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Abstract
In this manuscript, we discuss the expectations versus the real-world results of four repurposed COVID-19 drugs: tocilizumab,
remdesivir, favipiravir, and dexamethasone from a clinical and pharmacovigilant point of view. We suggest that though the
results of two-phase III double-blind clinical trials have been less than expected, tocilizumab has a real remaining potential to treat
selected critical cases of COVID-19 beyond clinical trials until more data are revealed. On the contrary, remdesivir, though its
FDA approval, and favipiravir are least likely to benefit COVID-19 patients. Moreover, we recommend that the RECOVERY
dexamethasone should only be considered for critical hospitalized COVID-19 patients and we urge physicians in developing
countries to avoid using it in mild-moderate COVID-19 cases. Finally, we recommend considering a personalized risk-benefit
ratio before a decision is made using any of these drugs.
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Introduction

Drug repurposing is considered as a rapid strategy for
COVID-19 drug discovery [1] and many drugs are been tried
and we would like to discuss the outcomes of four of them
from a clinical and pharmacovigilant point of view.

Tocilizumab

Tocilizumab, a recombinant humanized anti-IL-6 receptor
monoclonal antibody which is FDA approved to manage dis-
eases other than COVID-19, was initially shown to shorten the
median time to COVID-19 clinical improvement [2] and it
also showed non-statistically significant lower mortality re-
sults in patients with severe to critical COVID-19 [3].
Interestingly, although several studies have shown toci-

lizumab to significantly improve the clinical outcomes in se-
vere cases of COVID-19 pneumonia [4–9], two-phase III dou-
ble-blind, placebo-controlled clinical trials have demonstrated
that tocilizumab did not improve the clinical status in patients
with COVID-19-associated pneumonia and did not prevent
intubation or death in moderately ill hospitalized patients with
COVID-19, though potential benefit/harm could not be entire-
ly excluded [10, 11]. Importantly, selection criteria of patients
included in tocilizumab clinical trials were suggested to be
revised [9, 12], and another phase III double-blind, placebo-
controlled clinical trial demonstrated that patients with
COVID-19-associated pneumonia who received tocilizumab
plus standard of care were 44% less likely to progress to me-
chanical ventilation or death compared to patients who re-
ceived placebo plus standard of care [13]. However, a recent
small open-label trial cautioned from potential safety concerns
while using tocilizumab that has not proved superior to stan-
dard care [14] and we definitely agree with the clinical vigilant
recommendation that prohibits the routine use of tocilizumab
for COVID-19 but we, likewise, do not agree with the one that
restricts its use for clinical trials only [15]. In our point of
view, tocilizumab should be always considered for selected
most critical cases of COVID-19 until further data unveils the
remaining mysteries.
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Remdesivir

In comparison, some preliminary results anticipated the suc-
cess of remdesivir, a nucleotide analogue prodrug, to treat
COVID-19 [16, 17]. However, other studies have suggested
that remdesivir is unexpected to possess significant clinical
benefits based on its released results and safety profile
[18–23]. Alarmingly, the overall mortality which is the most
important final health outcome of any clinical trial was not
included as the primary endpoint of any of the available trials
that promoted remdesivir [23]. Moreover, though even an
open-label phase III trial showed no significant difference
between a 10-day remdesivir course (median length of treat-
ment, 6 days) and standard care while claiming a benefit for
the 5-day course [24], yet remdesivir is continued to be
marketed globally and priced at 3120 USD for the typical
patient with private insurance in the USA. Moreover, a black
market has developed in India (https://economictimes.
indiatimes.com/industry/healthcare/biotech/pharmaceuticals/
remdesivir-sold-at-high-prices-in-mumbai-black-market-
some-doctors-suggest-cheaper-alternatives/articleshow/
76861773.cms?utm_source=contentofinterest&utm_
medium=text&utm_campaign=cppst) 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 venti-
lation, and duration of hospital stay [25]. However, despite all
criticism and warnings, the FDA has approved remdesivir to
be used for COVID-19 (https://www.fda.gov/news-events/
press-announcements/fda-approves-first-treatment-covid-19)
after an unprecedented consultation of a diverse group of
experts outside the FDA [26]. Fortunately and we totally
agree, the WHO has subsequently recommended against its
use in COVID-19 regardless of disease severity [27].
Unfortunately, many countries all over the world continue to
use it, including the author’s.

Favipiravir

Similarly, favipiravir (T-705), a nucleoside analogue, acts as
a mutagen with a distinct bias to induce transitions in influ-
enza virus RNAs by incorporating into both positive and
negative stranded RNAs inducing lethal mutagenesis of in-
fluenza virus which might be a reason for the difficulty in
isolating favipiravir-resistant influenza viruses in laboratories
or to evolve resistance against clinically [28, 29]. Favipiravir
was approved in Japan in 2014 as a treatment for novel or
re-emerging influenza viruses, yet its local approval was
heavily restricted as its clinical use needed governmental

authorization, which was only permitted for potentially le-
thal diseases and a similar cautious attitude was also adopted
in China [29]. Moreover, a highly complex pharmacokinetic
profile together with lack of correlation between favipiravir
drug concentrations and viral decline confirmed that the cur-
rent clinical trials do not use an optimized dose or duration
of therapy particularly in patients with severe illness [30].
Importantly, 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 in human
and four different animal species studies, respectively, and
a QTc prolongation potential was recommended to be fur-
ther investigated [29, 31]. Additionally, hepatitis was also
reported in 4 out of 63 COVID-19 patients who received
favipiravir [32]. Notably, >85% of favipiravir completed
clinical trials in registries or in published papers are unavail-
able 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 [33], and a Japanese study showed no
significant efficacy of favipiravir in SARS-CoV-2 elimina-
tion and might has also revealed a 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 (https://english.kyodonews.net/news/2020/07/
af1418fc25ba-breaking-news-avigan-clinical-study-shows-
no-effectiveness-in-treating-covid-19.html). Unfortunately,
two manuscripts claiming favorable favipiravir trial results
for COVID-19 came from China and were responsible to
promote favipiravir, one published at the Journal of
“Engineering” with the following timeline: received on 7
March 2020, revised on 11 March 2020, accepted on 12
March 2020; and the other is a heavily cited preprint (more
than 330 citations) which has not been peer-reviewed yet
and no updated version was posted since its first publishing
on the 15 of April 2020. We opted not to cite either but we,
instead, cite one article that used them to justify another
small clinical trial performed in some Indian states, as else-
where, using favipiravir to manage mild to moderate
COVID-19, and though the results of this trial were antici-
pated by those authors on October 2020, no data are cur-
rently available and the link provided to refer to it was not
functioning when accessed on the 5 of February 2021 [34].
Unfortunately, favipiravir has been included in the official
protocols managing COVID-19 in several countries [34] in-
cluding Egypt where it is described to manage selected mild
COVID-19 cases according to the Egyptian MOH manual
version 1.4 published on November 2020. We are strongly
recommending against the continued use of favipiravir for
management of COVID-19 as from our point of view, the
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risks are too high and the potential benefit, if present, is
minimal or below compared to those risks.

Dexamethasone

On the other side, the randomized open-label evaluation
of COVID-19 therapy (RECOVERY) collaborative group
showed a small mortality benefit to dexamethasone ther-
apy among patients who were receiving invasive mechan-
ical ventilation: 482/2104 patients (22.9%) in the dexa-
methasone group and 1110/4321 patients (25.7%) in the
usual care group [35], yet several concerns regarding the
study design and the data and its interpretation were
raised [36, 37]. Moreover, the RECOVERY results show-
ing a potential benefit of dexamethasone in SRAS CoV-2
complicated patients contradicted the conclusive out-
comes of several previous studies showing evidence of a
possibly harmful effect when corticosteroids were used to
manage SARS, MERS, and influenza pneumonia patients
[38–40]. On the same day, the results of the RECOVERY
study were published (July 17, 2020); we have submitted
a letter to the New England Journal of Medicine (NEJM,
ID 20-25534) representing some concerns about this
study. Four emails were sent to NEJM, once every month,
wondering about the unprecedented delay in publishing a
short letter and the response was that the editor has been
contacted on multiple occasions but he/she is busy be-
cause of the large number of COVID-19-related submis-
sions and eventually, it was withdrawn on the next day we
have requested it to be withdrawn (November 30, 2020).
Our concerns included a wonder about the reason that the
RECOVERY group chose 2:1 randomization though
dexamethasone is a cheap drug and a 1:1 randomization
maximizes the statistical power to detect the same differ-
ence [41, 42]. Furthermore, according to the RECOVERY
preliminary report [35], the death ratio included in sec-
ondary outcomes was similar in both groups: 21.7% in
the dexamethasone group and 22.7% in the usual care
group, and we encouraged the authors to explain the po-
tential reasons and to provide a more clarification to the
included numbers; e.g., the number of living patients who
have not been discharged from the hospital within 28 days
does not match the subsequent subgroups. Furthermore, a
second randomization of 4.5% of patients, complaining of
hypoxia and inflammation, performed in the dexametha-
sone arm to compare the addition of tocilizumab on top of
dexamethasone, has not been excluded in interpretation of
the small mortality benefit assumed to be attributed only
to dexamethasone. Unfortunately, we have encountered
many Egyptian physicians who have not read the
RECOVERY results or the clinical guidelines to use
dexamethasone in severe-critical hospitalized COVID-19

patients and prescribed it to mild-moderate COVID-19
private patients leading sometimes to catastrophic compli-
cations and we suggest that this medical malpractice
might have also been encountered in other developing
countries.

Importantly, we would like to restress our previous agree-
ment with the clinical recommendation against the routine use
of glucocorticoids in the management of COVID-19 especial-
ly after important concerns were raised regarding the interpre-
tation of data as well as the limitations of several studies
showing potential benefit of glucocorticoids in COVID-19
[43]. Furthermore, patient characteristics were suggested to
be assessed before prescribing corticosteroids to critical
COVID-19 cases and a higher dose of corticosteroids admin-
istered to those patients was suggested to be more beneficial
[44]. Thus, we recommend that for the patients’ best interests,
a potential benefit from the RECOVERY dexamethasone as
well as to assess its optimal dose and duration of administra-
tion in selected COVID-19 critical cases should be confirmed,
or denied, by other well-designed and interpreted large ran-
domized and controlled clinical trials [45–47].

Conclusion

In conclusion, we would like to join the WHO in its rec-
ommendation against the use of remdesivir for COVID-
19. Furthermore, a teratogenic, embryotoxic favipiravir
should undergo extensive studies to assess its potential
gene mutation and/or chromosomal damage effects as
well as to evaluate its long-term potential human carcino-
genicity before allowing wide-scale global trialing and we
suggest it is also least likely to safely manage COVID-19.
On the other hand, we would like to recommend consid-
ering tocilizumab and dexamethasone for selected severe-
critical cases of COVID-19 until the results of other
much-needed large clinical trials fill some important miss-
ing gaps as regards to their COVID-19 efficacy/
inefficacy.
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