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ABSTRACT

Introduction: The administration of systemic
corticosteroids is a key strategy for improving
COVID-19 outcomes. However, evidence is
lacking on combination therapies of antiviral
agents and systemic corticosteroids. The objec-
tive of this study was to investigate the efficacy
and safety of the combination therapy of
favipiravir and methylprednisolone in prevent-
ing respiratory failure progression in patients
with COVID-19 and non-critical respiratory
failure.

Methods: We conducted a multicenter, open-
label, single-arm phase II study. The patients
received favipiravir 3600 mg on the first day,
followed by 1600 mg for a total of 10–14 days.
Methylprednisolone was administered intra-
venously at 1 mg/ideal body weight (IBW)/day
from days 1 to 5, followed by 0.5 mg/IBW/day
from days 6 to 10 if clinically indicated. The
primary endpoint was the proportion of
patients requiring mechanical ventilation (MV)
(including noninvasive positive pressure venti-
lation) or those who met the criteria for tracheal
intubation within 14 days of the study treat-
ment initiation (MVCTI-14).
Results: Sixty-nine patients were enrolled and
underwent the study treatment. Of them, the
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MVCTI-14 proportion was 29.2% (90% confi-
dence interval 20.1–39.9, p = 0.200). The pro-
portion of patients who required MV or who
died within 30 days was 26.2%, and 30-day
mortality was 4.9%. The most significant risk
factor for MVCTI-14 was a smoking history
(odds ratio 4.1, 95% confidence interval
1.2–14.2). The most common grade 3–4 treat-
ment-related adverse event was hyperglycemia,
which was observed in 21.7%.
Conclusion: The MVCTI-14 proportion did not
reach a favorable level in the clinical trial set-
ting with the threshold of 35%. However, the
proportion of MV or death within 30 days was
26.6%, which might be close to the findings
(28.1%) of the RECOVERY trial, which showed
the efficacy of dexamethasone for patients with
COVID-19 and non-critical respiratory failure.
Further evaluation of this combination therapy
is needed.
Clinical Trial Registration: Japan Registry of
Clinical Trials (jRCT) identifier
jRCTs041200025.

Keywords: Adverse events; Mechanical
ventilation; Mortality; Severe acute respiratory
syndrome coronavirus 2; Systemic
corticosteroids

Key Summary Points

Why carry out this study?

Establishing therapeutic strategies for
COVID-19 is still a major concern, and
evidence on combination therapies of
antiviral agents and systemic
corticosteroids is scarce.

The research question is whether the
combination therapy of favipiravir and
methylprednisolone is effective in
preventing respiratory failure progression
in patients with COVID-19 and non-
critical respiratory failure.

What was learned from the study?

The proportion of patients requiring
mechanical ventilation (MV) or those who
met the criteria for tracheal intubation
within 14 days of the study treatment
initiation (MVCTI-14) (primary endpoint)
was 29.2%, and this proportion did not
reach a favorable level in the clinical trial
setting with the threshold of 35%.

Theproportionofpatientswho requiredMV
or died was 26.6%, which was close to the
findings of the RECOVERY trial showing a
mortality reduction effect of systemic
corticosteroids for patients with COVID-19
who required oxygen therapy but not MV.

This result suggests that the efficacy of the
combination therapy of favipiravir and
methylprednisolone should be evaluated
in future clinical trials, especially in
patients of races other than Asian.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) pan-
demic is a global problem and establishing
therapeutic strategies for this disease is still a
major concern [1–3]. An early study from China
reported that approximately 40% of inpatients
with respiratory failure due to COVID-19
pneumonia deteriorated within the first several
days of onset and required mechanical ventila-
tion (MV), half of whom succumbed to the
infection [4]. While the priority is always to
improve patient outcomes, preventing the col-
lapse of the healthcare system due to excessive
demand is as important a goal. To this end,
preventing the progression of respiratory failure
that requires MV is an essential strategy that
involves controlling the excessive inflammation
resulting from the cytokine storm [5–7].

Administration of systemic corticosteroids
has become a promising pharmacological
intervention to control excessive inflammation
[1, 8, 9]. Several previous studies have shown
clinical benefits from administering corticos-
teroids to improve respiratory failure among
patients with acute respiratory distress syn-
drome (ARDS) and to reduce treatment failure
in patients with severe community-acquired
pneumonia [10–13]. For patients with COVID-
19, the RECOVERY Collaborative Group was the
first to show the clinical benefit of systemic
corticosteroids, where the use of dexametha-
sone (6 mg/day for 10 days) reduced 28-day
mortality compared with usual care [14]. A
recent prospective meta-analysis of seven clini-
cal trials of critically ill patients with COVID-19
demonstrated that administering systemic cor-
ticosteroids was associated with lower 28-day
all-cause mortality compared with usual care or
placebo [15]. A systematic review also showed a
similar trend in severely ill patients with
COVID-19 [16]. However, there are still several
unresolved clinical questions on corticosteroids,
including the optimal dosage, the type of pro-
duct, and the effect of combination therapy
with antiviral agents.

Combination therapy with an antiviral agent
(e.g., remdesivir) [17] plus a corticosteroid (e.g.,
dexamethasone) is recommended in the

management guidelines for treating patients
with COVID-19 who require oxygen therapy or
MV [2]. However, supporting evidence is scarce
and further research is warranted. Favipiravir is
an oral antiviral agent that is a selective and
potent inhibitor of viral ribonucleic acid (RNA)
polymerase [18, 19]. Favipiravir has potent
antiviral activity in severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2)-infected
animals [20], and findings in clinical trials have
shown promising effects on viral clearance and
symptom improvement [21–23]. However, the
effect and safety of the combination of favipi-
ravir and systemic corticosteroids has not yet
been assessed.

We therefore performed a clinical phase II
trial of combination therapy with favipiravir
and systemic corticosteroids (methylpred-
nisolone) for patients with COVID-19 to inves-
tigate the clinical efficacy and safety (the
J-CRITICAL trial). The target patients were those
with non-critical respiratory failure, and we
focused on the effect of combination therapy in
terms of preventing the deterioration of respi-
ratory failure.

METHODS

Trial Design

The J-CRITICAL trial is a multicenter, open-la-
bel, single-arm phase II study conducted in
accordance with the principles of the Declara-
tion of Helsinki, approved by the central review
board of Nagoya Medical Center, and registered
in the Japan Registry of Clinical Trials
(jRCTs041200025).

Participant

Eligible patients for this study were individuals
20 years of age or older who developed pneu-
monia and required inpatient treatment. The
definition of pneumonia is described in the
supplementary material. The other inclusion
criteria were (1) a positive polymerase chain
reaction (PCR) or antigen testing of SARS-CoV-
2; (2) within 12 days after symptom onset; (3)
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hypoxemia and an indication for oxygen ther-
apy (including one of the following: oxygen
saturation [SpO2] B 93% on room air; arterial
oxygen partial pressure [PaO2]\60 mmHg or
PaO2/fraction of inspired oxygen [FiO2]\300;
or alveolar–arterial difference for oxygen C 40);
(4) granting of informed consent prior to par-
ticipation; and (5) registration in observational
registry studies organized by the National Cen-
ter for Global Health and Medicine or Fujita
Health University for compassionate use of
favipiravir.

The main exclusion criteria were as follows:
(1) having already met the specific conditions or
needed procedures/medications at the time the
study treatment was started as follows: the cri-
teria for tracheal intubation, tracheal intuba-
tion, tracheostomy, vasopressor(s), systemic
corticosteroids, and immunosuppressive agents
including biological agents; (2) receiving anti-
SARS-CoV-2 agents (e.g., remdesivir, favipi-
ravir); and (3) contraindication for use of
favipiravir or corticosteroids. Details of the
exclusion criteria are described in the supple-
mentary material. Consecutive patients who
were eligible and did not meet the exclusion
criteria were enrolled.

Study Settings

The study protocol was approved at 37 institu-
tions in Japan, and the patients were enrolled at
23 of these centers.

Interventions

Patients received favipiravir 1800 mg twice
orally on the first day, followed by 800 mg
orally twice a day, for 10–14 days. Methylpred-
nisolone was administered intravenously at a
dosage of 1 mg/ideal body weight (IBW)/day
twice a day (every 12 h) from days 1 to 5, fol-
lowed by 0.5 mg/IBW/day twice a day from
days 6 to 10 if clinically indicated. Approval
status of therapeutic agents during the study
period in Japan is described in the supplement
material.

Assessment

The starting date for the study treatment was
defined as day 1. The researchers collected the
baseline data that included demographic char-
acteristics, comorbidities, therapeutic interven-
tions other than the study drugs. Physical,
laboratory, radiological, and microbiological
findings were collected between days - 11 and
1. The researchers also assessed the patients’
respiratory condition, circulation status, and
consciousness level every day from days 1
through 14 and on day 28. Patients were fol-
lowed until day 30. All results of the quantita-
tive and qualitative PCR testing and antibody
testing for SARS-CoV-2 from days 1 through 30
were reported. Adverse events, as assessed using
the National Cancer Institute Common Termi-
nology Criteria for Adverse Events, were moni-
tored throughout the treatment period and
until day 30.

Study Endpoints

The primary endpoint was the proportion of
patients who required MV (including noninva-
sive positive pressure ventilation, NIPPV) or
those who met the criteria for tracheal intuba-
tion within 14 days of the study treatment ini-
tiation (MVCTI-14). The criteria for tracheal
intubation included at least one of the follow-
ing:[5 L/min of supplemental oxygen, unsta-
ble circulatory dynamics, disorder of
consciousness, or the decision by physicians to
perform tracheal intubation. Secondary end-
points included the following: the proportion
of patients who required MV or died within 14
and 30 days of the study treatment initiation;
time to undergoing MV (including NIPPV) or
meeting the criteria for tracheal intubation;
time to undergoing MV (including NIPPV) or
death; 30-day mortality; in-hospital mortality;
time course of oxygenation (PaO2/FiO2); SARS-
CoV-2 viral load; time to negative SARS-CoV-2
PCR test; proportion with positive antibody
testing for SARS-CoV-2; and adverse events.
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Statistical Methods

The null hypothesis is that the true proportion
of MVCTI-14 is 35% (threshold) or more.
Details of the sample size determination are
described in the supplementary material. The
threshold was determined on the basis of the
findings of an early retrospective observational
study by Wu et al. from China including 201
patients in which 82% (165) received oxygen
therapy and 18% did not; 33.3% (67) received
MV including NIPPV; and 41.8% (84) resulted
in ARDS (PaO2/FiO2 B 300 according to the
Berlin definition) [4, 24]. We considered that
the estimated proportion of MVCTI-14 in the
study by Wu et al. was between 33.3% and
41.8%. However, 18% of the patients in the
study by Wu et al. did not require oxygen
therapy. We set a threshold proportion of 35%,
which was close to the lower limit. Considering
the preliminary data from a Japanese observa-
tional registry study organized by Fujita Health
University [25], we set 20% as the expected
proportion of MVCTI-14. On the basis of a one-
sided type I error of 0.05 and a power of 0.80,
the sample size was calculated to be 62 accord-
ing to the binomial distribution. Considering
we expected 10% of the study patients to drop
out, we set the sample size to 69.

We established two analysis datasets for
efficacy: the full analysis set, which included all
patients enrolled and started on the trial treat-
ment, and the per protocol set, which excluded
patients who did not meet the inclusion or who
met the exclusion criteria or who were taking
concomitant medications.

To test the null hypothesis, we used the
binomial test with a one-sided type I error of
0.05. We calculated the 90% confidence interval
(CI) for the MVCTI-14 proportion using the
Clopper–Pearson method. We used the
Kaplan–Meier method to assess the time-to-
event variables. We calculated the point esti-
mates and corresponding 95% CIs for the pro-
portions of patients who required MV or died
within 14 and 30 days of the study treatment
initiation, as well as the in-hospital mortality.
We calculated the PaO2/FiO2 ratio at the tested
time points and presented it using box plots.

We also calculated the proportion of adverse
events by severity grade.

To assess the effects of the factors associated
with MVCTI-14, we performed a univariate
logistic analysis, determining the candidate
factors a priori from those published in previous
reports [4, 26–28] and calculating the odds
ratios (ORs) and 95% CIs. All statistical analyses
were performed using SAS software version 9.4
(SAS Institute, Inc., Cary, NC, USA).

RESULTS

Participant Flow

From July 1, 2020 through September 12, 2020,
in the midst of the second wave of COVID-19 in
Japan, 69 patients with confirmed COVID-19
diagnosis by SARS-CoV-2 PCR testing or its
antigen test were enrolled in the study and
underwent the study treatment. All of the
patients were evaluable for treatment efficacy
and safety (Fig. 1). Three patients who were lost
to follow-up during the 14 days after the study
treatment initiation and one who withdrew
consent on day 4 were not included when cal-
culating the proportions of endpoints at day 14
(the proportion of patients who required MV,
those who met the criteria for tracheal intuba-
tion, and those who died). In addition to these
four patients, another four patients who were
lost to follow-up between days 14 and 30 were
excluded from the above calculations at day 30.

Baseline Data

Table 1 shows the characteristics of the study
patients. The mean age of the enrolled patients
was 64.6 years and 34.8% of them were women.
In terms of activities of daily living before the
onset of COVID-19, all patients were self-re-
liant. The percentages of patients with chronic
lung diseases and diabetes were 11.6% and
20.3%, respectively, and 58.0% (40/69) had a
history of smoking. The mean lymphocyte
count was 1067/mm3. Regarding radiological
findings, bilateral lesions were observed in
97.1% of the patients, and the main chest
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computed tomography findings were peripheral
predominant distribution and ground-glass
opacity. As for the Pneumonia Severity Index,
87.0% of the patients were classified into
classes II, III, and IV (mild to moderate).

Medications

Table 2 shows the study and non-study drugs
taken by the participants. The median admin-
istration duration for favipiravir and methyl-
prednisolone was 10 and 7 days, respectively.
Antibiotics were administered to 33.3% (23/69)
of the patients, and 16 received macrolides. A
total of 40.6% (28/69) had undergone therapy
using either unfractionated heparin or low
molecular weight heparins.

Efficacy

Table 3 shows the results of the study’s primary
and secondary endpoints. The MVCTI-14 pro-
portion was 29.2% (90% CI 20.1–39.9,
p = 0.200) in the full analysis set (n = 65). In the
per protocol set (n = 63), excluding two patients
from the full analysis set who met the exclusion
criteria after the study treatment initiation, the
MVCTI-14 proportion was 28.6% (90% CI
19.4–39.4, p = 0.175). Regarding the secondary
endpoints, the proportions of patients who
required MV or died within 14 and 30 days of
the study treatment initiation were 23.1% and
26.2%, respectively. The 30-day and in-hospital
mortality proportions were 4.9% and 4.4%,
respectively.

Fig. 1 Participant flow. The number of efficacy evaluable patients at days 14 and 30 after initiation of study treatment was
65 and 61, respectively
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Table 1 Characteristics of the study patients

Variables Enrolled patients
(n = 69)

Age 64.6 ± 14.4

Sex, no. (%)

Male 45 (65.2)

Female 24 (34.8)

Pneumonia was diagnosed at 48 h or

more after hospital admission

2 (2.9)

Smoking history

Current smoker 13 (18.8)

Former smoker 27 (39.1)

Never smoker 29 (42)

Heavy alcohol use 3 (4.3)

Comorbidities, no. (%)

Chronic lung diseases� 8 (11.6)

Central nervous system disorders 2 (2.9)

Cerebrovascular diseases 5 (7.2)

Cardiovascular diseases 11 (15.9)

Chronic renal diseases� 4 (5.8)

Chronic liver diseases 1 (1.4)

Diabetes 14 (20.3)

Immunosuppressive diseases§ 0 (0)

Neoplastic diseases 0 (0)

Hypertension 25 (36.2)

Therapy before enrollment, no. (%)

Use of anticoagulants 2 (2.9)

Use of antiplatelet agents 8 (11.6)

Physical findings

Glasgow Coma Scale (state of consciousness), no. (%)

Score 15 68 (98.6)

Score 14 1 (1.4)

Body temperature, �C 38.0 ± 1.0

Pulse rate, bpmll 92.3 ± 18.4

Systolic blood pressure, mmHg 124.8 ± 17.3

Table 1 continued

Variables Enrolled patients
(n = 69)

Diastolic blood pressure, mmHg 77.4 ± 12.3

Respiration rate, bpmll 20.9 ± 5.4

Laboratory findings

White blood cell count, /mm3 5800 ± 2100

Lymphocyte count, /mm3 1067 ± 441

Platelet count, /mm3 189,000 ± 71,000

Albumin, g/dL 3.5 ± 0.4

Blood urea nitrogen, mg/dL, median

(IQR)

14.2 (10.8–18.5)

Creatinine, mg/dL, median (IQR) 0.9 (0.8–1.1)

Alanine aminotransferase, U/l,

median (IQR)

31 (22–61)

Lactate dehydrogenase, U/l 342 ± 105

C-reactive protein, mg/dL, median

(IQR)

6.8 (3.7–9.2)

Procalcitonin, ng/mL, median

(IQR)ll
0.1 (0.1–0.2)

Prothrombin time, sll 12.5 ± 3.5

D-dimer, mg/dL, median (IQR)ll 1.0 (0.6–1.4)

PaO2/FiO2
* 298 ± 94

Radiological findings, no. (%)

Extent of total lesions on radiographic findings

\ 1/3 of unilateral lung 23 (33.3)

1/3–2/3 of unilateral lung 27 (39.1)

[ 2/3 of unilateral lung 19 (27.5)

Bilateral lesions 67 (97.1)

Pleural effusion 1 (1.4)

Findings of chest computed tomography scan��

Lesions on two lobes or more 59/61 (96.7)

Distribution of the lesions

Peripheral dominant 57/61 (93.4)

Central dominant 1/61 (1.6)
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Characteristics in Patients with Treatment
Failure

Figure 2 shows the Kaplan-Meyer curves for the
patients who underwent MV or met the criteria
for tracheal intubation (Fig. 2a) and who
underwent MV or died (Fig. 2b) for 28 days

following the study treatment initiation.
Among the 19 patients who met the primary
endpoint (patients with treatment failure), 16
(84.2%) met the endpoint during the first 5 days
of the study treatment (during administration
of methylprednisolone 1 mg/IBW/day) (Fig. 2a).
Figure 3 shows the time course of the PaO2/FiO2

ratio between the patients who did not meet the
primary endpoint (non-treatment failure group)
and those who did (treatment failure group).
The decrease in the mean PaO2/FiO2 ratio from
baseline to day 1 was greater in the treatment
failure group than in the non-treatment failure
group (37 [285 ± 104 at baseline to 248 ± 62 at
day 1] vs. 22 [309 ± 91 to 287 ± 66]) (Fig. 3 and
Table S1 in the supplementary material). In the
non-treatment failure group, the PaO2/FiO2

ratios remained at similar levels from days 1 to
5, then gradually improved after day 6. Con-
versely, the values for the treatment failure
group declined from days 1 to 6.

To assess the factors associated with treat-
ment failure (meeting the primary endpoint),
we performed a univariable logistic analysis
(Table 4). Smoking history was significantly
associated with treatment failure (OR 4.1,

Table 1 continued

Variables Enrolled patients
(n = 69)

Unclassified 3/61 (4.9)

Ground-glass opacity 59/61 (96.7)

Consolidation 23/61 (37.7)

Reticulation 8/61 (13.1)

Nodular shadow 1/61 (1.6)

Tumor-like lesion 1/61 (1.6)

Granular shadow 0/61 (0)

Cavitation 0/61 (0)

PSI class, no. (%)

I 9 (13)

II 29 (42)

III 25 (36.2)

IV 6 (8.7)

V 0 (0)

Data are presented as mean ± standard deviation unless
otherwise indicated
bpm beats/breaths per min, IQR interquartile range,
PSI Pneumonia Severity Index
*In cases in which arterial blood gas analyses were not
performed, PaO2 was estimated from SpO2
� 8 chronic lung diseases included chronic obstructive
pulmonary disease (4), interstitial pneumonia (1); lung
cancer (postoperative) (1); and other lung diseases (2)
� One patient underwent chronic hemodialysis
§ Immunosuppressive diseases were defined as congenital
or acquired immunodeficiency and hematological diseases
ll The numbers of patients in whom variables were not
assessed were as follows: 2 (pulse rate), 5 (respiration rate),
34 (procalcitonin), 4 (prothrombin time), and 5 (D-dimer)
�� Chest computed tomography scan was performed in 61
patients

Table 2 Therapeutic interventions under study treatment

Study treatment agents, median (IQR)

Duration of administration of Favipiravir,

days

10

(9–10)

Duration of administration of

methylprednisolone, days

7 (5–10)

Other therapeutic agents, no. (%)

Antibiotics (until day 14 or meeting the

primary endpoint)

23

(33.3)

Use of macrolides 16

(23.2)

Use of Nafamostat 2 (2.9)

Use of unfractionated heparin 25

(36.2)

Use of low molecular weight heparins 3 (4.3)

IQR interquartile range
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95% CI 1.2–14.2, p = 0.027). The following fac-
tors also tended to increase the risk of treatment
failure: absolute lymphocyte count\800/lL
(OR 2.9, 95% CI 0.9–9.5, p = 0.076);
age C 65 years (OR 2.8, 95% CI 0.9–9.1,
p = 0.085); chronic lung diseases (OR 3.8,
95% CI 0.8–19.1, p = 0.102); and diabetes (OR
2.6, 95% CI 0.7–9.1, p = 0.141).

Adverse Events

The most common grade 3–4 treatment-related
adverse event was hyperglycemia, which was
observed in 15 (21.7%) of the 69 study patients
during the study treatment period and 4 (6.1%)
during the observation period (Table 5). Sec-
ondary infections occurred in 2 (2.9%) of the
patients during the study treatment period (1
fungal infection and 1 bacterial pneumonia)
and 4 (6.1%) (3 cases of ventilator-associated

pneumonia and 1 pleural infection) during the
observation period. Hyperuricemia, a known
adverse effect of favipiravir, 27 was observed as
follows: grade 1 in 25 (36.2%) of the patients
and grade 3 in 1 (1.4%) during the study treat-
ment period and 4 (6.1%) during the observa-
tion period.

Severe adverse events (SAEs) were observed
in 24 (34.8%) of the patients. The most com-
mon SAE was respiratory failure or ARDS due to
progression of COVID-19 pneumonia, where 17
(24.6%) patients presented grade 4 and 3 (4.3%)
died. Pleural infection, fungal infection,
decreased platelet count, and a thromboem-
bolic event occurred in one patient each (1.5%).

DISCUSSION

This phase II clinical trial is the first to evaluate
the combination therapy of favipiravir and

Table 3 Efficacy analyses

Endpoints Endpoints/
N

% Confidence
interval

Primary endpoint

Within 14 days of the study treatment initiation

Patients who require mechanical ventilation or those who meet the criteria of

tracheal intubation*

19/65 29.2 20.1–39.9�

Secondary endpoints

Within 14 days of the study treatment initiation

Patients who require tracheal intubation or die 15/65 23.1 13.5–35.2

Patients who require tracheal intubation 14/64 21.9 12.5–34.0

Death 1/65 1.5 0–8.3

Within 30 days of the study treatment initiation

Patients who require tracheal intubation or die 16/61 26.2 15.8–39.1

Patients who require tracheal intubation 14/59 23.7 13.6–36.6

Death 3/61 4.9 1.0–13.7

In-hospital death 3/69 4.4 0.9–12.2

*At least one of the following:[ 5 L/min of supplemental oxygen; unstable circulatory dynamics; disorder of consciousness;
or decision by physicians to perform tracheal intubation
� 90% confidence interval, otherwise 95% confidence interval
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systemic corticosteroids. The MVCTI-14 pro-
portion was 29.2% (90% CI 20.1–39.9), which
does not demonstrate efficacy with a favorable
proportion in the clinical trial setting at a
threshold of 35%.

To the best of our knowledge, there have
been no data demonstrating reduced mortality
using antiviral agents. Several studies have
shown that the use of antiviral agents (includ-
ing remdesivir) resulted in reduced time to

symptom improvement [17, 29]. Although
there are no data comparing the efficacy of
remdesivir and favipiravir, the latter is a
potential candidate for reducing COVID-19
symptoms on the basis of the findings of several
clinical studies [21, 22]. Clinical studies have
also shown that systemic corticosteroids can
reduce mortality in patients with COVID-19
[14, 15, 30]. The use of systemic corticosteroids
is currently positioned as a key therapeutic

Fig. 2 a Time to meet the primary endpoint (undergoing
mechanical ventilation, including noninvasive positive
pressure ventilation [NIPPV], or meeting the tracheal
intubation criteria). The tracheal intubation criterion is to
meet at least one of the following:[ 5 L/min of

supplemental oxygen; unstable circulatory dynamics; dis-
order of consciousness; or decision by physicians to
perform tracheal intubation. b Time to undergo mechan-
ical ventilation or death
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strategy to improve patient outcomes in severe
to critical COVID-19. In current practice
guidelines for COVID-19, combination therapy
with an antiviral agent and systemic corticos-
teroids is recommended for patients with
COVID-19 and respiratory failure [2]. However,
the recommendation is based mainly on expert
opinions, and additional clinical evidence is
needed. This study therefore provides valuable
data on the combination therapy of an antiviral
agent with systemic corticosteroids.

In this study, the proportion of patients who
required MV or died within 30 days of the
treatment initiation was 26.2%. An important
point is whether this percentage is high or low,
compared with findings in other clinical trials.
The patients who required oxygen therapy but
not MV in the randomized controlled trial of
the RECOVERY Collaborative Group, which was
the first study to show the efficacy of a systemic
corticosteroid in reducing COVID-19 mortality

[14], were similar to our study’s patient popu-
lation. Thus, the findings between these patient
groups could be comparable. The proportion of
patients who required MV or died within
30 days in patients who required oxygen ther-
apy but not MV was 28.1% in the RECOVERY
trial [14]. Thus, the proportion in our study
(26.2%) might be close, although there were
differences in terms of race. In addition, the
30-day mortality proportion in the RECOVERY
trial was 23.3%, whereas that of our study was
4.9%. Although the primary endpoint was not
met in our clinical trial, our findings, particu-
larly the very low mortality proportion, might
suggest a benefit for combination therapy with
favipiravir and methylprednisolone. While
adverse events such as hyperglycemia and sec-
ondary infections due to systemic steroids and
hyperuricemia due to favipiravir were observed,
their frequencies were not high compared with
other studies [12, 22, 31], and the combination

Fig. 3 Time course of PaO2/FiO2 ratio between patients
who did not meet the primary endpoint (undergoing
mechanical ventilation, including noninvasive positive

pressure ventilation, or meeting the tracheal intubation
criteria) (a) and those who met the primary endpoint (b)
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of favipiravir and methylprednisolone was
overall well tolerated.

Of the 69 study patients, 29.2% met the
primary endpoint. In other words, they experi-
enced treatment failure due to deterioration of
their respiratory condition. There might be
some possible reasons regarding treatment fail-
ure, including that the combination effect of
favipiravir and methylprednisolone was insuf-
ficient to prevent progression of respiratory
failure in those patients and that more than a
half of study patients did not receive

anticoagulation therapy, as shown in Table 2.
An important question is which patients are at
risk of treatment failure. In the risk factor
analysis, a smoking history was significantly
associated with treatment failure. Lymphocy-
topenia, advanced age, chronic lung diseases,
and diabetes were also potential risk factors for
treatment failure, though they were not statis-
tically significant. Furthermore, a remarkable
change in the PaO2/FiO2 ratio from baseline to
day 1 was observed in the treatment failure
group. In 84.2% of the patients with treatment

Table 4 Factors associated with requiring mechanical ventilation or meeting the tracheal intubation criteria (primary
endpoint)

Variables Events requiring mechanical ventilation or meeting
the tracheal intubation criteria/N

Univariable analysis

OR* (95% CI) p value
No Yes

Age C 65 years 5/28 14/37 2.8 (0.9–9.1) 0.085

Chronic lung diseases 15/58 4/7 3.8 (0.8–19.1) 0.102

Chronic renal diseases 17/61 2/4 2.6 (0.3–19.9) 0.361

Diabetes 13/52 6/13 2.6 (0.7–9.1) 0.141

Hypertension 12/40 7/25 0.9 (0.3–2.7) 0.863

Cardiovascular diseases 14/54 5/11 2.4 (0.6–9.0) 0.202

Smoking history 4/28 15/37 4.1 (1.2–14.2) 0.027

White blood cell count[ 9000/mL 18/61 1/4 0.8 (0.1–8.2) 0.848

Lymphocytes\ 800/lL 6/34 10/26 2.9 (0.9–9.5) 0.076

Platelet count\ 100,000/lL 18/60 1/5 0.6 (0.1–5.6) 0.640

Lactate dehydrogenase[ 245 U/L 3/10 16/55 1.0 (0.2–4.2) 0.953

D-dimer, mg/dL

B 0.05 1/2 1 (ref)

[ 0.05 1/2 1.0 (0.0–50.4) 0.752

[ 0.10 15/56 0.4 (0.0–6.2) 0.336

C-reactive protein, mg/dL

B 1.0 1/2 1 (ref)

[ 1.0 13/51 0.3 (0.0–5.9) 0.276

[ 10.0 5/12 0.7 (0.0–14.3) 0.830

*Odds ratio for variable category ‘‘yes’’ to ‘‘no,’’ or others to ‘‘ref’’ in requiring mechanical ventilation or meeting the tracheal
intubation criteria
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Table 5 Summary of adverse events

Adverse events Grade 1 Grade 2 Grade 3 Grade 4

Study treatment period (n = 69)

Hyperglycemia 8 (11.6) 0 (0) 15 (21.7) 0 (0)

Lower gastrointestinal

hemorrhage

0 (0) 0 (0) 0 (0) 0 (0)

Upper gastrointestinal

hemorrhage

0 (0) 0 (0) 0 (0) 0 (0)

Delirium 2 (2.9) 0 (0) 0 (0) 0 (0)

Acute kidney injury 0 (0) 0 (0) 0 (0) 0 (0)

Hepatic failure 0 (0) 0 (0) 0 (0) 0 (0)

Diarrhea 2 (2.9) 0 (0) 0 (0) 0 (0)

Hyperuricemia 25 (36.2) 0 (0) 1 (1.4) 0 (0)

Secondary infections 0 (0) 2* (2.9) 0 (0) 0 (0)

Observation period (n = 66)

Hyperglycemia 7 (10.6) 2 (3) 4 (6.1) 0 (0)

Lower gastrointestinal

hemorrhage

0 (0) 0 (0) 0 (0) 0 (0)

Upper gastrointestinal

hemorrhage

0 (0) 0 (0) 0 (0) 0 (0)

Delirium 1 (1.5) 1 (1.5) 0 (0) 0 (0)

Acute kidney injury 0 (0) 0 (0) 0 (0) 0 (0)

Hepatic failure 0 (0) 0 (0) 0 (0) 0 (0)

Diarrhea 2 (3) 0 (0) 0 (0) 0 (0)

Hyperuricemia 4 (6.1) 0 (0) 0 (0) 0 (0)

Secondary infections 0 (0) 0 (0) 4� (6.1) 0 (0)

Severe adverse events (n = 69) Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Any 24 (34.8)

Respiratory failure or acute respiratory distress syndrome 0 (0) 0 (0) 0 (0) 17 (24.6) 3 (4.3)

Pleural infection 0 (0) 0 (0) 1 (1.5) 0 (0) 0 (0)

Platelet count decreased 0 (0) 1 (1.5) 0 (0) 0 (0) 0 (0)

Fungal infection 0 (0) 1 (1.5) 0 (0) 0 (0) 0 (0)

Thromboembolic event 0 (0) 0 (0) 1 (1.5) 0 (0) 0 (0)

*Including the following: 1 fungal infection and 1 bacterial pneumonia
� Including the following: 3 cases of ventilator-associated pneumonia and 1 pleural infection
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failure, the respiratory failure worsened during
the administration of 1 mg/IBW/day of
methylprednisolone (days 1–5). Therefore,
careful observation is required for patients who
have the aforementioned risk factors for treat-
ment failure and those with rapid progression of
hypoxemia from baseline to day 1. For these
patients, other therapeutic strategies such as a
higher dosage of systemic corticosteroids and
other immunomodulatory agents (e.g., anti-in-
terleukin-6 receptor antibody) might improve
their outcomes [30, 32, 33].

There are several limitations in this study.
First, all of the enrolled patients were Japanese,
and this trial was a single-arm phase II study
which did not have a control arm. Given the
racial differences observed in the immune
responses to SARS-CoV-2 between Asian and
other races [34], the efficacy and safety of this
study treatment should be evaluated in studies
that include patients of races other than Asian
with a control arm. Furthermore, as some
studies revealed that some of SARS-CoV-2 vari-
ants were associated with more severe disease
with different patient outcomes [35, 36], types
of mutations should be considered as con-
founding factors in the future studies. Second,
the expected proportion (20%) of the primary
endpoint set in this study might have been
overly optimistic, which could explain why this
study treatment was not demonstrated as being
effective. Third, the time since symptom onset,
which is associated with SARS-CoV-2 replica-
tion and immune responses [37], was not
recorded. Fourth, we could not assess the effect
of viral clearance as a result of missing values of
follow-up PCR and antibody testing for SARS-
CoV-2 because of resource limitations caused by
a surge in infections during the study period.
Lastly, we found potential risk factors for treat-
ment failure; however, prospective observa-
tional studies with larger sample sizes are
needed to clarify them.

CONCLUSIONS

The proportion of patients with non-critical
respiratory failure who met the primary end-
point was 29.2% (90% CI 20.1–39.9) in this

phase II study to assess the efficacy and safety of
the combination therapy of favipiravir and
methylprednisolone. Although a favorable pro-
portion was not achieved in the clinical trial
design, the proportion of patients who required
MV or died was 26.6%, which was close to a
previous representative study showing a mor-
tality reduction effect of systemic corticos-
teroids for patients with COVID-19 who
required oxygen therapy but not MV [14]. This
result suggests that the efficacy of the combi-
nation therapy of favipiravir and methylpred-
nisolone should be evaluated in future clinical
trials, especially in patients of races other than
Asian.
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