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ABSTRACT

Introduction: Severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), the cause of
coronavirus disease 2019 (COVID-19), is an
enveloped, single-stranded RNA virus. Favipi-

ravir is an orally administrable antiviral drug
whose mechanism of action is to selectively
inhibit RNA-dependent RNA polymerase. A
preliminary trial in COVID-19 patients reported
significant improvements across a multitude of
clinical parameters, but these findings have not
been confirmed in an adequate well-controlled
trial. We conducted a randomized, single-blind,
placebo-controlled Phase III trial assessing the
efficacy and safety of favipiravir in patients withSupplementary Information The online version

contains supplementary material available at https://
doi.org/10.1007/s40121-021-00517-4.
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moderate pneumonia not requiring oxygen
therapy.
Methods: COVID-19 patients with moderate
pneumonia (SpO2 C 94%) within 10 days of
onset of fever (temperature C 37.5 �C) were
assigned to receive either placebo or favipiravir
(1800 mg twice a day on Day 1, followed by
800 mg twice a day for up to 13 days) in a ratio
of 1:2. An adaptive design was used to re-esti-
mate the sample size. The primary endpoint was
a composite outcome defined as the time to
improvement in temperature, oxygen satura-
tion levels (SpO2), and findings on chest imag-
ing, and recovery to SARS-CoV-2-negative. This
endpoint was re-examined by the Central
Committee under blinded conditions.
Results: A total of 156 patients were random-
ized. The median time of the primary endpoint
was 11.9 days in the favipiravir group and
14.7 days in the placebo group, with a signifi-
cant difference (p = 0.0136). Favipiravir-treated
patients with known risk factors such as obesity

or coexisting conditions provided better effects.
Furthermore, patients with early-onset in the
favipiravir group showed higher odds ratio. No
deaths were documented. Although adverse
events in the favipiravir group were predomi-
nantly transient, the incidence was significantly
higher.
Conclusions: The results suggested favipiravir
may be one of options for moderate COVID-19
pneumonia treatment. However, the risk of
adverse events, including hyperuricemia,
should be carefully considered.
Trial registration: Clinicaltrials.jp number:
JapicCTI-205238.

Keywords: COVID-19; Favipiravir; Oral
antiviral agent; Phase III clinical trial;
Moderate pneumonia not requiring oxygen
therapy; SARS-CoV-2; Treatment efficacy
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Key Summary Points

Why carry out this trial?

Many treatment modalities have been
investigated against Coronavirus disease
2019 (COVID-19) which has spread
rapidly throughout the world since March
2020; however, there are currently no
established antiviral agents that can be
orally administered to non-severe cases of
COVID-19.

Favipiravir showed the clinical efficacy
against COVID-19 in a preliminary trial;
however, it has not been confirmed in an
adequate well-controlled trial, and it has
also not been clarified what characteristics
of patients would be suitable for
favipiravir.

In a randomized, placebo-controlled trial,
we hypothesized that favipiravir would
shorten the time to improvement in
clinical parameters in moderate COVID-
19 pneumonia patients not requiring
oxygen therapy, with statistical
significance.

What was learned from the trial?

Favipiravir appeared to shortened the time
to clinical improvement by approximately
3 days in patients with moderate COVID-
19 pneumonia presenting with
SpO2 C 94% as per analysis plan. It was
also suggested that early administration of
favipiravir could be an effective
intervention, especially for patients at risk
of aggravation. At the same time, adverse
events associated with hyperuricemia
were observed in more than 80% of
patients. Therefore, the risk of adverse
events, including hyperuricemia, needs to
be carefully considered when using
favipiravir for moderate COVID-19
pneumonia.

INTRODUCTION

The severe acute respiratory syndrome coron-
avirus 2 (SARS-CoV-2) that causes coronavirus
disease 2019 (COVID-19) has spread rapidly
since first described in December 2019. As of
May 10, 2021, more than 157,000,000 cases
have been reported, with the death toll
exceeding 3,200,000 [1]. Under such circum-
stances, many drugs have been investigated
against this emerging viral infection. However,
it is hard to say that the therapeutic option for
COVID-19 is sufficient.
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Favipiravir, approved for use in Japan for
novel or re-emerging pandemic influenza virus
infections, selectively inhibits viral RNA-de-
pendent RNA polymerase. Favipiravir demon-
strates antiviral activity against a broad
spectrum of RNA viruses as well as influenza
viruses [2, 3]. The drug’s inhibitory effects
against SARS-CoV-2 were first reported in an
in vitro study [4]. Previous reports suggested
favipiravir may exert its antiviral activity
against SARS-CoV-2 through a combination of
chain termination, retarding RNA synthesis,
and inducing lethal mutagenesis [5, 6]. The
clinical efficacy of favipiravir was first reported
by Cai et al. They reported significant efficacy of
favipiravir in the time to SARS-CoV-2 clearance
and the time to chest imaging findings
improvement compared to lopinavir/ritonavir
[7]; however, these findings were obtained by a
non-randomized and unblinded design. Thus,
the clinical efficacy of favipiravir has not been
confirmed in a well-controlled trial. In addition
to this issue, it has also been unclear what
characteristics of patients would be suitable for
favipiravir treatment. We decided to confirm
the clinical efficacy of favipiravir in a random-
ized, placebo-controlled trial, and to find suit-
able characteristics of patients with COVID-19
for favipiravir treatment.

METHODS

Trial Design and Oversight

A randomized, single-blind, placebo-controlled,
parallel group comparison design was adopted
to assess the safety and effectiveness of favipi-
ravir in COVID-19 patients. Due to limited
knowledge regarding this treatment at the time
of planning, an adaptive design was incorpo-
rated to re-estimate the sample size based on the
findings from an interim analysis. The obser-
vational study for compassionate use of favipi-
ravir for COVID-19 had already been initiated
in Japan at the time of this trial [8]. Therefore,
many of COVID-19 patients were able to access
favipiravir treatment. In order to minimize any
disadvantages to patients assigned to the pla-
cebo group, the assignment ratio was set at 2:1
in favor of the favipiravir group. Investigators
were permitted to switch patients to rescue
treatments in the event of ‘‘lack of efficacy’’,
defined as marked deterioration in patients’
chest images and a continuous downward trend
in oxygen saturation levels (SpO2) during the
12 h before and after imaging. In these cases,
late administration of favipiravir was permitted
as a treatment option for patients in the placebo
group. Considering the above, a placebo-con-
trolled trial was considered ethically permissi-
ble. This trial plan was filed to Japanese
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regulatory authorities (IND #2019-7269). The
protocol, informed consent form, and all other
required documents were reviewed by an Insti-
tutional Review Board (IRB) of each trial site
prior to initiation of the trial at that site. The
trial was approved by all IRBs (please see sup-
plementary material), and was conducted in
accordance with the Helsinki Declaration (1964
and its later amendments) and Good Clinical
Practice.

Participants

Since favipiravir is an oral antiviral agent, it is
unsuitable for patients with dysphagia such as
patients requiring oxygen therapy or with a
disturbance of consciousness. Patients with
moderate illness requiring inpatient treatment
were therefore targeted for this trial. The inclu-
sion criteria were: (1) male or female aged
20–74 years; (2) positive for SARS-CoV-2 based
on a nucleic acid amplification test of a respi-
ratory tract sample taken at enrollment, pul-
monary lesions confirmed by chest imaging,
and fever C 37.5 �C; and (3) written, informed
consent obtained from the patient. The main
exclusion criteria were: (1) 11 or more days
since onset of fever of C 37.5 �C; (2) the infec-
tion episode was a relapse or reinfection; (3)
SpO2\94% without oxygen therapy. Further
details were described in the protocol attached
in the electronic supplementary material.

Setting

Investigators disclosed information regarding
the allocated drugs to the enrolled patient only
to the minimal necessary stakeholders of the
trial site in order to minimize bias. The infor-
mation on the allocated drugs was not disclosed
to the patients or to the Central Committee,
and the blinding was maintained throughout
the trial. Investigators observed and recorded
patient’s clinical symptoms and vital signs at
least twice a day (morning and evening) until
the time of discharge and/or Day 28. Virological
examination of SARS-CoV-2 using nasopharyn-
geal specimens and chest X-rays were performed
every 3 days until the time of discharge and/or

Day 28. Chest X-rays and SARS-CoV-2 qualita-
tive tests were able to perform arbitrarily when
the investigator evaluated the primary end-
points. Investigators submitted the chest X-rays
used for evaluation to the Central Committee.
Viral samples for qualitative tests were evalu-
ated at each trial site by the method recom-
mended by the National Institute of Infectious
Diseases.

Interventions

After confirming trial eligibility, central ran-
domization was conducted. Patients assigned to
the favipiravir group received favipiravir at
1800 mg per dose twice a day on Day 1 followed
by 800 mg per dose twice a day from Day 2 for
up to 13 days. This dosage was higher than the
approved dosage in Japan for influenza. This is
because the EC50 of favipiravir for the influenza
A (H5N1) virus by neutral red uptake assay
ranged from 0.4–1.9 lg/mL [9], while the EC50,

for SARS-CoV-2 was 9.72 lg/mL [4], which was
higher. It has been reported that when the same
favipiravir dose as in the present trial was
administered to Japanese patients with severe
fever with thrombocytopenia syndrome (SFTS),
the mean trough concentration reached 40 lg/
mL [10]. Therefore, this dosage was adopted in
the trial. Patients assigned to the placebo group
received matching placebo tablets for up to
14 days. Inpatient management was mandatory
throughout the duration of study drug treat-
ment. The use of interferon alpha, any drug
reported to have an antiviral effect against
SARS-CoV-2 (remdesivir, hydroxychloroquine
sulfate, chloroquine phosphate, lopinavir/ri-
tonavir, ciclesonide, nafamostat mesilate,
camostat mesilate, nelfinavir mesilate, and
ivermectin), and any type of hemofiltration
therapy was prohibited.

Outcomes

At the time of this trial, the Japanese regulatory
authorities stipulated that viral qualitative tests
by nucleic acid amplification could be per-
formed the day after improvement in fever and
respiratory symptoms, and that, if negative

Infect Dis Ther (2021) 10:2489–2509 2493



results were obtained for two consecutive days,
COVID-19 patients could be discharged. With
reference to this criterion, the primary endpoint
was a composite outcome defined as the time to
improvement in four clinical parameters (tem-
perature, SpO2, findings on chest imaging, and
viral clearance). SARS-CoV-2 qualitative testing
using nucleic acid amplification of samples
obtained at least 24 h after improvement in the
other clinical parameters (temperature, SpO2,
and findings on chest imaging) were docu-
mented. Improvement was defined as follows:
(1) improvement in temperature was defined as
axillary temperature falling to B 37.4 �C and
remaining at B 37.4 �C for at least 24 h (tem-
perature recordings taken within 4 h after use of
an antipyretic were excluded); (2) improvement
in SpO2 was defined as SpO2 remaining C 96%
for at least 24 h without the use of oxygen
therapy; (3) improvement on chest imaging was
defined as improvement in chest imaging find-
ings taken at least 24 h after the previous image
judged to be the worst; and (4) recovery to
SARS-CoV-2-negative was defined as two con-
secutive negative results on qualitative tests by
nucleic acid amplification separated by at least
24 h. If the above definition was met, the time
to become negative for the first time in a qual-
itative test was defined as the improvement
time in the primary endpoint. In other words, if
all four clinical parameters were alleviated, the
patient was judged to be able to be discharged.

In addition to the primary endpoint, several
secondary endpoints were also evaluated.
Regarding safety assessment, all adverse events
(AEs) which occurred during 28 days and
reported by investigators were tabulated.

Sample Size

Based on the preceding reports [7], it was esti-
mated that the time to symptom improvement
would be 4 days shorter in the favipiravir group.
Assuming that the survival function of days to
improvement follows an exponential distribu-
tion, it was determined that 96 patients (64
favipiravir, 32 placebo) would be sufficient to
demonstrate the statistical superiority of
favipiravir by the log-rank test with a = 0.05

(two-sided) and statistical power of 80%. The
protocol stipulated that the sample size could
be re-estimated based on the results of an
interim analysis by the Central Committee. The
interim analysis was held when data from C 45
patients had been obtained, as stipulated in the
protocol. The Committee biostatistician rec-
ommended that a sample size of at least 144
patients (96 favipiravir, 48 placebo) be adopted,
assuming a study dropout rate of 10% and
patients disease recovery rate before treatment
initiation of 25%. The final target sample size
was therefore set to 144 patients (96 favipiravir,
48 placebo).

Independent Central Committee

Operational bias associated with a single-blind
design was minimized by results being re-
assessed by the Central Committee under blin-
ded conditions. Regarding the re-assessment of
chest imaging findings, the Committee identi-
fied the worst images from the extent and
density of the lesions on chest X-ray images
submitted by the investigator with the consen-
sus of all members. In the event of a discrepancy
between the Committee and the investigator,
the opinion of the Committee was adopted. The
Committee members included five external
experts: four physicians including a radiologist,
and one biostatistician. The Committee was
assigned three duties: (1) re-assessing the pri-
mary endpoint; (2) assessing the validity of a
judgment on the lack of efficacy; and (3) re-es-
timating the target sample size. To minimize
evaluation bias, re-estimated sample-size was
not disclosed to all investigators and the Com-
mittee members other than the biostatistician.
The Committee gathering was held three times.
Upon re-assessing the primary endpoint, the
Committee members were not provided with
data other than body temperature, SpO2, SARS-
CoV-2 qualitative tests, and chest imaging
findings related to the primary endpoint.

Statistical Analysis

For the analysis of the primary endpoint, the
log-rank test based on the weighted Z statistic

2494 Infect Dis Ther (2021) 10:2489–2509



[11] was used to control the Type 1 error before
and after the interim analysis. Hazard ratios
(HRs) and their 95% confidence intervals (CIs)
were also calculated using the Cox proportional
hazards model with sex and age at baseline as
covariates. Lack of efficacy cases were censored
on Day 28. Longitudinal data such as the
patient status were assessed using a mixed-ef-
fects model for repeated measures. The differ-
ences in least square means between treatments
and the 95% CIs were then calculated and
compared. SAS software v.9.4 (SAS Institute,
Cary, NC, USA) was used for these analyses. All
statistical tests were two-tailed. p values less
than 0.05 were considered significant.

RESULTS

Patients

A total of 156 patients were randomized (Fig. 1).
All patients who received the study drug were
included in the analyses. Eighty-five patients in
the favipiravir group and 34 patients in the
placebo group completed the study drug treat-
ment, of which 81 patients in the favipiravir
group and 33 patients in the placebo group
completed the study. The investigator docu-
mented a lack of efficacy in 2 patients in the
favipiravir group and 10 patients in the placebo
group; however, the Central Committee over-
ruled the judgment of a lack of efficacy in 1
patient in the placebo group. Seven patients in
the placebo group were switched to treatment

Fig. 1 Of the 156 patients who underwent randomiza-
tion, 119 (85 favipiravir, 34 placebo) completed the
assigned study drug treatment. The study drug was
discontinued in 22 patients in the favipiravir group and
15 in the placebo group, and, among these patients, the
scheduled observations were continued to Day 28 in 15

patients in the favipiravir group and 7 in the placebo
group. The study was discontinued for 4 patients in the
favipiravir group and 1 in the placebo group. All 156
patients (107 favipiravir, 49 placebo) were included in the
efficacy analysis as modified ITT population

Infect Dis Ther (2021) 10:2489–2509 2495



with favipiravir during Days 2–8 due to a lack of
efficacy. Of the 156 patients, the proportion of
males assigned to the favipiravir was relatively
higher. Mean age did not differ between the two
groups, but the proportion of patients aged
C 65 years was higher in the placebo group.
Regarding NEWS, the proportion of high/

Table 1 Patients’ baseline demographic and clinical
characteristics

Characteristic Placebo
(n = 49)

Favipiravir
(n5 107)

Sex

Male 28 (57.1%) 76 (71.0%)

Female 21 (42.9%) 31 (29.0%)

Age (years)

Mean (SD) 48.7 (14.1) 43.8 (12.5)

\65 42 (85.7%) 101 (94.4%)

C65 7 (14.3%) 6 (5.6%)

Weight (kg)

Mean (SD) 69.7 (13.8) 73.2 (15.8)

BMI (kg/m2)

Mean (SD) 25.3 (4.1) 25.5 (4.4)

CLcr (mL/min)

Mean (SD) 108.4 (29.1) 118.1 (34.3)

Race

Asian 49 (100%) 107 (100%)

Other 0 (0%) 0 (0%)

Coexisting conditionsa

No 35 (71.4%) 83 (77.6%)

Yes 14 (28.6%) 24 (22.4%)

Time from onset of fever above 37.5 �C (days)

Mean (SD) 5.7 (2.8) 4.8 (2.3)

Temperature (�C)

Mean (SD) 37.7 (0.8) 37.8 (0.9)

Respiratory rate (/min)

Mean (SD) 18.6 (3.3) 19.3 (3.9)

SpO2 (%)

Mean (SD) 96.0 (2.1) 96.1 (1.7)

Viral load (log10 copies/mL)b

Mean (SD) 4.82 (1.92) 5.00 (1.98)

NEWSc

Mean (SD) 1.9 (1.8) 2.3 (2.0)

Table 1 continued

Characteristic Placebo
(n = 49)

Favipiravir
(n5 107)

Clinical risk based on NEWSd

High 1 (2.0%) 4 (3.7%)

Medium 4 (8.2%) 19 (17.8%)

Low 43 (87.8%) 83 (77.6%)

Unknown 1 (2.0%) 1 (0.9%)

Clinical status scoree

1 0 (0%) 0 (0%)

2 0 (0%) 0 (0%)

3 48 (98.0%) 106 (99.1%)

4 1 (2.0%) 1 (0.9%)

5 0 (0%) 0 (0%)

6 0 (0%) 0 (0%)

7 0 (0%) 0 (0%)

a Coexisting conditions included prognostic factors such
as chronic respiratory illness, chronic renal disease, diabetes
mellitus, hypertension, and cardiovascular illness
b SARS-CoV-2 genome load in nasopharyngeal swabs
c National Early Warning Score
d Low was defined as a total score of 0 to 4 points on
NEWS; Medium was defined as a total score of 5 to 6
points on NEWS or at least 3 points for one of the
parameters that make up NEWS; High was defined as a
total score of 7 points or more on NEWS
e 7-point ordinary scale: 1 not hospitalized, no limitations
on activities; 2 not hospitalized, limitation on activities; 3
hospitalized, not requiring supplemental oxygen; 4 hospi-
talized, requiring supplemental oxygen; 5 hospitalized, on
non-invasive ventilation or high-flow oxygen devices; 6
hospitalized, on invasive mechanical ventilation or extra-
corporeal membrane oxygenation; 7 death
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medium-risk patients was higher in the favipi-
ravir group. The two groups were otherwise well
balanced (Table 1). The mean SpO2 prior to
treatment initiation was 96% and more in both
groups, as patients with COVID-19 pneumonia
not requiring oxygen therapy were included.

Efficacy

The median time (95% CI) to meet the primary
endpoint was 11.9 (10.0–13.1) days in the
favipiravir group and 14.7 (10.5–17.9) days in
the placebo group (Fig. 2a; Table 2). Patients
receiving favipiravir showed median values of
approximately 3 days shorter, with a significant
difference (p = 0.0136). In the covariate-ad-
justed Cox proportional hazards model, the HR
(95% CI) was 1.59 (1.02–2.48), which was also
significant. The primary endpoint showed sig-
nificant differences in both methods.

Regarding the individual parameters consti-
tuting the primary endpoint, the median time
to improvement of chest imaging findings was
significantly shorter in the favipiravir group
than in the placebo group (p = 0.0287). The
median time to recovery to SARS-CoV-2-nega-
tive on qualitative testing was also significantly
shorter in the favipiravir group (p = 0.0405), but
those of the remaining two parameters (tem-
perature and SpO2) were comparable (Table 2).

Of the individual COVID-19 symptoms,
headache, myalgia or arthralgia, and fatigue or
tiredness improved significantly earlier in the
favipiravir group (Fig. 3). Cyanosis, pleural
effusion and disorientation could not be fully
investigated because the number of docu-
mented cases was fewer. The difference in the
cumulative chest imaging improvement rates
became increasingly apparent over time, and,
from Day 10, a significant difference was noted
(Fig. 4).

With respect to patient status using the
7-point ordinal scale, the difference in the pro-
portion of patients discharged by Day 21 was
6.7%, with no significant difference between
the groups (Fig. 5).

In the predefined sub-group analyses, lym-
phocyte subsets, LDH, and CRP were included
as laboratory test parameters, based on a report

of the characteristics of Japanese COVID-19
patients with pneumonia [12]. The each of the
sub-groups of patients with BMI of C30 kg/m2,
\5 days from onset, high viral genome load,
high CRP, low lymphocytes, and coexisting
conditions (chronic respiratory illness, chronic
renal disease, diabetes mellitus, hypertension,
and cardiovascular illness) had a significantly
higher HR (Fig. 6).

Ad Hoc Analysis

IgA and IgG antibodies were measured, and sub-
group analyses were performed. In the favipi-
ravir group, the median time to meet the pri-
mary endpoint was 2.9 days shorter in the IgA
or IgG antibody-positive sub-group (Fig. 2b). In
the IgA and IgG antibody-negative sub-group,
there was a significant difference between the
two treatment groups by the log-rank test
(p = 0.0024). The covariate-adjusted HR (95%
CI) based on the Cox proportional hazards
model was 2.07 (1.19–3.60), which was also
significantly higher (Fig. 2c). A similar trend was
noted in patients who were negative for IgA or
IgG antibodies.

Safety

No deaths were documented in the present trial.
The incidence of AEs was 106 (93.0%) of 114
patients in the favipiravir group, including
patients who switched from placebo to favipi-
ravir, and 19 (38.8%) of 49 patients in the pla-
cebo group, with a significant difference
between the groups. Four serious adverse events
(SAEs) were documented in the favipiravir
group (Table 3). SAEs in the favipiravir group
were cardiopulmonary arrest, cerebral infarc-
tion, liver disorder, and COVID-19-related
pneumonia. Of these SAEs, a causal relationship
could not be ruled out were cerebral infarction
and liver disorder. The incidence of AEs for
which the outcome was improvement or
recovery was comparable, and the incidence of
AEs that did not require intervention was sig-
nificantly higher in the favipiravir group at 177
(65.6%) of 270 events compared to 10 (31.3%)
of 32 events in the placebo group, respectively.
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AEs in the favipiravir group with C 5% inci-
dence were hyperuricemia 38.6% (44/114),
increased blood uric acid 37.7% (43/114), pyr-
exia and increased hepatic enzymes both 7.9%

(9/114), ALT increased 7.0% (8/114), and hep-
atic function abnormal 5.3% (6/114). Favipi-
ravir-specific AEs associated with hyperuricemia
occurred in 87 (76.3%) of 114 patients (see
Table S1 in the electronic supplementary
material for details).

DISCUSSION

Favipiravir has so far shown clinical efficacy
against COVID-19 in several unblinded trials
and has become a treatment option in China,
India, and Russia [7, 13, 14]. However, some
unidentified findings still exist. We conducted a
randomized, single-blind, placebo-controlled

Phase III trial to confirm that favipiravir signif-
icantly shortens the time to improvement in
clinical parameters in moderate COVID-19
pneumonia patients without oxygen therapy.

bFig. 2 Kaplan–Meier curves for improvement in COVID-
19 symptoms (i.e., temperature, SpO2, and findings on
chest imaging, and SARS-CoV-2-negative conversion on
qualitative testing) for 28 days defined as the primary end
point among all patients in the trial (primary analysis)
(Panel a) and two sub-groups according to whether the
patients had IgA or IgG antibodies (Panel b) or not (Panel
c) at randomization. The red curve represents the
favipiravir group, and the blue curve represents the placebo
group. The p value for the primary analysis (Panel a) was
calculated by the log-rank test based on the weighted
Z statistic. The others (Panels b and c) were calculated by a
log-rank test. Hazard ratios (HR) for favipiravir to placebo
were calculated using the Cox proportional hazards model
adjusted for sex and age at baseline

Fig. 2 continued
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Table 2 Time from study drug initiation to COVID-19 clinical parameter improvement

Placebo (n5 49) Favipiravir (n5 107)

Primary endpoint

Number of patients who improved 28 81

Number of patients censored 21 26

75% time point of improvement (days) (95% CI) – 15.6 (13.7–17.8)

Median time to improvement (days) (95% CI) 14.7 (10.5–17.9) 11.9 (10.0–13.1)

25% time point of improvement (days) (95% CI) 9.0 (5.8–11.6) 7.8 (6.7–9.7)

p value (log-rank test based on weighted Z statistic) 0.0136

Adjusted hazard ratio (Favipiravir vs. placebo) 1.59

(95% CI) (1.02–2.48)

Temperature

Number of patients who improved 30 70

Number of patients censored 19 37

Median time to improvement (days) (95% CI) 2.1 (1.0–3.7) 2.0 (1.5–3.1)

p value (log-rank test) 0.1760

Adjusted hazard ratio (Favipiravir vs. placebo) 1.36

(95% CI) (0.87–2.13)

SpO2

Number of patients who improved 26 48

Number of patients censored 23 59

Median time to improvement (days) (95% CI) 2.7 (2.3–5.0) 2.9 (1.8–4.7)

p value (log-rank test) 0.5110

Adjusted hazard ratio (Favipiravir vs. placebo) 1.37

(95% CI) (0.83–2.25)

Chest imaging

Number of patients who improved 35 95

Number of patients censored 14 12

Median time to improvement (days) (95% CI) 5.7 (2.9–6.0) 4.8 (3.1–5.7)

p value (log-rank test) 0.0287

Adjusted hazard ratio (Favipiravir vs. placebo) 1.43

(95% CI) (0.95–2.15)

SARS-CoV-2 (qualitative)

Number of patients with undetectable SARS-CoV-2 31 87
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The hypothesis of the present trial was estab-
lished with reference to a previous trial con-
ducted by Cai et al. [7], and although the
median values were slightly longer than antici-
pated, the difference of approximately 3 days
was not inconsistent with the hypothesis. The
primary endpoint of this trial could be viewed
as readily influenced by the timing of evalua-
tion or frequency of chest imaging and virus
qualitative tests that can be measured arbitrarily

by the investigators. However, no clear differ-
ences were noted between the two groups
regarding these evaluation timing and fre-
quencies (see Table S2 in the electronic supple-
mentary material for details). In addition, our
results were evaluated under blind by an inde-
pendent Central Committee in a manner
equivalent to a double-blind study. Collectively,
the efficacy of favipiravir was thought to have
been confirmed with reliability. Since there

Table 2 continued

Placebo (n5 49) Favipiravir (n5 107)

Number of patients censored 18 20

Median time to recovery (days) (95% CI) 12.1 (8.5–14.8) 11.0 (9.7–12.6)

p value (log-rank test) 0.0405

Adjusted hazard ratio (Favipiravir vs. placebo) 1.40

(95% CI) (0.91–2.14)

The primary endpoint was defined as the time from study drug initiation to improvement in temperature, SpO2, and
findings on chest imaging, and recovery to SARS-CoV-2-negative on qualitative testing using nucleic acid amplification from
at least 24 h after improvement. The p value for the primary endpoint was calculated by the log-rank test based on the
weighted Z statistic to correct for Type 1 errors before and after the interim analysis. The other p values were calculated by a
log-rank test. Hazard ratios for favipiravir to placebo were calculated using the Cox proportional hazards model adjusted for
sex and age at baseline
Significance was examined by the confidence interval method. The lower limit of the 95% confidence interval for HR is
greater than 1.0, which means that favipiravir is significantly faster than placebo (HR = 1 means equivalent)

Fig. 3 Individual symptom specific hazard ratios using the
Cox proportional hazards model adjusted for sex, age, the
categorical variables that correspond to individual

symptoms, and their interactions. Hazard ratios are plotted
as black diamonds. Horizontal lines represent 95% confi-
dence intervals
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were imbalances in the distribution of patient
age and NEWS at baseline, the effect was eval-
uated using a Cox proportional hazards model
with these as covariates. The HR (95% CI)
adjusted with these covariates was 1.68
(1.06–2.64), which was above the original HR.
From this analysis, these imbalances were not
considered to be impacts sufficient to bias the
results. A sensitivity analysis when events after
discontinuation were regarded as effects of the
assigned study drug was also conducted to

determine the impact of a lack of efficacy,
including 7 patients who were switched to
favipiravir treatment in the placebo group. This
analysis showed the time to improvement in
the favipiravir group was approximately 2 days
shorter, confirming the same trends as the pri-
mary analysis. Regarding the clinical parameters
constituting the primary endpoint, there were
no significant differences in the time to
improvement of temperature and SpO2 when
assessed as standalone factors. Interestingly,

Fig. 4 Time course of cumulative improvement rates on chest X-ray imaging. An asterisk on the difference in improvement
rate indicates that there is a significant difference

Fig. 5 Time course of patient status in accordance with
the 7-point ordinal scale. Any missing clinical status score
after the day of discharge was imputed by status score 1
(not hospitalized, no limitations on activities); other
missing scores were imputed by last observation carried
forward. Each number means the following clinical status;
1 not hospitalized, no limitations on activities; 2 not

hospitalized, limitation on activities; 3 hospitalized, not
requiring supplemental oxygen; 4 hospitalized, requiring
supplemental oxygen; 5 hospitalized, on non-invasive
ventilation or high-flow oxygen devices; 6 hospitalized,
on invasive mechanical ventilation or extracorporeal
membrane oxygenation; 7 death
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Fig. 6 Sub-group specific hazard ratios using the Cox
proportional hazards model adjusted for sex, age, the
categorical variables that correspond to sub-groups, and
their interactions. Hazard ratios are plotted as black
diamonds. Horizontal lines represent 95% confidence
ntervals. Nine and five patients in the favipiravir and
placebo groups, respectively, were censored on Day 0

because they were SARS-CoV-2-negative before treatment
initiation. Coexisting conditions included prognostic fac-
tors such as chronic respiratory illness, chronic renal
disease, diabetes mellitus, hypertension, and cardiovascular
illness
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Table 3 Adverse event summary

Adverse event (AE) Placebo Favipiravir Pooled favipiravir
(N5 49) (N5 107)a (N5 114)b

Any AE

No. of patients with AE 19 99 106

No. of AEs 32 254 270

Incidence % 38.8 92.5 93.0

95% confidence intervalc 25.2–53.8 85.8–96.7 86.6–96.9

Difference (vs. Placebo) 53.7 54.2

95% confidence intervald 38.3–67.6 38.3–67.9

AE leading to death

No. of patients with AE 0 0 0

No. of AEs 0 0 0

Incidence % 0 0 0

95% confidence intervalc 0–7.3 0–3.4 0–3.2

Difference (vs. Placebo) 0 0

95% confidence intervald – –

Serious AE excluding death

No. of patients with AE 0 3 4

No. of AEs 0 3 4

Incidence % 0 2.8 3.5

95% confidence intervalc 0–7.3 0.6–8.0 1.0–8.7

Difference (vs. Placebo) 2.8 3.5

95% confidence intervald - 5.1 to 8.1 - 4.3 to 8.9

AE leading to study drug discontinuation

No. of patients with AE 0 13 14

No. of AEs 0 16 17

Incidence % 0 12.1 12.3

95% confidence intervalc 0–7.3 6.6–19.9 6.9–19.7

Difference (vs. Placebo) 12.1 12.3

95% confidence intervald 2.1–19.9 3.2–19.8

AE without residual/AEs

No. of AEs without residual 29 240 255

Incidence (%) 90.6 94.5 94.4
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however, the time to improvement when these
two parameters were combined was 1.6 days
shorter in the favipiravir group. These results
suggested that improvement in body tempera-
ture and improvement in respiratory status did
not correlate. The composite outcome as the
primary endpoint was considered to be a sensi-
tive endpoint for patients with COVID-19
showing such non-uniform symptoms transi-
tion. One possible reason for the lack of differ-
ences in these two clinical parameters was the
acceptance of concomitant use of corticos-
teroids. In a subgroup analysis of patients with
and without corticosteroids, the latter showed
approximately twice as high HRs as the former,
indicating that favipiravir treatment appeared
to be preferable. Another possible reason was
that approximately 20% of patients maintained
96% or higher SpO2 throughout the study and
did not deteriorate. The presence of these
patients may have reduced the difference
between the two groups.

The HR for the time to recovery to SARS-
CoV-2-negative, which showed a significant
difference by a log-rank test, was approximately
1.40. This HR was comparable to studies in
which favipiravir was administered to asymp-
tomatic or mild COVID-19 patients in Japan
[15] or in a relatively similar patient population
in India [13], although there were no significant
differences in viral clearance in either trial. In
addition, an interim report on the favipiravir
trial in Russia in patients with moderate
COVID-19 also suggested early viral clearance
[14]. Therefore, it was considered that these
results indicated a consistent degree of antiviral
activity of favipiravir against SARS-CoV-2.

In a hamster SARS-CoV-2 infection model,
the infectious virus titer fell significantly and
lung tissue improved considerably after favipi-
ravir administration at plasma concentrations C
4.4 ± 1.6 lg/mL [16]. Unfortunately, there are
no pharmacokinetic data in the present trial,
but the trough concentrations were approxi-
mately ten-fold higher than the

Table 3 continued

Adverse event (AE) Placebo Favipiravir Pooled favipiravir
(N5 49) (N5 107)a (N5 114)b

95% confidence intervalc 75.0–98.0 90.9–97.0 91.0–96.9

Difference (vs. Placebo) 3.9 3.8

95% confidence intervald - 4.1 to 20.4 - 4.1 to 20.5

Untreated AE/AEse

No. of untreated AEs 10 167 177

Incidence (%) 31.3 65.7 65.6

95% confidence intervalc 16.1–50.0 59.6–71.6 59.6–71.2

Difference (vs. Placebo) 34.5 34.3

95% confidence intervald 13.7–50.2 13.7–49.9

Values are through Day 28, the date of the scheduled completion of the trial intervention
a All patients who were assigned to favipiravir treatment and administered favipiravir at least once
b All patients who were administered favipiravir at least once, including those who were switched to favipiravir treatment
for rescue
c Confidence intervals were calculated by the Clopper–Pearson method
d Confidence intervals for the differences were calculated by the test-based exact method
e Adverse events that did not require intervention
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aforementioned hamster plasma concentrations
when the same favipiravir dose as in the present
trial was administered to patients with SFTS
[10]. In addition, favipiravir has been presumed
to have good penetration into the lungs [17].
These findings were consistent with that repor-
ted in the present trial, in which the difference
in improvement rates on chest imaging
between the two groups gradually became more
apparent, with the differences becoming sig-
nificant from Day 10 and beyond. Although the
viral dynamics within hamster lungs cannot be
directly compared to those of human patients,
the favipiravir-induced reduction in viral load
in the lungs could have been responsible for the
difference in improvement rates in chest imag-
ing findings.

In the evaluation based on the 7-point ordi-
nal scale, there was no significant difference in
the time course of clinical status. As the reason
for this, the number of patients with deteriora-
tion in the placebo group may have been
reduced by patients who were judged as having
a lack of efficacy in the placebo group and being
switched to favipiravir treatment, which could
have biased in the direction of no difference.

From the results of subgroup analysis, the
HRs of the primary endpoint were above 2.0 in
patients with risk factors of severe illness, such
as obesity or diabetes mellitus, as well as in
patients with early-onset, which indicated that
use of favipiravir would be desirable in patients
with these characteristics. Fujii et al. [18]
reported that early administration of favipiravir
shortened the time to afebrile state in a retro-
spective cohort study. We were able to confirm
that early favipiravir intervention led to more
favorable clinical outcomes in moderate
COVID-19 patients by a randomized, placebo-
controlled trial. Given the mechanism of action
of favipiravir acting on the viral replication
process, this finding would be reasonable.

The incidence of AEs in the favipiravir group
was significantly higher than in the placebo
group. However, the vast majority of AEs in the
favipiravir patients were transient, and the
incidence of AEs that disappeared without
intervention or improved was much higher in
the favipiravir group. AEs documented in the
favipiravir group were predominantly related to

hyperuricemia. A previous trial conducted on
asymptomatic or mild Japanese patients with
COVID-19 also observed 69 (84.1%) of 82
patients given favipiravir experienced transient
hyperuricemia [15]. Thus, transient uric acid-
related AEs involving favipiravir use were com-
mon, and the vast majority of them were sub-
clinical. On the other hand, favipiravir was
administered to 10,986 patients with COVID-19
in a Japanese observational study, and the
development of gout was reported in 14 (0.1%)
patients [8]. While further investigations are
needed, administration of favipiravir should be
considered with judiciousness in patients with a
history of hyperuricemia or gout. Two SAEs
were reported to have a potentially causal rela-
tionship with favipiravir. Of these, cerebral
infarction could have been the result of a
thrombotic complication associated with
COVID-19 [19, 20].

This trial has a number of limitations that
should be addressed. First, there was an inher-
ent operational bias due to the single-blind
design. To minimize the effects of this bias, the
primary endpoint was re-assessed under blind
control by an independent Central Committee.
The second limitation was that virological
investigations were measured solely by
nasopharyngeal swabs, despite targeting
COVID-19 patients with pneumonia. Ideally,
the trial should have evaluated viral dynamics
in the lower respiratory tract; however, the
collection process would have been an addi-
tional burden to medical professionals dealing
with this pandemic. Third, the trial encoun-
tered difficulty in recruiting only suitable pa-
tients of early-onset for evaluating antiviral
drug efficacy. Therefore, the results may have
underestimated the effects of antiviral thera-
peutics. In view of the viral dynamics described
in the report [21], future studies should recruit
patients who are at least within 4 days of onset.
Fourth, the present results are based on COVID-
19 patients with moderate pneumonia
(SpO2 C 94%), and, thus, cannot be applied to
patients with SpO2 B 93% or more severe ill-
ness. Finally, the primary endpoint was set
based on the COVID-19 patient discharge cri-
terion at that time, and cannot be directly
applied to the current criterion.
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Recently, SARS-CoV-2 mutations have been
reported worldwide and the emergence of viral
mutations could have implications for the
development of treatments and vaccines
[22–24]. Favipiravir is not a drug that acts on a
spike-protein of SARS-CoV-2, which is often
mutated, so it is assumed that it is not so
affected by viral mutations. Such characteristics
of favipiravir may be important as treatment
options for COVID-19 in the future.

CONCLUSIONS

Favipiravir appeared to shorten the time until
clinical improvement by approximately 3 days
in patients with moderate COVID-19 pneumo-
nia presenting with SpO2 C 94% as per the
analysis plan. The result was mostly in line with
the results in previous unblinded trials. Of the
individual COVID-19 signs and symptoms,
chest imaging, viral clearance, headache,
myalgia or arthralgia, and fatigue or tiredness
improved significantly earlier with favipiravir
treatment. Furthermore, favipiravir showed
significantly higher HRs in patients with early-
onset or known risk factors for severe illness. At
the same time, it should be noted that favipi-
ravir treatment resulted in a significantly higher
incidence of AEs. Although some limitations
exist in this trial, the result indicates that
favipiravir might be one of the options for
moderate COVID-19 pneumonia treatment.
The risk of AEs, including hyperuricemia,
should be carefully considered when using it.
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