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Abstract

Background and Objective Baloxavir marboxil is a prodrug that is metabolized to baloxavir acid, which suppresses viral
replication by inhibiting cap-dependent endonuclease with a single oral administration. As the mode of action of baloxavir
marboxil is different from that of neuraminidase inhibitors, such as oseltamivir, combination treatment with these drugs can
be a treatment option, particularly for severe influenza infection. The aim of this study was to assess the drug—drug interac-
tion between baloxavir marboxil and oseltamivir.

Methods Eighteen healthy adult subjects received three treatments in a crossover fashion: single administration of baloxavir
marboxil 40 mg alone, repeated twice-daily administration of oseltamivir at 75 mg for 5 days, or single administration of
baloxavir marboxil at 40 mg in combination with repeated twice-daily administration of oseltamivir at 75 mg for 5 days.
Results The ratios (90% confidence intervals) of maximum plasma concentration and area under the plasma concentra-
tion—time curve of baloxavir acid after co-administration compared to baloxavir marboxil alone were 1.03 (0.92-1.15) and
1.01 (0.96-1.06), respectively. The ratios (90% confidence intervals) of maximum plasma concentration and area under the
plasma concentration—time curve of oseltamivir carboxylate, the active form of oseltamivir, after co-administration compared
to oseltamivir alone were 0.96 (0.93-1.00) and 0.99 (0.96-1.01), respectively, at steady state on day 5. Treatment-emergent
adverse events reported were mild and not considered to be related to the study drug.

Conclusion The lack of a clinically meaningful drug—drug interaction between baloxavir marboxil and oseltamivir has been
established.

1 Introduction

Baloxavir marboxil, a novel anti-influenza drug, and Baloxavir marboxil (product code S-033188) has potent
oseltamivir did not affect the mutual pharmacokinetics antiviral activity against influenza A and B viruses with a
and no treatment-emergent adverse events related to the single oral administration. Baloxavir acid, the active form
study drug were observed after combination treatment. of baloxavir marboxil, selectively inhibits cap-dependent

endonuclease, which is a key enzyme involved in the initia-
tion of messenger RNA synthesis of influenza viruses; this
is called a cap-snatching process [1]. Baloxavir marboxil
suppresses viral replication by inhibiting the protein syn-

Combined with evidence from non-clinical studies,
the combination treatment of baloxavir marboxil and
oseltamivir has synergistic antiviral activity.

These findings support the use of combination treatment thesis needed for the construction of new virions, which is
of baloxavir marboxil and oseltamivir without the need a different mode of action from neuraminidase inhibitors
for dose adjustment. such as oseltamivir (Tamiflu®) widely used for the treatment

of influenza. Combination treatment of baloxavir marboxil
and oseltamivir shows synergistic antiviral activity in non-
P< Toru Ishibashi clinical studies [2, 3]. Therefore, the combination treatment
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seriously ill patients with influenza.
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Co., Ltd., Umeda Office 12F, Hankyu Terminal Bldg., 1-4, Baloxavir marboxil is a prodrug that is rapidly hydrolyzed
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intestine, blood, and liver [4]. Baloxavir acid is primarily
metabolized by uridine diphosphate glucuronosyl transferase
1A3 with minor contribution from cytochrome P450 3A4
and approximately 80% of the administered drug is excreted
via the feces [4]. Baloxavir marboxil is minimally detected
in plasma, while baloxavir acid is mainly detected. Baloxavir
acid exhibits linear pharmacokinetics over the dose range
tested in a phase I study (6—80 mg) and has a long elimina-
tion half-life, 80-100 h after a single oral administration [5].
Baloxavir marboxil and baloxavir acid have the potential
to inhibit P-glycoprotein-mediated transport in an in vitro
study [4].

Oseltamivir is orally administered with a twice-daily regi-
men for 5 days for the treatment of influenza [6]. Oseltami-
vir is also a prodrug and is hydrolyzed to the active form,
oseltamivir carboxylate, by hepatic carboxylesterases.
Oseltamivir carboxylate is excreted via the urine without
further metabolism. Oseltamivir and oseltamivir carboxylate
do not interact with substrates of various cytochrome P450
isoforms [7, 8]. Oseltamivir has been reported to be a sub-
strate of P-glycoprotein [9] and peptide transporter 1 [10].

Drug—drug interaction (DDI) potential between baloxavir
marboxil and oseltamivir is unclear and the DDI assessment
can be valuable information for consideration of combina-
tion treatment. The aim of this study was to assess in vivo
DDI potentials between baloxavir marboxil and oseltamivir
on the basis of plasma concentration data of each prodrug
and their active forms as well as a safety evaluation.

2 Methods
2.1 Study Design

This study was conducted in accordance with all appropriate
regulatory requirements and under a protocol approved by
the institutional review board of the study site, Souseikai
Hakata Clinic, Japan. This study was conducted in accord-
ance with current International Conference on Harmonisa-
tion Good Clinical Practice, all appropriate subject privacy
requirements, and the ethical principles outlined in the Dec-
laration of Helsinki. Informed consent was obtained from all
subjects prior to the initiation of the study.

This study was a phase I, single-center, open-label, ran-
domized, six-sequence, three-period, and three-treatment
crossover study. The study was designed to assess the effect
of oseltamivir on the pharmacokinetics and safety of baloxa-
vir marboxil and its active form, baloxavir acid, as well as
the effect of baloxavir marboxil on the pharmacokinetics and
safety of oseltamivir and its active form, oseltamivir car-
boxylate. A total of 18 Japanese healthy adult male subjects
aged from 20 to 59 years with a body weight of > 50 kg and
body mass index of 18.5-25.0 kg/m* were randomized to
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one of six sequence groups consisting of three subjects each.
Key exclusion criteria were consumption of drugs including
inducers of cytochrome P450 or uridine diphosphate glucu-
ronosyl transferase enzymes or St. John’s wort-containing
products within 28 days prior to admission; consumption
of any drug (prescription or over-the-counter drugs, dietary
supplements, or vitamins) within 14 days prior to admission;
use of alcohol- or grapefruit-containing products within 72 h
prior to admission; and use of tobacco- or nicotine-contain-
ing products within 24 weeks prior to screening.

Each subject received all three treatments in a crossover
fashion according to the randomized sequence. The treat-
ments were as follows: single oral administration of baloxa-
vir marboxil (Xofluza™: Shionogi & Co., Ltd. Osaka, Japan)
at 40 mg on day 1 in the fasted state; single oral administra-
tion of oseltamivir (Tamiﬁu®: F. Hoffmann-La Roche Ltd.,
Basel, Switzerland) at 75 mg on day 1 in the fasted state, fol-
lowed by repeated twice-daily administration of oseltamivir
at 75 mg until day 5 after each meal; co-administration of
baloxavir marboxil at 40 mg and oseltamivir at 75 mg simul-
taneously on day 1 in the fasted state, followed by repeated
twice-daily administration of oseltamivir at 75 mg until day
5 after each meal. There was an at least 21-day washout
interval between each treatment.

2.2 Sample Collection

Blood samples for the determination of plasma concentra-
tions of baloxavir marboxil and baloxavir acid were collected
at the following time points: pre-dose and 0.5, 1, 2, 3, 4, 5,
6, 8, 12, 24, 36, 48, 72, 120, 168, 336, and 504 h post-dose
on day 1. Blood samples for the determination of plasma
concentrations of oseltamivir and oseltamivir carboxylate
were collected at the following time points: pre-dose and
0.5,1,2,3,4,5, 6,8, and 12 h post-dose on day 1, pre-dose,
and 12 h post-dose on day 4, pre-dose and 0.5, 1, 2, 3, 4, 5,
6, 8, and 12 h post-dose on day 5.

2.3 Bioanalytical Asssay

The bioanalytical methods for the determination of plasma
concentrations of baloxavir marboxil and baloxavir acid
were validated where the lower limit of quantification was
set at 0.100 ng/mL. Dichlorvos, as an inhibitor of esterases
that metabolize baloxavir marboxil to baloxavir acid, was
added to the plasma samples. Plasma samples were ana-
lyzed after deproteinization by the liquid chromatography
tandem mass spectrometry method. The assay was linear
from 0.100 to 300 ng/mL. The precision levels of the assay
were 2.8-7.4% and 2.4-6.1% for baloxavir marboxil and
baloxavir acid, respectively. The accuracy levels of the assay
were 2.0-6.0% and —1.5% to 6.8% for baloxavir marboxil
and baloxavir acid, respectively.
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The bioanalytical method for the determination of plasma
concentrations of oseltamivir and oseltamivir carboxylate
was validated with the lower limit of quantification set at
1.00 and 10.0 ng/mL for oseltamivir and oseltamivir car-
boxylate, respectively. Plasma samples were analyzed after
deproteinization by the liquid chromatography tandem mass
spectrometry method. The assay was linear from 1.00 to
500 ng/mL and from 10.0 to 5000 ng/mL for oseltamivir and
oseltamivir carboxylate, respectively. The precision levels of
the assay were 7.4-10.4% and 5.1-7.7% for oseltamivir and
oseltamivir carboxylate, respectively. The accuracy levels
of the assay were — 7.8% to 1.5% and — 2.1% to 4.2% for
oseltamivir and oseltamivir carboxylate, respectively.

2.4 Pharmacokinetic Analysis

For the summary of plasma concentrations, plasma concen-
tration below the limit of quantification will be treated as
zero for calculations of arithmetic mean and standard devi-
ation. For the calculation of pharmacokinetic parameters,
plasma concentration below the limit of quantification before
the occurrence of the first measurable concentration will be
treated as zero, and plasma concentration below the limit of
quantification after the first occurrence of the measurable
concentration will be treated as missing.

The following pharmacokinetic parameters were cal-
culated on the basis of plasma concentration data by non-
compartmental methods using Phoenix WinNonlin soft-
ware (Version 6.2.1; Certara USA, Inc., Princeton, NJ,
USA): maximum plasma concentration (C,,,,), time to C,,.
(T,0)» area under the plasma concentration—time curve from
time zero to the time of the last quantifiable concentration
after dosing (AUC,_;,), area under the plasma concentra-
tion—time curve extrapolated from time zero to infinity (AUC
o-inp)» and area under the plasma concentration—time curve
over the dosing interval T, which is 12 h for administration
of oseltamivir (AUC,,_,). Maximum plasma concentration,
Taxo AUC o and AUC, ;. were calculated as pharma-
cokinetic parameters for baloxavir acid and C,,,, T}, and
AUC,_, were calculated as pharmacokinetic parameters for
oseltamivir and oseltamivir carboxylate.

2.5 Statistical Analysis

Analysis of variance was performed using SAS (Ver-
sion 9.2; SAS Institute Inc., Cary, NC, USA) for natural
logarithmic-transformed values of C,,,, and AUC, which
included factors of treatment, group, and period as fixed
effects and subject as a random effect. In the case of unbal-
anced data, the Kenward—Roger method was used to com-
pute the denominator degrees of freedom for the tests of a
fixed effect in the analysis. The point estimates and 90%
confidence intervals (CIs) were generated for the differences

of logarithmic-transformed pharmacokinetic parameters
between dosing alone and co-administration. The point esti-
mates and the 90% Cls were back-transformed to obtain the
corresponding geometric least-squares mean ratios (GMRs)
and the 90% Cls.

2.6 Safety Assessment

Safety was assessed through physical examination, vital
sign measurements, clinical laboratory tests, 12-lead elec-
trocardiograms, and assessment of adverse events. Physical
examination and vital sign measurement were performed
at screening, on the admission day (only physical examina-
tion), pre-dose, 2, 4, 8, 12, 24, 48, 72, 96, and 120 h after
the first dose, and on day 15 in each treatment, and at the
end of the study or early termination examination. Clinical
laboratory tests was performed at screening, on the admis-
sion day of period 1, pre-dose, 24, and 120 h after the first
dose, and on day 15 in each treatment, and at the end of the
study or early termination examination. The 12-lead electro-
cardiogram measurement was performed at screening, on the
admission day, pre-dose, 1, 4, 24, and 120 h after the first
dose in each treatment, and at the end of the study or early
termination examination.

Adverse events were collected from the first dose through
the end of the study examination. All safety data collected
were assessed for severity and relationship to each study
drug, baloxavir marboxil or oseltamivir. The severity of an
event was graded as follows: mild: a finding or symptom
was minor and did not interfere with usual daily activities;
moderate: the event was discomfort and caused interference
with the usual daily activity of affected clinical status; or
severe: the event caused interruption of the subject’s usual
daily activities or had a clinically significant effect.

3 Results
3.1 Study Subjects

Eighteen Japanese healthy adult subjects were randomized
into one of six sequence groups and received all three treat-
ments (baloxavir marboxil alone, oseltamivir alone, and co-
administration of these drugs). The mean (range) of age,
body weight, and body mass index in the study population
were 37.7 (21-49) years, 63.4 (53.7-76.7) kg, and 22.0
(19.5-24.3) kg/m?, respectively.

One subject withdrew from the study on day 1 in period 1
after co-administration of baloxavir marboxil and oseltami-
vir. The subject’s plasma sample was collected at up to 8 h
(planned) and 10.27 h post-dose for early termination exami-
nations. The plasma concentration at early termination was
used for plotting as the concentration at 12 h post-dose. The
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subject’s AUC,,_, and AUC,_; ¢ of baloxavir acid were not
calculated because of a lack of concentration data in the
terminal phase. The subject’s pharmacokinetic parameters
of oseltamivir and oseltamivir carboxylate on day 1 were
calculated and included in the statistical analysis because
the sampling time at early termination was close to the last
sampling time of oseltamivir and oseltamivir carboxylate on
day 1 (12 h post-dose), suggesting that the pharmacokinetic
parameters could be calculated appropriately.

3.2 Effect on Pharmacokinetics of Baloxavir
Marboxil and Baloxavir Acid

The plasma concentrations of baloxavir marboxil were below
the limit of quantification at most of the sampling points
when baloxavir marboxil was orally administered alone or in
combination with oseltamivir. Their highest values for each
treatment were 0.276 ng/mL at 8 h post-dose and 0.198 ng/
mL at 6 h post-dose. The calculation of pharmacokinetic
parameters of baloxavir marboxil and the statistical analysis
were not performed.

For baloxavir acid, the plasma concentration profiles
when baloxavir marboxil was administered alone or in com-
bination with oseltamivir were superimposable as shown in
Fig. 1. The GMRs (90% CIs) of C,,,,, AUC_,» and AUC
o-inf Of baloxavir acid after co-administration compared to
baloxavir marboxil alone were 1.0288 (0.9190-1.1517),
1.0085 (0.9608-1.0585), and 1.0057 (0.9575-1.0563),
respectively, as shown in Table 1. The GMRs of C,,, and
AUC of baloxavir acid were close to 1 and the corresponding
90% Cls were contained within the range of 0.8000-1.2500,
which met no DDI effect criteria, [11-13] suggesting that
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Fig. 1 Plasma concentration profiles of baloxavir acid when admin-
istered with or without oseltamivir. Mean (+standard deviation)
plasma concentration profiles with linear scale (a) [up to 24 h post-
dose] and semi-log scale (b). A closed circle indicates treatment with
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oseltamivir did not affect the pharmacokinetics of baloxavir
acid.

3.3 Effect on Pharmacokinetics of Oseltamivir
and Oseltamivir Carboxylate

The plasma concentration profiles of oseltamivir and
oseltamivir carboxylate when oseltamivir was orally admin-
istered alone or in combination with baloxavir marboxil were
superimposable after the first dose on day 1 and at steady
state on day 5 as shown in Fig. 2.

AUC,,_, of oseltamivir on day 1 increased 1.23-fold after
co-administration compared to oseltamivir alone as shown
in Table 2. However, the GMRs (90% CIs) of C,,,, and AUC
o Of oseltamivir on day 5 were 0.9559 (0.8263—1.1058) and
1.0672 (0.9937-1.1462), respectively. From these results,
the effect of baloxavir marboxil on the pharmacokinetics of
oseltamivir was not remarkable. For oseltamivir carboxy-
late, the GMRs (90% ClIs) of C,,,x and AUC,,_, after co-
administration compared to oseltamivir alone were 0.9594
(0.9074-1.0145) and 0.9591 (0.9179-1.0021) on day 1 and
0.9648 (0.9299-1.0010) and 0.9873 (0.9630-1.0122) on day
5, respectively, which met no DDI effect criteria. [11-13]
Therefore, baloxavir marboxil did not affect the pharmacoki-
netics of oseltamivir carboxylate (Table 3).

3.4 Safety

Treatment-emergent adverse events were reported in six of
18 subjects. Treatment-emergent adverse events reported in
two or more subjects were nausea and increased aspartate
aminotransferase as shown in Table 4. Nausea was reported
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baloxavir marboxil alone (n=17) and an open circle indicates treat-
ment with co-administration of baloxavir marboxil and oseltamivir
(n=18)
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Table 1 Summary of pharmacokinetic parameters of baloxavir acid when administered with or without oseltamivir

Parameter Geometric mean (CV%) Geometric least-squares mean ratio (90%
confidence interval)®

Baloxavir marboxil alone ~ Co-administration [N=18] Co-administration/baloxavir marboxil alone
[N=17]

Cpax (ng/mL) 137 (42.7) 141 (31.8) 1.0288 (0.9190-1.1517)

AUC, ;. (ng-h/mL) 6574 (29.5) 6629 (26.5)° 1.0085 (0.9608-1.0585)

AUC ;¢ (ng-h/mL) 6764 (30.5) 6803 (27.3)¢ 1.0057 (0.9575-1.0563)

Tax (h) 4.00 (3.00-5.00) 4.00 (3.00-5.00) -

AUC, ;s area under the plasma concentration—time curve extrapolated from time zero to infinity, AUC,_,,, area under the plasma concentration—
time curve from time zero to the time of the last quantifiable concentration after dosing, C,,,, maximum plasma concentration, CV% coefficient
of variation, 7, time to C,.
*Median (range)

5The analysis was on the basis of the analysis of variance model
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Fig.2 Plasma concentration profiles of oseltamivir and oseltami- boxylate on day 1 (c) and day 5 (d). A closed circle indicates treat-
vir carboxylate when administered with or without baloxavir mar- ment with oseltamivir alone (=17 on day 1 and day 5) and an open
boxil. Mean (+standard deviation) plasma concentration profiles of circle indicates treatment with co-administration of oseltamivir and
oseltamivir on day 1 (a) and day 5 (b) and those of oseltamivir car- baloxavir marboxil (n=18 on day 1, n=17 on day 5)
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Table2 Summary of pharmacokinetic parameters of oseltamivir when administered with or without baloxavir marboxil

Parameter Geometric mean (CV%) Geometric least-squares mean ratio (90% confi-
dence interval)®

Oseltamivir alone Co-administration Co-administration/oseltamivir alone

Day 1 [N=17] Day5[N=17] Day1[N=18] Day5[N=17] Day]l Day 5
Cax (ng/mL) 84.3 (52.1) 74.5 (38.6) 80.7 (48.5) 70.9 (37.6) 0.9664 (0.8199-1.1392) 0.9559 (0.8263-1.1058)
AUC_, (ng-h/mL) 142.2 (30.9) 175.5 (26.0) 175.6 (24.6) 187.2 (24.0) 1.2278 (1.1366-1.3264) 1.0672 (0.9937-1.1462)
Trax () 0.50 (0.50-1.00) 2.00 (0.50-4.00) 0.50 (0.50-1.00) 2.00 (1.00-4.00)— -
AUC,_, area under the plasma concentration-time curve over the dosing interval t, C,,,. maximum plasma concentration, CV% coefficient of
variation, T, time to C,,,,
*Median (range)

5The analysis was on the basis of the analysis of variance model

Table 3 Summary of pharmacokinetic parameters of oseltamivir carboxylate when administered with or without baloxavir marboxil

Parameter Geometric mean (CV %) Geometric least-squares mean ratio (90% confi-
dence interval)®

Oseltamivir alone Co-administration Co-administration/oseltamivir alone

Day 1 [N=17] Day5[N=17] Dayl[N=18] Day5[N=17] Dayl Day 5
Cpax (ng/mL) 402 (29.0) 493 (24.2) 386 (22.9) 474 (22.5) 0.9594 (0.9074-1.0145) 0.9648 (0.9299-1.0010)
AUC,,_, (ng-h/mL) 3063 (26.3) 4277 (23.8) 2931 (23.1) 4209 (21.2) 0.9591 (0.9179-1.0021) 0.9873 (0.9630-1.0122)
T, () 5.00 (3.00-6.00) 4.00 (3.00-6.00) 5.00 (4.00-6.00) 5.00 (3.00-8.00) — -

AUC,_, area under the plasma concentration—time curve over the dosing interval t, C,,, maximum plasma concentration, CV% coefficient of
variation, 7, time to C

max max

Median (minimum, maximum)

5The analysis was on the basis of the analysis of variance model

Table 4 Summary of treatment-emergent adverse events (TEAEs)

TEAE by system organ class, preferred term Baloxavir marboxil alone Oseltamivir alone [N=17] Co-admin-

[N=17] istration

[N=18]

Subjects with any TEAEs 2(11.8) 1(5.9) 4(22.2)
Infections and infestations 1(5.9) 0 1(5.6)
Nasopharyngitis 0 0 1(5.6)
Viral infection 1(5.9) 0 0

Gastrointestinal disorders 0 0 2(11.1)

Nausea 0 0 2(11.1)
Skin and subcutaneous tissue disorders 0 0 1(5.6)
Dermatitis contact 0 0 1(5.6)
Investigations 1(5.9) 1(5.9) 0
Aspartate aminotransferase increased 1(5.9) 1(5.9) 0
Blood lactate dehydrogenase increased 1(5.9) 0 0

Number of subjects (%)

in two subjects treated with co-administration, and increased treated with baloxavir marboxil alone or oseltamivir alone.
aspartate aminotransferase was reported in two subjects  All treatment-emergent adverse events were mild and not
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considered to be related to the study drug. No safety con-
cerns were reported in vital signs, clinical laboratory tests,
or 12-lead electrocardiograms.

4 Discussion

The assessment of a DDI between baloxavir marboxil and
oseltamivir was performed on the basis of plasma concen-
tration data of each prodrug and their active forms. There
was no formal calculation for the sample size. The sample
size, 18 subjects in total, was selected to adequately assess
the safety and pharmacokinetics of baloxavir marboxil and
oseltamivir. The dose regimen of each drug was selected as
the clinical doses. The approved dosage of baloxavir mar-
boxil for adults and adolescents (> 12 years of age) in Japan
is 40 mg for patients weighing < 80 kg or 80 mg for patients
weighing > 80 kg, [4] which is set to achieve similar plasma
exposures to baloxavir acid. A single dose of baloxavir mar-
boxil 40 mg was selected regardless of body weight in this
study and eventually all subjects enrolled had a body weight
of less than 80 kg. The dose regimen of oseltamivir was
75 mg twice daily for 5 days in this study, which was the
same as prescribing information for the treatment of influ-
enza. [6].

Our non-clinical studies suggested that the combina-
tion treatment of baloxavir marboxil and oseltamivir has
a synergistic antiviral activity against influenza virus. [2,
3] The combination treatment synergistically inhibited
the cytopathic effect induced by influenza A/PR/8/34 in
Madin—-Darby canine kidney cells. [2] In mice infected
with lethal doses of influenza A/PR/8/34 virus, treatment
with baloxavir marboxil at 0.5 mg/kg in combination with
oseltamivir at 10 or 50 mg/kg (twice daily for 5 days)
exerted a more potent protective effect against mortality or
body weight loss compared with the treatment with each
monotherapy. [3] These findings indicated that the combina-
tion treatment could be beneficial, particularly for seriously
ill patients with influenza or treatment for low-sensitivity
strains. The results in the current in vivo DDI study also
support the combination treatment of baloxavir marboxil
and oseltamivir.

5 Conclusion

The lack of a clinically meaningful DDI between baloxa-
vir marboxil and oseltamivir has been established. Thus,
healthcare professionals can select combination treatment of
baloxavir marboxil and oseltamivir for patients with influ-
enza without the need for dose adjustment.
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