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BACKGROUND
Baloxavir marboxil is a selective inhibitor of influenza cap-dependent endonuclease. 
It has shown therapeutic activity in preclinical models of influenza A and B virus 
infections, including strains resistant to current antiviral agents.
METHODS
We conducted two randomized, double-blind, controlled trials involving otherwise 
healthy outpatients with acute uncomplicated influenza. After a dose-ranging (10 to 
40 mg) placebo-controlled trial, we undertook a placebo- and oseltamivir-controlled 
trial of single, weight-based doses of baloxavir (40 or 80 mg) in patients 12 to 64 years 
of age during the 2016–2017 season. The dose of oseltamivir was 75 mg twice daily 
for 5 days. The primary efficacy end point was the time to alleviation of influenza 
symptoms in the intention-to-treat infected population.
RESULTS
In the phase 2 trial, the median time to alleviation of influenza symptoms was 23.4 to 
28.2 hours shorter in the baloxavir groups than in the placebo group (P<0.05). In 
the phase 3 trial, the intention-to-treat infected population included 1064 patients; 
84.8 to 88.1% of patients in each group had influenza A(H3N2) infection. The me-
dian time to alleviation of symptoms was 53.7 hours (95% confidence interval [CI], 
49.5 to 58.5) with baloxavir, as compared with 80.2 hours (95% CI, 72.6 to 87.1) 
with placebo (P<0.001). The time to alleviation of symptoms was similar with  
baloxavir and oseltamivir. Baloxavir was associated with greater reductions in viral 
load 1 day after initiation of the regimen than placebo or oseltamivir. Adverse events 
were reported in 20.7% of baloxavir recipients, 24.6% of placebo recipients, and 
24.8% of oseltamivir recipients. The emergence of polymerase acidic protein vari-
ants with I38T/M/F substitutions conferring reduced susceptibility to baloxavir oc-
curred in 2.2% and 9.7% of baloxavir recipients in the phase 2 trial and phase 3 trial, 
respectively.
CONCLUSIONS
Single-dose baloxavir was without evident safety concerns, was superior to placebo 
in alleviating influenza symptoms, and was superior to both oseltamivir and pla-
cebo in reducing the viral load 1 day after initiation of the trial regimen in patients 
with uncomplicated influenza. Evidence for the development of decreased suscepti-
bility to baloxavir after treatment was also observed. (Funded by Shionogi; JapicCTI 
number, 153090, and CAPSTONE-1 ClinicalTrials.gov number, NCT02954354.)
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A dditional effective antiviral 
agents are needed for the treatment and 
prevention of influenza virus infections. 

Two classes of agents, M2 ion-channel inhibitors 
and neuraminidase inhibitors, are widely avail-
able. However, circulating influenza viruses are 
now largely resistant to M2 ion-channel inhibitors, 
and the emergence of antiviral resistance to neur-
aminidase inhibitors remains a threat, as shown 
by the global circulation of oseltamivir-resistant 
seasonal influenza A(H1N1) viruses in 2008–20091 
and by community clusters of oseltamivir-resistant 
influenza A(H1N1)pdm09 viruses.2

The influenza virus polymerase complex has 
received considerable attention as a target for de-
veloping antiviral agents.3,4 The polymerase hetero-
trimer is composed of three protein subunits 
(polymerase basic protein 1 [PB1], polymerase 
basic protein 2 [PB2], and polymerase acidic pro-
tein [PA]) that are highly conserved and essential 
for efficient viral replication.4-6 The PB2 subunit 
binds to the cap of host cellular pre–messenger 
RNA, which is subsequently cleaved by the cap-
dependent endonuclease in the PA subunit. This 
“cap-snatching” process provides an RNA primer 
for transcription of viral messenger RNA by the 
RNA-dependent RNA polymerase function of PB1.7

Several new antiviral agents that target the 
polymerase complex have been studied in patients 
with naturally occurring influenza infections. 
These include the PB1 inhibitor favipiravir (Avigan), 
which was approved in Japan in 2014 for the treat-
ment of novel influenza viruses unresponsive to 
other agents8 but has shown inconsistent thera-
peutic efficacy in randomized, controlled trials of 
uncomplicated influenza.9 Pimodivir (also known 
as JNJ-63623872 and VX-787), a PB2 inhibitor with 
selective activity against influenza A viruses,10 has 
shown virologic efficacy alone and in combina-
tion with oseltamivir in patients with uncompli-
cated influenza11 and recently in hospitalized pa-
tients12 and is advancing in clinical development.

Baloxavir marboxil (S-033188, hereafter referred 
to as baloxavir) is the small-molecule prodrug of 
the selective PA inhibitor S-033447 that has shown 
nanomolar antiviral activity against influenza A 
and B viruses in vitro, including strains resistant 
to current antiviral agents.13 In murine models of 
seasonal influenza and avian influenza A(H5N1) 
or A(H7N9), orally administered baloxavir was as-
sociated with rapid reductions in pulmonary viral 
loads and decreased mortality.13 In an ascending 

single-dose study involving healthy volunteers, 
baloxavir was administered up to the highest dose 
tested (80 mg) without evident safety concerns, 
and it showed linear pharmacokinetic character-
istics and a long plasma elimination half-life 
(range, 49 to 91 hours).14 We now report the results 
of single-dose baloxavir treatment in otherwise 
healthy persons with acute influenza from phase 2 
and 3 randomized, controlled trials.

Me thods

Trial Design and Oversight

The phase 2 trial was a double-blind, placebo-con-
trolled, dose-ranging, randomized trial (randomiza-
tion ratio, 1:1:1:1) of single doses of baloxavir (10, 
20, or 40 mg) or placebo. The trial enrolled Japa-
nese adults 20 to 64 years of age with acute influ-
enza from December 2015 through March 2016.

The phase 3 trial (CAPSTONE-1) was a double-
blind, placebo- and oseltamivir-controlled, ran-
domized trial that enrolled outpatients 12 to 64 
years of age with influenza-like illness in the Unit-
ed States and Japan from December 2016 through 
March 2017. Patients 20 to 64 years of age were 
randomly assigned, in a 2:2:1 ratio, to receive a 
single oral dose of baloxavir (40 mg for patients 
weighing <80 kg or 80 mg for those weighing 
≥80 kg), oseltamivir at a dose of 75 mg twice daily 
for 5 days, or matching placebos. Patients in all 
three groups received a 5-day regimen (baloxavir 
and a placebo matching oseltamivir, oseltamivir 
and a placebo matching baloxavir, or placebos 
only). Patients 12 to 19 years of age were randomly 
assigned, in a 2:1 ratio, to receive either baloxavir 
or placebo (on day 1 only). For patients of all ages, 
the first dose of the trial regimen was adminis-
tered under direct observation.

Both trials were conducted in accordance with 
the principles of the Declaration of Helsinki and 
the Good Clinical Practice guidelines of the Inter-
national Conference on Harmonisation. All the 
patients provided written informed consent, or 
assent as appropriate for adolescents. The spon-
sor (Shionogi) designed the trials in collaboration 
with the first author. The authors’ access to the 
data was not restricted by confidentiality agree-
ments. Data were compiled by the sponsor and 
analyzed by a statistician employed by the spon-
sor. The sponsor and authors vouch for the com-
pleteness and accuracy of the data and analyses 
and for the adherence of the trials to the protocols 
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(available with the full text of this article at 
NEJM.org).

Patients

Patients who were enrolled had fever (axillary tem-
perature, ≥38.0°C), at least one systemic symptom 
and at least one respiratory symptom of at least 
moderate severity, and a symptom duration of no 
more than 48 hours (see the Supplementary Ap-
pendix, available at NEJM.org). A positive rapid 
antigen test was an entry criterion for the phase 2 
trial but not the phase 3 trial. The trials excluded 
patients with underlying conditions, including 
pregnant women, those weighing less than 40 kg, 
and those with illness resulting in hospitalization. 
Acetaminophen was allowed, but no other symp-
tomatic therapies, antiviral agents for the treat-
ment of influenza, or antibiotic agents were al-
lowed, except for the treatment of suspected 
bacterial infections that developed after enroll-
ment. For full details of the design of the trials, 
see the protocols and statistical analysis plans 
(available with the protocols).

Clinical and Laboratory Monitoring

Patients assessed the severity of seven influenza-
associated symptoms (cough, sore throat, head-
ache, nasal congestion, feverishness or chills, mus-
cle or joint pain, and fatigue) on a 4-point scale 
(with 0 indicating no symptoms, 1 mild symptoms, 
2 moderate symptoms, and 3 severe symptoms) 
twice daily from enrollment (day 1) to day 9 and 
once daily on days 10 through 14. Body tempera-
ture was measured four times daily through day 3 
and twice daily through day 14. In addition, pa-
tients assessed their overall health status on a scale 
of 0 (worst possible) to 10 (normal) each evening 
through day 14. On days 1, 5 or 6, 15, and 22, 
safety laboratory tests (hematologic tests, blood 
chemical tests, and urinalysis) were performed.

Serum for influenza neutralizing antibody 
testing was obtained on days 1 and 22. Nasopha-
ryngeal swabs (or throat swabs, if nasopharyngeal 
swabbing was not feasible) were obtained up to 
day 8 (phase 2 trial) or 9 (phase 3 trial) for viral 
quantitation and susceptibility testing (see the 
Supplementary Appendix).

Outcomes Measured

In both trials, the primary efficacy end point was 
the time to alleviation of symptoms, defined as 
the time from the start of the trial regimen to the 

time when all seven influenza-related symptoms 
(described above) were rated by the patients as 
absent or mild for at least 21.5 hours. Second-
ary clinical end points included the time to resolu-
tion of fever, the time to a return to usual health, 
and newly occurring complications leading to 
antibiotic use.

Virologic end points included the changes from 
baseline in infectious virus and viral RNA titers, 
the duration of virus detection, and the frequency 
of the emergence of amino acid changes associ-
ated with reduced susceptibility to baloxavir. The 
safety end points included the frequencies and se-
verity of adverse events.

Statistical Analysis

Assuming that 65% of the patients enrolled in 
the phase 3 trial would be positive for influenza, 
we calculated that a sample of 1494 patients would 
provide that trial with at least 90% power to de-
tect a 28-hour difference in the median time to 
alleviation of symptoms between the baloxavir 
group and the placebo group at a two-sided sig-
nificance level of 0.05. The intention-to-treat in-
fected patients, defined according to antigen 
positivity in the phase 2 trial and positivity on a 
reverse-transcriptase–polymerase-chain-reaction 
assay in the phase 3 trial, comprised the pri-
mary efficacy analysis population. In the phase 
3 trial, the time to alleviation of symptoms was 
compared between the baloxavir group and the 
placebo group with the use of a generalized Wil-
coxon test, with stratification according to a com-
posite symptom score at baseline and country (see 
the Supplementary Appendix). A similar approach 
was used in the secondary efficacy analysis that 
compared the time to alleviation of symptoms 
between the baloxavir group and the oseltamivir 
group and in analyses of subgroups of interest.

A generalized Wilcoxon test, an analysis of co-
variance, the van Elteren test, the Mantel–Haenszel 
test, and Fisher’s exact test were used for the vari-
ous secondary efficacy outcomes. The numbers of 
events and patients with adverse events were re-
ported for each intervention group.

R esult s

Phase 2 Trial

Of the 400 patients who underwent randomiza-
tion, 389 completed the trial (Fig. S1 in the Sup-
plementary Appendix). A majority of the patients 
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who underwent randomization were infected with 
the influenza A(H1N1)pdm09 virus (61.0 to 71.0% 
of patients in the three baloxavir groups and the 
placebo group) (Table S1 in the Supplementary 
Appendix). The median time to alleviation of 
symptoms in each of the baloxavir dose groups 
(54.2 hours in the 10-mg group, 51.0 hours in 
the 20-mg group, and 49.5 hours in the 40-mg 
group) was significantly shorter than in the pla-
cebo group (77.7 hours) (P = 0.009, P = 0.02, and 
P = 0.005, respectively) (Fig. S2 in the Supplemen-
tary Appendix).

All three baloxavir dose groups had signifi-
cantly greater reductions in influenza virus titers 
on days 2 and 3 than the placebo group (Fig. S3 
in the Supplementary Appendix). One day after 
administration of the trial regimen, the median 
reduction was 4.5 log10 50% tissue-culture infec-
tive dose (TCID50) per milliliter in the baloxavir 
40-mg group, as compared with 1.6 log10 TCID50 
per milliliter in the placebo group (P<0.001). Four 
of 182 baloxavir recipients (2.2%) with paired 
sequencing had post-treatment viruses with PA 
amino acid substitutions (I38T/F) that confer re-
ductions by a factor of more than 10 in suscepti-
bility to baloxavir in influenza A(H1N1) viruses. 
All the recipients with these substitutions had in-
fluenza A(H1N1)pdm09 infection.

Adverse events were reported in 23.0 to 27.0% 
of patients in the three baloxavir dose groups and 
29.0% of patients in the placebo group, with no 
important differences in rates of specific events 
between each baloxavir group and the placebo 
group (Table S4 in the Supplementary Appendix). 
There were no adverse events leading to withdrawal 
from the trial and no serious adverse events.

Phase 3 Trial
Patient Population

Overall, 1436 patients underwent randomization, 
of whom 1366 completed the trial and 1064 were 
included in the intention-to-treat infected popu-
lation (Fig. 1). No relevant differences in demo-
graphic or clinical characteristics were noted be-
tween those assigned to baloxavir and those 
assigned to placebo (Table 1) or between those 
assigned to baloxavir and those assigned to osel-
tam ivir (Table S2 in the Supplementary Appendix). 
In the intention-to-treat infected population, 52.9% 
of the patients initiated the trial regimen within 
24 hours after symptom onset, the influenza 

A(H3N2) virus accounted for 84.8 to 88.1% of in-
fections in the three trial groups, and 77.2% of 
the patients were enrolled in Japan.

Clinical and Virologic Efficacy
The median time to alleviation of symptoms was 
shorter in the baloxavir group than in the placebo 
group in both the intention-to-treat infected popu-
lation (53.7 hours vs. 80.2 hours, P<0.001) and 
intention-to-treat population (65.4 hours vs. 88.6 
hours, P<0.001), corresponding to median dif-
ferences of 26.5 hours (95% confidence interval 
[CI], 17.8 to 35.8) and 23.2 hours (95% CI, 34.2 
to 14.0), respectively. More rapid alleviation of 
symptoms with baloxavir than with placebo was 
evident by day 2 (Fig. 2). A shorter time to allevia-
tion of symptoms with baloxavir than with placebo 
was observed in both adolescents (median differ-
ence, 38.6 hours; P = 0.006) and adults (median 
difference, 25.6 hours; P<0.001).

The difference in the time to alleviation of 
symptoms between the baloxavir group and the 
placebo group was greater in patients who initi-
ated the trial regimen within 24 hours after symp-
tom onset (median difference, 32.8 hours; P<0.001) 
than in those who initiated it later (median differ-
ence, 13.2 hours; P = 0.008). The median time to 
alleviation of symptoms among placebo recipients 
was shorter in those enrolled in Japan (77.7 hours) 
than in those enrolled in the United States (117.9 
hours), but the magnitude of the difference in the 
time to alleviation of symptoms between the bal-
oxavir group and the placebo group was similar 
in the two countries (median difference, 31.3 
hours in Japan and 30.6 hours in the United States). 
The median time to alleviation of symptoms was 
similar in the baloxavir group (53.5 hours) and 
the oseltamivir group (53.8 hours) (Fig. S4 in the 
Supplementary Appendix).

The median time to the resolution of fever 
was shorter with baloxavir than with placebo 
(24.5 hours vs. 42.0 hours, P<0.001). The median 
time to a return to usual health was 129.2 hours 
in the baloxavir group and 168.8 hours in the 
placebo group; the difference was not significant 
(P = 0.06). No deaths occurred during the trial, 
and there was one hospitalization (in the osel tam-
ivir group). The frequency of complications that 
resulted in antibiotic treatment was low (3.5% with 
baloxavir, 4.3% with placebo, and 2.4% with osel-
tamivir).
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Baloxavir was associated with significantly 
more rapid declines in infectious viral load than 
placebo or oseltamivir (Fig. 3A and 3B). By 1 day 
after initiation of the trial regimen, the median 
reductions from baseline were 4.8, 2.8, and 1.3 
log10 TCID50 per milliliter in the baloxavir, osel-
tamivir, and placebo groups, respectively. The 
reductions in viral RNA loads were also signifi-
cantly greater with baloxavir than with placebo 
or oseltamivir (Fig. S5A and S5B in the Supplemen-
tary Appendix). The median duration of infectious 
virus detection was shorter in the baloxavir group 
(24.0 hours) than in the oseltamivir group (72.0 

hours, P<0.001) and the placebo group (96.0 hours, 
P<0.001) (Fig. S6A and S6B in the Supplementary 
Appendix).

The frequencies of neutralizing antibody sero-
conversion (increase in the neutralizing antibody 
titer by a factor of ≥4) were similar among pa-
tients with influenza A(H1N1)pdm09, influenza 
A(H3N2), or influenza B infection, and the ratio 
of antibody titers in serum samples obtained in 
the convalescent phase and those obtained in the 
acute phase did not differ significantly among 
the groups. (For details, see Table S3A and S3B in 
the Supplementary Appendix.)

Figure 1. Randomization and Follow-up in the Phase 3 Trial.

The patients were otherwise healthy adolescents and adults with uncomplicated influenza. One patient who was enrolled twice was 
counted only once. The intention-to-treat safety population consisted of the patients who received the trial regimen. RT-PCR denotes  
reverse transcriptase–polymerase chain reaction.

1436 Underwent randomization

1585 Patients provided informed consent

149 Were excluded
100 Did not meet inclusion criteria

or met exclusion criteria
19 Withdrew
30 Had other reason

612 Were assigned to the baloxavir group
578 Completed trial
34 Were withdrawn

2 Had adverse event
1 Did not meet inclusion criteria

or met exclusion criteria
17 Withdrew
12 Were lost to follow-up
2 Had other reason

514 Were assigned to the oseltamivir group
498 Completed trial
16 Were withdrawn

4 Had adverse event
11 Withdrew
1 Had other reason

1 Did not receive oseltamivir

2 Did not receive baloxavir

610 Were included in the intention-to-treat
safety population

513 Were included in the intention-to-treat
safety population

377 Were included in the intention-to-treat
infected population

310 Were assigned to the placebo group
290 Completed trial
20 Were withdrawn

2 Had adverse event
2 Had lack of efficacy per

investigator
9 Withdrew
5 Were lost to follow-up
2 Had other reason

1 Did not receive placebo

309 Were included in the intention-to-treat
safety population

154 Did not have influenza
diagnosis confirmed

by RT-PCR assay

78 Did not have influenza
diagnosis confirmed

by RT-PCR assay

136 Did not have influenza
diagnosis confirmed

by RT-PCR assay

456 Were included in the intention-to-treat
infected population

231 Were included in the intention-to-treat
infected population
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In patients with paired sequenced samples, 
PA I38T/M amino acid substitutions were detected 
after initiation of the trial regimen in 9.7% of 370 
baloxavir recipients (all the recipients with these 
substitutions had influenza A(H3N2) infection), 
typically at day 5 or later, but in none of 95 ran-
domly selected placebo recipients. PA non-I38 
substitutions (>25 different ones) were found in 
approximately 8% of both baloxavir recipients and 
placebo recipients (Table S5 in the Supplementary 
Appendix), although their effect on susceptibility 
to baloxavir has yet to be assessed. Infectious vi-
rus was detected on day 5 in 7% of baloxavir re-
cipients shedding viruses without PA substitutions 
(22 of 295 patients), 91% of baloxavir recipients 
with I38T/M substitutions (29 of 32 patients), and 
31% of placebo recipients (27 of 87 patients). On 
day 9, the percentages were 2% (5 of 288 patients), 
17% (6 of 36), and 6% (5 of 90), respectively. The 
median time to alleviation of symptoms was lon-
ger in baloxavir recipients with I38T/M substitu-
tions than in those without variants (63.1 hours 
vs. 49.6 hours); 36% (13 of 36 patients) and 31% 
(94 of 304 patients), respectively, had a time to 
alleviation of symptoms that exceeded the median 
time (80.2 hours) in the placebo group.

Safety and Side-Effect Profile
Adverse events were reported in 20.7% of baloxa-
vir recipients, 24.6% of placebo recipients, and 
24.8% of oseltamivir recipients (Table 2). Adverse 
events that were associated with cessation of the 
trial regimen occurred in 0.3 to 0.4% of patients 
across groups. Two serious adverse events were 
noted in baloxavir recipients (incarcerated ingui-
nal hernia and aseptic meningitis), but neither 
was considered to be related to the trial regimen 
by investigators who were unaware of the trial-
group assignments. Adverse events that were con-
sidered to be related to the trial regimen were 
more common in oseltamivir recipients (8.4%) 
than in baloxavir recipients (4.4%, P = 0.009) or 
placebo recipients (3.9%).

Discussion

These trials showed that single doses of the cap-
dependent endonuclease inhibitor baloxavir were 
superior to placebo in alleviating influenza symp-
toms in patients with uncomplicated influenza, 
without clinically significant side effects. In the 
phase 3 trial, the difference in the time to allevia-

tion of symptoms between the baloxavir group 
and the placebo group was greater in patients 
who initiated the trial regimen early (≤24 hours) 
after symptom onset than in those who initiated 
it later, a finding that is consistent with those ob-
served in earlier studies of neuraminidase inhibi-
tors.15-17 Despite differences in the time to allevia-
tion of symptoms between patients enrolled in 
Japan and those enrolled in the United States 
(perhaps related to differences in health care–seek-
ing behavior or symptom reporting), baloxavir 
treatment was associated with similar clinical 
benefit in the two countries.

Baloxavir was superior to both placebo and 
oseltamivir in antiviral activity. The magnitude 
and rapidity of antiviral effects of single doses of 
baloxavir in these two trials were greater than 
those observed with systemic neuraminidase in-
hibitors in earlier studies involving adults with 
uncomplicated influenza.16,17 The infectious virus 
titer after 1 day was lower by 3.5 log10 TCID50 per 
milliliter with baloxavir than with placebo, where-
as the difference between oseltamivir and placebo 
was 1.5 log10 TCID50 per milliliter in the phase 3 
trial and 0.5 to 1.0 log10 TCID50 per milliliter in two 
previous randomized, controlled trials.16,17 Sim-
ilarly, the difference between intravenous perami-
vir and placebo was less than 1.0 log10 TCID50 per 

Figure 2. Kaplan–Meier Curves of the Time to Alleviation of Influenza 
Symptoms with Baloxavir versus Placebo in the Phase 3 Trial.

Shown are data for 455 patients assigned to baloxavir and 230 assigned to 
placebo (intention-to-treat infected population; 1 patient in each group did 
not have data that could be evaluated). The median time to alleviation of 
symptoms was 26.5 hours shorter in the baloxavir group (53.7 hours; 95% 
CI, 49.5 to 58.5) than in the placebo group (80.2 hours; 95% CI, 72.6 to 
87.1) (P<0.001). Data from patients who did not have alleviation of symp-
toms were censored (tick marks) at the last observation time point.
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milliliter after 1 day.18 The possibility that this 
antiviral effect might be associated with a re-
duced risk of virus transmission requires further 
study.

It is unclear why the time to alleviation of symp-
toms was similar in the baloxavir group and the 
oseltamivir group even though baloxavir showed 

greater antiviral activity. The findings suggest 
that the symptom benefit of antiviral agents may 
have a ceiling in self-limited influenza illness in 
adults, perhaps because viral replication levels are 
decreasing by the time of presentation and illness 
pathogenesis is linked to host proinflammatory 
responses. However, the duration of influenza vi-
rus replication is longer in high-risk groups — 
such as infants, the elderly, hospitalized patients 
(including those with avian influenza), and im-
munocompromised hosts — than in otherwise 
healthy persons with uncomplicated infections.19-26 
Previous reports of oseltamivir treatment in seri-
ously ill patients with influenza have shown pro-
longed virus replication, specifically protracted 
detection in the lower respiratory tract of criti-
cally ill patients with influenza A(H1N1)pdm09–
associated viral pneumonia without the emergence 
of antiviral resistance.27 A doubling of the osel-
tamivir dose28 or the administration of intrave-
nous peramivir or zanamivir29,30 does not appear 
to enhance antiviral activity or clinical outcomes.

The antiviral effects that were observed with 
baloxavir in patients with uncomplicated influ-
enza provide encouragement with respect to its 
potential value in treating complicated or severe 
influenza infections. Baloxavir has shown syner-
gistic antiviral effects with neuraminidase inhibitors 
in vitro.31 Such combinations could be studied 
clinically to determine whether they reduce the 
risk of resistance emergence and enhance clinical 
efficacy.

All influenza-specific antiviral agents lead to 
the emergence of resistant variants.15 Specific 
amino acid substitutions in the active endonu-
clease site (I38T/F) reduce susceptibility to bal-
oxavir by a factor of 11 to 57 for representative 
influenza A viruses in cell culture.32 Variant vi-
ruses with I38T/M/F substitutions that confer 
reduced susceptibility to baloxavir were detected 
in 2.2% of baloxavir recipients in the phase 2 
trial (all with influenza A(H1N1)pdm09 infection) 
and 9.7% of recipients in the phase 3 trial (all with 
influenza A(H3N2) infection), sometimes in asso-
ciation with rebounds in viral titers and possibly 
prolongation of symptoms. Although laboratory 
strains of influenza viruses with the I38T PA 
substitution showed reduced replication fitness 
in cell culture,32,33 the substitution had no effect on 
polymerase activity in a reporter assay.34 There-
fore, ongoing characterization of the frequency, 
replication competence, and transmission fitness 

Figure 3. Change from Baseline in Influenza Infectious Viral Load  
over Time in the Phase 3 Trial.

Panel A shows the change from baseline (dashed line) in influenza infec-
tious viral load over time in the baloxavir group (427 patients) and placebo 
group (210 patients). The mean (±SD) viral loads on day 1 (before the initi-
ation of the trial regimen) were 5.79±1.87 and 5.56±1.89 log10 50% tissue-
culture infective dose (TCID50) per milliliter in the baloxavir and placebo 
groups, respectively. Asterisks indicate a P value of less than 0.05 for the 
comparison with placebo. Panel B shows the change from baseline in influ-
enza infectious viral load in adults 20 to 64 years of age in the baloxavir 
group (352 patients) and oseltamivir group (359 patients). The mean (±SD) 
viral loads on day 1 were 5.76±1.90 and 5.94±1.69 log10 TCID50 per milliliter 
in the baloxavir and oseltamivir groups, respectively. Asterisks indicate a  
P value of less than 0.05 for the comparison with oseltamivir. In both pan-
els, I bars indicate standard deviations.
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of clinical isolates with reduced susceptibility to 
baloxavir is needed.

In conclusion, single-dose oral baloxavir in 
these modest-size trials did not result in apparent 
safety concerns and was associated with clinical 
benefit and antiviral activity in patients with un-
complicated influenza. Because this treatment is 
inhibitory for influenza virus strains resistant to 
neuraminidase inhibitors or M2 ion-channel in-
hibitors, it could provide an option for patients 
with infections caused by such viruses. A random-
ized, controlled trial involving patients at high risk 
for influenza complications (ClinicalTrials.gov 
number, NCT02949011) is in progress.
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Event
Baloxavir 
(N = 610)

Placebo 
(N = 309)

Oseltamivir 
(N = 513)

Any  
Grade

Grade 3  
or 4

Any  
Grade

Grade 3  
or 4

Any  
Grade

Grade 3  
or 4

number of patients (percent)

Any adverse event 126 (20.7) 6 (1.0) 76 (24.6) 4 (1.3) 127 (24.8) 1 (0.2)

Adverse events reported in ≥1% of patients in any group

Diarrhea 18 (3.0) 1 (0.2) 14 (4.5) 1 (0.3) 11 (2.1) 0

Bronchitis 16 (2.6) 0 17 (5.5) 1 (0.3) 18 (3.5) 0

Nasopharyngitis 9 (1.5) 0 2 (0.6) 0 4 (0.8) 0

Nausea 8 (1.3) 1 (0.2) 4 (1.3) 1 (0.3) 16 (3.1) 0

Sinusitis 7 (1.1) 0 8 (2.6) 1 (0.3) 5 (1.0) 0

Increase in ALT level 6 (1.0) 0 4 (1.3) 0 7 (1.4) 0

Headache 5 (0.8) 1 (0.2) 3 (1.0) 0 4 (0.8) 0

Vomiting 5 (0.8) 1 (0.2) 2 (0.6) 0 6 (1.2) 0

Dizziness 3 (0.5) 0 4 (1.3) 0 1 (0.2) 0

Leukopenia 0 0 3 (1.0) 0 1 (0.2) 0

Constipation 0 0 3 (1.0) 0 0 0

Adverse event considered to be related to the trial regimen 27 (4.4) 2 (0.3) 12 (3.9) 1 (0.3) 43 (8.4)† 0

Adverse events considered to be related to the trial regimen 
and reported in ≥1% of patients in any group

Diarrhea 11 (1.8) 1 (0.2) 4 (1.3) 0 7 (1.4) 0

Nausea 2 (0.3) 1 (0.2) 2 (0.6) 1 (0.3) 8 (1.6) 0

Serious adverse event 2 (0.3) 2 (0.3) 0 0 0 0

Adverse event leading to discontinuation of the trial regimen‡ 2 (0.3) 0 1 (0.3) 1 (0.3) 2 (0.4) 0

*  The severity of an event was categorized by the investigators according to definitions based on the Common Terminology Criteria for 
Adverse Events, version 4.0. ALT denotes alanine aminotransferase.

†  No significant differences were noted between the groups except for the prespecified comparison of adverse events that were considered to 
be related to the trial regimen, which were more common in the oseltamivir group than in the baloxavir group (P = 0.009).

‡  Adverse events leading to discontinuation of the trial regimen occurred in two patients who received baloxavir (bronchitis and pneumonia in 
one patient and acute bronchitis in one patient), in one patient who received placebo (nausea, hip pain, low back pain, and jaw pain), and 
in two patients who received oseltamivir (nausea in one patient and pneumonia in one patient).

Table 2. Adverse Events during the Phase 3 Trial (Safety Population).*
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