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ntroduction 

COVID-19 was declared a worldwide pandemic by the 

orld Health Organization (WHO) on March 11, 2020 be- 

ause of its widespread prevalence and life-altering consequences 

 World Health Organization 2020 ). The disease is caused by the 

ARS-CoV-2 virus, an enveloped positive-sense RNA virus that re- 

ies primarily on RNA-dependent RNA polymerase (RdRp) for vi- 

al gene transcription and replication ( Zhu et al., 2020 ). It is well

ecognized for its unprecedented speed of transmission in asymp- 

omatic and presymptomatic carriers ( Gandhi et al., 2020 ). Un- 

il April 10, 2022, nearly 50 0,0 0 0,0 0 0 cases of SARS-CoV-2 infec-

ion have been confirmed and over 6,0 0 0,0 0 0 people have died

orldwide as a result (Johns Hopkins, 2020 ). This had stretched 

ntensive care units to their maximum capacity and beyond. Con- 

equently, there is an urgent need for efficient and safe drugs to 

ombat this pandemic. 

Currently, the recommended treatments for COVID-19 are lim- 

ted. Favipiravir is a promising antiviral medication ( Agrawal et al., 

020 ), which was initially used as an anti-influenza agent in Japan 

n 2014 and was also used to treat Ebola and other viral diseases 

 Guedj et al., 2018 ; Shiraki and Daikoku, 2020 ). As a nucleoside

nalog, it inhibits the RdRp complex of SARS-CoV-2 through bind- 

ng to its catalytic domain and preventing the inclusion of nu- 

leotides for viral RNA replication, leading to an increased muta- 

ion frequency, and perhaps lethal mutagenesis ( Shannon et al., 

020 ). RdRp has been shown to have an exceptionally high poly- 

erization rate in combination with low fidelity and is highly 

rror-prone in SARS-CoV-2, which makes it the target of choice 

ith polymerase inhibitors like favipiravir ( Shannon et al., 2020 ). 

dditionally, favipiravir does not affect the human DNA or proteins 

ecause RdRp has no host cell homolog ( Zhu et al., 2020 ). 

There have been many trials and observational studies that re- 

ort the efficacy and adverse events of favipiravir in the manage- 

ent of patients with COVID-19 ( Hase et al., 2020; Kocayi ̆git et al.,

021; Udwadia et al., 2021; Pushkar, 2020 ). Early similar meta- 

nalyses were done to summarize this evidence ( Hassanipour et al., 

021 ; Manabe et al., 2021 ; Prakash et al., 2020 ; Shrestha et al.,

020 ). However, as the number of new reports increased day by 

ay, we conducted this systematic review and meta-analysis to 

rovide more clinical evidence for the efficacy and adverse effects 

f favipiravir in patients with COVID-19. 
218 
o evaluate the efficacy and adverse events of favipiravir in patients with

registered on PROSPERO (CRD42020206305). Fourteen databases were

21. An update search for new RCTs was done on March 2 nd , 2022. Meta-

ed controlled trials (RCTs) and non-RCTs. 

4 RCTs, 1 non-RCT, 21 observational studies, 2 case series, and 106 case

pitalized patients, in comparison to standard of care, favipiravir showed

 at day 5 (RR = 1.60, p = 0.02), defervescence at day 3–4 (RR = 1.99, p

vement (RR = 1.33, p < 0.01), hospital discharge at day 10–11 (RR = 1.19,

provement time (MD = –1.18, p = 0.05). Regarding adverse events, favipi-

f hyperuricemia (RR = 9.42, p < 0.01), increased alanine aminotransferase

 rates of nausea (RR = 0.42, p < 0.01) and vomiting (R R = 0.19, p = 0.02).

rding mortality (RR = 1.19, p = 0.32), and increased aspartate aminotrans-

 nonhospitalized patients, no significant differences were reported. 

to the standard of care provides better outcomes for hospitalized patients

ting women, and patients with a history of hyperuricemia should avoid

by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND license

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

ethods 

Our systematic review and meta-analysis followed a pre- 

iously published method ( Tawfik et al., 2021 ) and the Pre- 

erred Reporting Items for Systematic Reviews and Meta-Analyses 

PRISMA) checklist ( Page et al., 2021 ) (Supplemental Table 1). 

he protocol was published on PROSPERO, the International 

rospective Register of Systematic Reviews, under identification 

umber CRD42020206305 ( https://www.crd.york.ac.uk/prospero/ 

isplay _ record.php?ID=CRD42020206305 ). 

iterature search 

A total of 14 electronic databases were searched on February 

, 2021. The detailed databases and search terms can be found in 

upplemental Table 2. An additional manual search on March 20 

as done. All search results were imported into EndNote X9 to re- 

ove duplicated entries. 

tudy selection 

The titles and abstracts were screened first, then the full texts 

f eligible studies were downloaded and checked for final inclu- 

ion. Any primary studies in which favipiravir was used on patients 

ith COVID-19 would be eligible. Nonpeer-reviewed articles and 

ata from trial registries were included. We excluded nonhuman 

tudies, duplicated articles, and studies with unextractable data or 

issing full texts. 

ata extraction 

Data were extracted into an Excel form. For randomized con- 

rolled trials (RCTs) and non-RCTs, we extracted age, sex, follow- 

p day, and any quantity data relating to favipiravir efficacy and 

ide effects. For categorical data, sample size, number of concerned 

vents, and time points were extracted to calculate the risk ra- 

io (RR) and their 95% confidence interval (95% CI). For contin- 

ous data, mean, standard deviation (SD), and sample size were 

xtracted or estimated from median and range/interquartile range 

 Wan et al., 2014 ) to calculate the mean difference (MD) and 95%

I. Outcomes regarding favipiravir efficacy and side effects from 

http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020206305
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bservational studies and case reports were reported in quality re- 

iew. 

uality assessment 

The RCTs and non-RCTs were assessed by the Cochrane Col- 

aboration’s second version of the risk of bias tool for random- 

zed trials (RoB 2) ( Higgins et al., 2011 ) and the risk of bias in

onrandomized studies of interventions (ROBIN-I) ( Sterne et al., 

016 ). Observational, cross-sectional studies, and case series were 

ssessed using the National Institutes of Health (NIH) quality as- 

essment tool ( Quality assessment tool for observational cohort 

nd cross-sectional studies, 2021 ). Case reports were assessed as 

ecommended by the Clinical Guidelines Network Cancer Council 

ustralia (CCA) handbook ( Sydney: Cancer Council Australia, 2014 ). 

or important outcomes in the meta-analyses, the Grading of Rec- 

mmendations Assessment, Development and Evaluation (GRADE) 

as used to assess the certainties of evidence ( Atkins et al., 2004 ).

The study selection, data extraction, and quality assessment 

ere done by at least 2 independent authors who engaged in a 

ormal discussion later to resolve any disagreements. A difficult de- 

ision would be consulted with a senior member to resolve. 

tatistical analysis 

Meta-analysis using inverse variance method was conducted by 

he meta package in R 4.0.4 ( Deeks, 2021 ). The heterogeneity was 

ssessed using I 2 and Cochrane Q test. If I 2 was higher than 50% 

r the p-value less than 0.10, heterogeneity would be considered 

tatistically significant, and the random-effect model and Hartung- 

napp-Sidik-Jonkman method would be used. Otherwise, a fixed- 

ffect model would be applied. For each outcome, all trials com- 

aring favipiravir to the standard of care (SOC) were pooled. Sen- 

itivity analysis was conducted by removing studies using another 

ntiviral drug as comparison. The pooled results were considered 

tatistically significant if the p-value was below 0.05. A multivari- 

te time series meta-analysis using the method by Musekiwa et al 

ith the metafor package ( Musekiwa et al., 2016 ) was performed 

n viral clearance rate at multiple timepoints; all described mod- 

ls were tried and 1 best-fitting model with the least Akaike Infor- 

ation Criterion (AIC) was visualized using Microsoft Excel. If 10 

r more studies were found for any outcomes, we would use Eg- 

er regression test to assess for publication bias and visualize with 

egg funnel plot. A p-value less than 0.10 would be considered sig- 

ificant, and the Duvall and Tweedie method of trim and fill would 

e performed. 

esults 

earch results and study baseline characteristics 

On February 8, 2021, database search identified 6707 papers. 

 manual search on March 2, 2022 for RCTs found an additional 

4 papers. Using Endnote, 3637 duplications were removed. Later, 

764 records were removed after title and abstract screening. After 

ull-text assessment, a total of 157 publications (24 RCTs, 1 non- 

CT, 21 observational studies, 2 case series, and 106 case reports) 

ntered the extraction and analysis stage. The detailed progress is 

resented in the PRISMA flow diagram in Figure 1 . 

eta-analysis for the effectiveness of favipiravir 

We performed meta-analysis for 16 RCTs ( Balykova et al., 

020a ; Balykova et al., 2020b ; Balykova et al., 2020c ; 

osaeed et al., 2021 ; Chen et al., 2020a ; Chuah et al., 2021 ;

oi et al., 2020 ; Finberg et al., 2021 ; Ivashchenko et al., 2021 ;
219 
ushkar, 2020 ; Ruzhentsova et al., 2021 ; Shenoy et al., 2021 ; 

hinkai et al., 2021 ; Solaymani-Dodaran et al., 2021 ; Tabarsi et al., 

021 ; Udwadia et al., 2021 ) and 1 non-RCTs ( Cai et al., 2020 ),

hich studied the effect of favipiravir on hospitalized patients. 

he baseline characteristics of the controlled trials can be found in 

upplemental Table 3. 

iral clearance 

Using data from 8 studies, we plotted RR for the number of pa- 

ients having the viral clearance from day 3–16 using the univari- 

te and multivariate model by Musekiwa et al ( Musekiwa et al., 

016 ). Multivariate model 5 had the least AIC and was used for 

he analysis. In multivariate model, although all RR values were 

reater than 1, significant better outcomes were found only at day 

 (RR = 1.60, 95% CI [1.07, 2.36], p = 0.02) ( Figure 2 ). In the sen-

itivity analysis, multivariate model 2 fitted better (smallest AIC); 

owever, significant results were still found on day 5 (Supplemen- 

al Figure 1). Detailed forest plots for univariate analysis at day 5 

nd 10 were given in the same figures; detailed numbers can be 

ound in Supplemental Table 4. 

Despite insignificance, mean viral clearance time was shorter in 

atients who received favipiravir (MD = –2.62, 95% CI [–7.28, 2.03], 

 = 0.21, I 2 = 74%) (Supplemental Figure 3a). Sensitivity analysis 

ade heterogeneity plummet (I 2 = 25%), with a smaller MD and 

5% CI (MD = –1.08, 95% CI [–2.25, –0.08], p = 0.07) (Supplemental 

igure 3b). 

linical improvement, fever cessation, and chest radiological 

mprovement 

The pooled RR for clinical improvement rate from 8 RCTs was 

igher but not statistically significant (RR = 1.27, 95% CI [0.88, 

.85], p = 0.17), with high heterogeneity (I 2 = 73%) ( Figure 3 a). On

he other hand, the pooled RR from 5 reports for defervescence at 

ay 3–4 was significantly better in the favipiravir group (RR = 1.99, 

5% CI [1.63, 2.43], p < 0.01, I 2 = 6%) ( Figure 3 b). Favipiravir group

lso showed better chest radiological improvement rate (RR = 1.33, 

5% CI [1.17, 1.51], p < 0.01, I 2 = 0%) from 6 papers ( Figure 3 c). Sensi-

ive analysis showed the same patterns for these 3 outcomes (Sup- 

lemental Figure 2a,b,c). 

The mean clinical improvement time pooled from 9 studies was 

horter in favipiravir group (MD = –1.18, 95% CI [–2.34, –0.02], 

 = 0.05, I 2 = 60%). The sensitivity analysis increased the differ- 

nce and narrowed the 95% CI (MD = –1.69, 95% CI [–2.31, –1.07], 

 < 0.01, I 2 = 37%) (Supplemental Figure 3c and 3d). The pooled 

ean difference in defervescence time from 4 RCTs also showed 

 significant result (MD = –1.33, 95% CI [–1.59, –1.07], p < 0.01, 

 

2 = 4%) (Supplemental Figure 3e). 

The definitions for these outcomes differed between studies 

nd are given in Supplemental Table 5. 

ischarge rates and length of hospitalization 

Regarding the discharge rate, significant pooled results from 5 

tudies were found for favipiravir at day 10–11 (RR = 1.19, 95% CI 

1.06, 1.33], p < 0.01, I 2 = 43%) but no difference was found at day

4–15 (RR = 1.00, 95% CI [0.93, 1.09], p = 0.92, I 2 = 0%). Further-

ore, the difference was insignificant in length of hospitalization 

MD = –0.19, 95% CI [–0.67, 0.29], p = 0.44, I 2 = 0%) as well as in

he sensitivity analysis (Supplemental Figure 4a–d). 

ortality 

No differences were found for mortality when pooling 12 stud- 

es with RR = 1.19, 95% CI (0.85, 1.66), p = 0.32, I 2 = 0%. Further-
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Records identified from:
Pubmed (n=329) Google Scholar (n=252)
Scopus (n=929) Embase (n=978)
Clinicaltrial.gov (n=49) Cochrane (n=108) 
Eurompc.org (n=1669) ISI (n=280)
COVID-evidence (n=56) VHL (n=352)
iSearch COVID-19 (n=1310) mRCT (n=1)
WHO COVID-19 (n=394) SIGLE (n=0)

Duplicates removed 
by Endnote (n=3634)

Records for titles/abstracts
screening:
(n = 3073)

Records excluded
(n = 2764)

Full-text articles assessed for 
eligibility
(n = 454)

311 full-text articles excluded:
No data for favipiravir usage 
(n=131)
Trial registrations with no results 
(n=59)
Reviews (n=59)
Duplications (n=50)
Not on COVID-19 patients (n=10)
Retracted (n=2)

Additional records 
identified through other 
sources
(n=14)

Studies included (n = 157)
Studies included in meta-analysis (n = 17)

Identification of studies via databases and registers Identification of studies
via other methods
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Figure 1. PRISMA flow diagram of the literature search and screening for eligibility steps. 
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ore, sensitivity analysis did not change the outcome (Supplemen- 

al Figure 5a and b). 

ualitative synthesis for the effectiveness of favipiravir 

A summary of baseline characteristics and outcomes from ob- 

ervational studies and case series is given in Supplemental Table 

. 

ime of favipiravir administration 

Administrating favipiravir early (at the time of diagnosis) and 

ate (few days later) were compared in some studies. Although 

n RCT showed insignificant differences ( Doi et al., 2020 ), a 

ase-control study showed better outcomes on viral negativity (p 

 0.001) and disease progression (p < 0.05) ( Uçan et al., 2021 ), and

nother retrospective cohort showed a lower mortality rate in early 

avipiravir treatment group (p = 0.002) ( Karatas et al., 2021 ). 
220 
osage of favipiravir 

A higher favipiravir dosage was suggested to be more effec- 

ive in 2 investigations. A retrospective study reported that a 

ow loading dose of favipiravir ( ≤45 mg/kg/day) was a poor pre- 

ictive factor for clinical improvement on day 7 (p = 0.006) 

 Rattanaumpawan et al., 2020 ). In a noncontrolled study, most of 

he 49 blood samples from 13 patients, who received 1600 mg 

wice on the first day, followed by 600 mg twice from day 2, had 

avipiravir concentration less than the lower limit of quantifica- 

ion (1 μg/mL) and lower than the in vitro half-maximal effective 

oncentration ( Irie et al., 2020 ). In an RCT on mild to moderate 

atients, ivermectin plus doxycycline show better results than the 

avipiravir group even though they were not significant. 

avipiravir versus other antiviral drugs 

For nonhospitalized patients, favipiravir did not affect the out- 

omes in 2 double-blind RCTs ( Holubar et al., 2021 ; Lowe et al.,

022 ). Regarding hospitalized patients, a non-RCT reported favipi- 
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Figure 2. Multivariate and univariate meta-analysis for the effect of favipiravir on viral clearance rate at different timepoints (a) and 2 detailed forest plots for the univariate 

analysis at day 5 (b) and day 10 (c). 

221 
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Figure 3. Meta-analysis for the effect of favipiravir on the rate of patients having clinical improvement at day 10 (a), defervescence at day 3–4 (b) and radiological improve- 

ment (c). 
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avir to be superior to lopinavir/ritonavir regarding viral clear- 

nce and chest imaging (p < 0.01) ( Cai et al., 2020 ). Favipiravir

ould also shorten the time of having pyrexia and cough com- 

ared with umifenovir in an RCT (p < 0.01) ( Chen et al., 2020b ). In

 cross-sectional survey, favipiravir group had a considerably de- 

reased death rate in comparison to remdesivir (p < 0.01) ( Ara Per- 

een et al., 2021 ). No significant data was found comparing favipi- 

avir to baloxavir marboxil ( Lou et al., 2021 ). In combination with 

ocilizumab, favipiravir showed better lung lesion remissions com- 

ared with favipiravir alone in an RCT (p < 0.05) ( Zhao et al.,

021b ). In patients with recurrent positive, the favipiravir group 

chieved negative PCR in a significantly shorter period than SOC 

p = 0.038) ( Zhao et al., 2021a ). 

dverse events 

By pooling 14 RCTs and 1 non-RCT, 17 adverse events ranging in 

everity were meta-analyzed. Because no significant heterogeneity 

as found, the fixed-effect model was applied to all adverse events 

Supplemental Figure 6). The adverse events that had higher risks 

fter favipiravir usage compared to the control groups were hy- 
222 
eruricemia (RR = 7.69, 95% CI [4.56, 12.98], p < 0.01, I 2 = 47%)

 Figure 4 a) and increased alanine aminotransferase (RR = 1.35, 

5% CI [1.11, 1.64], p < 0.01, I 2 = 0%) ( Figure 4 b). Regarding hyper-

ricemia, Balykova et al and Ruzhentsova et al detected increased 

evels of uric acid after 15 and 5 days of the initiation of favipiravir

herapy, respectively; whereas the latter reported that most pa- 

ients’ uric acid levels normalized at day 28 ( Balykova et al., 2020c ;

uzhentsova et al., 2020 ). Additionally, a case wherein acute gouty 

rthritis was triggered by the hyperuricemia effect of favipiravir 

as described ( Hase et al., 2020 ). Finally, when combined with 

ocilizumab, a significant increase in uric acid level was detected 

ompared with favipiravir or tocilizumab alone ( Zhao et al., 2021b ). 

There were no significant differences in the RR for increased 

spartate aminotransferase (RR = 1.11, 95% CI [0.93, 1.32], p = 0.25, 

 

2 = 11%) ( Figure 4 c). On the other hand, favipiravir reduced the 

isk for nausea (RR = 0.42, 95% CI [0.25, 0.70], p < 0.01, I 2 = 27%)

 Figure 4 d) and vomiting (RR = 0.19, 95% CI [0.05, 0.73], p = 0.02,

 

2 = 0%) ( Figure 4 e). 

Various observational studies have addressed the safety profiles 

f favipiravir. In comparison to pretreatment values, although the 

rug seemed not to affect the QT interval on electrocardiogram 
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Figure 4. Meta-analysis for the effect of favipiravir on the risk of hyperuricemia (a), increased alanine aminotransferase (b), increased aspartate aminotransferase (c), nausea 

(d), and vomiting (e). 

223 
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Table 1 

Summary of important findings and certainty of evidence using GRADE. 

Outcomes Relative effect (95% CI) 

Number of studies 

(Total patients) 

Certainty of the 

evidence (GRADE) Comments 

Patients received favipiravir 

had better virological response 

than SOC 

RR for viral clearance at day 5: 

1.60 (1.07, 2.36) 

7 (466) Moderate ∗ High heterogeneities were found in the forest 

plot between the RCTs and 1 non-RCTs. 

Removing the non-RCTs in the sensitive 

analysis caused the I 2 reduced to 0%, 

therefore we grade down the quality by 1. 

Patients received favipiravir 

had sooner clinical 

improvement than SOC 

MD for mean clinical 

improvement time: –1.18 

(–2.34, –0.02) 

9 (1499) Moderate High heterogeneities were found for the 

definitions of clinical improvement between 

papers, which also explain a high I 2 in the 

forest plot. Therefore, we grade down the 

quality by 1. 

Patients received favipiravir 

recovered from fever faster 

than SOC 

RR for defervescence at day 

3–4: 1.99 (1.63, 2.43) 

5 (497) High NA 

Patients received favipiravir 

had better radiological 

imaging than SOC 

RR for radiological 

improvement: 1.33, (1.17, 

1.51) 

6 (599) Moderate ∗ Different definitions for radiological 

improvement were found between papers. 

Therefore, we grade down the quality by 1. 

No differences were found in 

mortality between favipiravir 

and SOC 

RR 1.19 (0.85, 1.66) 12 (2428) Moderate ∗ Data were sparse and imprecise because most 

studies reported a low prevalence of 

mortality. Therefore, we grade down the 

quality by 1. 

Favipiravir increase the risk of 

hyperuricemia 

RR 7.69 (4.56, 12.98) 7 (1339) High ∗ We grade down the quality by 1 because the 

data were sparse and imprecise due to low 

prevalence of the event. However, the RR was 

high therefore the evidence was upgrade by 1. 

∗ One non-RCTs entered these meta-analyses, however, no differences were found in the baseline characteristics in this study, removing the paper from the meta-analysis 

also did not significantly alter the results, therefore we still decided to still start the GRADE with high. 
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 Çap et al., 2020 ), it was reported to be associated with increased

iver enzymes ( Yılmaz et al., 2021 ), increased platelet and lym- 

hocyte count, and decreased neutrophil and red blood cell count 

 Yaylaci et al., 2020 ). Significant retinol depletions were also re- 

orted ( Sarohan et al., 2021 ). A summary table for these outcomes 

s presented in Supplemental Table 7. 

ase reports 

A total of 106 studies with 142 cases were found (Supple- 

ental Table 8). The mean age was 52.70 ± 17.13 years (range: 

–85) with a male-female ratio of 101 : 41. After favipiravir 

dministration, the clinical status improved in 74 cases, wors- 

ned in 48 cases (with 21 deaths), and was unclear in 20 cases. 

he reported side effects were hyperuricemia ( Hase et al., 2020; 

osoba et al., 2020; Ono et al., 2020; Takoi et al., 2020 ), fever

 Koba et al., 2020 ; Kurita et al., 2020 ; Takoi et al., 2020 ), lympho-

ytosis ( Dauby et al., 2021 ), eosinophilia ( Takoi et al., 2020 ), lym-

hocytopenia ( Atallah et al., 2020 ), hepatotoxicity ( Hosoba et al., 

020 ; Takumida et al., 2021 ; Yamazaki et al., 2021 ), nephrotoxicity 

 Nasa et al., 2021 ), acute pancreatitis ( Khan et al., 2021 ), wood’s

amp fluorescence on nails and hair, and nausea ( Aslan Kayiran 

t al., 2021 ). 

uality assessment and grading the evidence 

Regarding the overall risk of bias judgment, all RCTs were of 

ome concern except 3 papers that had low risk of bias due to 

roper blinding. A single non-RCT study had moderate overall risk 

f bias. Among 21 observation studies, 7 reports had a good rating, 

nd the other 14 had a fair rating. A total of 2 case series were

iven a fair rating and all 53 case reports had a high overall risk of

ias. The detailed results of the quality assessment were provided 

n Supplementary Tables S9–S13. 

Using GRADE, there was a high certainty that patients who re- 

eived favipiravir had faster recovery from fever and higher rate 

f hyperuricemia; moderate certainties for better virological, clini- 

al, and radiological responses; and lower nausea rate ( Table 1 ). No 

ifferences in mortality rate were found with a moderate certainty. 
224 
iscussion 

In hospitalized patients, favipiravir showed a superior trend 

ompared to SOC. In our multivariate time series meta-analysis 

nalysis, the differences in viral clearance rate peaked on day 5 

hen decreased in the follow-up days. This could be explained by 

he fact that most of the patients in the included trials recovered 

t the end of the studies and therefore shrunk the differences be- 

ween the 2 groups as time passed. It was consistent with the fact 

hat there was a significant difference in the number of patients 

eing discharged on days 10–11 but no difference on dasy 14–15 

nd no difference in the pooled RR for mortality at the end of the 

rials. Overall, it seemed that favipiravir could induce a better vi- 

ological response in patients with COVID-19 as well as reduce the 

eed for medical care, but more evidence would be needed to con- 

rm this. 

Chest radiological imaging, which had slower recovery rate 

 Rong et al., 2021 ), still showed fibrotic-like changes on more than 

/3 of severe patients with COVID-19 after 6 months ( Han et al., 

021 ), and therefore, in our analysis, this outcome was found to 

e significantly better after 10 days on chest x-ray and 14–15 days 

n computerized tomography imaging. This suggested a favorable 

utcome in the long term for favipiravir groups. Accordingly, future 

CTs for moderate to severe patients should consider it as a main 

utcome and also monitor long-term differences on imaging as it 

s a potential indicator for the effectiveness. 

Regarding clinical improvement, the pooled RR showed that 

linical improvement rate at day 10 was higher in favipiravir 

roups (despite being insignificant with p -value of 0.17). The mean 

linical improvement time was significantly shorter in the favipi- 

avir group in both the main and the sensitive analysis. Significant 

ifferences that favored favipiravir were also found in deferves- 

ence rate at day 3–4 and mean defervescence time in both the 

ain and sensitive analysis. Taking everything into account, favipi- 

avir could induce a better clinical improvement; however, more 

ata would be needed for a concrete conclusion. 

The similarity in the mortality rates between those taking 

avipiravir and not taking the drug can lead to the assumption that 
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avipiravir can decrease the time until clinical, laboratory, or radi- 

logic recovery but not an overall reduction in the morbidity or 

ortality. However, it is important to highlight that most of the 

ncluded studies reported near-zero mortality rate and therefore, it 

as still too soon to make this conclusion. 

In nearly all the included RCTs, favipiravir was used early 

at day 1 of diagnosis). The benefit of early usage of favipiravir 

as reported in some observational studies ( Karatas et al., 2021 ; 

çan et al., 2021 ). The viral clearance was also reported to be 

irectly related to the early initiation of antiviral therapy and 

efore the peak of viremia, leading some practitioners to start 

ntiviral medications in the presymptomatic phase of COVID-19 

 Goyal et al., 2020 ). Accordingly, even though no strong evidence 

as found, early usage of favipiravir could provide better outcomes 

or patients with COVID-19. 

Regarding nonhospitalized mild patients, 2 double-blind RCTs 

howed that favipiravir had no effect compared to SOC on 

 Holubar et al., 2021 ; Lowe et al., 2022 ). This suggests that favipi-

avir should not be used on mild cases with low risk and should 

ocus on moderate and severe cases. 

A wide variety of adverse events have also been linked 

o favipiravir intake. Our meta-analysis strongly concluded that 

avipiravir usage significantly increases the risk of hyperuricemia 

ompared with control, which is consistent with other reports 

 Hase et al., 2020 ; Koseki et al., 2022 ). Increased levels of liver en-

ymes has been associated with COVID-19 ( Kaneko et al., 2020 ) 

s well as many antiviral drugs ( Vitiello et al., 2021 ), includ- 

ng favipiravir. Our analysis detected a significant increase in ala- 

ine aminotransferase but not aspartate aminotransferase. How- 

ver, these were not the main outcomes of the RCTs, and the ef- 

ect sizes were small. The pooled RR were greatly contributed by 

 report owing to its high number of events. Moreover, on stud- 

es that focus on increase liver enzymes, no significant differences 

ere found ( Bayram et al., 2021 ). Therefore, more studies should 

e conducted before concluding the effect of favipiravir on liver 

nzymes. Nausea and vomiting turned out to be lower in favipi- 

avir group. However, the pooled RR were mainly contributed by 

 reports comparing favipiravir versus lopinavir/ritonavir, which 

as known for nausea and vomiting adverse events ( Hurst and 

opinavir, 20 0 0 ). Therefore, this conclusion should not be concrete. 

aving potential teratogenic effects in some animal studies, favipi- 

avir is contraindicated during pregnancy and lactation as well as 

n men seeking conception ( Agrawal et al., 2020 ). High attention 

hould be paid in these situations. 

A total of 2 dosage regimens with a dissimilar duration (vary- 

ng from 2–14 days) were found in most of the included studies. 

hey all started with a loading dose of 1600 or 1800 mg doses 

wice a day on the first day and continued by 600 or 800 mg 

wice daily. However, 2 included observational studies suggested 

hat higher doses than these could improve the efficacy of favipi- 

avir ( Irie et al., 2020 ; Uçan et al., 2021 ). In Ebola virus disease,

he doses were amplified to 60 0 0 mg loading dose and 2400 mg 

aintenance dose daily; however, it was not associated with a ma- 

or enhancement in the outcomes but might yield higher rates of 

ide effects ( Nguyen et al., 2017 ). Overall, more trials are needed 

o investigate how much can we increase the dose to maximize 

he efficacy without causing extra harm to our patients. 

Remdesivir, an antiviral drug that also targets the RdRp com- 

lex ( Aleem and Remdesivir, 2021 ), received approval for use from 

he Japanese government in severe COVID-19 cases on May 7, 

020 ( Lamb, 2020 ). It was also the first FDA-approved treatment 

n October 22, 2020 ( Rubin et al., 2020 ). Previous studies found 

etter results for remdesivir on clinical improvement and dis- 

harge rate compared to SOC ( Enoki et al., 2021 ; Jiang et al.,

021 ; Piscoya et al., 2020 ; Yokoyama et al., 2020 ). Despite being

arginal, similar conclusions were also made regarding favipiravir. 
225 
oreover, favipiravir also proved to be better than SOC regarding 

iral clearance, defervescence, and chest radiological improvement, 

hich were lacking in evidence for remdesivir. Although some low 

evel of evidence suggested that favipiravir is better than remde- 

ivir ( Ara Perveen et al., 2021 ), more RCTs comparing the 2 drugs 

ould be required before making any conclusions. 

Earlier systematic reviews and meta-analyses detected bet- 

er viral clearance and clinical improvement in the favipiravir 

roup compared to SOC, which is consistent with our conclusions 

 Hassanipour et al., 2021 ; Manabe et al., 2021 ; Prakash et al., 2020 ;

hrestha et al., 2020 ). Compared to these studies, our search was 

onducted later which resulted in more reports included in the 

eta-analysis. We all applied a similar approach: pooling all trials 

hat compared favipiravir versus SOC or any antiviral drugs used 

n these SOC. However, because we had a wider selection, we also 

erformed a sensitivity analysis by removing any trials comparing 

avipiravir versus single antiviral drugs. Additionally, we provided 

eta-analyses for defervescence, chest radiological improvement, 

nd hospital discharge outcomes. Our analyses for adverse events 

ere also more thorough and revealed the differences in the risk of 

yperuricemia, vomiting, and nausea. Meta-analyses should be per- 

ormed in the near future for higher quality insights about favipi- 

avir as the number of RCTs keeps increasing. 

imitations 

Owing to the small number of the published studies, some out- 

omes were borderline as well as the data that compared favipi- 

avir versus other drugs was limited. Subgroup meta-analyses were 

ot possible for different severities, different doses, and nonhos- 

italized patients. All reports entered in the meta-analysis were 

pen-label except for 1 single-blind RCT and 1 double-blind RCT; 

herefore, future RCTs with appropriate blinding are needed. In our 

eta-analysis, because of ethical issues, the control groups in most 

CTs were the national SOC, which differed a lot from 1 trial to 

nother (Supplemental Table 3); however, favipiravir was found to 

e more effective regardless of the treatment plan. Another issue 

ith the included reports was that the definition of chest radiolog- 

cal imaging and clinical improvement statuses differed according 

o the protocol that each country followed. These caused higher 

eterogeneity and increased the 95% CI in some analyses. The fact 

hat even RCTs comparing favipiravir versus other antiviral drugs 

ere pooled in the main meta-analyses could make us underesti- 

ate the effect size. 

onclusions 

In conclusion, adding favipiravir to the SOC provides faster viral 

learance and clinical improvement and better radiological imag- 

ng improvement for hospitalized patients. Nonhospitalized pa- 

ients might not receive the benefit from favipiravir. Hyperuricemia 

hould be noted when using favipiravir for prompt cessation of 

rug intake. In contrast, elevated hepatic enzymes might not be 

 side effect for using favipiravir in COVID-19, considering other 

ublished studies. Further cautions should be applied when ad- 

inistrating favipiravir to pregnant or lactating women owing to 

ts probable teratogenic effects. Lar ger RCTs with proper blinding 

re required to detect the best dosage and administration time of 

avipiravir as well as to fortify the borderline results. 
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