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With over 16 million cases reported from across the globe, the SARS-CoV-2, a mere 125
microns in diameter, has left an indelible impact on our world. With the paucity of new
drugs to combat this disease, the medical community is in a race to identify repurposed
drugs that may be effective against this novel coronavirus. One of the drugs which has
recently garnered much attention, especially in India, is an anti-viral drug originally
designed for influenza, called favipiravir. In this article, we have tried to provide a
comprehensive, evidence-based review of this drug in the context of the present pandemic
to elucidate its role in the management of COVID-19.

© 2020 Director General, Armed Forces Medical Services. Published by Elsevier, a division of

RELX India Pvt. Ltd. All rights reserved.

Introduction

Six months and more than 16 million confirmed cases later,
the COVID-19 pandemic has become the worst public-health
crisis in a century. Discovery of a new and specific antiviral
agent against the SARS-CoV-2 would involve a long and
arduous timeline. Hence, by default, repurposed drugs,
already in use against other viral infections, have been
pressed into quick service. One such drug is favipiravir,
initially marketed as an antiinfluenza agent in Japan. This
drug has just received emergency approval by the Drug
Controller General of India (DCGI) and hence this compre-
hensive review of favipiravir comes at a timely juncture.

* Corresponding author.
E-mail address: zfu@hindujahospital.com (Z.F. Udwadia).
https://doi.org/10.1016/j.mjaf1.2020.08.004

Favipiravir was first used against SARS-CoV-2 in Wuhan at
the very epicenter of the pandemic. Then, as the pandemic
spread to Europe, this drug received approval for emergency
use in Italy, and currently has been in use in Japan, Russia,
Ukraine, Uzbekistan, Moldova, and Kazakhstan. Approval has
also recently been granted in Saudi Arabia and the UAE.
Thereafter, Turkey, Bangladesh, and most recently Egypt have
also seen recent commercial launches. In June 2020, favipir-
avir received the DCGI approval in India for mild and moder-
ate COVID-19 infections. As of the 23rd of July, 2020; there are
32 studies registered on clinicaltrials.gov to assess the utility
of this drug in the management of COVID-19 (3 completed, 12
recruiting).’

0377-1237/© 2020 Director General, Armed Forces Medical Services. Published by Elsevier, a division of RELX India Pvt. Ltd. All rights

reserved.
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Pharmacology

Favipiravir (T-705) is a synthetic prodrug, first discovered
while assessing the antiviral activity of chemical agents active
against the influenza virus in the chemical library of Toyoma
chemicals. Alead compound, A/PR/8/34, later designated as T-
1105, and its derivatives were found to have antiviral activ-
ities. Favipiravir is derived by chemical modification of the
pyrazine moiety of T-1105 (Fig. 1).” It has been approved in
Japan for the management of emerging pandemic influenza
infections in 2014.

Pharmacokinetics and pharmacodynamics

Favipiravir is administered as a prodrug. It has an excellent
bioavailability (~94%), 54% protein binding, and a low volume
of distribution (10—20 L). It reaches Cmax within 2 h after a
single dose. Both Tmax and half-life increase after multiple
doses. Favipiravir has a short half-life (2.5-5 h) leading to
rapid renal elimination in the hydroxylated form. Elimination
is mediated by aldehyde oxidase and marginally by xanthine
oxidase. Favipiravir exhibits both, dose-dependent and time-
dependent pharmacokinetics. It is not metabolized by the
cytochrome P450 system, but inhibits one of its components
(CYP2C8). Thus, it needs to be used with caution when coad-
ministered with drugs metabolized by the CYP2C8 system.**

Mechanism of action

Within the tissue, the molecule undergoes phosphor-
ibosylation to favipiravir-RTP, which is the active form of this
drug. It exerts its antiviral effect through the following
mechanisms:

a. This molecule acts as a substrate for the RNA-dependent
RNA-polymerase (RdRp) enzyme, which is mistaken by the
enzyme as a purine nucleotide,” thus inhibiting its activity
leading to termination of viral protein synthesis (Fig. 2).

. It gets incorporated in the viral RNA strand, preventing
further extension.” This mechanism of action, along with
preservation of the catalytic domain of the RdRp enzyme
across various RNA viruses, explains the broad spectrum of
activity of this drug.
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c. It has recently been shown that favipiravir induces lethal
mutagenesis in vitro during influenza virus infection,
making it a virucidal drug.® Whether a similar activity is
demonstrated against SARS-CoV-2 or not is uncertain.

Spectrum of antiviral activity

A) Influenza: Favipiravir inhibits 53 types of influenza vi-
ruses including seasonal strains A (H1N1), A (H3N2), and
influenza B; the A (H1IN1)pdmO9 pandemic virus; highly
pathogenic avian influenza virus A (H5N1) isolated from
humans; A (HIN1) and A (H1N2) isolated from swine;
and A (H2N2), A (H4N2), and A (H7N2). It is also active
against drug-resistant strains of the virus, including M2
and NA inhibitors.”
Ebola: During the Ebola virus outbreak in 2014, favipir-
avir was one of the drugs short-listed for trials by the
WHO. Although in vitro studies®® showed encouraging
results for this drug, with a trend toward survival
benefit showed by clinical studies,'®'* conclusive evi-
dence of benefit was never found. In the JIKI
multicenter trial'® conducted in 126 patients with Ebola,
favipiravir in an initial loading dose of 6000 mg followed
by 2400 mg/day for 9 days was shown to have some
effect in patients with medium to high viremia but not
in those with more severe viremia (Ct value < 20). This
large dose seemed to have been well tolerated as well. A
subsequent retrospective study also found favipiravir-
treated patients had a trend toward improved survival
times against Ebola virus, although this effect was not
statistically significant.™
C) Activity against other pathogenic RNA viruses: In
addition to its activity against influenza and Ebola vi-
ruses, favipiravir has been found to have therapeutic
efficacy in cell culture and mouse models of arenavirus,
bunyavirus, filovirus, West Nile virus, yellow fever
virus, foot-and-mouth-disease virus, and Lassa virus
including agents causing viral hemorrhagic fevers and
encephalitis.

=

Role in SARS-CoV-2

Shannon et al.’” found that the SARS-CoV-2—RDRp complex is
at least 10-fold more active than any other viral RdARp known.
Favipiravir acts by inhibiting this viral RARp enzyme, allowing
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Fig. 1 — Chemical structure of favipiravir.”
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Fig. 2 — Mechanism of action of favipiravir.?

facile insertion of favipiravir into viral RNA while sparing
human DNA. They concluded that nucleoside analogs (such as
favipiravir) are promising candidates for the treatment of
COVID-19. The optimal dose of favipiravir is difficult to
establish from the limited preclinical, in vitro data. For
instance, the higher dosing of favipiravir used in Ebola was
based on preclinical studies showing the target concentra-
tions needed to inhibit the Ebola virus (EC50: 67 mM)® were
higher than that in influenza (EC50: 0.48 mM)."? Despite these
high doses, the predicted target concentrations could not be
achieved when PK studies were performed on 66 patients in
the JIKI trial.* Wang et al.”® found that the high concentra-
tions of favipiravir (EC50: 61.88uM) were needed to inhibit
SARS-CoV-2 infection in Vero cells. Thus, it is difficult to
ascertain the basis on which the current dose of this drug has
been established in SARS-CoV-2. Despite this uncertainty, the
dose in clinical use in most countries, including India, is
1800 mg bid on day 1, followed by 800 mg bid on days 2—14.

Clinical trials in COVID-19

Over the past few months, clinical studies have been per-
formed all over the world to assess the efficacy of favipiravir in
the management of COVID-19. The major clinical studies are
summarized here.

China

Chen et al.'® had conducted a prospective, open-label multi-
centric trial in China to compare two treatment arms in the
management of clinically confirmed COVID-19 (maximum
duration of symptom onset before randomization: 12 days).
Conventional therapy plus umifenovir (Arbidol) (200 mg thrice
a day) or favipiravir (1600 mg twice daily followed by 600 mg
twice daily) for 7 days (extendable to 10 days). The study
comprised 240 patients with 1:1 randomization to both
groups. The authors found that the clinical recovery rate at
day 7 did not differ significantly between the two groups

(61.21% for favipiravir vs 51.67% for umifenovir, 95% CI:
—0.0305 to 0.2213, p = 0.1396). Post hoc analysis demonstrated
that favipiravir-treated patients showed a trend
toward clinical improvement at day 7 among those with
moderate COVID-19 (71.43% vs 55.86%, 95% CI: 0.0271 to
0.2843, P = 0.0199) and earlier resolution of fever and cough
(p < 0.0001). There was no significant differences between the
two groups in terms of the incidence of auxiliary oxygen
therapy or noninvasive mechanical ventilation. The two
groups were comparable in terms of all-cause mortality, dys-
pnea after taking medications, and respiratory failure. All
these were considered mild side effects.

The most important drawback of this study was the in-
clusion of clinically confirmed, rather than virologically
confirmed, cases. In this cohort, only 46.55% patients in favi-
piravir group and 38.33% in umifenovir group were nucleic
acid—positive at enrollment. The authors stated that the in-
clusion criteria were designed as per the prevalent Chinese
guidelines for definition of COVID case, and that the sensi-
tivity of viral PCR at the time was only 30—50%. Another
important drawback was using umifenovir as the control arm,
when adequate information about the efficacy of this drug
was unclear. The sample size was calculated assuming 50%
reduction in time to clinical recovery using umifenovir, with
no data supporting this hypothesis.

Another open-labeled nonrandomized study' from
China compared the effect of favipiravir (day 1: 1600 mg
twice daily; days 2—14: 600 mg twice daily) vs lopinavir/ri-
tonavir (day 1-14: 400/100 twice daily) in the treatment of
COVID 19. Both groups received interferon-alpha (5 million
units twice daily) by nasal inhalation. Those aged 16—74
years, positive for SARS-CoV-2, symptom onset within the
past 7 days and mild-moderate disease were recruited. From
30 January to 14 February, 56 patients with laboratory-
confirmed COVID 19 were screened, of which 35 patients
met eligibility for favipiravir. From 24th January to 30th
January, 91 laboratory-confirmed COVID-19 patients who
were already on lopinavir/ritonavir treatment were screened
for eligibility, of which 45 were eligible for control arm.


https://doi.org/10.1016/j.mjafi.2020.08.004
https://doi.org/10.1016/j.mjafi.2020.08.004

MEDICAL JOURNAL ARMED FORCES INDIA 76 (2020) 370—376 373

Baseline characteristics of both arms did not show statisti-
cally significant differences. Compared with the lopinavir/
ritonavir arm, however, patients in the favipiravir arm
showed a statistically significant shorter median length of
time to viral clearance (4 days vs 11 days, p < 0.001),
improvement in chest CT findings at day 14 after randomi-
zation (91.4% vs 62.2%, P = 0.004) and lower incidence of
adverse effects (11.43% Vs 55.56% P value < 0.001). Multi-
variate analysis showed that favipiravir was independently
associated with faster viral clearance and chest CT scan
improvement. With the limitations of nonrandomized study
and the lack of blinding, a potential selection bias may have
confounded the results.

Japan

A Japanese observational study group recorded the details of
hospitalized COVID-19 patients in Japan to assess the safety
and efficacy of favipiravir.’® From February to May 2020, a total
of 2158 cases were registered from 407 hospitals. In more than
90 percent of cases, favipiravir was administered at a dose of
1800 mg orally on day 1 followed by 800 mg twice daily on
subsequent days. The median duration of therapy was 11
days. Rates of clinical improvement at 7 and 14 days were
73.8% and 87.8%, 66.6% and 84.5%, and 40.1% and 60.3% for
mild, moderate, and severe disease, respectively. Thus, vast
majority of patients with mild and moderate disease recov-
ered from the illness, whereas in those with severe disease,
the results were not encouraging. The mortality rates at the
time of survey were 5.1%, 12.7%, and 31.7% for mild, moderate,
and severe disease, respectively. It is to be stressed that this
study had no control arm which precludes direct comparison
of the clinical course with those who did not receive the agent.

Favipiravir in combination with nafomostat (trans-
membrane protease serine 2 inhibitor, previously used suc-
cessfully in MERS-CoV-2 infection, acute pancreatitis and DIC)
was found to be useful in a small case series consisting of 11
serious patients with COVID-19 in Japan. The median age,
time from symptom onset to admission in the ICU, and PaO,/
FiO, ratio on admission were 68 years (IQR 60—69), 8 days (IQR
7-11), and 131 (IQR 114—198) respectively. All patients needed
oxygen therapy, eight patients (73%) needed invasive me-
chanical ventilation, and 3 patients (27%) needed extracor-
poreal membrane oxygenation (ECMO). Of the 11 patients, 7
were successfully weaned from mechanical ventilation, 1
patient with DNR order died. Nine and 7 patients were dis-
charged from the ICU and the hospital, respectively. One pa-
tient had been weaned of ventilation was still in the hospital
at the time the paper was published. A prospective clinical
trial (jRCTs031200026) with this combination is expected to be
initiated in Japan soon.*®

Ongoing trials

Russia

A phase 3 Russian trial COVIDFPR 01 (ClinicalTrials.gov Iden-
tifier: NCT04434248) is ongoing and includes 330 patients from
30 medical centers across 9 Russian regions. Phase 1 of the
trial ended within 10 days, after recruiting 60 patients with
coronavirus infection with moderate illness. They were

randomized in a 1:1:1 ratio of high-dose favipiravir (1800 mg
twice daily on day 1 followed by 800 mg twice daily for next 13
days) vs low-dose favipiravir (1600 mg twice daily on day 1
followed by 600 mg twice daily for next 13 days) vs standard of
care (SOC). Favipiravir was quite safe with no demonstrable
side effects. Fever returned back to normal in 68% of patients
on favipiravir within 3 days as compared with 6 days in the
control group. After first 4 days of treatment, 65% of the 40
patients who took favipiravir tested negative for the virus,
twice as many compared with the standard therapy group. At
the end of day 10, 35 of 40 (87.5%) patients tested negative for
the virus. In the pivotal phase of the trial, the dose of favi-
piravir will be selected based on results from the pilot study
and compared with the SOC as previously mentioned. The
study aims to look upon the rate of viral elimination by day 10,
time to viral elimination in a time frame of 28 days, and time
to clinical improvement.?°

Saudi Arabia

An ongoing open-labeled randomized controlled trial from
Saudi Arabia is evaluating the efficacy of favipiravir and
hydroxychloroquine = combination  therapy Identifier:
NCT04392973] in the management of moderate to severe
COVID-19. The experimental arm consists of favipiravir (dose:
1800 mg twice daily on day 1 followed by 800 mg twice daily for
a total period of 10 days or till hospital discharge) plus
hydroxychloroquine (400 mg twice daily on day 1 followed by
200 mg twice daily for next 4 days). The control arm includes
the SOC treatment in COVID 19. The primary endpoint of the
trial is time to clinical improvement and time to a negative
PCR test.”’ Results of this trial are eagerly awaited.

The USA

The research team at Stanford Medicine have recently
commenced a double-blind, placebo-controlled trial (favipir-
avir vs placebo for 10 days) to assess the utility of favipiravir in
reducing symptoms and the duration of viral shedding in
outpatients with COVID-19.About 120 patients are expected to
be enrolled beginning July 6, 2020.7

Indian trial

A randomized, multicenter, open-labeled clinical trial in In-
dian patients has just been completed, with results expected
to be published soon. This trial evaluated the efficacy and
safety of favipiravir in patients hospitalized with mild to
moderate COVID-19 infection. Conducted in hospitals across
India, 150 patients were randomized, with 72 to the favipir-
avir arm and 75 to the SOC arm. Those in the favipiravir arm
received 3600 mg on day 1, then 1600 mg on days 2—14. Daily
nasopharyngeal swabs were collected from all participants
till two consecutive swabs were negative. The primary
endpoint was time to cessation of shedding of SARS-CoV-
2 as determined by two consecutive negative swabs. Other
secondary endpoints analyzed in this study were clinical
cure rates as determined by the treating physician with re-
covery of fever, respiratory rate, oxygen saturation, and
cough relief. The trial also looked at other secondary end-
points such as time from randomization to initial require-
ment of high flow supplemental oxygen or ventilatory
support and time from randomization to hospital discharge.
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Final data are being analyzed and under review but we can
reveal” that there was 28.7% faster viral clearance in the
favipiravir-treated patients compared with those who
received SOC (5 versus 7 days) with 2/3rd of favipiravir-
treated patients achieving viral clearance in week 1. Treat-
ing clinicians judged 70% of patients in the favipiravir limb
to be clinically cured by day 4 versus 44% in the SOC arm.
These initial results were indeed promising but need to be
confirmed in larger studies.

Side effects/adverse effects

The Japanese study'® discussed previously found that
adverse reactions were seen in around 20% of the patients
who received favipiravir (at a dose lower than approved for
COVID-19). The adverse effects were relatively minor and
included hyperuricemia and diarrhea in 5% of the partici-
pants and reduced neutrophil count and transaminitis in
2% of the participants. One study showed occurrence of
psychiatric symptoms in association with favipiravir. Effect
of favipiravir in QTc prolongation is still uncertain, with
some pharmacodynamic studies suggesting a positive as-
sociation,”® but a Japanese study suggesting otherwise.?
Overall, favipiravir has a good safety profile, as was
confirmed by a large systematic review.”® In the following
sections, we give a brief overview of the adverse effect
profile of this drug:

Hyperuricemia

Favipiravir use results in a dose-dependent increasing trend in
the prevalence of hyperuricemia.”* A systematic review con-
ducted by Pilkington et al. found similar trends across multi-
ple studies.’® This is however not associated with clinical

manifestations. There has been no evidence that hyperurice-
mia caused by favipiravir leads to clinical manifestations;
however, longer follow-up periods would be required to fully
assess this risk.

Teratogenicity

There is evidence that favipiravir has a teratogenic potential
and embryotoxicity. 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 prescription
alerts. The bureau also recommends that favipiravir should be
avoided where alternative drugs could be used.”* Effective
contraceptive methods during and for 7 days after the end of
treatment need to be instructed to men who have received
this treatment. Before favipiravir is prescribed to women of
child-bearing age, it is imperative to rule out pregnancy with a
negative urine pregnancy test.

The following figure lists the adverse effect profile of this
drug and the frequency with which these are encountered

(Fig. 3).

Dose and cost

The recommended dosage of favipiravir for adults is 1800 mg
orally twice daily on 1st day followed by 800 mg orally twice
daily, up to maximum of 14 days. The 14-day course in India
costs Rs 10,200.

DCGI approval

Considering the emergency and unmet medical need in
COVID-19, Glenmark was granted permission to manufacture

>1% 05-<1% <05%
Hypersensitivity Rash Eczemea, pruritus
Hopatic AST (GOT) increased, Blood ALP incroased, blood

ALT (GPT) increased
y-GTPincreased

bilirubin increased

decreased, white blood present
cell count decreased

Gastrointestinal Diarrhoea Nausea, Abdominal discomfort,
vomiting, duodenal uicer, haematochezia,
abdominal gastritis
pain

Hematologic Neutrophil count Glucose urine White blood cell count increasad

reticulocyte count decreased,
monocyte increased

Metabolic disorders Blood uric acid increased

Blood potassium decreased

4.79%),
Blood triglycerides
increased
Respiratory Asthma, oropharyngeal pain,
rhinitis, nasopharyngitis
Others CPK increased, blood urine present,

tonsil polyp, pigmentation, dysgeusia,
bruise, vision blurred, eye pain, vertigo,

Fig. 3 — Figure depicting adverse effects of favipiravir (source: Fabiflu monograph).
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and market favipiravir for restricted emergency use in the
country on 19th June 2020, for the treatment of mild to mod-
erate COVID-19 disease. This approval is contingent on the
provision of the complete report of the ongoing clinical trial
within three months of approval.

Drug interactions

Pyrazinamide: Concomitant use of pyrazinamide with favi-
piravir increases the levels of uric acid. Regular uric acid level
monitoring is mandatory when these drugs are used together.

Repaglinide: Favipiravir inhibits the metabolism of repa-
glinide through the CYP2C8 pathway, thus increasing its po-
tential to cause toxicity (hypoglycemia, headache, increase
incidence of upper respiratory tract infections, etc). Cautious
concomitant use is recommended.

Theophylline: Theophylline increases the blood levels of
favipiravir and adverse reactions to favipiravir may occur.

Famciclovir, sulindac: Efficacy of these drugs may be
reduced when coadministered with favipiravir.

Acyclovir: Acyclovir may delay the conversion of favipir-
avir into the active moiety, thus reducing its antiviral
efficacy.”’

Conclusions

The frightening speed with which the COVID-19 pandemic has
spread across the world has only served to expose how
inadequate our available antiviral drug options are. Repur-
posed antiviral drugs have all been accelerated into treatment
after rapidly conducted clinical trials. Older, pre-existing
antiviral drugs such as oseltamivir and ribavirin have not
been shown to be effective against SARS-CoV-2. The most
promising antiviral drug to date is another repurposed drug,
remdesevir, which has been shown to be effective in several
well-conducted trials. When used in moderately severe,
nonventilated patients, it has been shown to improve time to
clinical recovery,”®?° and a trend toward reduced mortality,?®
although a significant mortality benefit has not been demon-
strated. The effect of this drug appears modest at best, with
further large scale trials urgently needed to evaluate its place
in the management of COVID-19.

Favipiravir, a drug which has a similar mechanism of ac-
tion to remdesivir but is orally administered, has less strong
supportive data to back its use, but is nevertheless emerging
as an agent that is worth considering in mild to moderate
cases. The preliminary results from the first Indian study with
this drug have been encouraging with small but significant
improvement in time to clinical recovery and a two-day
shorter viral shedding time. Put in perspective, a Cochrane
review of 20 trials of oseltamivir in influenza showed this
widely used drug reduced the time to clinical alleviation of
symptoms by 16.8 h only.*

The main advantages of favipiravir are that it is adminis-
tered orally and that it can be given in patients who are
symptomatic but not ill enough to be hospitalized. As most
COVID-19 patients (85%) have mild to moderate disease and
can be treated at home, this drug could potentially be used in

large numbers of patients. As with any antiviral, it should be
stressed that favipiravir should be administered early after
the onset of symptoms for it to be effective in reducing
viremia. Its role in potentially shortening the duration of viral
shedding could also have an epidemiological impact as it
could reduce viral transmission at home and in the commu-
nity. The role of favipiravir in prophylaxis in exposed but
healthy contacts is also being looked at in an ongoing trial.**
Favipiravir is also being evaluated in combination with other
antiviral drugs such as umifenovir to see if these drugs actin a
complimentary or synergistic manner.*”

The side-effect profile of the drug also seems acceptable
with asymptomatic hyperuricemia and mild, reversible
elevation in transaminases being the most frequently re-
ported adverse effects. In the Indian trial, no special safety
signal was elicited. It is however teratogenic and must never
be used in pregnant women. The main disadvantage is a high
pill burden which works out to a loading dose of 18 tablets on
the first day and then 8 tablets a day for the rest of the
course. With the recent launch of 400 mg dose with one of
the manufacturers, these concerns about the high pill burden
will be partially alleviated. The recommended duration of
treatment, extending to 2 weeks may also be a disadvantage.
Here again, the manufacturers specify that the drug can be
stopped in a week if the patient has made a complete re-
covery by then.

Thus, in conclusion, favipiravir may emerge as a valuable
drugin the treatment of mild to moderate symptomatic SARS-
CoV-2—infected cases. Furthermore, larger RCTs are urgently
needed before this drug can be unreservedly recommended
however.
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