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ABSTRACT

Introduction: Antiviral drugs have shown lim-
ited effectiveness in treating patients with
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coronavirus disease 2019 (COVID-19). We
aimed to assess the effects of a favipiravir and
hydroxychloroquine combination on treating
moderate-to-severe COVID-19 patients.

Methods: An investigator-initiated, multicen-
ter, open-label, randomized trial at nine hospi-
tals. Eligible patients were adults with
moderate-to-severe COVID-19 defined as
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oxygen saturation (SaO,) of <94% while
breathing ambient air or significant clinical
symptoms with chest x-ray changes requiring
hospital admission. Randomization was in a 1:1
ratio to receive standard care (control group) or
standard care plus favipiravir and hydroxy-
chloroquine. The primary outcome was time to
clinical improvement of two points (from the
status at randomization) on a seven-category
ordinal scale or live discharge from the hospital
within 14 days. Analyses were done in an
intention-to-treat population.

Results: From May 2020 to Jan 2021, 254
patients were enrolled; 129 were assigned to
standard of care and 125 to the treatment. The
mean age was 52 (£ 13) years, and 103 (41%)
were women. At randomization, six patients
were on invasive mechanical ventilation, 229
(90.15%) were requiring supplemental oxygen
only (with or without non-invasive ventila-
tion), and 19 (7.48%) were receiving neither.
The time to clinical improvement was not sig-
nificantly different between the groups: median
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of 9 days in the treatment group and 7 days in
the control group (HR: 0.845; 95% CI
0.617-1.157; p-value = 0.29). The 28-day mor-
tality was not significantly different between
the groups (7.63% treatment) vs. (10.32% con-
trol); p-value = 0.45. The most prevalent
adverse events were headache, elevation in ALT,
and the prolonged QTc interval in the treat-
ment group.

Conclusion: The combination of favipiravir
and hydroxychloroquine did not result in a
statistically significant clinical benefit in
patients with moderate-to-severe COVID-19.
Clinical Trial Registration: ClinicalTrials.gov
(NCT04392973).
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Why carry out this study?

Antiviral drugs have shown limited
effectiveness in treating COVID-19
patients

The study assessed if the combination of
antiviral therapy (favipiravir and
hydroxychloroquine) will improve the
clinical outcome of hospitalized patients
with moderate-to-severe COVID-19

What was learned from the study?

The combination of favipiravir and
hydroxychloroquine did not result in a
statistically significant clinical benefit in
patients with moderate-to-severe COVID-
19

The routine clinical use or further studies
to evaluate this combination are
discouraged for this patient population

INTRODUCTION

As of 15 April 2021, severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) had
spread globally, with 135 million reported cases
and > 2.9 million deaths globally since the start
of the pandemic [1]. Although > 80% of infec-
tions are self-limiting, the rest may lead to sev-
ere symptoms and require hospital admission
[2]. COVID-19 is associated with a high in-hos-
pital mortality rate (19-35%) after Intensive
Care Unit (ICU) admission [3, 4]. The treatment
for patients with SARS-CoV-2 pneumonia is
mainly supportive. Dexamethasone is the only
treatment that has been shown to reduce mor-
tality [5]. A more recent trial in critically ill
adult patients with COVID-19 receiving organ
support in intensive care, the IL-6 receptor
antagonists  (tocilizumab and sarilumab),
showed improved outcomes, including survival
[6]. Favipiravir is an RNA-dependent RNA

polymerase (RdRp) inhibitor with activity
against the influenza virus. In addition to its
anti-influenza virus activity, favipiravir is cap-
able of blocking the replication of flavi-, alpha-,
filo-, bunya-, arena-, noro-, and other RNA
viruses and can theoretically be active against
SARS-CoV-2 [7, 8]. Favipiravir was compared
earlier in the COVID-19 pandemic to other
antivirals and showed promising results [9]. A
study in mild-to-moderate COVID-19 patients
showed significant improvement in the time to
clinical cure when using favipiravir [10]. Using a
combination of various potential therapies for
COVID-19 is not an uncommon approach, such
as lopinavir/ritonavir NCT04499677, tocilizu-
mab NCT04310228, chloroquine
NCT04319900, and hydroxychloroquine
NCT04303299, among others, which all have
not been completed yet. The selected combi-
nation was based on limited clinical and in vitro
evidence regarding the efficacy of favipiravir
and hydroxychloroquine in SARS-CoV-2. The
two medications were listed in many guidelines
as treatment options, with ongoing trials
assessing their efficacy and safety. Theoretically,
combining the agents might result in a syner-
gistic effect due to different target sites. We
report the results of a randomized, controlled
trial to assess the efficacy of combining
hydroxychloroquine and favipiravir plus stan-
dard of care in patients with moderate-to-severe
COVID-19.

METHODS

Study Design

This was an investigator-initiated, multicenter,
open-label, randomized trial. Adult patients
aged 18 years and older and admitted to the
hospital from 21 May 2020 for COVID-19,
virologically confirmed using RT-PCR, were
included. Patients were recruited from nine
hospitals in Saudi Arabia (King Abdulaziz
Hospital Al Ahsa, AlMadina General Hospital,
Al-Qatif Central Hospital, Imam Abdulrahman
Al Faisal Hospital Dammam, King Abdulaziz
Medical City Jeddah, King Abdulaziz Hospital
Makkah, King Abdulaziz Medical City Riyadh,
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Imam Abdulrahman Alfaisal Hospital Riyadh,
and Al-Iman General Hospital Riyadh). Ethical
approval was obtained from the Institutional
Review Board (IRB) at the Ministry of National
Guard-Health Affairs MNGHA; study no. RC20/
174/R) and Ministry of Health (MOH; log no.
20-83E). The trial was overseen by an indepen-
dent data and safety monitoring board (DSMB).
The trial was done according to the Declaration
of Helsinki principles and the International
Conference on Harmonization-Good Clinical
Practice guidelines. The trial protocol and the
statistical analysis plan were submitted for
publication before the interim analysis [11].

Patients

Eligible patients were at least 18 years of age,
male or non-pregnant females, and diagnosed
with COVID-19 by RT-PCR-confirmed SARS-
CoV-2. The patients were considered eligible if
admitted to the hospital with moderate-to-sev-
ere COVID-19, defined as oxygen saturation
(Sa0y) of < 94% while breathing ambient air or
significant clinical symptoms with chest x-ray
changes. As an eligibility criterion, patients
were enrolled within 10 days of disease onset.
Patients were excluded if they had a history of
myocardial infarction or an irregular rhythm/
QTc (corrected QT interval) in the baseline
electrocardiogram (ECG) of > 490 ms. The
exclusion criteria also included major comor-
bidities such as hematologic malignancy,
advanced (stage 4-5) chronic kidney disease or
dialysis therapy, severe liver damage (Child-
Pugh score > C, AST > five times the upper
limit), or HIV. Written informed consent was
obtained from all patients or their legal repre-
sentatives if they could not provide consent.

Randomization

Randomization was conducted using SAS v9.4
PROC PLAN to generate random allocation
schedules. The randomization schedule was
uploaded through an online web-based system
in a 1:1 ratio to receive standard care (control
group) or standard care plus the favipiravir and
hydroxychloroquine combination (treatment

group). It was stratified by enrolling center and
by being admitted to ICU or on mechanical
ventilation. The investigator disclosed the arm
after all information regarding patient enroll-
ment was recorded in the online system. The
trial was open-label, and the delegated hospital
pharmacy dispensed the study medications.

Trial Procedures

Daily assessment of the admitted patients and
eligibility screening was done for possible study
participants within the first 72h of hospital
admission. Once eligible, informed consent was
obtained, and randomization was conducted. In
addition to other standard medical treatments
for COVID-19, per local protocols, patients
randomized to the combination therapy were
started on favipiravir for 10 days and hydroxy-
chloroquine for 5 days. Favipiravir was given at
a loading dose of 1800 mg (9 tablets) by mouth
twice on day 1 followed by 800 mg (4 tablets)
twice daily. Hydroxychloroquine dose was
400 mg twice daily on day 1 and then 200 mg
twice daily. Other aspects of COVID-19 man-
agement were at the discretion of the treating
physicians. The use of glucocorticoids, other
immunomodulators, and antibiotic agents was
allowed, and all were recorded throughout the
hospitalization. As a safety consideration, the
trial team assessed the QTc interval every 24 h
while the patients were receiving the combina-
tion of the trial drugs.

Observation of possible adverse events (AEs)
was done while using the investigational med-
ications until day 14, including regular labora-
tory monitoring. In case of any concerns that
might require holding/stopping medication,
the principal investigator conducted a causality
assessment, including a consultation with an
independent clinician. One point contact at 28
and 90 days was planned to assess the vital
status.

Outcomes

The primary endpoint was the time to clinical
improvement, defined as the time from ran-
domization to an improvement of two points
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on a seven-category ordinal scale or live dis-
charge from the hospital, whichever came first.
The seven-category ordinal scale consists of the
following categories: a score of 1 indicated not
hospitalized with the resumption of normal
activities; 2, not hospitalized, but unable to
resume normal activities; 3, hospitalization, not
requiring supplemental oxygen; 4, hospitaliza-
tion, requiring supplemental oxygen; 5, hospi-
talization, requiring nasal high-flow oxygen
therapy and/or non-invasive mechanical venti-
lation; 6, hospitalization, requiring extracorpo-
real membrane oxygenation (ECMO) and/or
invasive mechanical ventilation; 7, death.

The key secondary efficacy outcomes inclu-
ded the progress in clinical status and the
requirement of ICU admission or mechanical
ventilation within 14 days. The 28- and 90-day
mortality was also monitored. In addition, the
RT-PCR test conversion from positive to nega-
tive, length of hospital stay, and status at day 14
post-randomization were also collected. SARS-
COV-2 RT-PCRs from a naso-/oropharyngeal
swab or lower respiratory samples were obtained
on days 1, 5, 10, 14, 21, and 28 or until the test
was negative, whichever came first. All PCR
testings are done in Central Laboratories, where
all procedures and kits were approved by the
Saudi FDA and CDC. These include: Perkin
Elmer chemagic 360 Instrument (chemagic™
Viral DNA/RNA Extraction Kit), Roche Mag-
naPure96 (SV kit), Co-Diagnostics (Logix-
Smart™-COVID-19), and Real Star SARS-CoV-2
RT-PCR Kit.

The safety outcomes included treatment-re-
lated adverse events (AEs), serious adverse
events (SAEs), and premature discontinuations
of the study medications. SAEs, defined as
untoward medical events leading to death, a
life-threatening experience, prolongation of
hospitalization, or persistent or significant dis-
ability or incapacity in the judgment of the site
investigator, were also reported.

Statistical Analysis

Under the classical two-arm parallel design, the
total adequate sample size required was 472
subjects (236 per group). The estimated sample

size achieved 85% power to detect a minimum
of a 30% reduction in the median time to clin-
ical improvement by at least two points or
hospital discharge in the treatment group
compared to the control group. The trial’s
overall sample size was estimated as 520 (260
per group), including 10% drop-out rate. A
sample size adjustment was planned to be con-
sidered after the interim analysis of 60% of the
subjects’ recruitment and the DSMB recom-
mendation. The interim analysis was designed
to test for early stopping due to futility or effi-
cacy and the sample size re-estimation. The
interim analysis and final analysis plan were
based on the method of the sum of the stage-
wise p-value discussed in Chow and Chang,
2008. We performed several sensitivity analyses
to determine the effect of different assumptions
on the sample size. (Details are provided in the
statistical analysis plan in Online Appendix 1).

The study’s primary endpoint was the med-
ian time to clinical improvement by at least 2
points or live discharge from the hospital. It was
analyzed using the log-rank test to compare
median time to clinical improvement through
day 14 between the two groups. The hazard
ratios and 95% confidence interval (CI) were
estimated using the proportional hazards
regression model with treatment as the
explanatory variable. The decision rule based on
the study protocol were (1) stop the trial for
early efficacy if the interim analysis p-value <
0.01, (2) stop the trial for futility if the interim
analysis p-value > 0.25, or (3) declare the trial
significant if the sum of the interim analysis
and final stage p-values < 0.1832. Similar anal-
yses were performed for the secondary end-
points, including hospital discharge and
mortality based on the log-rank test and the
proportional hazards regression. For the hospi-
tal discharge, patients who were alive through
day 14 were included. For the mortality, we
compared the two treatment groups through
day 28.

Subgroup analyses were performed for the
primary endpoint and secondary endpoints to
test the treatment effect across subgroups of
age, gender, corticosteroid use, the baseline
score of the seven-category ordinal scale at
admission, and the time between onset to
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enrollment. The analyses were based on the
proportional hazards regression with interac-
tion terms of the treatment and subgroup vari-
ables. The results were reported in terms of
hazard ratios, the 95% CI for each subgroup,
and the interaction p-value. Further compres-
sions and analyses of the secondary endpoints
were applied using the chi-square or the Wil-
coxon signed-rank tests whenever appropriate
and indicated in result tables.

The analysis of the AEs data was descriptive
and excluded patients who did not receive
treatment. The proportions of the participants
experiencing AEs were compared between the
randomized groups using a Fisher’s exact test.

No specific statistical handling of missing
values was performed. Statistical significance
was set at p < 0.05. Statistical analyses were
done using SAS V9.4.

Stopping the Trial

The DSMB members voted for an early interim
analysis after recruiting > 50% of the sample
size based on the trial steering committee’s
concern about the low recruitment rate due to
the decreased numbers of the new COVID-19
cases. On 26 January 2021, the DSMB con-
ducted a closed session to review the interim
data analysis and recommended aborting the
trial because of futility. The patients’ enroll-
ment in the trial was stopped immediately, and
the site’s principal investigators, IRB, and Saudi
FDA were notified of the termination.

RESULT

Patients

From 21 May 2020 to 26 January 2021, > 2800
patients were screened, of whom 268 were ran-
domized. Participants were randomly assigned
to the standard-of-care group (n = 136) or the
standard-of-care plus the combination of
favipiravir and hydroxychloroquine group
(n = 132), of whom 254 participants (125 in the
treatment group and 129 in the standard of
care) were included in the primary outcome

analysis. Seven patients withdrew consent, and
another seven were not eligible and were
excluded after randomization; all 14 patients
did not receive treatment and were not inclu-
ded in the intention-to-treat population (Fig. 1).

The mean age was 52 years (+ 13), and 103
(40.5%) patients were women. The two groups
were balanced for most demographic charac-
teristics (Table 1). A history of diabetes was
present in 107 (42.13%) patients and hyper-
tension in 104 (40.94%). At randomization, six
(2.3%) patients were on invasive mechanical
ventilation, 229 (90.15%) required supplemen-
tal oxygen, and 19 (7.48%) were receiving nei-
ther. Fever, dry cough, shortness of breath,
fatigue, and gastrointestinal symptoms were the
most common at the time of hospital presen-
tation (Table S1). The mean time from symptom
onset to starting study drug was around 5.85
(+ 2.06) days.

Of the treatment group, 117 (93.6%) patients
received > 10 of 20 doses of favipiravir, and 72
(57.6%) completed the whole course of therapy.
The treatment was discontinued before com-
pleting 50% of the favipiravir course in eight
patients for reasons other than death or hospital
discharge. Among those eight patients, four
refused to continue because of the pill burden,
and medications were stopped by the primary
physician in the other patients as a personal
preference and because of lack of observed
clinical improvement. Hydroxychloroquine was
given for the full course days in 99 (79%)
patients, and only 7 received < 5 of the 10 doses
of the medication. Early hydroxychloroquine
stopping was mainly due to ECG changes, or
the patients/primary physician elected not to
continue the rest of the course. One patient did
not receive any doses of either medication and
was not included in the safety analysis.

Antivirals were used in the control group as
part of the local standard-of-care primary team
management. Concomitant treatment, includ-
ing antibiotics and systemic glucocorticoid
therapy, were similar in the two groups
(Tablel). Requiring more than one antibiotic
occurred more in the control group (Supple-
mentary Table S2). The details of the antibiotics
prescribed are available in the supplementary
material (Table S3).
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2840 screened for eligibility

\4

v

2572 Excluded
1551Not meeting inclusion criteria
971 Meeting 21 exclusion criteria
50 Declined to participate

268 randomized

v

\4

132 Allocated to intervention
7 Excluded
Withdrew consent (n=5)
*Not eligible (n=2): 1 Dialysis,
1 Prolonged QTc
1 Did not receive allocated intervention

136 Allocated to Standard of Care
7 Excluded

Withdrew consent (n=2),
*Not eligible (n=5): 4 Mild case,
1 previous Myocardial infarction

l

l

125 included in the analysis of the primary

outcome

124 in the safety population

l

Day 28 Lost to follow-up (n=6)
Day 90 Lost to follow-up (n=8)

129 included in the analysis of the primary

outcome

129 in the safety population

l

Day 28 Lost to follow-up (n=3)
Day 90 Lost to follow-up (n=8)

* Non-eligible patients as per inclusion/exclusion criteria and randomized by error (were identified right after randomization

and removed before starting the study intervention)

Fig. 1 Trial profile

Efficacy

In both groups, 173 (68.11%) patients showed
clinical improvement of at least 2 points on the
seven-category ordinal scale (from the status at
randomization) by day 14. The time to clinical
improvement was not significantly different

between the two groups, with a median of 9
(95% CI: 8, 12) days in the treatment group and
7 (95% CI: 6, 10) days in the control group (HR:
0.845; 95% CI 0.617-1.157; p-value = 0.29)
(Fig. 2A). The distribution of the patient’s status
on the seven-category ordinal scale at day 14 is
shown in Table 2. After 14 days of enrollment,
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Table 1 Baseline demographic and clinical characteristics of the groups

HCQ + FAV SOC
(» = 125) (n = 129)
Age, years* 53.03 (£ 12.79) 52.27
(+ 13.36)
Sex 75 (60%) 76 (58.91%)
Male 50 (40%) 53 (41.09%)
Female

Body mass index™®

Preexisting conditions
Heart disease
Hypertension
Diabetes
Chronic kidney disease
Asthma
Location at time of randomization
Hospital ward
Intensive care unit
Number of days since symptom onset”
Seven-category scale at randomization
3. Hospitalized, not requiring supplemental oxygen
4. Hospitalized, requiring supplemental oxygen

5. Hospitalized, requiring nasal high-flow oxygen therapy and/or non-invasive

mechanical ventilation

6. Hospitalized, requiring ECMO and/or invasive mechanical ventilation
Concomitant medications

Steroids

Tocilizumab

Antibiotics
Laboratory parameters”

White cell count, x 10°/1

Lymphocyte count, x 10°/1

Neutrophil count, x 10%/1

3143 (£ 6.76)

3 (24%)
47 (37.6%)
52 (41.6%)
2 (1.6%)
15 (12%)

107 (85.6%)
18 (14.4%)
5.96 (& 2.05)

8 (6.40%)
95 (76.00%)
19 (15.20%)

3 (2.40%)

111 (88.80%)
8 (6.45%)
120 (96.00%)

7.77 (£ 3.63)
124 (£ 0.75)
636 (£ 7.95)

30.73
(+ 7.66)

1 (0.78%)
57 (44.19%)
55 (42.64%)
4 (3.1%)

15 (11.63%)

104 (80.62%)
25 (19.38%)
5.75 (& 2.07)

11 (8.53%)
95 (73.64%)
20 (15.50%)

3 (2.33%)

114 (88.37%)
15 (11.63%)
126 (97.67%)

7.54 (& 3.32)
1.19 (& 0.83)

7.27
(£ 11.14)
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Table 1 continued
HCQ + FAV SOC
(n = 125) (n = 129)
Platelet count, x 10%/1 242,70 (£ 76.60) 24153
(+ 95.97)
Blood urea nitrogen, mmol/l 5.53 (£ 3.13) 5.77 (£ 3.31)
Creatinine, tmol/l 81.76 (£ 31.87) 87.54
(& 52.20)
Bilirubin, umol/I 8.94 (£ 5.90) 8.82 (£ 5.59)
Aspartate aminotransferase, U/l 45.07 (£ 33.69) 51.89
(£ 39.92)
Alanine aminotransferase, U/l 43.68 (+ 30.62) 52.17
(& 59.50)
Lactic acid, mmol/l 1.47 (£ 0.55) 1.66 (+ 0.72)
C-reactive protein, mg/l 105.50 (£ 90.57) 103.02
(+ 80.11)
Procalcitonin, ng/ml 0.33 (£ 0.59) 0.39 (£ 0.81)
Chest x-ray at baseline
No pulmonary infiltrates 6 (5.56%) 6 (5.41%)
Unilateral infiltrate 3 (2.78%) 5 (4.50%)

Bilateral infiltrates

99 (91.67%) 100 (90.09%)

HCQ hydroxychloroquine, FAV favipiravir, SOC standard of care

* Plus-minus values are means &= SD

® The body mass index is the weight in kilograms divided by the square of the height in meters

in the treatment group, 76 patients were dis-
charged from the hospital and 84 patients in the
control group, while 8 patients died in the
treatment group compared to 5 in the control
group. The median duration of hospitalization
among patients discharged on or before day 14
was 9 (95% CI 8, 12) days for the treatment
group and 8 (95% CI 7, 10) days for the control
group with HR = 0.877; 95% CI 0.638-1.207; p-
value = 0.42 (Fig. 2B). Twenty-eight-day mor-
tality was not different between the two groups;
9 (7.63%) died in the treatment group vs. 13
(10.32%) in the control group; p-value = 0.45
(Fig. 2C). All-cause 90-day mortality was also
assessed and showed similar results; 14 (12.61%)

died in the treatment group vs. 15 (13.76%) in
the control group; p-value = 0.91 (Table 2).

For the 211 patients who were not in the ICU
at recruitment, the incidence of ICU admission
was not different in the treatment group com-
pared with the control group [33 (26.40%) vs.
26 (20.16%), p-value = 0.23]. The incidence of
new mechanical ventilation or ECMO use in the
248 patients who did not receive these inter-
ventions at enrollment was 21 (16.80%) in the
treatment group and 20 (15.50%) in the control
group, with a p-value of 0.77 (Table 2). No sig-
nificant differences were observed between the
two groups in the days from randomization to
discharge and the incidence of hospital read-
mission. The RT-PCR for SARS-Cov-2 was
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a 14-Day Clinical Improvement
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«Fig. 2 A-C Kaplan-Meier estimates of cumulative recov-

eries. Time to clinical improvement in the intention-to-
treat population (A) and the number of patients without
clinical improvement were still included in the number at
risk. The hospital discharge curves are cumulative inci-
dence curves of alive hospital discharge (B). All the
patients were followed up daily to discharge or 14 days
after randomization. A patient was considered discharged
from the hospital once discharged from the index
hospitalization. Transferring to another hospital is not
considered alive hospital discharge; rehospitalizations were
not considered in this analysis, and deaths before day 14
were excluded. The survival curves are survival function
(Kaplan-Meier) curves with a p-value calculated by the log-
rank test. (C) Time to death in the intention-to-treat
population. Patients were followed up for death until day
28 following randomization using in-hospital records and
phone follow-up. Data on patients who died on or before
day 28 were censored at day 28. Nine patients had
unknown vital status at 28 days. There was no difference
between the treatment and control groups in clinical
improvement, time to discharge, or survival

positive for all patients prior to enrollment.
Within 28 days, the rate of undetectable viral
RNA in the treatment group was 25 (32.05%)
and 23 (29.49%) in the control group. The fol-
low-up PCR testing was not done in 98 patients,
and only 12 patients were persistently positive
by day 21.

We conducted a post hoc analysis to deter-
mine whether any subpopulation might have
benefitted from receiving corticosteroids along
with the combination therapy. However, it had
no effect on the primary outcome or mortality.
In the subgroup using the combination therapy
within 5 days of the onset of symptoms, clinical
improvement and the 28-day mortality were
not significantly different between the groups
(Fig. 3). The between-group differences in clin-
ical improvement and mortality varied consid-
erably according to baseline severity. There were
no significant between-group differences con-
cerning the disease complications outcomes of
thromboembolism/coagulopathy, cardiac
arrest, or acute kidney injury within 28 days
(Table  S4). Bacterial pneumonia and
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Table 2 Primary and secondary outcomes
HCQ + FAV SOC P-
(n = 125) (mn =129)  value
Primary outcome: time to clinical improvement, days® 9 (8, 12) 7 (6, 10) 0.29

Secondary outcomes
Negative SARS-CoV-2 on (RT-PCR) by day 28"
Requirement of ICU admission”
Requirement of mechanical ventilation®

Seven-category scale at day 14

1. Not hospitalized, with resumption of normal activities

2. Not hospitalized, but unable to resume normal activities

3. Hospitalized, not requiring supplemental oxygen
4. Hospitalized, requiring supplemental oxygen

5. Hospitalized, requiring nasal high-flow oxygen therapy and/or non-invasive 13 (10.4%)

mechanical ventilation

6. Hospitalized, requiring ECMO and/or invasive mechanical ventilation

7. Death
Duration of hospital stay, days®
14-day mortality
28-day mortality
90-day mortality

25 (32.05%)
33 (26.4%)
21 (16.8%)

23 (29.49%) 0.73
26 (20.16%) 0.24
20 (15.5%) 078

13 (10.4%) 16 (12.4%)

68 (54.4%) 71 (55%)
4 (3.2%) 6 (4.6%)
14 (11.2%) 13 (10%)

3 (2.3%) 0.048

5 (4%) 15 (11.6%)

8 (6.4%) 5 (3.88%)

9 (8, 12) 8 (7,100 042
8 (6.4%) 5 (3.88%)  0.68
9 (7.63%) 13 (10.32%) 0.45

14 (12.61%) 15 (13.76%) 0.91

HCQ hydroxychloroquine, FAV favipiravir, SOC standard of care

* Median time and 95% confidence interval and p-value based on log-rank test
® Post-randomization follow-up PCR testing was missing 98 (38.58%) patients
¢ Among patients who were not receiving these interventions at enrollment

pneumothorax were documented more in the
control group.

Safety

The AEs in the safety population are reported in
Table 3. An elevation in the ALT levels was more
frequent in patients receiving hydroxychloro-
quine plus favipiravir than in the standard-of-
care group. ALT elevation in the treatment
group was only mild or moderate, and levels
improved with time. The bilirubin and AST
levels were almost similar to those of the con-
trol group. One patient had grade 4 elevation in

bilirubin, which returned to within the normal
limits in the following days. Uric acid elevation
was not a significant concern in the patients
receiving favipiravir in our trial.

The prolongation of the QTc interval was
more frequent in the patients receiving
hydroxychloroquine plus favipiravir than in
patients in the control group (Table 3); how-
ever, fewer patients in the control group had
serial ECG studies performed during follow-up
than did patients in the treatment groups. All
14 deaths during the observation period were
judged by the site investigators to be unrelated
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Subgroups Standard care Treatment
Events/N (%) Eveats/N (%)
Overall 88/129 (68.2%) 85/125 (68.0%)
Age Group
Age Group <50 39/52  (75.0%) 30/42 (71.4%)
Age Group 50-70 43/66  (65.2%) 51773 (69.9%)
Age Group >=70 6/11 (54.5%) 4/10 (40.0%)
Gender
Male 52776 (68.4%)  S0/75 (66.7%)
Female 36/53  (67.9%) 35/50 (70.0%)
Corticosteriod
Yes 75/114  (65.8%) 73/111 (65.8%)
No 13/15  (86.7%) 12/14 (85.7%)
Baseline

3

4

s

6

Onset to enroliment

=<5 days

>5 days

910  (90.0%)
68/96  (70.8%)
1020 (50.0%)

13 (333%)

38/59  (64.4%)
50770 (71.4%)

17 (100%)
70196 (72.9%)
6/19 (31.6%)
23 (66.7%)

31/49 (63.3%)
5476 (71.1%)

HR (95% CI) P-value™
0.85(0.62, 1.16) ‘)}
0.6535
0.77(0.46, 1.29) oH
0.94(0.61, 1.43) =
0.61(0.16, 2.24) —e——
0.4664
0.77(0.51, 1.17) O
0.96(0.59, 1.57) =
04526
0.87(0.62, 1.22) X
0.66(0.28, 1.54) f—0——]
0.5037
0.71(0.20, 2.47) —eo+—
0.88(0.62, 1.26) 1<
0.51(0.18, 1.44) —e——
3.41(0.29,39.80) } * |
0.5443
0.82(0.50, 1.35) o
0.85(0.57, 1.27) @
T T
0.1 1 10

Favours Standard of Care  Favours Treatment

*P-value is the test of interaction between treatment and each subgroup unadjusted for multiplicity.

Fig. 3 Time to clinical improvement according to subgroups

to the intervention, and none was attributed to
the treatment.

DISCUSSION

This is the only randomized trial to assess the
efficacy of a hydroxychloroquine and favipi-
ravir combination therapy compared with
standard of care in hospitalized patients with
moderate-to-severe COVID-19. Our study
showed that the combination of a 5-day course
of hydroxychloroquine in addition to a 10-day
course of favipiravir did not result in a better
clinical outcome. Managing the COVID-19
pandemic is still challenging because of the lack

of an antiviral agent with a mortality benefit.
This finding was provided by the Solidarity
Trial, investigating remdesivir, hydroxychloro-
quine, lopinavir, and interferon, in which all
regimens had little or no effect on hospitalized
patients with COVID-19 [12]. The finding in our
trial is not an exception, and it confirms the
absence of effective antiviral medication for
SARS-CoV-2 even when combining two antivi-
rals with favorable in vitro activity against
SARS-CoV-2 [8, 13]. Remdesivir, has been
licensed by the US FDA for emergency use in
adults and pediatric patients for the treatment
of COVID-19 requiring hospitalization, still an
agent with conflicting effectivity reported in the
literature [14-16].
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Table 3 Safety outcome
HCQ + FAV (1 = 124) SOC (n = 129)
Clinical
Skin rash/urticaria 0 0
Bronchospasm 0 1 (0.78%)
Tongue edema 0 0
Diarrhea 0 0
Nausea 0 0
Vomiting 0 1 (0.78%)
Abdominal pain 0 0
Headache 1 (0.8%) 0
Insomnia 2 (1.6%) 0
Laboratory abnormalities
Creatinine clearance decreased
Grade 3 (30 to < 60 ml/min) 16 (12.9%) 10 (8.13%)
Grade 4 (< 30 ml/min) 5 (4.03%) 9 (7.32%)
Bilirubin increased
Any grade 8 (6.45%) 10 (8.54%)
Grade 3 (2-3 times ULN) 2 (1.6%) 2 (1.71%)
Grade 4 (> 3 times ULN) 1 (0.8%) 0
AST elevation
Any grade 83 (66.93%) 87 (72.5%)
Grade 3 (> 5 to 10 times ULN) 7 (5.64%) 4 (3.33%)
Grade 4 (> 10 times ULN) 1 (0.8%) 2 (1.67%)
ALT elevation
Any grade 75 (60.48%) 55 (46.6%)
Grade 3 (> 5 to 10 times ULN) 2 (1.6%) 5 (4.24%)
Grade 4 (> 10 times ULN) 0 2 (1.69%)
Uric acid elevation
Any grade 16 (12.9%) 8 (7.61%)
Grade 3 (12 to < 15 mg/dl) 0 2 (1.90%)
Grade 4 (> 15 mg/dl) 0 0
QTc interval, 480-500 ms 15 (12.09%) 4 (3.13%)
QTec interval, > 500 ms 7 (5.6%) 5 (3.91%)
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In March 2020, when the trial was initiated,
it was based on the promising in vitro results of
favipiravir activity [9], and the initial broad
exploration of the hydroxychloroquine effect in
the pandemic [17, 18]. Although there was no
difference in the primary or secondary end-
points between the treatment and standard-of-
care groups, there was numerically less mortal-
ity on day 28, 9 (7.63%) in the treatment group
vs. 13 (10.32%) in the control group, which was
not statistically significant. There would be no
expectation of additional expansion if the study
was not stopped early for futility, especially
with the 90-day mortality result recorded.
Interestingly, examining the mortality rate
reported in our trial, it has been nearly consis-
tent between 10 and 15% in admitted patients
with little variability compared to previously
reported outcomes in severe COVID-19 cases
[14-16]. The possible confounders, including
steroid or tocilizumab [19], were studied in the
subgroup analysis and did not reveal any new
findings.

Examining the effect of the combination of
hydroxychloroquine and favipiravir rather than
alone for a possible additive effect was based on
the initial studies which demonstrated activity
against SARS-CoV-2 and the absence of a known
drug interaction between the two medications,
based on the PK-PD characteristics [13, 20, 21].
Currently, hydroxychloroquine is likely con-
firmed as not active and is probably associated
with higher AEs in treating COVID-19 patients,
especially with the higher dose regimen [22].

Although favipiravir had positive results in
previous trials [23, 24], our trial is the largest to
examine favipiravir's efficacy in the moderate-
to-severe confirmed COVID-19 population,
with no clinical benefit observed. In another
large trial done comparing favipiravir to lopi-
navir/ritonavir regimen, there was no effect in
reducing the number of ICU admissions, intu-
bations, or in-hospital mortality [25]. In addi-
tion, it is undeniable that use of combination
therapy was associated with a higher rate of AEs
than in the control group. Stopping medica-
tions for possible cardiac toxicity has been
shown in our trial, particularly with the con-
cerns of using hydroxychloroquine [22, 26],
limiting the possibility of exploring the same

combination in the future again. Additionally,
the favipiravir manufacturer suggests a dose of
1800 mg twice daily on day 1 and 800 mg twice
daily for the following days based on pharma-
cokinetic studies to achieve plasma concentra-
tion equal to 60 pg/ml, which is higher than
recommended for influenza virus [27]. This
dosing regimen has resulted in 18 tablets of
favipiravir alone on the first day and eight
tablets daily for the following days. Despite the
acceptable safety and tolerability profile of this
dosing [10], the high pill burden was a major
barrier to adherence.

This trial had several limitations. We used an
open-label design without a placebo group,
potentially leading to biases in patient care and
data reporting. Second, the trial only included
hospitalized patients, and findings may not be
generalizable to other populations at the early
stage of the disease. Another limitation is the
high number of follow-up SARS-CoV-2 (RT-
PCR) tests that were not obtained because of the
limited resources and variable practices. Due to
this limitation, the virologic outcomes, such as
treatment effect on SARS-CoV-2 viral clearance,
were not adequately measured. Lastly, our trial’s
premature termination could also have led to an
increased data censoring related to the clinical
outcome, but it would not change the overall
finding.

CONCLUSION

In conclusion, the use of the hydroxychloro-
quine and favipiravir combination therapy plus
standard of care did not achieve a higher effi-
cacy than standard of care alone in patients
hospitalized with moderate-to-severe COVID-
19. Routine clinical use or further studies to
evaluate this combination are discouraged for
this patient population. Future studies to assess
the efficacy of favipiravir in populations other
than that of moderate-to-severe COVID-19 may
be warranted.
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