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ABSTRACT

Background: To better inform clinical practice, we summarized the findings from randomized con-
trolled trials (RCTs) of antivirals for COVID-19.

Methods: We systematically searched for literature up to September 2020, and included English-
language publications of RCTs among hospitalized COVID-19 patients. We conducted network meta-
analysis combining results of both the direct and indirect comparisons of interventions. The efficacy
outcomes were clinical progression, all-cause mortality, and viral clearance, and safety outcomes were
diarrhea, nausea, and vomiting. We generated treatment rankings (best to worst) and summarized rank
probabilities using rankogram.

Results: We included 15 RCTs (14,418 patients) from 7,237 retrieved citations. There was no evidence
for efficacy of the assessed antivirals compared with placebo/no treatment or with another antiviral for
all efficacy outcomes. Lopinavir (400 mg)/ritonavir (100 mg) significantly increased diarrhea, nausea,
and vomiting compared with placebo/no treatment and other antivirals, and was ranked worst for these
outcomes, while triazavirin (250 mg), baloxavir marboxil (80 mg), and remdesivir (100 mg — 10 days)
ranked best, respectively.

Conclusions and relevance: The available evidence does not support the use of any antiviral drugs for
COVID-19. Cautious interpretations of the findings are, however, advised considering the paucity of the
evidence. More RCTs are needed for a stronger evidence base.
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1. Introduction

A huge disease burden is attributable to the coronavirus dis-
ease 2019 (COVID-19), a respiratory disease caused by the
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV
-2). With an estimated reproductive number (transmissibility)
of 3.28 [1] and mean serial interval (average transmission time
from a primary to a secondary symptomatic infected person)
of 3.1 days to 4.9 days [2], SARS-CoV-2 infection quickly spread
all over the world leading to a devastating global pandemic,
with numerous cases of multi-systemic complications [3-5],
and high mortality rates [6,7].

Due to the urgent need for effective treatment options, it
has been widely suggested that already approved antiviral
drugs for some other diseases may be effective against
COVID-19 [8,9]. During the early stage of the COVID-19 pan-
demic, the World Health Organization (WHO) established a list
of preexisting drugs that may aid treatment of the disease,
including two antiviral drugs, remdesivir and lopinavir [10].
Remdesivir is a prodrug with a broad antiviral activity spec-
trum against ribonucleic acid (RNA) viruses, and acts by inhi-
biting RNA polymerase limiting viral replication [11,12].
Lopinavir is an antiretroviral drug of the protease inhibitor

class, often used as a fixed-dose combination with another
protease inhibitor, ritonavir, against the human immunodefi-
ciency viruses (HIV) infections [13]. In vivo studies have sug-
gested that remdesivir has therapeutic effects in animal
models of SARS-CoV-2 [11], and reduced pulmonary damage
in early use on COVID-19 monkeys [14]. Remdesivir has also
been credited to reduce time to recovery of hospitalized
COVID-19 patients who required supplemental oxygen [15],
and may have positive effect on mortality [11]. Further, lopi-
navir inhibited the Middle East respiratory syndrome corona-
virus (MERS-CoV) replication in cell cultures [16].

Following the WHO recommendation of evaluating poten-
tial COVID-19 drugs through large multinational randomized
controlled trials (RCTs) [17], a multicenter global RCT [15],
showed shortened time to recovery in hospitalized patients
with remdesivir; leading it to become the first approved drug
by the United States (USA) Food and Drug Administration
(FDA) for the treatment of severe hospitalized COVID-19
patients [18]. However, an interim report from another multi-
national RCT [19] in hospitalized COVID-19 patients found that
there was no difference in mortality between remdesivir and
usual clinical care. Studies aimed at identifying potential inhi-
bitors against SARS-CoV-2 main proteinase (MP™) explored
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Article highlights

o We systematically identified, critically appraised, and summarized the
findings from randomized controlled trials (RCTs) of antiviral drugs
for the treatment of COVID-19.

o This review included 15 RCTs involving 14,418 hospitalized COVID-19
patients.

e Most of the RCTs (80%) were of an unclear to high risk of bias.

o There was no evidence for efficacy of any of the assessed antiviral
drugs for improving clinical progression, reducing all-cause mortality
and viral clearance among the patients.

e Lopinavir (400 mg) with ritonavir (100 mg) significantly increased
diarrhea, nausea, and vomiting compared with placebo/no treatment
and other antiviral drugs.

e Triazavirin (250 mg), baloxavir marboxil (80 mg), and remdesivir
(100 mg — 10 days) ranked best with regard to diarrhea, nausea,
and vomiting, respectively.

various FDA-approved drugs such as darunavir, indinavir,
saquinavir, tipranavir, raltegravir, velpatasvir, and ledipasvir
identified as potential candidates for the treatment of
COVID-19 in some previous docking studies involving mono-
meric SARS-CoV2 MP™ [20]. Saquinavir was identified as
a potent inhibitor of dimeric SARS-CoV2 MP™ and may have
clinical utility against COVID-19 [20,21]. Studies on other anti-
viral drugs have revealed largely conflicting findings.

Identifying an efficacious and safe antiviral drug for COVID-
19 would be of immense help in mitigating the ravaging
impact of the disease. Therefore, we systematically identified,
critically appraised and summarized the findings from RCTs of
antiviral drugs for the treatment of COVID-19, focusing on
clinically relevant outcomes.

2. Methods

We registered a protocol for this systematic review in the
International Prospective Register of Systematic Reviews
(PROSPERO: CRD42020216817). Details of our methods have
been reported in a previous systematic review with meta-
analysis and trial sequential analysis of randomized controlled
trials of remdesivir for COVID-19 [22]. We conducted this
review in accordance with the Methodological Expectations
of Cochrane Intervention Reviews (MECIR) guidelines [23]. We
reported our findings following the Preferred Reporting Items
for Systematic Reviews and Meta-analysis (PRISMA) guidelines
for reporting of systematic reviews incorporating network
meta-analyses of health-care interventions [24].

2.1. Search strategy

A knowledge synthesis librarian designed the literature
search strategy for Embase (Ovid) and this search strategy
was peer reviewed by another independent knowledge
synthesis librarian using the Peer Review of Electronic
Search Strategies (PRESS) checklist [25]. We designed the
search strategy to capture all antiviral drugs and applied
a randomized controlled trial filter. The revised search strat-
egy for Embase (Appendix Table 1) was adapted by the
knowledge synthesis librarian for Web of Science Core

Collection (Thomson Reuters), LitCovid [26], the Cochrane
COVID-19 study register [27], and the World Health
Organization’s Global research on coronavirus disease (WHO
COVID-19) online database [28]. In addition, we searched the
following websites for links to additional peer reviewed and
published literature: ClinicalTrials.gov, the Centers for Disease
Control and Prevention (CDC), the Canadian Agency for Drugs
and Technologies in Health (CADTH), and the European
Center for Disease Prevention and Control (ECDC). We con-
ducted the literature search on 10 September 2020
(September 11 for the CDC, CADTH, and ECDC) and all
retrieved literature citations were imported into, and de-
duplicated, in the EndNote citation management software,
version X9.

2.2. Selection criteria

The de-duplicated citations were imported into a specially
designed Microsoft Access 2016 database (Microsoft
Corporation, Redmond, WA, USA) and screened by two inde-
pendent reviewers, using a two-stage sifting approach to
review the title/abstract and full-text articles of relevant pub-
lications in English language. We documented the number of
ineligible citations at the title/abstract screening stage, and
both the number and reasons for exclusion at the full-text
article screening stage. The reviewers resolved any disagree-
ments through discussion or involvement of a third reviewer.
We included only RCTs of antiviral drugs compared with
placebo, no additional treatment/usual care, a different anti-
viral drug, or a different antiviral drug regimen, for treatment
of laboratory-confirmed (RT-PCR or antigen test) COVID-19
irrespective of the disease severity. We excluded preprint
articles superseded by peer reviewed journal publications.
The efficacy outcomes were clinical progression measured
using the WHO scale [29], all-cause mortality, and viral clear-
ance (determined from testing upper respiratory tract speci-
mens including nasopharyngeal and deep nasal swabs, or
throat swabs). We dichotomized the individual scores for
clinical progression into <5 (hospitalized: moderate disease
or ambulatory: mild disease) between intervention and com-
parator groups. If measured by a scale other than the WHO
scale, we re-classified the measurement according to the WHO
criteria. The safety outcomes were diarrhea, nausea, and
vomiting.

2.3. Data extraction

Two reviewers independently performed data extraction using
Microsoft Excel 2016 (Microsoft Corporation, Redmond, WA,
USA). Disagreements were resolved through discussion or by
a third reviewer. We extracted data such as study information,
study population characteristics, information regarding inter-
ventions and comparators, outcomes assessed, and study
results based on an intention-to-treat (ITT) analysis. We also
extracted details relevant to the risk of bias assessment. For
outcome data presented at multiple time points, we took the
longest period of follow-up.



EXPERT REVIEW OF ANTI-INFECTIVE THERAPY . 3

(panunuo)d)
(papuny
ewJeyd [s193u9d ]
sieak [skep -UON) (1zeays pue ‘pekhes (Jeutq)
(shep y1) [1e3]> J0u adA) 3jeds] juswieany (69-€¥ (%2S) (¢-1 90D 1] pspuliq ‘euis ‘oojieyeg ‘netieys) [esl
uolssaiboud |esruld ‘Ayjerow asned-||y ON ‘SA [sAep 1] (Bw 09) Jiaselepeq/(bw QOt) J1ANGSOJOS 40Il) 85 99  AWIAASS paxI -K||enJed uel|  0zoz lybapes
sieak
(skep 87) [3]eds euipio (8'89 [skep (21U ] (leutd)
A10633e3-XI5] UOISsaIB0Id |edlUID 'S (%1°69) (r'6-99  (papuny 10N) (ueayay) (L8]
‘edyJlelp ‘easneu ‘Ayjenow asned-||y juawieas oN ‘sa [skep {1] (Bow 057) qL-g uosauLIul  HOI) 909 08 HOI) 8] 319198 |19gej-uadQ uel| g0z luewyey
(skep 1) [3]eds (papuny
|euipio £1069)e3-UdASS] uolssaiboid [skep (4t eweyd [423u9d |]
|ed1ulpd ‘eaydlelp ‘easneu ‘Ayjenow juawieasy oN s [skep 1] (Bw 009) Jiaesdineq sieak (%¥'TL) as) 2Ll -Uop) (Bueifayz) (jeutd)
asned-||e ‘[sqems 1eoiyl] aduelea]d [eJIp “Juawieany oN 'sa [sAep €-¢] (Bw 0g) [Ixoqiew Jiaexojeg  (SZL) S'TS 0 Aanas paxiy 19qej-uado eulyy [0s] 0zZoz not
(papuny
ewleyd
[skep (6'S -UoN) a3 |]
(sAep 1) easneu Jusawieas) oN ‘sA [shep 1—/] (Bw 00Z) JIAoURIWN udwieal) sieak (%5°9%) —-€ 4OI) ¥'¥] (noyzbuenn) (wiRyu)
‘eaylieip ‘[sqems paxiw] sdueles)d [eip ON SA [sAep ¥1-/] (6w Q0L) Jineuony/(Bw 00p) dineutdot  (LvL) v6v 98  Aanas paxiy eulys [6¥] 0z0Z N
sieak [sAep ewleyd [s193u9d 9] (jeutd)
(skep 0€) judwieas) oN (co-te (%¥5) (£-€ "ol) Sl -UoN) (Buoy buoH) [8y]
Buniwon ‘easneu ‘Ayjepow asned-||y  ‘sA [sep 1] (Mun-1 uoljjiw 8) qL-g uoiapdiul/(bw OOp) utineqly 4ol) 7§ [TL AWIDAIS paxIy |9qej-uado eulyd 020z buny
1USWIR3I} ON “SA (papuny
(skep 87) [skep 1] (6w 00L) Jineuony/(bw 0op) Jireurdor Juswiiessy [skep (£-5'1) eweyq [191u9d |] (leutd)
Buiywon ‘eayilelp ‘Ayjenow asned-||e ON "sA [sAep t1] (Bw 009-00%) utireqly ‘[skep +1] (Bw 00L) sieak (%9%) ¥ uea|\] -UON) (buibbuoy)) [L¥]
‘[sqems |eabukieydoseu] adueiea)d [elip ineuony/(bw oov) siaeurdo “sa (Bur 009-00y) uUMIARGlY  (S°LL) ST oL Kwanss paxiw [2ge|-uado eUlY)  0ZOT bBueny
[s193u3 §6]
(s9dU3DdS (suoibai pauep)
sieak [sKkep pesjin uemie] pue
(skep 0¢) (589 (90L-+'9 Aq papuny ‘ea10) yinos ‘asodebuls (leuts)
easneu ‘(shep {1) [9|edS |eulpio -5 4ol 58l eweyd) ‘buoy buoH ‘Auewssn [9¥]
K10631e3-Udnas] uoissaiboid [edtul)  [sAep G] (Bw QL) JAIsapway 'sA [skep oL] (Bw 00L) SIAISSpWRY  YOI) ¥°19 (%2°€9) £6€  AMI9AIS PaxI |9qej-uadp ‘ureds ‘Ajey| ‘sa1eis pauun  0ZOZ Uewpjon
(sAep §) [sqems |eabukieydoio] (papuny
ddueledd [eJIA {(sAep 1) [skep (S ewJeyd [493udd |] (jeutd)
Ajjenow asned-||le pue ‘[1e3|d jou RUETIGEEY sieak (%09) -2) ¥ ued\] -UON) (1eybueys) [s¥]
9dA1 jeds] uoissaiboud |ediulpd ‘eayilelqg ON 'SA [sAep G] (Bw 0g1) 3e3spIqod/(Bw 008) Jineunieq  (8°7) TLy 0 249A3s AP |9qej-uado eulyd 020z uayd
(papuny
(skep 1) [3]eds |euipio A10631e-UIASS] sieak [skep (91 ewJeyd [493udd |]
uoissaiboud |eojulpd {(sAep gz) eayllelp uswieas (89-6% —-L1L 40D €1] -UON) (9du1A04d 19gNH ‘ueynpn) (jeuty)
‘Buniwon ‘easneu ‘Ayjepow asned-||y ON 'sA [shep 1] (Bw 00L) Jneuony/(Bw 0o) Nineurdo 40I) 89 (%€°09) 661 S19ASS [2ge|-uado eulyd  [r¥] 0Z0T 0eD
[s193ud €/]
(papuny (suoibai pauep)
(skep 1) [9]e2s [skep ewleyd asodebuis ‘ueder ‘ureds (jeutd)
Jeuipio K10633e3-1yb19] uoissaiboid sieak (Z1L-9 YOI) 6] -UON) ‘0JIX3|\ ‘ea40Y| ‘Auewian st
[edrulp> {(skep 6g) Aujenow asned-||y ogde|d 'sa [skep oL] (Bw 00L) JnsapwdY  (S1) 6'8S  (%F+9) 790'L  Awanss paxiyy  papulig-ajqnog ‘39319 YN Hewusq ‘ysn 020 196199
(Juswainsesw 03 awi]) suoluaAIRul pasedwo) (YOI (31eW [Apmis 310439 (Burpuny) [s433U3))] (2dAy
S9W02INQ /as) abe o) suaned jo 13suo woidwAs adAy 1oy (uoibay) 1oday) Apms
uejpaw ‘'ON uelpaw Aiunod
10 ueap 10 uea|\]
JSTIEYEN
61-dINOD

*(1DY) Slel3 pajjouod paziwopuel

papnjaul 9yl Jo Sdiisualdeieyd ule|y | a|qe



"SNSISA = SA {UO[IRIASP piepuels = S ‘abuel 3jiuenbiaiul = Yo

juswWiean} sieak [skep (papuny
ON 'sA [sAep 0L-/] (Bw 00L) Nineuony/(bw 0o) JiaeuidoT res (e's-1€ eweyq [awad |] (leutd)
(skep 6) [sqems |eabufieydoseu] “Juswieas) oN ‘sA [skep oL-/] (BnOZ) uoizsenoN ([sAep 0L -9'/¢ (%T LY) 40l) Tl -UoN) (eysbuey) [9¢]
9duesed)d [eliA ‘Buiiion ‘easneu ‘eayuielq —/] (bw gol) siaeuoly/(bw 0oy) Jiaeurdo 'sa (bnpg) uosageroN YOI LSY 68 Kianas paxipy |9qej-uadp eulyd 020z buayz
(papuny
sieak [sAkep ewueyd
(skep 87) eayuelp ‘Aujerow (59-8¥ (%09) (0L-5 ¥oI) £] -UON) [s123u3d Q1] (leutd)
asned-||e ‘[sqems 1eolyl] adueied] [elp [skep /] ogade|d “sA (B 0§T) uniAezel ] HOI) 85 7S Awanss paxiy  papulig-sjgnog (Bueifbuoyiay) eulyd  [$S] 020 NM
(wu=1u))
[61] 0z0T
(papuny wn}osuo)
juswieas) oy ‘sA [sAep 9] (Jw g0 Jad bl ) e|-g UoIaMAIUY| [pauiodas ewleyd [s191u3> GOV] leu]
Juswieasy oN ‘sA [sKep 1] (Bw QL) Jiaeuony/(Bw 0ot) payiodal 10N] -UON) (suoibas pauep) AJepijos
(skep 87) Aujeuow asned-|y Jineurdo ‘quawiealy oN 'sa [sAep 01] (Bw Q1) JIAISapwDY 10N (%79) 997'LL  A1aAds paxiy 19qej-uadp S9LUNO) 0 OHM
[shep 71 (papuny
(skep 8g) buniwon ‘eayuselp sieak uey} ewleyd [s193u3d Q1] (jeuty)
‘easneu ‘[3|eds |eulpio K10631ed-Xis] (L£-95 (%95) aJow 10N] -UoN) (9du1noid 19gnH) [¥S]
uoissaiboud jediup ‘Aujerow asned-||y 0gade|d ‘sA [skep QL] (Bw QQL) JIAISOpWDY 40l) $9 VA4 2I19A3S  papul|g-3|gnoqg eulyd 020z buem
[skep (s9dU3S
(0L-99 pes|in
(skep gt) Aujeniow asned-jje {(skep L1) 40l) 78] Aq papuny [s133u83 S01] (leury)
eayLieIp ‘easneu ‘[3jeds [eulpio jusawieas} oN ‘sA [skep G] (Bw ppl)  pauodal (%1°19) EIEVEN ewleyd) (suoibal pauep) [€s]
£1063183-UdA3s] uoissaIbold [edlul)  JIAISIPWY ‘JudWIRAIY ON 'SA [sAep L] (Bw QOL) JIAISIpWY 10N 965 K|91e19pOIN |9qej-uado eisy pue ‘adoinj ‘ysn - 0z0z Jduuids
(Juswainseaw 03 awl]) suonuaAIRUI pasedwo) (yoI (3rew [Apn1s a10j9q (Butpuny) [s493ud))] (2dAy
SaW02INQ /as) abe o) syuaned Jo 13suo woydwAs adAy 10y (uoibay) uoday) Apnis
uelpaw ‘ON uelpaw £13uno>
10 ueapy 10 uea|y]
JSTIEVEY
61-AINOD

4 (&) G.OKOLIET AL

‘(panunuo)d) °| 3jqeL



2.4. Risk of bias assessment

Two reviewers independently assessed the risk of bias in the
included studies using the Cochrane risk of bias assessment
tool for RCT v2.0.2 [30]. The reviewers resolved disagreements
through discussion or by a third reviewer.

2.5. Data synthesis and analysis

We tabulated characteristics of the included studies and the
risk of bias assessments. We generated network plots of com-
pared interventions to depict graphically, the available evi-
dence, and the volume of the evidence behind each
comparison [31]. We conducted a network meta-analysis [32]
using a Bayesian framework and Markov Chain Monte Carlo
(MCMCQ) simulation methods developed in BUGSnet R package
[33,34], combining results of all the comparisons in one ana-
lysis, exploiting both the direct comparisons within RCTs and
the indirect comparisons across RCTs for each outcome [35].
We fitted both random-effects and fixed-effect network meta-
analysis models [36], and chose the preferred model (random
effects) by comparing the deviance information criteria (DIC)
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[37]. For all analyses, we assessed model convergence using
the Brooks Gelman-Rubin diagnostic tool [38], history plots,
autocorrelation, and the form of the posterior density for the
between-study heterogeneity. We used vague prior distribu-
tions for all parameters, a burn-in period of 50,000 iterations,
a sampling period of 100,000 iterations, and 3 chains with
varied initial values in all analyses, and we assessed the
model goodness of fit by measuring the posterior mean of
the residual deviance [39]. We utilized a binomial distribution
and logit link function for all outcomes to model the data from
the two by two tables directly, and reported risk ratios with
the associated 95% credible intervals (Crls). We evaluated the
consistency between the direct and indirect evidence by cal-
culating a Bayesian 2-sided p value for the difference between
the direct and indirect estimates using the Bucher method
[40]. We considered p < 0.5 to be statistically significant incon-
sistency. We assessed statistical heterogeneity between the
pooled estimates using the I? statistic [41]. We summarized
results by point estimates presented as medians with 95% Crl,
and using league table of the relative effect of each treatment
compared to each other treatment. We generated treatment
rankings (best to worst) and their corresponding probability

EMBASE - 1,628

LitCovid — 1,102

Clinicaltrials.gov website — 478

Searched bibliographic databases and websites

Web of Science Core Collection — 805

Cochrane COVID-19 study registry — 1,213
World Health Organization COVID-19 database — 1,856

Centers for Disease Control and Prevention (CDC) — 122
Canadian Agency for Drugs and Technologies in Health (CADTH) — 17
European Centre for Disease Prevention and Control (ECDC) — 16

Total retrieved unique citations (7,237)

Duplicates removed
(n=3,227)

\ 4

v

Hand searching
(n=3) ”

Citations screened at title and abstract

Excluded citations

(n=4,013) (n=3,957)
A\ 4
Full-text articles screened | Excluded
(n=56) (n=41)

A 4

Reasons for exclusion
Study type — 14
Population — 4
Intervention — 3

Protocol — 5

(n=15)

Included articles

Abstract/Commentary — 8
Preprint/Duplicate — 7

Figure 1. Modified PRISMA flow chart.
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estimates and summarized rank probabilities using rankogram
[42]. Publication bias was not assessed because of small sam-
ple sizes (<10 study results contributed to a pooled analy-
sis) [43].

3. Results

We included 15 published RCTs (involving 14,418 patients)
from 7,237 retrieved citations (Figure 1) [15,19,44-56]. The
main characteristics of these RCTs are summarized in Table 1
and Appendix Table 2. Two of the publications [19,49] were
interim study reports, while the rest were final study reports.
Of the 15 RCTs, eight (3 from China, 1 from Iran, and 4 multi-
countries) [15,19,46,48,52-55] were multicenter trials, whereas
seven (6 from China and 1 from Iran) [44,45,47,49-51,56] were
single-center RCTs. Ten RCTs were of open-label design
[19,44-48,50,51,53,56], three RCTs of double-blinded design
[15,54,55], and two RCTs were partially blinded [49,52]. Two
RCTs (both open-label) were funded by Gilead Sciences, maker
of remdesivir [46,53]. The other RCTs were non-industry
funded, with one RCT receiving no funding [51].

Across the RCTs, the criteria for patients’ inclusion, patients’
COVID-19 severity, definition of severity, and mean/median
duration (in days) of patients’ symptom onset before inclusion
in the RCTs differed considerably. The overall sample size
across the RCTs ranged from 30 to 11,266 patients, with vary-
ing proportions of male patients, ranging from 46% to 72.4%.

The point mean/median age of patients differed across the
RCTs, ranging from 42.5 to 65 years. Antiviral drugs assessed
by the RCTs included baloxavir marboxil (80 mg), darunavir
(800 mq) with cobicistat (150 mgq), favipiravir (600 mg), inter-
feron-B-1b (250mcg), interferon-B-1a (44 pg-per-0.5 mL), lopi-
navir (400 mg) with ritonavir (100 mg), novaferon (20ug),
remdesivir (100 mg - 10 days), remdesivir (100 mg - 5 days),
ribavirin (400-600 mgq), ribavirin (400 mg) with interferon-3-1b
(8million-1U), sofosbuvir (400 mg) with daclatasvir (60 mg),
triazavirin (250 mg), and umifenovir (200 mg). Nine RCTs
reported on clinical progression; one using an 8-category
ordinal scale [15], four using a 7-category ordinal scale
[44,46,50,53], two using a 6-category ordinal scale [51,54],
and two did not clearly report the scale that was used
[45,52]. Twelve RCTs reported on all-cause mortality
[15,19,44,45,47,48,50-55], six reported viral clearance
[45,47,49,50,55,56], eleven reported on diarrhea [44,45,47-
51,53-56], nine reported on nausea [44,46,48-51,53,54,56],
and four reported on vomiting [44,47,54,56]. The follow-up
time varied across RCTs and by outcome, ranging from 5 to
30 days. However, the dosing duration for each unique anti-
viral drug was similar.

3.1. Risk of bias assessment

For the efficacy outcomes, overall, three RCTs were judged to
be at a low risk of bias [49,50,54], eight RCTs were judged to

inter

from the i

Study Intervention Comparator

Beigel 2020 Remdesivir (100mg - 10days) Placebo

Cao 2020 Lopinavir (400mg) & Ritonavir (100mg) No treatment

Chen 2020 Darunavir (800mg) & Cobicistat (150mg) No treatment

Goldman 2020 Remdesivir (100mg - 10days) Remdesivir (100mg - 5days)

Huang 2020 Ribavirin (400-600mg) Lopinavir (400mg) & Ritonavir (100mg)
Huang 2020 Lopinavir (400mg) & Ritonavir (100mg) No treatment

Huang 2020 Ribavirin (400-600mg) No treatment

Hung 2020 Ribavirin (400 mg) & Interferon B-1b (8 million iu) No treatment

Li 2020 Lopinavir (400mg) & Ritonavir (100mg) No treatment

Li 2020 Umifenovir (200mg) No treatment

Lou 2020 Baloxavir marboxil (80mg) No treatment

Lou 2020 Favipiravir (600mg) No treatment

Rahmani 2020 Interferon B-1b (250mcg) No treatment

Sadeghi 2020 Sofosbuvir (400mg) & Daclatasvir (60mg) No treatment

Spinner 2020 Remdesivir (100mg - Sdays) No treatment

Spinner 2020 Remdesivir (100mg - 10days) No treatment; Remdesivir (100mg - 5days)
Wang 2020 Remdesivir (100mg - 10days) Placebo

WHO Solidarity Trial Consortium 2020
WHO Solidarity Trial Consortium 2020
WHO Solidarity Trial Consortium 2020
Wu 2020

Remdesivir (100mg - 10days)

Lopinavir (400mg) & Ritonavir (100mg)
Interferon B-1a (44pg per 0.5mL)
Triazavirin (250mg)

Zheng 2020 Novaferon (20ug)
Zheng 2020 Novaferon (20ug)
Zheng 2020 Lopinavir (400mg) & Ritonavir (100mg)

Figure 2. Risk of bias assessment for the efficacy outcomes.
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Figure 3. Network plots of interventions for all outcomes.

Bal Lop_Rit

Umif Rem_10d

Rib_IFb_2b Rib

Bal = Baloxavir marboxil (80 mg); Dar_Cob = Darunavir (800 mg) & Cobicistat (150 mg); Fav = Favipiravir (600 mg); IFb_1b = Interferon-B-1b (250mcg); IFb_1a = Interferon-B-1a (44 pg-per-
0.5 mL); Lop_Rit = Lopinavir (400 mg) & Ritonavir (100 mg); Nova = Novaferon (20ug); P_NT = Placebo/No treatment; Rem_10d = Remdesivir (100 mg - 10 days); Rem_5d = Remdesivir
(100 mg - 5 days); Rib = Ribavirin (400-600 mg); Rib_IFb_2b = Ribavirin (400 mg) & Interferon-B-1b (8million-iu); Sof_Dac = Sofosbuvir (400 mg) & Daclatasvir (60 mg); Triaz = Triazavirin

(250 mg); Umif = Umifenovir (200 mg).

be of some concern of risk of bias [15,19,44,47,48,51,55,56],
and four RCTs were judged to be at a high risk of bias mainly
due to a high risk of bias in the randomization process and/or
deviations from the intended treatment [45,46,52,53]
(Figure 2). For the safety outcomes, overall, one RCT was
judged to be at a low risk of bias [54], eight RCTs were judged
to be of some concern of risk of bias [44,47-51,55,56], and four
RCTs were judged to be at a high risk of bias mainly due to
a high risk of bias in randomization process and/or deviations
from the intended treatment [45,46,52,53] (Appendix
Figure 1).

3.2. Efficacy outcomes

Nine different interventions involving 2,685 patients were
included in the intervention network plot for clinical progres-
sion (Figure 3). These included two different treatment dura-
tions (10-day and 5-day treatment) for the same dose of
remdesivir (100 mg). The forest plots for the direct compar-
isons between the antiviral drugs and placebo/no treatment
are shown in Figure 4, and the league table of all the compar-
isons is presented in Appendix Figure 2. There was no evi-
dence that any of the antiviral drugs significantly improved
clinical progression. Irrespective of the non-significant find-
ings, sofosbuvir (400 mg) with daclatasvir (60 mg) ranked

best in terms of the likelihood of improving clinical progres-
sion, while baloxavir marboxil (80 mg) ranked worst (Figure 5).

Thirteen different interventions involving 14,874 patients
were included in the intervention network plot for all-cause
mortality (Figure 3). These included two different treatment
durations (10-day and 5-day treatment) for the same dose of
remdesivir (100 mg). The forest plots for the direct compar-
isons between the antiviral drugs and placebo/no treatment
are shown in Figure 4, and the league table of all the compar-
isons is presented in Appendix Figure 3. There was no evi-
dence that any of the antiviral drugs significantly reduced all-
cause mortality. Irrespective of the non-significant findings,
ribavirin (400 mg) with interferon-B-1b (8 million-IU) ranked
best in terms of the likelihood of reducing all-cause mortality,
while interferon-B-1a (44 pg per 0.5 mL) ranked worst
(Figure 5).

Nine different interventions involving 384 patients were
included in the intervention network plot for viral clearance
(Figure 3). The forest plots for the direct comparisons between
the antiviral drugs and placebo/no treatment are shown in
Figure 4, and the league table of all the comparisons is pre-
sented in Appendix Figure 4. There was no evidence that any
of the antiviral drugs significantly improved viral clearance.
Irrespective  of the non-significant findings, darunavir
(800 mg) with cobicistat (150 mg) ranked best in terms of
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Figure 4. Forest plots of direct comparisons between antiviral drugs and pla-
cebo/no treatment for the efficacy outcomes.

Bal = Baloxavir marboxil (80 mg); Dar_Cob = Darunavir (800 mg) & Cobicistat (150 mg);
Fav = Favipiravir (600 mg); IFb_1b = Interferon-B-1b (250mcg); IFb_1a = Interferon-B-1a
(44 ug-per-0.5 mL); Lop_Rit = Lopinavir (400 mg) & Ritonavir (100 mg);
Nova = Novaferon (20ug); P_NT = Placebo/No treatment; Rem_10d = Remdesivir
(100 mg - 10 days); Rem_5d = Remdesivir (100 mg - 5 days); Rib = Ribavirin (400-
600 mg); Rib_IFb_2b = Ribavirin (400 mg) & Interferon-p-1b (8million-iu);
Sof_Dac = Sofosbuvir (400 mg) & Daclatasvir (60 mg); Triaz = Triazavirin (250 mg);
Umif = Umifenovir (200 mg).

the likelihood of improving viral clearance, while baloxavir
marboxil (80 mg) ranked worst (Figure 5).

3.3. Safety outcomes

Thirteen different interventions involving 1,615 patients were
included in the intervention network plot for diarrhea
(Figure 3). These included two different treatment durations
(10-day and 5-day treatment) for the same dose of remdesivir
(100 mg). The forest plots for the direct comparisons between
the antiviral drugs and placebo/no treatment are shown in
Appendix Figure 5, and the league table of all the compar-
isons is presented in Appendix Figure 6. Lopinavir (400 mg)
with ritonavir (100 mq) significantly increased diarrhea com-
pared with placebo/no treatment [RR 2.07; 95% Crl 1.39 to
3.03]; compared with triazavirin (250 mg) [RR 81.83; 95% Crl
1.34 to 287.01]; compared with remdesivir (100 mg - 10 days)
[RR 2.92; 95% Crl 1.42 to 5.42]; compared with remdesivir
(100 mg - 5 days) [RR 2.60; 95% Crl 1.22 to 4.93]; and com-
pared with ribavirin (400 mg) with interferon-B-1b (8 million-
IU) [RR 2.43; 95% Crl 1.31 to 4.11]. Triazavirin (250 mg) ranked
best in terms of the likelihood of decreased diarrhea, while
lopinavir (400 mg) with ritonavir (100 mg) ranked worst
(Appendix Figure 7).

Ten different interventions involving 1,884 patients were
included in the intervention network plot for nausea (Figure 3).
These included two different treatment durations (10-day and
5-day treatment) for the same dose of remdesivir (100 mg). The
forest plots for the direct comparisons between the antiviral drugs
and placebo/no treatment are shown in Appendix Figure 8, and
the league table of all the comparisons is presented in Appendix
Figure 9. Lopinavir (400 mg) with ritonavir (100 mg) significantly
increased nausea compared with placebo/no treatment [RR 2.92;
95% Crl 1.20 to 6.39]. Remdesivir (100 mg — 10 days) significantly
increased nausea compared with placebo/no treatment [RR 2.27;
95% Crl 1.29 to 3.81]. Remdesivir (100 mg - 5 days) significantly
increased nausea compared with placebo/no treatment [RR 2.47;
95% Crl 1.37 to 4.22] and compared with ribavirin (400 mg) with
interferon-B-1b (8million-IU) [RR 2.47; 95% Crl 1.07 to 4.88].
Baloxavir marboxil (80 mg) ranked best in terms of the likelihood
of decreased nausea, while lopinavir (400 mg) with ritonavir
(100 mq) ranked worst (Appendix Figure 10).

Five different interventions involving 626 patients were
included in the intervention network plot for vomiting
(Figure 3). The forest plots for the direct comparisons between
the antiviral drugs and placebo/no treatment are shown in
Appendix Figure 11, and the league table of all the compar-
isons is presented in Appendix Figure 12. Lopinavir (400 mg)
with ritonavir (100 mg) significantly increased vomiting com-
pared with placebo/no treatment [RR 3.83; 95% Crl 1.90 to
7.32]; compared with ribavirin (400-600 mg) [RR 2.59; 95% Crl
1.05 to 5.54]; and compared with remdesivir (100 mg -
10 days) [RR 7.44; 95% Crl 1.16 to 24.89]. Remdesivir
(100 mg - 10 days) ranked best in terms of the likelihood of
decreased vomiting, while lopinavir (400 mg) with ritonavir
(100 mg) ranked worst (Appendix Figure 13).
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Figure 5. Ranking of interventions for the efficacy outcomes (rankogram) .

Bal = Baloxavir marboxil (80 mg); Dar_Cob = Darunavir (800 mg) & Cobicistat (150 mg); Fav = Favipiravir (600 mg); IFb_1b = Interferon-B-1b (250mcg); IFb_1a = Interferon-B-1a (44 pg-per-
0.5 mL); Lop_Rit = Lopinavir (400 mg) & Ritonavir (100 mg); Nova = Novaferon (20ug); P_NT = Placebo/No treatment; Rem_10d = Remdesivir (100 mg - 10 days); Rem_5d = Remdesivir
(100 mg - 5 days); Rib = Ribavirin (400-600 mg); Rib_IFb_2b = Ribavirin (400 mg) & Interferon-B-1b (8million-iu); Sof_Dac = Sofosbuvir (400 mg) & Daclatasvir (60 mg); Triaz = Triazavirin
(250 mg); Umif = Umifenovir (200 mg).

3.4. Ongoing RCTs 4. Discussion

We identified in ClinicalTrials.gov website, 21 ongoing RCTs of None of the assessed antiviral drugs was found to be effica-
antiviral drugs compared with placebo or no treatment for cious for improving clinical progression, reducing all-cause
treatment of COVID-19. Relevant information regarding these  mortality, and viral clearance among hospitalized COVID-19
trials is presented in Appendix Table 3. patients. Lopinavir (400 mg) with ritonavir (100 mg) appeared
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to be the worst antiviral drug treatment with respect to the
risk of diarrhea, nausea, and vomiting. Triazavirin (250 mg),
baloxavir marboxil (80 mg), and remdesivir (100 mg - 10 days)
ranked best with respect to the risk of diarrhea, nausea, and
vomiting, respectively. Generally, there was a paucity of evi-
dence and a substantial risk of bias in most of the evidence;
hence, the need for cautious interpretations of these findings.

Noteworthy was the substantial variability in the definitions
of COVID-19 severity across the included RCTs, which meant
that patients’ severity varied significantly across the RCTs
(Appendix Table 2). It was therefore difficult to ascertain the
exact levels of COVID-19 severity across the studies and to
explore the influence of different levels of severity on treat-
ment efficacy and safety outcomes of the antiviral drugs.
Patients’ eligibility criteria also varied considerably across the
RCTs, with substantial variability in the number of days from
patients’ symptom onset to enrollment in the RCTs and differ-
ences in minimum age for enrollment, although most were
adult patients. In addition, across studies, it was not clear to
what extent the patients differed by comorbidity status and
the impact that any differences may have made to our overall
findings. Furthermore, there was extensive variability in stan-
dards of care across health jurisdictions in which the RCTs
were conducted, with many of the RCTs conducted in multiple
countries across various continents, with differing health sys-
tems and practices. However, all the included RCTs involved
laboratory-confirmed hospitalized COVID-19 patients. While
the assessed outcomes were evaluated alike across the RCTs,
albeit with different but largely similar follow-up times, assess-
ment of clinical progression involved varied scales although
the scales were comparable, which allowed us to compare
patients between intervention and comparator groups accord-
ing to whether they were still hospitalized with moderate
disease or were ambulatory with mild disease at the end of
follow-up, irrespective of the scale used for assessment.

Notwithstanding the variability across the included RCTs,
findings from this systematic review show a lack of evidence
for the use of any of the assessed antiviral drugs for COVID-19
treatment, including remdesivir, which has been approved for
this purpose. Others have also reached similar conclusions to
those in this review. A living systematic review and network
meta-analysis of drug treatments for COVID-19 found that inter-
feron-beta and remdesivir did not reduce mortality in patients
with COVID-19 compared with standard care [57]. However, this
review included patients with suspected or probable COVID-19
(not limited to laboratory confirmed patients). Another systema-
tic review and meta-analysis also found that remdesivir did not
reduce all-cause mortality and that time to recovery, need for
invasive ventilation, and varied pharmacokinetic adverse effect
outcomes were similar between remdesivir and the control
groups [58]. Similarly, a systematic review found no evidence
to support the use of umifenovir for improving patient-impor-
tant outcomes in patients with COVID-19 [59], and an earlier
systematic review during the initial stages of the COVID-19
pandemic suggested likely increases in diarrhea, nausea, and
vomiting with lopinavir/ritonavir although the conclusions were
not based on meta-analysis [60].

Various public health measures such as the use of facial
masks, social distancing, and quarantine of suspected or

confirmed infected individuals have been implemented all
over the world. While these measures have been largely
successful in mitigating the spread of COVID-19, vaccination
remains the most practical, and the main strategy for preven-
tion of the disease, with vaccines now available in most
countries. However, new strains of the SARS-CoV-2 have
been identified in various countries [61], and the newly
developed vaccines may not be effective or as effective
against these new strains. Even if the newly developed vac-
cines are effective against all strains of SARS-CoV-2, vaccine
insufficiency (shortages), unaffordability (financial and sto-
rage constraints), and the urgency of need for intervention
may make vaccine prevention against COVID-19 suboptimal.
In addition, the already infected individuals, particularly, the
very severe and those individuals that may be more vulner-
able to complications [62] are likely to require immediate
treatment. In these scenarios, the use of therapeutic mea-
sures such as antiviral drugs becomes of immense impor-
tance. Furthermore, antiviral drugs may reduce viral
shedding in infected individuals, thus reducing infectivity
and making onward transmission from these individuals less
likely [63,64].

4.1. Review limitations and merits

First, we did not search Asian, or non-English, bibliographic
databases and therefore may have missed potentially eligible
RCTs. However, we searched varied COVID-19 curated data-
bases, which represent comprehensive multilingual sources of
current up-to-date literature on COVID-19. Secondly, we only
included English language publications and may therefore
have missed any relevant non-English publication. However,
this is unlikely because publications in languages other than
English would have also been reported in English, considering
that COVID-19 is a global problem and a pandemic.
Additionally, it was not clear whether the scales for assess-
ment of clinical progression in the RCTs were validated and to
what extent our deduction of clinical progression outcome
may have affected our assessment of the outcome.

Notwithstanding the limitations, this review has many mer-
its. The search strategies for literature were developed by
a knowledge synthesis librarian and peer reviewed by an
independent knowledge synthesis librarian using the PRESS
checklist [25]. Appropriate databases and websites were
searched for published literature, and known guidelines and
standards were adhered to in the conduct and reporting of
the review. The review findings answer important clinical
questions that inform evidence-based COVID-19 patient man-
agement and would be of help to clinicians and policymakers
in decision-making regarding treatment of COVID-19.

5. Conclusions

The available evidence does not support the use of any anti-
viral drugs for COVID-19, despite the FDA approval of remde-
sivir for COVID-19 treatment. Cautious interpretations of the
review findings are, however, advised considering the paucity
of the evidence and the substantial risk of bias in most of the
evidence. High quality, multicenter RCTs are needed for



a stronger evidence base. Until then, antiviral drugs should
only be used as experimental drugs for COVID-19.
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