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Background. Baloxavir marboxil has demonstrated safety and efficacy in treating adult and adolescent outpatients with acute
influenza (CAPSTONE-1 trial). Here, we report a subgroup analysis of outcomes in adolescents from the trial.

Methods. CAPSTONE-1 was a randomized, double-blind, placebo-controlled study. Eligible adolescent outpatients (aged
12-17 years of age) were randomized in a ratio of 2:1 to a single dose of baloxavir 40/80 mg if less than/greater than or equal to 80 kg
or placebo. The main outcomes were the time to alleviation of symptoms (TTAS), duration of infectious virus detection, and inci-
dence of adverse events (AEs).

Results. Among 117 adolescent patients, 90 (77%) comprised the intent-to-treat infected population (63 baloxavir and 27 pla-
cebo; 88.9% A(H3N2)). The median TTAS was 38.6 hours shorter (95% confidence interval: —2.6, 68.4) in the baloxavir group com-
pared with placebo (median TTAS, 54.1 hours vs 92.7 hours, P = .0055). The median time to sustained cessation of infectious virus
detection was 72.0 hours for baloxavir compared with 120.0 hours for placebo recipients (P <.0001). Treatment-emergent PA/138X-
substituted viruses were detected in 5 of the 51 (9.8%) baloxavir recipients. In the safety population (76 baloxavir and 41 placebo),
AEs were less common in baloxavir than placebo recipients (17.1% vs 34.1%; P = .0421). In the baloxavir group, no AEs except for
diarrhea were reported in 2 or more patients.

Conclusions. Baloxavir demonstrated clinical and virologic efficacy in the otherwise healthy adolescents with acute influenza
compared with placebo. There were no safety concerns identified. These results were similar to the adult population in CAPSTONE-1

and support baloxavir as a treatment option in adolescents.
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Influenza is a significant cause of morbidity in pediatric and ad-
olescent patient populations. The Centers for Disease Control
and Prevention estimates that over 5 consecutive influenza sea-
sons from 2014-2015 influenza illnesses occurred in US pa-
tients at rates of 11 028 to 18 448 and 7705 to 14 300 per 100 000
patients aged 0-4 years and 5-17 years, respectively [1]. Patients
aged 0-17 years were estimated to have accounted for 11.3 mil-
lion symptomatic illnesses (31.8% of total), 6.4 million medical
visits (38.8% of total), 46 340 hospitalizations (9.5% of total),
and 477 deaths (1.4% of total) in 2018-2019 influenza season
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[1]. An analysis of UK data collected between 2006 and 2011
found that infection rates were typically highest in children
aged 5-15 years in seasonal and pandemic influenza A [2], and
influenza has been associated with 16% of respiratory hospital-
izations in children 5-17 years old worldwide [3].

Current treatment options that are used in pediatric and
adolescent patients are neuraminidase inhibitors, particularly
oseltamivir, but data in adolescents (age 12-17 years) are lim-
ited. Systematic meta-analysis demonstrated treatment with
oseltamivir led to a reduction in the duration of influenza illness
in adolescents (age 12-17 years) [4]. Oseltamivir appears to have
better clinical efficacy in reducing the duration of influenza
symptoms and fever in influenza A, compared with influenza
B, in children [5, 6]. Oseltamivir therapy has been associated
with the emergence of resistant variants, including global circu-
lation of oseltamivir-resistant seasonal A(HIN1) in 2008-2009.
Clearly, there is an unmet need for new agents for the treatment
of influenza for use in the pediatric and adolescent populations.

Baloxavir marboxil (hereafter, baloxavir) is a selective
cap-dependent endonuclease inhibitor, which shows in vitro
and in vivo antiviral activity against influenza A and B vir-
uses including pandemic and avian strains [7-9]. Single-dose
baloxavir has demonstrated safety and efficacy in a trial of 1064
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otherwise healthy adult and adolescent patients with acute in-
fluenza (CAPSTONE-1) [10] and was approved for the treat-
ment of uncomplicated influenza in Japan and the United States
in 2018. In CAPSTONE-1, baloxavir rapidly reduced infectious
virus titers and significantly reduced the time to alleviation of
symptoms (TTAS, primary outcome) compared with placebo
without apparent safety concerns [10]. However, amino acid
substitutions at position 38 of polymerase acidic protein (PA/
138X) were detected in 9.7% of those with paired sequence data
(10, 11].

A subsequent double-blind, randomized, placebo- and
oseltamivir-controlled trial (CAPSTONE-2) demonstrated that
baloxavir reduced the incidence of influenza complications in
high-risk outpatients with influenza A or B virus compared
with placebo and was more effective than oseltamivir both clini-
cally and virologically in patients infected with influenza B virus
[12]. While this study included a limited number (42 patients)
of adolescent patients with comorbidities, primarily asthma, the
findings enabled the Food and Drug Administration to extend
baloxavir’s approval for treatment of high-risk outpatients with
influenza [13].

Here, we present data on the clinical and virologic effects,
pharmacokinetics, and tolerability of baloxavir in the adoles-
cent subpopulation from the CAPSTONE-1 trial.

MATERIALS AND METHODS

CAPSTONE-1 was a phase 3, double-blind, placebo- and active
comparator-controlled, randomized trial conducted in Japan
and the United States between December 2016 and March 2017
(ClinicalTrials.gov: NCT02954354). The methods, including
sample collection, virologic analyses, and primary results of
the trial, have been reported previously [10]. CAPSTONE-1
was conducted in accordance with the principles of the
Declaration of Helsinki and the International Conference on
Harmonisation-Good Clinical Practice guidelines. All parti-
cipants provided written informed consent or assent as appro-
priate for adolescents.

Eligible patients (aged >12 and <19 years) were randomized
in a ratio of 2:1 to receive either a single dose of baloxavir (40
or 80 mg depending on body weight) or matching placebo on
day 1 only [10]. The patients received the assigned study drug
without regard to meals. Since oseltamivir was to be avoided in
adolescents except high-risk patients (per the Japanese labeling
restriction existing at that time, since removed), subjects who
were 12 to 19 years of age were not randomized to oseltamivir,
unlike older participants [10]. Acetaminophen was permitted
as a rescue therapy only for the relief of fever or pain at a dose
of 3000 mg/day or less.

134 patients provided informed consent

16 excluded

9 did not meet inclusion/exclusion criteria
4 withdrew
3 other reason

| 118 randomly assigned |

76 allocated to baloxavir
group

76 received study drug
63 had influenza confirmed by RT-PCR
(ITTI population)

42 allocated to
placebo group

1 did not receive placebo -~

41 received study drug

27 had influenza confirmed by RT-PCR
(ITTI population)

4 did not complete study
2 withdrew
2 lost follow-up

72 completed study

Figure 1.

R |
3 did not complete study
2 withdrew
1 other
39 completed study

Patient disposition. When dual enrollment is occurred, the patient was counted only once. Abbreviation: ITTI, intent-to-treat infected.
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Outcomes
The primary endpoint was the TTAS [10], defined as the time
from the start of treatment to the time when all 7 influenza-
related symptoms were rated by the patients as absent or mild
for at least 21.5 hours. Secondary endpoint included the time
to resolution of fever, measured with a standardized electronic
thermometer and incidence of influenza-related complications
(hospitalization, sinusitis, otitis media, bronchitis, or pneu-
monia). The virology outcomes included the change from base-
line in infectious virus and viral ribonucleic acid (RNA) titers,
the times to first cessation and to sustained cessation of infec-
tious virus detection (time between initiation of study treatment
and sustained negativity), and the frequency of amino acid sub-
stitutions at position PA/I38 in patients who had paired baseline
and follow-up reverse transcription-polymerase chain reactions
(RT-PCR)-positive samples evaluable for Sanger sequencing.
The plasma concentrations of baloxavir acid, the active form
of baloxavir, were determined using samples taken on days 2
and 5, and when possible on days 1 (0.5-4 hours postdose),
3, and 15 per subject. The plasma concentrations at 24 hours
), and

the area under the plasma concentration-time curve (AUC)

postdose (C,,), the maximum plasma concentration (C__
were estimated using the Bayesian approach based on the pop-
ulation pharmacokinetic parameters of baloxavir acid [14].

Statistical Analysis

The intent-to-treat infected (ITTI) population consisted of the
patients who received the study drug with a confirmed diag-
nosis of influenza based on the results of RT-PCR on day 1. Of
ITTI population, adolescent patients aged 12 to 17 years of age
were included in the target analysis population of these sub-
group analyses. All analyses were performed using SAS System
Release 9.2 or 9.4 (SAS Institute, Inc, Cary, NC) [15, 16]. The
primary endpoint, TTAS, was compared between the baloxavir
and the placebo groups in the ITTI population using the strat-
ified Peto-Prentice’s generalized Wilcoxon test (the stratified
generalized Wilcoxon test) with the composite symptom score
at baseline (<11 or >12) and the region (Japan/Asia or the Rest
of the world) as the stratification factors.

The Kaplan-Meier curves were plotted for each treatment
group, and the median TTAS and its 95% confidence interval
(CI) were calculated. The Brookmeyer and Crowley method
was used for the CIs of median TTAS. In addition, the treat-
ment group difference in median time was calculated. The
time to alleviation of each symptom (nasal congestion, cough,
fatigue, sore throat, headache, feverishness or chills, and
muscle or joint pain), time to resolution of fever, time to first
cessation of viral shedding, and time to sustained cessation of
viral shedding were analyzed using the same method used for
the primary endpoint.

The frequency of treatment-emergent variant viruses with
PA/I38 substitutions conferring reduced susceptibility to

baloxavir was calculated. The patients in the baloxavir group
were divided into those with and without postdose detection
of PA/I38X-substituted viruses for comparison of the TTAS,
time to resolution of fever, the time to first cessation of viral
shedding, and time to sustained cessation of viral shedding.
The clinical or virological outcomes by each patient with PA/
138X substitutions were reported since the number of the evalu-
ated patients with PA/I38X-substituted viruses was extremely
limited.

The safety population consisted of all randomized patients
who received at least 1 dose of the study drug. The number of
patients with adverse events (AEs) and the number of AEs were
reported for each treatment group. Fisher’s exact test was used
to compare the incidence of AEs between treatment groups.

The adolescent subgroup analyses of the primary endpoint
and AEs were prespecified in the statistical analysis plan. The
adolescent subgroup analyses for other than primary endpoint
and AEs were not prespecified in the statistical analysis plan but
are presented in this manuscript.

Table 1. Baseline Demographics and Clinical Characteristics in
Adolescent Subpopulation of ITTI Population

Baloxavir Placebo
(N=63)n(%) (N=27)n (%)
Age (years) Mean 14.7 144
SD 1.6 1.7
Weight (kg) Mean 60.44 60.06
SD 16.13 15.14
>80 8(12.7) 2(7.4)
BMI (kg/m?) Mean 22.15 21.93
SD 493 471
Sex Male 35(55.6) 17(63.0)
Region Japan 35(55.6) 18 (66.7)
United States 28 (44.4) 9(33.3)
Smoking Yes 0 0
Composite symptom scores at Mean 135 138
baseline
SD 34 41
Body temperature (°C) at Mean 38.65 38.36
baseline
SD 0.47 0.57
Time to treatment from flu >0to<12 12 (19.0) 8(29.6)
onset (hours)
>1210 <24 21(33.3) 5(18.5)
>24 10 <36 25(39.7) 11(40.7)
>36 to <48 5(7.9) 3(11.7)
Influenza virus subtype based A(HTNT)pdm09 0 0
on RT-PCR
A(H3N2) 55 (87.3) 25(92.6)
B 5(7.9) 2(7.4)
Mixed infection 1(1.6) 0
A, uncertain subtype 2(32) 0
Negative 0 0
Influenza vaccination Yes 11(17.5) 6(22.2)

Abbreviations: BMI, body mass index; RT-PCR, reverse transcription-polymerase chain reaction; SD, standard
deviation.
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RESULTS

Overall, 117 adolescent patients (aged 12-17 years) received
study drug treatment (Figure 1, Supplementary Table 1), of
whom 90 (77%) had an RT-PCR-confirmed diagnosis of influ-
enza virus infection and were included in the ITTI population

(63 baloxavir and 27 placebo). In the ITTI population, 88.9% of
patients were infected with influenza A(H3N2) virus, 51.1% of
patients received the study drug within 24 hours after symptom
onset, 58.9% of patients were enrolled in Japan, and 18.9% had
been given influenza vaccine in the current season (Table 1).
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Figure 2. Time to alleviation of symptoms (TTAS) (A) and time to resolution of fever (B) in the adolescent subpopulation of ITTI population. TTAS was defined
as the time between the initiation of the study treatment and the time when the patient’s self-assessed 7 influenza-related symptoms become absent or mild
for at least 21.5 hours. Time to resolution of fever was defined as the time between the initiation of the study treatment and the time when the patient’s self-
measured axillary temperature becomes less than 37°C for at least 12 hours. Abbreviation: ITTI, intent-to-treat infected.
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The median TTAS was 38.6 hours shorter in the baloxavir
group compared with the placebo group (54.1 hours vs 92.7
hours, P=.0055) (Figure 2A) [10]. For 6 influenza-related symp-
toms analyzed separately, the difference of the median time to
alleviation ranged from 1.2 to 38.7 hours shorter in the baloxavir
group vs the placebo group, except for headache, which lasted
3.2 hours longer in the baloxavir group (Supplementary Table
2). The median time to resolution of fever was 27.1 hours (95%
CI: 22.0, 32.0) in the baloxavir group compared with 43.1 hours
(95% CI: 26.9, 50.8) in the placebo group (Figure 2B). The pro-
portion of acetaminophen use was 11.1% in the baloxavir group
compared with 14.8% in the placebo group. Otitis media was
developed in 2 placebo recipients. Bronchitis was developed in 2
placebo recipients, 1 received an oral antibiotic, and 1 baloxavir
recipient. No hospitalizations occurred.

The median time to first cessation of viral shedding was shorter
in the baloxavir group (24.0 hours, 95% CI: 24.0, 48.0) than in
the placebo group (96.0 hours, 95% CI: 96.0, 168.0, P < .0001)
(Table 2) (Supplementary Figure 1). The median time to sustained
cessation of viral shedding was 72.0 hours (95% CI: 48.0, 96.0) for
the baloxavir recipients compared with 120.0 hours (95% CI: 96.0,
168.0, P = .0014) for placebo recipients (Table 2) (Supplementary
Figure 2). The change from baseline in infectious virus titer was
faster and of greater magnitude in the baloxavir group than in
the placebo group. Baloxavir reduced the mean virus titer to
1.27 log, tissue culture infectious dose (TCID) /mL by 1 day
after dosing (24 hours) and 0.98 log ' TCID, /mL by 2 days (48
hours) afterward, whereas the mean virus titer in placebo recipi-
ents was 4.90 and 3.31 log, TCID, /mL, respectively, on these days
(Figure 3A). The reductions in viral RNA loads were greater with
baloxavir than with placebo (Figure 3B).

Treatment-emergent PA/I38X-substituted viruses were ob-
served in 5 (9.8%) of 51 baloxavir recipients who had paired

Table 2. Time to Cessation of Infectious Viral Shedding by Virus Titer in
Adolescent Subpopulation of ITTI Population

Baloxavir (N =58) Placebo (N = 25)
Time to first cessation of viral shedding
Median (hours) 24.0 96.0
95% confidence interval (hours) 24.0,48.0 96.0, 168.0
Difference (vs Placebo) (hours) -72.0 —
P-value by stratified generalized Wilcoxon <.0001 —
test vs Placebo?
Time to sustained cessation of viral shedding
Median (hours) 72.0 120.0
95% confidence interval (hours) 48.0,96.0 96.0, 168.0
Difference (vs Placebo) (hours) -48.0 —
P-value by stratified generalized Wilcoxon .0014 —

test vs Placebo?

Patients whose virus titer has not reached cessation by the last observation time point were treated as cen-
sored data at that time point. Patients with a positive virus titer on day 1 whose time to cessation of viral
shedding by virus titer was not missing were included in this analysis.

*Stratification factors: region and composite symptom scores at baseline.

baseline and follow-up RT-PCR-positive samples evaluable for
Sanger sequencing. Those with substituted viruses included 4
with A(H3N2) infection and 1 coinfection with A(H3N2) and
type B (Supplementary Table 3). Time to sustained cessation
of viral shedding in those with PA/I38X-substituted virus de-
tection (range: 144.0-192.0 hours) was longer than the median
time in patients without PA/I38X-substituted viruses (72.0
hours) or the placebo group (120.0 hours) (Supplementary
Table 4). The TTAS of 4 patients with PA/I38X-substituted
viruses (range: 20.3-88.3 hours) was shorter than the median
TTAS of the placebo group (92.7 hours), whereas the TTAS of 1
patient (110.2 hours) was longer. The time of resolution of fever
of the 4 patients with PA/I38X-substituted viruses (range: 14.3
to 31.3 hours) was shorter than the median time in the placebo
group (43.1 hours), whereas fever of 1 baloxavir patient with
PA/138X-substituted virus lasted until 47.1 hours.

For the pharmacokinetic analysis, the C,, C_ , and AUC
of baloxavir acid were compared with the findings in adult pa-
tients who participated in CAPSTONE-1 (Figure 4). In those
receiving the 40 mg dose, the mean (standard deviation [SD])
C,, C,,» and AUC of baloxavir acid in adolescent patients
(n = 55) were 55.9 (22.8) ng/mL, 105 (50.7) ng/mL, and 5929
(2592) ng-hr/mL, respectively, compared with 54.2 (19.1) ng/
ml, 94.8 (42.9) ng/mL, and 6201 (2382) ng-hr/mL, respec-
tively, for adults (n = 313). In those receiving the 80 mg dose,
the corresponding mean (SD) C,,, C_ , and AUC were 72.0
(21.8) ng/mL, 118 (45.4) ng/mL, and 7623 (2537) ng-hr/mL,
respectively, in adolescents (n = 8) compared with 68.3 (28.4),
106 (51.2) ng/mL, and 8053 (3492) ng-hr/mL, respectively, for
adults (n = 70).

AEs were less common in the baloxavir recipients than pla-
cebo recipients (17.1% baloxavir vs 34.1% placebo; P = .0421).
In the baloxavir recipients, no AEs except for diarrhea were
reported in 2 or more patients. Also, AEs considered by the
blinded investigators to be treatment-related were numerically
fewer in the baloxavir than in placebo recipients (3.9% vs 9.8%;
P = .2380) (Table 3). No death or serious AEs were reported in
either the baloxavir or placebo recipients.

DISCUSSION

Baloxavir demonstrated clinical and virological efficacy com-
pared with placebo in otherwise healthy adolescents with acute
uncomplicated influenza. There were no safety concerns iden-
tified, and the overall proportion with any AEs was lower in the
baloxavir group. The exposures of baloxavir acid in adolescents
were similar to those in adults. This small subset analysis is not
large enough to draw definitive conclusions, but these clinical,
virologic, pharmacokinetic, and safety outcomes were compa-
rable to those found in adults aged 18-64 years old (data not
shown), therefore supporting the use of baloxavir as a prom-
ising treatment option in adolescents.
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Figure 3. Observed infectious virus titer (A) and observed infectious viral RNA titers (B) (mean = SD) in the adolescent subpopulation of ITTI population.
Patients with positive for influenza virus titer at baseline were included in this analysis. Abbreviations: ITTI, intent-to-treat infected; TCID50, 50% tissue cul-

ture infectious dose; SD, standard deviation.

Baloxavir showed a strong antiviral effect, which suggests the and a clinical trial in a household-based transmission (Clinical Trials.
potential for risk reduction of virus transmission by baloxavir treat- gov: NCT03969212) is underway to determine to what extent treat-
ment. Children and adolescents play a major role in influenza trans- ment can reduce the risk of transmission to close contacts.
mission in the household. Our ferret study has shown a possibility PA/I38X-substituted viruses were detected in 9.8% of patients,
of interrupting onward transmission with baloxavir treatment [17], which is comparable to the adults study population (9.7%, 31 of
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Figure 4. Comparison of pharmacokinetic parameters in adolescents
(12-17) and adults (18-64) patients in CAPSTONE-1 study.

319) and lower than that in a pediatric population (age < 12 years)
participating in an open-label study of baloxavir conducted
during the same influenza season (23.4%) [18]. Both adult and
pediatric studies found that low baseline neutralizing antibody
titers were associated with risk of variant emergence [11, 18], and
the observed frequency in our adolescent population suggests that
influenza immunity of adolescent population may have matured,
probably due to past vaccination and natural influenza infections.
In the small number of patients with the emergence of PA/I38X-
substituted viruses, no obvious impact on illness recovery was

Table 3. Summary of Adverse Events in Adolescent Subpopulation of
Safety Population

Baloxavir (N = 76) Placebo (N = 41)
n (%) n (%)
Any adverse events 13(17.1) 14.(34.1)
Adverse events reported in >=2
patients in any group
Bronchitis 1(1.3) 2(4.9)
Otitis media 0 2(4.9)
Nightmare 0 2(4.9)
Headache 1(1.3) 2(4.9)
Diarrhea 3(3.9) 2(4.9)
Increase in Alanine transaminase 1(1.3) 2(4.9)
level
Any treatment-related adverse events 3(3.9) 4(9.8)
Leukopenia 0 1(2.4)
Nightmare 0 2(49)
Abnormal behavior 0 1(2.4)
Dysgeusia 1(1.3) 0
Parosmia 1(1.3) 0
Headache 0 1(2.4)
Cough 1(1.3) 0
Abdominal pain upper 1(1.3) 0
Diarrhea 1(1.3) 1(2.4)
Flatulence 1(1.3) 0
Serious adverse event 0 0

observed but the detection of infectious virus was prolonged as
reported previously in young children and adults [11, 18].

Sporadic cases of human-to-human transmission of

baloxavir-resistant influenza A viruses have been reported
in Japan [19], and Japanese National Resistance Surveillance
reported that 3 A(HIN1)pdm09 and 5 A(H3N2) baloxavir-
resistant viruses with PA/I38 substitutions were detected from
patients without baloxavir treatment among 395 samples of
A(HIN1)pdmo09 and 424 samples of A(H3N2), respectively,
during the 2018-2019 season [20]. Human-to-human trans-
mission of such variants is an important area of study, and con-
tinuous resistance monitoring is warranted.

CONCLUSIONS

Single-dose baloxavir was clinically and virologically effective
in otherwise healthy adolescents with acute influenza treated
within 48 hours of the symptom onset. The emergence of PA/
[38X amino acid substitutions associated with reduced drug
susceptibility was observed in similar proportions between
adolescents and adults. The safety of baloxavir was comparable
to placebo, and no adverse drug reactions were identified. Our
findings indicate that baloxavir is a valuable treatment option in
adolescents with acute uncomplicated influenza.

Supplementary Data

Supplementary materials are available at the Journal of the Pediatric
Infectious Diseases Society online (http://jpids.oxfordjournals.org).
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