9340 2720 ± 721 2.0 (1.5–4.0) 7.2 ± 1.1 27.2 ± 7.8

Male and

female

24 29,300 ± 9220 2390 ± 779 2.0 (1.5–4.0) 7.5 ± 1.2 29.7 ± 8.4

Tablet Fasting Male 12 23,700 ± 10,400 1900 ± 851 2.0 (1.0–6.0) 7.9 ± 1.0 40.7 ± 19.9

Female 12 30,200 ± 15,600 2570 ± 1060 2.0 (1.5–8.0) 7.1 ± 0.8 34.1 ± 18.8

Male and

female

24 27,000 ± 13,400 2230 ± 998 2.0 (1.0–8.0) 7.5 ± 1.0 37.4 ± 19.2

Fed Male 10 45,760 ± 11,914 3000 ± 501 4.0 (4.0–8.0) 7.9 ± 1.2 18.7 ± 5.6

Female 12 50,573 ± 15,170 3420 ± 662 4.0 (3.0–8.0) 7.0 ± 1.1 17.0 ± 4.7

Male and

female

22 48,400 ± 13,700 3230 ± 619 4.0 (3.0–8.0) 7.4 ± 1.2 17.8 ± 5.1

GMR capsule/tabletb – 0.86 (0.77–0.95) 0.88

(0.78–1.00)

– – –

GMR tablet fed/fastingb – 1.92 (1.67–2.22) 1.55

(1.34–1.81)

– – –

Values are presented as the mean ± standard deviation unless otherwise stated
AUCinf area under the plasma concentration versus time curve from time zero to infinity, CL/F apparent oral clearance,
Cmax peak drug concentration, GMR geometric least squares mean ratio, t� terminal half-life, tmax time to peak drug
concentration
a The median is presented (with the range in parentheses)
b The 90% confidence interval is given in parentheses

Table 6 Summary of amenamevir urine pharmacokinetics in study 15L-CL-006

Formulation Condition No. Aelast (mg) Ae% CLR (L/h)

Capsule Fasting 24 54.89 ± 14.05 6.86 ± 1.76 2.00 ± 0.56

Tablet Fasting 24 49.08 ± 20.57 6.13 ± 2.57 1.94 ± 0.49

Fed 22 86.64 ± 20.04 10.83 ± 2.51 1.93 ± 0.60

All values are presented as the mean ± standard deviation
Aelast cumulative amount of the unchanged drug excreted into the urine, Ae% percentage of drug excreted in urine, CLR

renal clearance
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the phase 2 clinical study of amenamevir in
patients with recurrent genital herpes [25].

Like most phase 1 studies, the sample sizes
were relatively small, which is a limitation of
these studies and may affect the interpretation
of the results.

CONCLUSION

In conclusion, amenamevir was safe and well
tolerated at single (up to 2400 mg) and multiple
(up to 600 mg/day for 7 days) doses and showed
less than dose proportional pharmacokinetic
characteristics.
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