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Abstract

Background: Repurposing broad-spectrum antivirals is an immediate treatment opportunity for 2019 coronavirus disease
(COVID-19). Favipiravir is an antiviral previously indicated for influenza and Ebola, which has shown some promise in
early trials for treatment of COVID-19. We aim to review existing favipiravir safety evidence, which is vital to informing
the potential future use of favipiravir in COVID-19.

Methods: A search was conducted across EMBASE and MEDLINE databases, supplemented by relevant grey-literature
and ClinicalTrials.gov. All studies assessing the use of favipiravir in humans by 27 March 2020 were considered for
inclusion. Further analysis of available safety data from phase 2 and 3 studies was undertaken. Data extracted were
adverse events (AEs) grade 1-4, serious AEs and discontinuation for AEs. Specific AEs of interest highlighted in early-
phase studies, including gastrointestinal AEs and hyperuricaemia, were also examined.

Results: Twenty-nine studies were identified as potential sources of evidence of the clinical safety of favipiravir. Six
were phase 2 and 3 studies reporting relevant safety data for statistical comparison, representing a total of 4299
participants, an estimated 175 person-years-of-follow-up (PYFU). Comparator drugs were oseltamivir, umifenovir, lopinavir/
ritonavir or placebo. Study follow-up was between 5 and 21 days. The proportions of grade 1-4 AEs on favipiravir was
28.2% vs 28.4% (P = n.s.) in the comparison arms. The proportion of discontinuations due to AEs on favipiravir was
1.1% vs 1.2% (P = n.s.) in the comparison arms. For serious AEs the proportion was 0.4% in both arms (P = n.s.).
There were significantly fewer gastrointestinal AEs occurring on favipiravir vs comparators [8.7% vs 11.5%; P = 0.003].
Favipiravir showed significantly more uric acid elevations than comparators [5.8% vs 1.3%; P<0.0001].

Conclusions: Favipiravir demonstrates a favourable safety profile regarding total and serious AEs. However, safety
concerns remain: hyperuricaemia, teratogenicity and QTc prolongation have not yet been adequately studied. Favipiravir
may be safe and tolerable in short-term use, but more evidence is needed to assess the longer-term effects of treatment.
Given the limitations of the evidence and unresolved safety concerns, caution is warranted in the widespread use of
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favipiravir against pandemic COVID-19.

Background

As 2019 coronavirus disease (COVID-19) incidence and mortality
rapidly climb, treatment options are limited. New therapeutic
options are needed now but are limited by a lack of evidence
and require time to develop. Repurposing existing pharmaceuticals
provides an immediate treatment opportunity. While there is no
licensed treatment that specifically acts against COVID-19, medi-
cations such as broad-spectrum antivirals are being employed as
experimental adjuncts to supportive care [1]. Potential drugs
that may be repurposed include antimalarial hydroxychloroquine,
antiretrovirals lopinavir/ritonavir and darunavir/ritonavir, and
influenza drugs oseltamivir, remdesivir and favipiravir [2-4]. These
drugs are now being trialled globally in different combinations
for the treatment of COVID-19. Because of the pandemic status
of COVID-19, detailed safety analysis and access to generic treat-
ment production are vital.

None of these therapeutics have yet been definitively proven
effective for COVID-19, but several have shown promise in early-
stage investigations. One such treatment option is RNA polymerase
inhibitor favipiravir, designed to treat influenza and trialled for
Ebola among other diseases.
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An observational study carried out in Shenzhen in February 2020
showed a significantly faster mean time to viral clearance of
favipiravir than lopinavir/ritonavir [4 days vs 11 days (P<0.001)]
[5]. These results were supported by an early Chinese randomised
clinical trial (RCT), where favipiravir treatment led to a significantly
greater recovery rate in non-critical COVID-19 patients than
umefenovir (71.4% vs 55.9% [P<0.05]) [6]. Although neither
were effective in boosting recovery rate for critically ill patients
in this same trial [5.6% vs 0.0% (P = n.s.)] [6], these early results
have led to further trials being instigated in China and Italy.

Given the potential for the use of favipiravir in the treatment of
COVID-19, safety analysis is vital to inform both ongoing clinical
trials and future widespread use. However, existing safety data
for favipiravir for COVID-19, as well as prior indications, are limited
and difficult to access. We aimed to conduct a review of the
existing evidence regarding the safety of the clinical use of favi-
piravir in the treatment of COVID-19, or any prior indication. We
also aimed to identify gaps in the evidence where they exist, in
order to inform further crucial research into this potential treat-
ment for the COVID-19 pandemic.

Methods

A review of favipiravir clinical research was conducted in accord-
ance with the Cochrane framework for systematic reviews, fol-
lowing the PRISMA statement reporting method for systematic
reviews and meta-analyses [7]. A search was conducted using
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EMBASE and MEDLINE databases via Ovid (full search terms are
available from the authors upon request). The search was sup-
plemented by relevant grey literature from ClinicalTrials.gov and
augmented by consultation with clinicians. The search was con-
cluded on 27 March 2020.

All studies assessing the use of favipiravir in healthy volunteers,
or for the treatment of Ebola virus, influenzas and COVID-19
were included in an overall summary to comprehensively sum-
marise all available evidence of the safety of the use of the drug
in humans.

Further analysis was undertaken of all available safety data from
all phase 2 and 3 studies with adverse event (AE) reporting. Data
extracted were AEs grade 1-4, serious AEs and discontinuation
for AEs. Data were also extracted on specific AEs of interest, as
highlighted in early-phase safety studies, for gastrointestinal AEs
and hyperuricaemia. Statistical comparison of event proportions,
and further literature searches to summarise evidence of terato-
genicity and QTc prolongation were also carried out.

Results

Thirty-two studies were identified as potential sources of favip-
iravir clinical safety data (all of which are described in Table 1),
but only seven studies were published [6,8-13], the remaining
25 being unpublished [14,15]. Attempts were made to contact
the original investigators to request data, and two requests suc-
cessfully yielded data, as well as a further 19 studies for which
results were identified in a Japanese drug safety bureau report
[14] and one study that had results listed on ClinicalTrials.gov
[15]. Three trials were ultimately excluded as the results were
inaccessible [16-19]; therefore 29 trials could be included in this
review (Figure 1).

Twenty-nine studies contained evidence regarding the safety of
favipiravir. Doses of favipiravir ranged widely across studies, from
400 mg up to 6000 mg loading doses, with the more common
regimens being 1200 mg per day, split into twice or three times
daily doses. Comparison was most commonly made to a placebo
control (14 studies), although nine studies had no comparison

arm. Active comparisons were used in six trials (detailed in
Table 1).

Of these 29 studies, six were phase 2 and 3 and provided safety
data that allowed comparison of AE numbers between treatment
and control arms for analysis [6,8,14,15,20,21] (Table 2). The
data represent 4299 participants with 175 person-years-of-follow-
up (PYFU). The vast majority of these data (147 PYFU) come
from the pooled safety findings of the US213B/316/317 trials
[20,21], which used placebo control. Only grade 1-4 and gas-
trointestinal AEs were reported consistently across all six studies.
Comparisons, including oseltamivir, umifenovir, lopinavir/ritonavir
and placebo, are detailed in Table 2.

Of these six main studies, two were in COVID-19 patients in
China and four were in influenza patients across North and South
America, and Asia. Trials ranged from 5 to 21 days in length. All
studies reported similar baseline participant demographics between
trial arms. On pooling trial participant demographics across included
studies (where reported), trial populations included 55% women
and 34% non-white participants with a mean age of 43 years.

Twenty-three smaller, early-stage studies provided further descrip-
tive evidence on safety. No serious AEs were reported in any of
these 23 studies. The main concern raised was elevations in blood
uric acid levels, seen in 6 of 23 early studies. Three studies of
favipiravir as a last-resort treatment in Ebola patients were con-
ducted; these studies contained limited interpretable safety data
due to high baseline organ dysfunction and mortality rates.

One study looked specifically at the effects of different doses of
favipiravir [15], and Table 3 shows the numbers of each AE type
occurring in each study arm, split into low dose, high dose and
placebo comparison. The low-dose regimen was 2000 mg/day
loading dose, followed by 800 mg/day. The high-dose regimen
was 2400 mg/day loading, followed by 1600 mg/day.

Similar proportions of AEs occurred between low and high doses
overall, with the highest proportions occurring in the placebo
arm for grade 1-4 AE, gastrointestinal AEs and liver function
test (LFT) elevations. These results suggest no particular dose-
dependent trend in increased incidence of AE on favipiravir for
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Figure 1. Summary of the characteristics of all studies included in this review, organised into protease and non-protease inhibitor comparator drug regimen subgroups.
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Table 1. Summary of the characteristics of all studies identified as providing evidence of the safety of the use of favipiravir in humans. Trials are organised
into those phase 2 and 3 studies reporting safety data, trials with further safety evidence, studies for which results were inaccessible (grey)
and ongoing trials (blue)

FPV: favipiravir; PYFU: person-years-of-follow-up; TG: triglycerides; CCK: creatinine phosphate kinase

(Source) Disease n PYFU comparison Study type Further findings on FPV
§ 3
1§ g Chen et al. (6} Chenet al. (2020) COVID-19 236 6.47 Umifenovir Open label RCT China A uric acid
g % Cai et al. (8) Cai et /. {2020) COVID-19 80 2.19 LPV/r Open |abel China
E E‘ US213B/316/317 . Influenza 2547  146.54 Placebo Phase 3 RCT usa 1 uric acid
g E Inpublishe USA, Chile, NZ,
: § NCT01068912 (15) Influenza 518 7.10 Placebo Dose ranging study Peru, SA T uric acid
~Noe wublishe
3 JP205 (14) A Japa Influenza 160 2.19 Oseltamivir Phase 2 Japan T total AE T Gl AE
2 L Japan, Korea,
o JPKT312 (14) T Influenza 758 10.38 Oseltamivir Phase 3 Talwan P uric acid
Wang et al.(9) Wang et ol. (2019)  Influenza 168 12.89 Oseltamivir Mixed Regimen China + Japan
Qr study (10) Kumagal et al.(2015) Healthy 56 0.31 Placebo Phase 1 Japan
JP101 (14) M I Healthy 48 0.13 Placebo Phase 1 Japan T triglycerides CCK
JP102 (14) Healthy 12 0.23 None Phase 1 Japan 1 lymphocytes T bilirubin T1Gs
1P103 (14) Healthy 24 0.46 Placebo Phase 1 Japan Auric acid TTGs TCCK
1P104 (14) " Healthy 16 004 Placebo Phase 1 Japan LEK TGS
JP106 (14) ‘. Healthy 16 0.22 Placebo Phase 1 Japan  uric acid
% JP107 (14) ”‘--'I- s Healthy 16 0.22 Placebo Phase 1 Japan J albumin
g JP108 (14) pan Healthy 10 0.68 None Phase 1 Japan “ wric acid
E JP109 (14) Healthy 10 0.47 Oseltamivir Phase 1 Japan
@
:E JP110 (14) an Healthy 24 0.07 None Phase 1 Japan 4 bilirubin TAPTT
E JP111 (14) " Healthy 12 0.23 Placebo Phase 1 Japan 4 uric acid
-E JP114 (14) Healthy 16 0.61 None Phase 1 Japan JocK
% JP115 (14) ‘ b Healthy 68 2.61 Placebo Phase 1 Japan
“
% JP313 (14) n) Influenza 16 0.22 None Phase 3 open label Japan 4 uric acid
ﬁ US105 (14) an| Healthy 116 1.59 Placebo Phase 1 USA
US101/2 (14) -:- Healthy 48 0.13 Placebo Phase 1 usa
US5103 (10) Healthy 16 0.22 Placebo Phase 1 USA
US103b (10) an) Healthy 32 0.44 Placebo Phase 1 USA T uric acid
Kerber et al. (11) an) Ebola 163 13.40 None Observational Guinea Distorted by baseline organ dysfunction
Bai etal. (12) Bai et al. (2016) Ebola 124 10.19 None Case series Sierra Leone Distorted by baseline organ dysfunction
JIKI Trial (13) Sissiko et al.(2016) Ebola 99 2.44 None Phase 2 - single arm Guinea Distorted by baseline organ dysfunction
Fever Study :‘- : Fever 23 Standard care Single arm Japan
§ ‘__: NCT01728753 publ Influenza Placebo USA Attempts to contact unsuccessful
ﬂa g NCT02662855 Inpubl Ebola Standard Care Sierra Leone Attempts to contact unsuccessful
& = NCT01419457 publishec Healthy None USA to contact unsuccessful
"3 NCT04310228 Ongoing COVID-19 Tocilizumab China Completes May 2020 |
=
En NCT04319900 Ongoing COVID-19 Chloroguine China Completes May/lune 2020
§ NCT04303299 Ongoing COVID-19 Oseltamivir/ hydroxycholoquine Thailand Completes November 2020
8 FVP Aifa Ongoing covID-19 Unknown italy Unknown completion date
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Low-dose FVP

Events/Total (%)
Grade 1-4 AE 49/132 (37.1)
Serious AE 2/132 (1.5)
Gastrointestinal AE 14/132 (10.6)
LFT elevations 0/132 (0.0)

Uric acid elevations 3/132 (2.3)

Table 3. Table displaying the results of the dose ranging study (NCTO1068912) [11], broken down into events occurring on low and high doses of
favipiravir, compared with placebo

High-dose FVP Placebo
Events/Total (%) Events/Total
65/189 (34.3) 80/197 (40.6)
0/189 (0.0) 1/197 (0.5)
25/189 (13.2) 34/197 (17.3)
3/189 (1.6) 6/197 (3.0)
7/189 (3.7) 5/197 (2.5)

AE: adverse events; LFT: liver function test; FPV: favipiravir.

these specific safety endpoints. However, patient follow-up was
only 5 days, so no evidence is provided regarding longer-term
AEs.

Figure 2 shows the proportions of each type of AE occurring
across all pooled participants in the six main phase 2 and 3 trials
with a control arm. Safety was similar between favipiravir and
control across endpoints and studies. The proportion of grade
1-4 AEs on favipiravir was 28.2% vs 28.4% in the comparison
arm (P = n.s.). The proportion of discontinuations due to AEs
on favipiravir was 1.1% vs 1.2% in the comparison arm (P =n.s.).
The proportion of LFT elevations on favipiravir was 2.1% vs
2.4% in the comparison arm (P = n.s.). For serious AEs the
proportion was 0.4% in both arms (P = n.s.). There was a sta-
tistically significant difference in the proportion of gastrointestinal
AEs [8.7% vs 11.5% (P = 0.003)], with fewer events occurring
on favipiravir vs comparison arms.

The only endpoint for which favipiravir had a higher proportion
of AEs was uric acid elevations, with a statistically significant
difference between favipiravir and comparison arms [5.8% vs
1.3% (P<0.0001)].

Discussion

This analysis reviews all existing, accessible clinical data on the
safety of favipiravir and summarises available data from the six
larger, phase 2 and 3 controlled trials that have been carried out.
These six studies account for 4299 participants and an estimated
175 PYFU. Favipiravir demonstrates a lower proportion of grade
1-4 AEs and gastrointestinal AEs, and an overall comparable
safety profile to comparators, with the vast majority of data based
on placebo comparison.

However, favipiravir was shown to be associated with hyperuri-
caemia. This finding was demonstrated in many of the reviewed

trials as well as in the overall pooled safety data. Other existent
safety concerns, such as QTc prolongation and the potential for
teratogenicity, remain unresolved.

Limitations

Our analysis is limited to the publicly available body of literature.
The results of three unpublished studies revealed by our literature
search remain inaccessible. Sixteen included studies were phase
1 trials in healthy patients with small numbers and very short
follow-up. Even the larger patient-number phase 2 and 3 studies
that have been carried out had short follow-up periods of 5-21
days, although this is consistent with the typical duration of
treatment for COVID-19. More evidence would be needed regard-
ing the longer-term effects of treatment should favipiravir be
considered for preventative use.

The generalisability of these findings is also limited to the set-
tings and populations in which included trials were carried out,
with a large proportion of the participants from the included
studies being young. This means findings may be less applicable
to older patients with COVID-19.

QTc prolongation

Early concerns over QTc interval prolongation were raised in labo-
ratory and pharmacodynamic studies [14]. One recent Japanese
study in healthy adults (n = 56) which used moxifloxacin as a
positive control to enable higher powered statistical analysis
showed no detectable effect of favipiravir on QT intervals [10].
However, more evidence is required to establish risk in larger
numbers of patients, over longer follow-up periods, within specific
relevant disease populations.

Uric acid

Favipiravir was previously found to transiently increase uric
acid levels in phase 1-3 safety studies [14], with evidence of a

Review of the safety of favipiravir 49
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Figure 2. Summary results of the event proportions occurring across reported safety endpoints. AE: adverse events; D/C AE: discontinuations due to adverse events; SAE: serious

adverse events; LFT: liver function test; PYFU: person-years-of-follow-up

dose-dependent increasing trend. The present review finds the
same trend across multiple studies. Notably, two phase 3 RCTs
(n = 2547) reported increases in uric acid levels that returned to
normal serum concentrations before the 21-day trial cut-off. There
has been no evidence that hyperuricaemia caused by favipiravir
leads to clinical manifestations; however, longer trial follow-up
periods would be required to fully assess this risk.

Teratogenicity

There is evidence that favipiravir has teratogenic potential. Doses
equivalent to proposed human regimens were tested in animal
models and demonstrated delayed development or embryonic
death in the first trimester in four separate animal species [14].
Given this potential AE, no human study has included pregnant
or lactating women; therefore this review could provide no further
analysis on the issue. Participants in existing trials were required
to avoid unprotected sexual intercourse for 90 days from the end
of phase 3 studies. Despite these precautions, seven subjects
became pregnant during this period, but limited fetal outcome
information is available for those pregnancies. To assess the drug’s
effect on testicular function, a safety study (US105) was carried
out and no adverse effect on sperm count or motility could be
demonstrated [14].

To mitigate the undefined risk of teratogenicity, the Japanese
drug safety bureau approval advises that favipiravir be given a
strong warning against use in women of reproductive age and
recommends precautionary statements on packaging and pre-
scription alerts. The bureau also recommends that favipiravir should
be avoided where alternative drugs could be used [14]. Given
the teratogenic potential, caution is warranted in the considera-
tion of favipiravir for widespread use in the treatment, or even
prevention, of pandemic COVID-19.

Drug safety reporting and licensing

Safety data for favipiravir is limited to its use for prior indica-
tions. Other drugs designed for infectious diseases with pandemic
potential, such as oseltamivir or zanamivir for influenza, typically
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have relatively little safety information at licensing. The Euro-
pean Medicines Agency (EMA) assessment report for zanamivir
contained safety data from only 611 phase 2/3 trial participants
[22]. Similarly, oseltamivir was approved by the EMA with data
from only 1504 trial participants [23]. However, in contrast to
current knowledge of favipiravir, data were available on oseltamivir
as prophylaxis in 1230 participants [23]. Furthermore, although
oseltamivir was shown to cross the placenta at higher doses
in animal models, there was no evidence of animal or human
teratogenicity prior to licensing, with 115 pregnancy outcomes
available in the Roche database [24]. Exemplifying the limited
safety data on favipiravir, the WHO VigiAccess tool for AE reporting
contains only 11 records despite favipiravir having been licensed
in Japan since 2014 [25].

Conclusions

Reviewed existing clinical evidence suggests that favipiravir is
relatively safe regarding total AEs, as well as serious AEs and less
serious gastrointestinal AEs. However, increases in blood uric acid
remain a safety concern, demonstrated on pooled analysis of
larger studies, with some evidence of an increasing dose-dependent
trend. Further safety concerns, such as the potential for terato-
genicity and QTc prolongation, have not yet been adequately
studied.

There is evidence to support the safety and tolerability of favi-
piravir in short-term use. However, more evidence is needed to
assess the longer-term effects of treatment. Given the limits of
the evidence and the remaining specific safety concerns, caution
is warranted in the widespread use of favipiravir against pandemic
COVID-19.
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