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Abstract

Background A reported clinical pharmacokinetics and safety study of suspension formulation of ensitrelvir, a therapeutic
agent used in severe acute respiratory syndrome coronavirus 2 infection, demonstrated favorable pharmacokinetics and
was well tolerated in healthy male Japanese and White participants. Understanding the safety and pharmacokinetic features
of ensitrelvir (using the formulation approved for clinical use) in various populations, and the effect of food, is crucial for
optimal clinical use.

Objectives The objectives of this study were to (1) assess the safety, tolerability, and pharmacokinetics of ensitrelvir fol-
lowing multiple-dose administration of ensitrelvir tablets in populations with different races, ages, and sex; and (2) assess
the effect of food on the pharmacokinetics of ensitrelvir tablets in the fasted or fed state.

Methods A phase 1, multicenter, double-blinded, randomized, placebo-controlled study was conducted to evaluate the
safety and pharmacokinetics of once-daily ensitrelvir tablets at loading/maintenance doses of 375/125 mg or 750/250 mg
for 5 days in healthy Japanese females, Japanese elderly (only 375/125 mg), and White male and female participants. An
open-label, two-group, two-period crossover study was also conducted to estimate the effect of food on the pharmacokinet-
ics of ensitrelvir at single dose of 375 mg. The nature, frequency, and severity of treatment-emergent adverse events were
evaluated and recorded in safety assessments in both studies.

Results The maximum plasma concentration (C,,,,) and area under the plasma concentration-time curve (AUC) were similar
within these populations. The geometric mean half-life of ensitrelvir following multiple-dose administration was 48.7-58.9 h
across all cohorts. The C,,,, and AUC increased in a dose-proportional manner in Japanese female participants, and increased
in a less than dose-proportional manner in White participants. Furthermore, there was no clear relationship between the
dose and geometric mean half-life of ensitrelvir. The plasma concentration at 24 h (C,,) after an initial dose of 375/125 mg
exceeded the target plasma concentration (6.09 pg/mL) in all populations. Regarding the effect of food on the pharmacoki-
netics of ensitrelvir, although time to C,,, in the fed state was delayed, there was no clinically meaningful difference in the
exposure levels (C,,,, and AUC) of ensitrelvir between the fasted and fed states. Most treatment-emergent adverse events
were mild in nature and had resolved.

Conclusion Ensitrelvir (375/125 mg and 750/250 mg tablet formulation) was well tolerated, without any major safety con-
cerns. The pharmacokinetics of ensitrelvir between all populations in the study were similar and C,, exceeded the target
plasma concentration at 375/125 mg. These results suggest that ensitrelvir can be effectively administered with no necessity
for dose adjustment for age, sex, and race without food restriction.

Clinical Trial Registration Japan Registry of Clinical Trials identifier: jJRCT2031210202, registered on 16 July 2021.

Extended author information available on the last page of the article
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The pharmacokinetics of ensitrelvir were similar
between populations tested.

Similar exposure levels (maximum plasma concentra-
tion [C,,,] and area under the plasma concentration-time
curve [AUC]) of ensitrelvir were observed on days 1 and
5 within each dosing regimen when the ensitrelvir tablet
formulation was administered once daily for 5 days as a

375/125 mg or 750/250 mg dosing regimen.

There was no clinically meaningful difference in the
exposure levels to ensitrelvir between the fasted and fed
states except delayed time to maximum plasma concen-
tration.

For administering the ensitrelvir tablet formulation
(375/125 mg or 750/250 mg), no dose adjustment is
necessary for race, age, and sex.

1 Introduction

As of 17 May 2023, severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) has resulted in a pandemic with
6.93 million deaths worldwide [1]. Ensitrelvir fumaric acid
(previously known as S-217622; now referred to as ensi-
trelvir), a novel 3C-like protease inhibitor of SARS-CoV-2
created through joint research between Hokkaido Univer-
sity and Shionogi & Co., Ltd, suppresses viral replication
[2]. In November 2022, ensitrelvir 125 mg tablet obtained
emergency regulatory approval from the Ministry of Health,
Labour and Welfare, in Japan for the treatment of SARS-
CoV-2 infection [3] at a dosage of once-daily ensitrelvir 375
mg on day 1, followed by 125 mg once daily on days 2-5
(375/125 mg) for 5 days.

This bench-to-bedside translation was the result of a rig-
orous stepwise research and development process. Various
preclinical and in vitro studies have demonstrated the anti-
viral activity of ensitrelvir with therapeutic efficacy against
several variants of SARS-CoV-2 [2, 4, 5]. A phase 1
trial of single and multiple ascending doses of once-daily
oral ensitrelvir in healthy male adults showed that the
ensitrelvir suspension formulation was safe, well toler-
ated, and had a favorable pharmacokinetic profile with
a long half-life, supporting once-daily oral dosing of
375/125 mg and once-daily doses of ensitrelvir 750 mg on
day 1 followed by 250 mg on days 2-5 (750/250 mg) [6].
Results of the phase 2a and 2b parts of a phase 2/3 study
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demonstrated the efficacy, safety, and tolerability of ensi-
trelvir 375/125 mg and 750/250 mg treatments in mild-to-
moderate coronavirus disease 2019 (COVID-19) [7-9].

The safety and pharmacokinetic profiles using the for-
mulation for clinical use (tablet formulation) have also
been reported at 375/125 mg and 750/250 mg in drug—drug
interaction studies in Japanese healthy male participants
[10]. There were no serious treatment-emergent adverse
events (TEAEs) and almost all of the TEAEs related to
ensitrelvir were mild in severity and had resolved.

Several therapeutic agents exhibit interindividual differ-
ences in pharmacokinetics and pharmacodynamics due to
a variety of factors, including age, sex, ethnicity, genetic
factors, consumption of tobacco or alcohol, presence of
comorbidities, food, and concomitant use of medications
[11]. Understanding such variability in drug pharmacoki-
netics and pharmacokinetics/pharmacodynamics is pivotal
to ensure that suitable drug exposure is attained to achieve
efficacy and avoid toxicity [12]. Specifically, ethnic/racial
differences in pharmacokinetics and pharmacokinetics/
pharmacodynamics can be further influenced by potential
interactions with drug administration through a specific
route, dose frequency and/or duration changes, and the use
of different dosage forms [13, 14]. Moreover, the Interna-
tional Council for Harmonisation of Technical Require-
ments for Pharmaceuticals for Human Use Good Clinical
Practice Guidelines (ICH) developed guidelines on ethnic
factors for evaluating the impact of ethnic factors on safety
and efficacy of a drug at a particular dosage and dose regi-
men [15]. Since some studies indicate that drug clearance
is faster in women than in men, differences in sex is one
of the influential factors affecting pharmacokinetics [16,
17]. The rational use of medications in the elderly popu-
lation is of great concern. An in-depth understanding of
age-related physiological changes and their impact on the
pharmacokinetics of a drug is needed for well tolerated
and effective therapy in the elderly population [18, 19].
Furthermore, as some of the drugs show decreased bio-
availability and reduced drug efficacy when consumed
with food, it is important to know the effect of food on
drug absorption [20].

However, previous studies with ensitrelvir suspension
[6] and tablet formulations [10] were conducted in healthy
Japanese male participants only. Consequently, since Japa-
nese female and elderly patients with SARS-CoV-2 infection
were also included in the phase 2/3 study, it was important to
obtain the safety and pharmacokinetic information on these
populations. In addition, obtaining the safety and pharma-
cokinetic information for non-Japanese participants is also
very important to consider the dose regimen for global clini-
cal studies.
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Thus, in the present study, we evaluated the pharmacoki-
netics and safety of the approved ensitrelvir formulation
(tablet). The objectives of this study were to (1) assess the
safety, tolerability, and pharmacokinetics of ensitrelvir fol-
lowing multiple-dose administration of ensitrelvir tablets
in populations with different races, ages, and sex; and (2)
assess the effect of food on the pharmacokinetics of ensitrel-
vir tablets in the fasted or fed (high-fat/high-calorie meal)
state. The results reported here are part of the completed
study GRCT2031210202).

2 Methods
2.1 Study Design

A phase 1, multicenter, double-blinded, randomized, pla-
cebo-controlled, four-part study was conducted to assess
the safety, tolerability, and pharmacokinetics of single- and
multiple-dose administration of ensitrelvir in different pop-
ulations. Healthy participants were randomized to receive
multiple doses (parts 1-3) and a single dose (part 4) of orally
administered placebo or ensitrelvir fumaric acid (ensitrel-
vir) in a tablet formulation. Participants were randomized

in pre-decided ratios of approximately 3:1 to ensitrelvir or
placebo (parts 1-3), and 1:1 for part 4 (Fig. 1).

In parts 1-3, healthy Japanese adult female participants
were randomized to receive placebo or multiple doses of
ensitrelvir in the fasted state. The multiple-dose regimens
were once-daily doses of ensitrelvir 375 mg on day 1 fol-
lowed by 125 mg on days 2-5 (Japanese female 375/125 mg
cohort), or 750 mg on day 1 followed by 250 mg on days 2-5
(Japanese female 750/250 mg cohort). Healthy White adult
participants were randomized to receive placebo or multiple
doses of ensitrelvir in the fasted state. The multiple-dose
regimens were once-daily doses of ensitrelvir 375 mg on
day 1 followed by 125 mg on days 2-5 (White 375/125 mg
cohort), or 750 mg on day 1 followed by 250 mg on days
2-5 (White 750/250 mg cohort). Healthy Japanese elderly
participants were randomized to receive placebo or multiple
doses of ensitrelvir in the fasted state. The multiple-dose
regimens were once-daily doses of ensitrelvir 375 mg on
day 1 and 125 mg on days 2-5 (Japanese elderly 375/125
mg cohort).

In part 4, the effect of food on the pharmacokinetics of
ensitrelvir was investigated in healthy Japanese participants
in a two-group, two-period crossover design using single-
dose administration of ensitrelvir 375 mg (three ensitrelvir
125 mg tablets) in the fasted and fed (high-fat/high-calorie)

Part 1 (Multiple dose) Part 2 (Multiple dose)
Healthy Japanese Adult Female Participants Healthy White Adult Participants
I I
I I | I
Japanese female Japanese female White 375/125 mg White 750/250 mg
375/125 mg cohort 750/250 mg cohort cohort cohort
Day 1 Days 2-5 Day 1 Days 2-5 Day 1 Days 2-5 Day 1 Days 2-5
dose dose dose dose dose dose dose dose
375 mg 125 mg 750 mg 250 mg 375 mg 125 mg 750 mg 250 mg
Part 3 (Multiple dose) Part 4 (Single dose)
Healthy Japanese Elderly Participants bigaithy JapaneseIAdult Participants
I [ I
Japanese elderly 375/125 mg cohort Group 1 Group 2
T T P823d11 Fasted 375 mg Fed? 375 mg
Day 1 Day 2-5 l l
dose dose
375 mg 125 mg | Wash out (3 weeks) I
Period 2 I I
Day 22 Fed2 375 mg Fasted 375 mg

Fig. 1 Study design. *High-fat/high-calorie meal (breakfast).
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state (Group 1: 375 mg single dose in the fasted state in
period 1 followed by 375 mg single dose in the fed state in
period 2; Group 2: 375 mg single dose in the fed state in
period 1 followed by 375 mg single dose in the fasted state
in period 2). Participants in the fasted state were prohibited
from eating overnight for at least 10 h predose and at least
4 h postdose, while participants in the fed state also fasted
overnight for at least 10 h and were asked to start and finish
their breakfast (high calorie, high-fat meal) within 30 min,
prior to administration of the study intervention. The intake
of beverages, except for 240 mL of water taken with study
intervention and 180 mL of beverage provided at breakfast
or dinner, was prohibited from 1 h before to 2 h after the
study intervention. Thereafter, the intake of beverages was
allowed ad libitum.

Eligible participants aged 20-55 years (part 1-3) and >65
years (part 4) at the time of signing the informed consent
form (ICF), whose body mass index (BMI) ranged between
>18.5 and <30.0 kg/m? (with weight >40 kg for female par-
ticipants), and not requiring any other medicines for any
health conditions were included in this study.

2.2 Ethical Compliance

This study jRCT2031210202) was conducted in compliance
with the protocol, the World Medical Association Declara-
tion of Helsinki [21] and Council for International Organiza-
tions of Medical Sciences International Ethical Guidelines
[22], ICH [23], and other applicable laws and regulations. It
was also approved by the Medical Corporation Shinanokai
Shinanozaka Clinic Institutional Review Board (Review ID:
757P I; approval date: 14 July 2021). All participants gave
their written informed consent for participation in this study.

2.3 Bioanalytical Procedure

Plasma concentrations of ensitrelvir were determined
by liquid chromatography—tandem mass spectrometry
(LC-MS/MS) following protein precipitation with acetoni-
trile. LC—MS/MS analysis was performed using API4000
(Sciex, Framingham, MA, USA). The method was validated
over a range of 200-200,000 ng/mL, with a lower limit of
quantification (LLOQ) of 200 ng/mL [10].

2.4 Pharmacokinetic Assessments

Blood samples (4 mL at each time point) were collected,
centrifuged to obtain plasma samples, and stored at under
—70 °C until analysis at several time points to evaluate the
pharmacokinetics and determine the concentration of ensi-
trelvir. For multiple-dose administration, blood samples
were collected at predose (0 h) and 0.5, 1, 1.5, 2, 2.5, 3, 4,
6, 8, and 12 h postdose on day 1; predose (0 h) and 0.5, 1,
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1.5,2,25,3,4,6,8, 12, 24, 48, 72, and 96 h postdose on
day 5, and predose (0 h) on day 13 (at visit). For the effect
of food study, blood samples were collected at O h predose
and0.5,1,1.5,2,25,3,4,6,8, 12, 16, 24, 48,72, 120, 168,
and 336 h postdose on days 1 and 22.

The pharmacokinetic parameters of ensitrelvir were cal-
culated based on the plasma concentration data of ensitrelvir
with non-compartmental analysis. Pharmacokinetic analy-
ses were performed using WinNonlin version 8.3.3 (Cer-
tara USA Inc., Princeton, NJ, USA). The pharmacokinetic
parameters included maximum plasma concentration (C,,,,,),
time to C,,, (T, area under the plasma concentration-
time curve over dosing interval 7 (i.e., 24 h) [AUC,,__], and
plasma concentration at 24 h postdose (C,,) after days 1 and
5 of multiple-dose administration and also terminal elimina-
tion half-life (#,,,) after day 5 of multiple-dose administra-
tion. We also examined C,,,, T,,.x» AUC to the last measur-
able concentration (AUC, ;,,), AUC extrapolated to infinity
(AUC_), 1y, ,, mean residence time (MRT), and apparent
volume of distribution in the terminal elimination phase
(V,/F) to evaluate the effect of food on the pharmacokinet-
ics of ensitrelvir.

2.5 Safety and Tolerability Analyses

Safety assessments included the analysis of all TEAEs, clas-
sified by System Organ Class and Medical Dictionary for
Regulatory Activities (MedDRA) version 24.0 Preferred
Terms. The nature, frequency, and severity of TEAEs were
evaluated and recorded.

2.6 Statistical Methods for Pharmacokinetic
Analyses

The statistical analyses for pharmacokinetic parameters
were performed using SAS software version 9.4 (SAS Insti-
tute Inc., Cary, NC, USA). For summarizing the quantita-
tive variables, mean (standard deviation [SD]) and median
(minimum-maximum) values were reported. For qualitative
variables, the number (%) data were reported. An analysis
of variance (ANOVA) model was used for each cohort to
assess dose proportionality by evaluating C,,,, and AUC,_,
dose independency by assessing ty, ,, and the exposure ratios
of C.x and AUC,,_, of ensitrelvir, calculated as ratios of
the parameters on day 5 to those on day 1 of multiple-dose
administration. The effect of food on the pharmacokinet-
ics of ensitrelvir was examined by ANOVA for comparing
In-transformed C, ., Tiax, AUC 1o AUC s 1y, ,» MRT,
and V,/F between the fasted and fed states. The point esti-
mates and 90% confidence intervals (CIs) were generated
for the difference of treatment for In-transformed C,,,, Tax

AUC 5, AUCy o, 1y, MRT, and V,/F. The point esti-
mates and corresponding 90% ClIs were back-transformed
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to obtain the corresponding geometric least squares (GLS)
mean ratios and the corresponding 90% Cls.

3 Results
3.1 Study Participants and Baseline Demographics

A total of 76 healthy adults participated in this study, of
whom 22 healthy Japanese adult females participated in
part 1 (11 in the Japanese female 375/125 mg cohort and
11 in the Japanese female 750/250 mg cohort, with 8 in the
ensitrelvir group and 3 in the placebo group of each cohort
[8:3]), 24 healthy White adults participated in part 2 (12 in
the White 375/125 mg cohort and 12 in the White 750/250
mg cohort, with 8 in the ensitrelvir group and 4 in the pla-
cebo group of each cohort [8:4]), 16 healthy Japanese elderly
participants participated in part 3 (16 in the elderly 375/125
mg cohort, with 11 in the ensitrelvir group and 5 in the pla-
cebo group [11:5]), and 14 healthy Japanese adults partici-
pated in part 4 (7 in each 375 mg single-dose group in the
fasted and fed states). The demographic and baseline char-
acteristics of these participants are summarized in Online
Resource Table 1. The proportion of females was 100.0%,
50.0%, 0.0%, and 0.0%, in the healthy Japanese adult female
cohort, healthy White adult cohort, healthy Japanese elderly
cohort, and healthy Japanese adult cohort (fasted vs. fed),
respectively. The median age across the Japanese female
375/125 mg, Japanese female 750/250 mg, White 375/125
mg, White 750/250 mg, Japanese elderly 375/125 mg, fasted
375 mg single-dose, and fed 375 mg single-dose cohorts
were 25.5, 37.0, 33.0, 37.0, 73.0, 32.0 and 30.0 years,
respectively. Correspondingly, the BMI values were 21.95,
21.60, 22.25, 24.15, 22.80, 21.10 and 22.50 kg/m*. Among
all participants, a total of two participants discontinued the
study; one participant in the Japanese female 375/125 mg
cohort (part 1) withdrew from the study, and one participant
in the fed 375/125 mg cohort (part 4) discontinued the study
due to a TEAE of COVID-19.

3.2 Pharmacokinetics

3.2.1 Pharmacokinetics of Ensitrelvir in Healthy Japanese
Adult Female Participants

Mean plasma concentration profiles of ensitrelvir follow-
ing multiple-dose administration of ensitrelvir in healthy
Japanese adult female participants in the fasted state
until 288 h after the initial administration of ensitrelvir
in the Japanese female 375/125 mg and Japanese female
750/250 mg cohorts are shown in Fig. 2a. The correspond-
ing pharmacokinetic parameters are shown in Table 1. The

geometric means of C,,, were 22.3 pg/mL on day 1 and
28.1 pg/mL on day 5, and those of AUC,_, were 372.9
pg-h/mL on day 1 and 518.3 pg-h/mL on day 5, in the
Japanese female 375/125 mg cohort. The geometric means
of C,,, were 39.9 pg/mL on day 1 and 55.8 pg/mL on day
5, and those of AUC,, , were 644.4 pg-h/mL on day 1 and
1019.0 pg-h/mL on day 5 in the Japanese female 750/250
mg cohort. The C,, and AUC,_; on day 5 versus those on
day 1 were 1.25- and 1.39-fold, respectively, in the Japa-
nese female 375/125 mg cohort, while the corresponding
values were 1.40- and 1.58-fold, respectively, in the Japa-
nese female 750/250 mg cohort. The median 7,,,, ranged
from 2.00 to 3.50 h between the dose groups on days 1 and
5. The C,,,, and AUC,_, increased in a dose-proportional
manner between the dose groups on both day 1 and day
5. However, there was no clear relationship between the
dose and t,, , of ensitrelvir in either cohort. The geomet-
ric means of C,, in the Japanese female 375/125 mg and
750/250 mg cohorts were 14.0 ug/mL on day 1 and 17.7
pg/mL on day 5, and 23.6 ug/mL on day 1 and 36.1 pg/mL
on day 5, respectively.

3.2.2 Pharmacokinetics of Ensitrelvir in Healthy White
Adult Participants

Mean plasma concentration profiles of ensitrelvir follow-
ing multiple-dose administration of ensitrelvir in healthy
White adult participants in the fasted state until 288 h
after the initial administration of ensitrelvir in the White
375/125 mg and White 750/250 mg cohorts are shown in
Fig. 2b. The corresponding pharmacokinetic parameters
are listed in Table 1. The geometric means of C, ,, were
19.7 pg/mL on day 1 and 24.8 pg/mL on day 5, and those
of AUC,,_, were 325.0 pg-h/mL on day 1 and 475.5 pg-h/
mL on day 5 in the White 375/125 mg cohort. The geomet-
ric means of C,,,, were 28.9 pg/mL on day 1 and 42.1 pg/
mL on day 5, and those of AUC,,_. were 496.0 pg-h/mL on
day 1 and 798.3 pg-h/mL on day 5 in the White 750/250
mg cohort. The C,,,,, and AUC,,_, on day 5 versus those on
day 1 were 1.26- and 1.46-fold, respectively, in the White
375/125 mg cohort, while the corresponding values were
1.45- and 1.61-fold, respectively, in the White 750/250 mg
cohort. The median T, ranged from 2.25 to 3.25 h across
the dose groups on days 1 and 5. The C,, and AUC,__
increased in a less than dose-proportional manner between
the dose groups on both day 1 and day 5. Any relationship
between the dose and 7, , of ensitrelvir in either cohort
was not evident. The geometric means of C,, in the White
375/125 mg and 750/250 mg cohorts were 12.2 ug/mL on
day 1 and 16.9 ug/mL on day 5, and 19.0 pg/mL on day 1
and 28.9 pg/mL on day 5, respectively.
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Fig.2 Mean (SD) plasma concentration profile of ensitrelvir follow-
ing administration of ensitrelvir (tablet formulation) until 288 h after
the initial administration of ensitrelvir in (a) Part 1 healthy Japa-
nese adult female participants (Japanese female 375/125 mg cohort

3.2.3 Pharmacokinetics of Ensitrelvir in Healthy Japanese
Elderly Participants

Mean plasma concentration profiles of ensitrelvir follow-
ing multiple-dose administration of ensitrelvir in healthy
Japanese elderly participants in the fasted state until 288 h
after the initial administration of ensitrelvir in the Japanese
elderly 375/125 mg cohort are shown in Fig. 2c. The phar-
macokinetic parameters are listed in Table 1. The geomet-
ric means of C,,,, were 19.7 pg/mL on day 1 and 23.8 pg/
mL on day 5, and those of AUC,, ; were 319.2 pg-h/mL on
day 1 and 446.1 pg-h/mL on day 5 in the elderly 375/125
mg cohort. The C,,, and AUC,_, on day 5 versus those on
day 1 were 1.21- and 1.40-fold, respectively, in the Japanese
elderly 375/125 mg cohort. The median 7T, of ensitrelvir
was 2 h on day 1 and 3 h on day 5. The geometric means of
C,, in the Japanese elderly 375/125 mg cohort were 11.5 pg/
mL on day 1 and 17.1 pg/mL on day 5.
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and Japanese female 750/250 mg cohort); (b) Part 2 healthy White
adult participants (White 375/125 mg cohort and White 750/250 mg
cohort); and (c) Part 3 healthy Japanese elderly participants (Japanese
elderly 375/125 mg cohort). SD standard deviation

3.2.4 Effect of Food on the Pharmacokinetics of Ensitrelvir
in Healthy Japanese Adult Participants

Mean plasma concentration profiles of ensitrelvir until
72 and 336 h after the initial administration of ensitrelvir
following single-dose administration of ensitrelvir 375
mg in the fasted and fed states in healthy Japanese adult
participants are shown in Fig. 3. The corresponding phar-
macokinetic parameters are listed in Table 2. The ensi-
trelvir (fed/fasted) GLS mean ratios (90% ClIs) of C,,.
AUC, 1, and AUC,,_, were 0.9320 (0.8134-1.0679), 1.2435
(1.1400-1.3564), and 1.2447 (1.1396-1.3596), respectively.
The 90% ClIs for ensitrelvir C,,, was completely contained

max
within the range of 0.8000-1.2500, suggesting that the C,,,,
of ensitrelvir was comparable between the fasted and fed
states. The AUCs (both AUC,,,,, and AUC,_,)) of ensitrelvir
increased by approximately 25% in the fed state compared

with those in the fasted state, with the upper limits of 90%
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Z 8 e T I = A B S I 8 ides (1/8 in the White 750/250 mg cohort). Of these, all 12
£ < 3| T TS T .= &
5 5 S|z © 02 2 5 =|8 o & events of decreased high-density lipoprotein, three events
5] ! < g . . . .
g g ZlAfe® o = FS 2w ¢ 5 8 of headache (which occurred in the same participant in the
= 0 =] $ . .
52 é ;‘“ 2 RS 3 White 750/250 mg cohort) and one event of increased blood
55 —~ £E®8 82 ¢ . . . . .
L £ as 2 ols= £ ) triglycerides (in the White 750/250 mg cohort) were consid-
S o 0 2 — —_ S o = Q ) K
E 2 2 ®x I 9 O0g|Es M-g % ered related to ensitrelvir.
£ g |- S8 &3228 F s . :
o = § Z 22x I O 2 f g é Eé‘ 8 TEAEs observed in part 3 were decreased high-den-
S g SlRle @ e A a) s S 5y § sity lipoprotein (5/11 in the elderly 375/125 mg cohort),
=& lﬁ g ox g increased nausea, headache, and blood creatine phosphoki-
= o - -] < . . . .
5 % 2 e g S a/|= £ 5 £ > nase, and increased C-reactive protein (1/11 in the elderly
g = Q| a Z = S i z = g E é § ; 375/125 mg cohort). Except for increased blood creatine
= = — : - < . .
T E E z e Sx = A < og ':;; ZE 3 phosphokinase, all TEAEs were considered related to
5% S A Ea EE¢ ensitrelvir.
g = = 50 o :
g '§ g _ = _ é‘ § g g ;SD TEAESs observed in part 4 were decreased high-density
azlE|g ©*g o 5 2 g a § E £ lipoprotein (4/13 in the fasted 375 mg cohort, 7/14 in the fed
o= 5|2 P = .
é ::3 £ % — S/ g/ S o 2 s §8 9 ‘9‘ % 375 mg cohort), headache (1/13 in the fasted 375 mg cohort,
7 > ) g 3 — < .
% £ |8 gl dn=2d 93 ég ;“56 = éﬁ 2/14 in the fed 375 mg cohort), and COVID-19 and nausea
8 = S 28 (1/14 in the fed 375 mg cohort). Except for the COVID-19
E'S - c 52 2 . .
ki o . TS] Z 5 Eﬂ 2 53 E reported in the fed 375 mg cohort, all TEAEs were consid-
~ E g E) = gb ,E 'i =% & ered related to ensitrelvir. In the fed 375/125 mg cohort,
-— I LB . . . .
2 § = % 'c:é O:é = = % £ & % one participant discontinued the study due to a TEAE of
se & =0d 2FSJSER2 9 covID.
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Fig.3 Mean (SD) plasma concentration profiles of ensitrelvir until a 72 h and b 336 h postdose following single-dose administration of ensitrel-
vir 375 mg in the fasted and fed states for healthy Japanese adult participants. SD standard deviation

Table 2 The effect of food on the pharmacokinetics of ensitrelvir following single-dose administration of ensitrelvir 375 mg for healthy Japanese

adult participants in fasted and fed states

Parameter GLS mean with 375 mg single-dose administration Fed/fasted
GLS mean ratio (90% CI)
Fasted [n = 13] Fed [n = 14]

Crax » Hg/mL 21.5 20.0 0.9320 (0.8134-1.0679)
AUC 1> Hg-h/mL 1222 1519 1.2435 (1.1400-1.3564)
AUC,_, pg-h/mL 1235 1538 1.2447 (1.1396-1.3596)
T 0 2.50 (1.50, 4.00) 6.00 (1.50, 16.00) NA

ty,, 47.7 48.5 1.0170 (0.9313-1.1106)
MRT, h 74.6 76.6 1.0267 (0.9704-1.0863)
V,/F,L 20.9 17.1 0.8154 (0.7543-0.8815)

AUC,_, area under the concentration-time curve extrapolated to infinity, AUC,, ;,,, area under the concentration—time curve to the last measurable

concentration, CI confidence intervals, C,,,,

applicable, t,, , terminal elimination half-life, T,

max time to C

max?

4 Median (minimum, maximum).

4 Discussion

The pharmacokinetic profile of the drugs may vary
depending on ethnic group, sex, age as well as food intake
and dietary factors [12, 14, 17]. This study describes the
results of the safety, tolerability, and pharmacokinetics of
the ensitrelvir tablet formulation at an approved dose of
375/125 mg, and 750/250 mg in extended populations.
In addition, we evaluated the effect of food intake on the
pharmacokinetics of ensitrelvir 375 mg using the formula-
tion for clinical use.

In this study, generally similar exposure levels of ensi-
trelvir were observed on days 1 and 5 within each dos-
ing regimen when an ensitrelvir tablet formulation was
administered once daily for 5 days, suggesting limited
accumulation of ensitrelvir with multiple-dose admin-
istration. The results from the Japanese female, White
participants, and elderly cohorts in our study were similar

A\ Adis

maximum plasma concentration, GLS geometric least square, MRT mean residence time, NA not
V/F apparent volume of distribution in the terminal elimination phase

to the previously reported results from the Japanese and
White healthy adult male participant cohorts who had
received multiple-dose administrations of ensitrelvir
375/125 mg and 750/250 mg [6, 10]. Furthermore, a com-
parison between the 375/125 mg and 750/250 mg dos-
ing regimens across Japanese female participants in the
present study demonstrated a dose-proportional change
in the C,,, and AUC,_, of ensitrelvir, although the C,,,
and AUC,,_; of ensitrelvir increased in a less than dose-
proportional manner in White healthy participants. No
clear relationship between the dose and 1, , of ensitrelvir
was observed in both parts 1 and 2. Comprehensively
considering these results and previous results of dose
proportionality in Japanese and White cohorts of healthy
adult male participants by suspension formulation [6],
the exposure levels of ensitrelvir increased in a dose-
proportional manner with multiple-dose administration.
Moreover, compared with Japanese female participants,
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plasma exposure levels were slightly lower for White and
elderly Japanese participants. Body weight in Japanese
female participants was lighter than those in other popula-
tions, which may have resulted in these variations (Online
Resource Table 1). Such differences in the pharmacoki-
netics of drugs may stem from the differences in body
weight, one of the major covariates for pharmacokinetics
of many drugs [17]. Moreover, the plasma concentration
of ensitrelvir obtained during the treatment and at least
24 h after the 5-day administration of ensitrelvir 375/125
mg, the approved dosing regimen in Japan, exceeded 6.09
pg/mL, the estimated target plasma concentration from
a nonclinical study [24], in all populations. This result
implies that ensitrelvir at the approved dosing regimen
provides therapeutic potential across different patient
populations. Since there were a number of differences
between populations for each background, the statistical
analyses were not conducted for comparing the exposure
levels in this study. However, a population pharmacoki-
netic analysis will be planned to find the covariates for
the pharmacokinetic profiles on ensitrelvir.

Food intake delayed the T, of ensitrelvir in the fed
state compared with the fasted state, leading to a rela-
tively smaller increase in AUC, but this did not affect the
corresponding C,,, values, indicating no clinically mean-
ingful difference in the exposure of ensitrelvir between
the fasted and fed states. Thus, the pharmacokinetics
of ensitrelvir were not substantially influenced by food
intake. This trend is similar to the effect of food on the
ensitrelvir suspension formulation [6], and we speculate
that food delays the absorption rate for ensitrelvir.

Overall, the present study assessing the pharmacoki-
netics of ensitrelvir in tablet formulation in the extended
population of healthy Japanese adult females and healthy
Japanese elderly participants corroborated the findings
of earlier studies. Our results demonstrated no major dif-
ferences in the pharmacokinetic profile as compared with
the previous reports [6, 10] assessing the pharmacokinet-
ics of the ensitrelvir suspension formulation in healthy
Japanese male participants.

In general, differences in age, sex, and race would not
substantially affect the pharmacokinetics of ensitrelvir,
which suggests no need for dose adjustments for age, sex,
and race or food restriction while administering ensitrel-
vir in the oral tablet formulation.

The safety results show that ensitrelvir was well tol-
erated without any newer safety signals. The observed
TEAEs that were more frequent in the ensitrelvir groups
than in the placebo groups included increased blood
triglycerides, decreased high-density lipoprotein, head-
ache, and nausea and vomiting. Most of the above TEAEs
were mild in nature and resolved without any specific
treatments.

5 Conclusions

This study shows the safety and pharmacokinetics of the
approved ensitrelvir 375/125 mg tablet formulation in vari-
ous populations, which demonstrated promising results.
The pharmacokinetics of ensitrelvir between all popula-
tions in the study were similar, and C,, exceeded the target
plasma concentration (6.09 pg/mL) with the ensitrelvir
375/125 mg dosing regimen. The clinical dose of ensitrel-
vir was well tolerated with no additional safety signals.
The findings can be useful as a clinical recommendation
for prescribing ensitrelvir with regard to dose adjustment
for age, sex, and race, and are considered relevant to other
ethnic populations.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40261-023-01309-z.
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