
P
os

te
d

on
A

ut
ho

re
a

30
N

ov
20

20
|T

he
co

py
ri

gh
t

ho
ld

er
is

th
e

au
th

or
/f

un
de

r.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

us
e

w
it

ho
ut

pe
rm

is
si

on
.

|h
tt

ps
:/

/d
oi

.o
rg

/1
0.

22
54

1/
au

.1
60

67
70

59
.9

13
20

68
1/

v1
|T

hi
s

a
pr

ep
ri

nt
an

d
ha

s
no

t
be

en
pe

er
re

vi
ew

ed
.

D
at

a
m

ay
be

pr
el

im
in

ar
y.

Tocilizumab, Remdesivir and Favipiravir repurposed for
COVID-19: The Good, The Bad and The
Ugly.

Mina Kelleni1

1Affiliation not available

November 30, 2020

Tocilizumab, Remdesivir and Favipiravir repurposed for COVID-19: The Good, The Bad and The Ugly.

Mina T. Kelleni, MD, PhD

Assistant Professor of Pharmacology, College of Medicine, Minia University, Egypt

Mobile: +201200382422,

email: mina.kelleni@mu.edu.eg, drthabetpharm@yahoo.com

https://orcid.org/0000-0001-6290-6025

Abstract:

In this manuscript, we compare the expectations versus the real word results and handling of three repurposed
COVID-19 drugs; tocilizumab, remdesivir and favipiravir providing a personal perspective to affiliate a well-
known metaphor to describe their outcomes; the good, the bad and the ugly, respectively and encouraging
those colleagues who consider these drugs in their COVID-19 management to consider the risk benefit ratio
accordingly.
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Key summary points:

Tocilizumab might still have a potential to treat selected cases of COVID-19 though results of phase III
clinical trials have been less than expected

Remdesivir, though its FDA approval and relatively high price, is very unlikely to significantly benefit
COVID-19 patients

Favipiravir is least likely to safely manage COVID-19 patients and it’s potentially teratogenic if given to
pregnant patients

Drug repurposing is considered as a rapid strategy for COVID-19 drug discovery (Singh, Parida, Lingaraju,
Kesavan, Kumar & Singh, 2020) and many drugs have been tried. Tocilizumab, a recombinant humanized
anti-IL-6 receptor monoclonal antibody FDA approved drug for diseases other than COVID-19, was initially
shown to shorten the median time to COVID-19 clinical improvement (Kewan, Covut, Al-Jaghbeer, Rose,
Gopalakrishna & Akbik, 2020) and it also showed non-statistically significant lower mortality in patients
with severe to critical COVID-19(Rojas-Marte et al., 2020). Interestingly, though several studies have even
showed tocilizumab to significantly improve the clinical outcomes in severe cases of COVID-19 pneumonia
(Alattar et al., 2020; Keske et al., 2020; Klopfenstein et al., 2020; Samaee, Mohsenzadegan, Ala, Maroufi &
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Moradimajd, 2020; Toniati et al., 2020), yet phase III double blind, placebo-controlled clinical trials have
recently declared that tocilizumab did not improve the clinical status in patients with COVID-19 associated
pneumonia, and didn’t prevent intubation or death in moderately ill hospitalized patients with Covid-19,
though potential benefit/harm could not be entirely excluded (Roche, 2020, July 29; Stone et al., 2020). In
comparison, some preliminary results anticipated the success of remdesivir, a nucleotide analogue prodrug,
to treat COVID-19 (Ko et al., 2020; Lamb, 2020). However, other studies have suggested that remdesivir
is unexpected to possess significant clinical benefits based on its released results and safety profile (2020;
Carothers, Birrer & Vo, 2020; Kelleni M, 2020, May 29; Kelleni, 2020, July 01; Marcolino, Pimentel & Barão,
2020). Moreover, even open label phase III trial results showed no significant difference between a 10-day
remdesivir course (median length of treatment, 6 days) compared with standard care while claiming a benefit
for the 5-day course(Spinner et al., 2020), yet the drug continues to be marketed globally and priced at 3,120
USD for the typical patient with private insurance in USA. Moreover, a black market has developed in India
(The Economic Times (Krishna Kumar), 2020, July 08) and perhaps other developing countries. Notably,
the WHO Solidarity Trial Consortium has recently announced the results of randomized trials performed in
405 hospitals located in 30 countries where 2750 patients received remdesivir and it was shown to have little
or no effect on hospitalized COVID-19 patients, as indicated by overall mortality, initiation of ventilation
and duration of hospital stay(Pan et al., 2020) and despite all criticism and warnings, the FDA has recently
approved remdesivir to be used for COVID-19(FDA, 2020, October 22) after an unprecedented consultation
of a diverse group of experts outside the FDA (Jon Cohen, 2020, October 28). Fortunately, the WHO has
declined to acknowledge remdesivir and recommended against its use in COVID-19 regardless of disease
severity(WHO, 2020, November 20).

Similar to the remdesivir paradox, favipiravir (T-705) was approved in Japan in 2014 as a treatment for
novel or re-emerging influenza viruses, its local approval was heavily restricted as its clinical use needed
governmental authorization, which was only permitted for potentially lethal diseases and a similar cautious
attitude was also adopted in China(Shiraki & Daikoku, 2020). Furthermore, the Japanese drug safety bureau,
possibly due to limited safety data, recommended favipiravir to be avoided where alternative drugs could
be used and adverse effects such as hyperuricemia and teratogenicity/embryotoxicity were reported from
favipiravir human and four different animal species studies, respectively and QTc prolongation potential
was recommended to be further investigated (Pilkington, Pepperrell & Hill, 2020; Shiraki & Daikoku, 2020).
Hepatitis was also reported in 4 out of 63 COVID-19 patients who received favipiravir(Rattanaumpawan,
Jirajariyavej, Lerdlamyong, Palavutitotai & Saiyarin, 2020). Notably, >85% of favipiravir completed clinical
trials in registries or in published papers are unavailable which led to failure of conducting meta-analysis
to generate conclusive evidence to support recommendation of favipiravir use in COVID-19 or know about
its safety and efficacy profile (Khambholja & Asudani, 2020), and a Japanese study showed no significant
efficacy of favipiravir in SARS CoV-2 elimination. This study also shows the cautious attitude of a Japanese
health authority, Fujita Health University, which conducted the study as out of 47 facilities across Japan
that took part; only 88 patients were enrolled and completed the study(The Mainichi, 2020, July 10). Most
importantly, favipiravir is a nucleoside analogue that acts as a mutagen with a distinct bias to induce
transitions in influenza virus RNAs by incorporating into both positive and negative stranded RNA and
being aberrantly copied as multiple bases(Goldhill et al., 2019) and favipriavir-induced lethal mutagenesis
of influenza virus may be the reason for the difficulty in isolating favipiravir-resistant influenza viruses in
laboratories or to evolve resistance against clinically(Goldhill et al., 2019; Shiraki & Daikoku, 2020).

In conclusion, we would like to recommend against the use of remdesivir without being proven by credible
double blinded, placebo-controlled phase III clinical trials data that shows a real efficacy and safety of the
drug which are extremely unlikely. Furthermore, a teratogenic, embryotoxic and virally mutagenic favipiravir
should undergo extensive in vitro assays for potential gene mutation and/or chromosomal damage as well as
long-term in vivo animal studies to evaluate its potential human carcinogenicity before allowing wide scale
global trialing. On the other hand, we would also like to continue considering tocilizumab for critical cases of
COVID-19 after considering the risk benefit ratio because of an overwhelming evidence coming from several
independent and well-designed clinical trials and a remaining potential benefit for some cases that couldn’t
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be excluded by a phase III clinical trial.
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