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Aims: To perform network meta-analysis for a head-to-head comparison of various

interventions used in coronavirus disease 2019 (COVID-19) on mortality, clinical

recovery, time to clinical improvement and the occurrence of serious adverse events.

Methods: Systematic search was performed using online databases with suitable

MeSH terms including coronavirus, COVID-19, randomized controlled trial, hydro-

xychloroquine, lopinavir/ritonavir, tocilizumab, remdesivir, favipiravir, dexamethasone

and interferon-β. Data were independently extracted by 2 study investigators and

analysed.

Results: Out of 1225 studies screened, 23 were included for qualitative and quantita-

tive analysis. Among the drugs studied, dexamethasone reduces mortality by 10%,

with a relative risk of 0.90 (95% confidence interval [0.82–0.97]) and increases

clinical recovery by 6% (relative risk 1.06, 95% confidence interval [1.02–1.10]) com-

pared to standard of care. Similarly, remdesivir administered for 10 days increased

clinical recovery by 10%, reduced time to clinical improvement by 4 days and

lowered the occurrence of serious adverse events by 27% as compared to standard

of care.

Conclusion: In comparison to standard of care, dexamethasone was found to increase

clinical recovery and lower mortality; remdesivir was significantly associated with a

lower risk of mortality as compared to tocilizumab and higher clinical recovery and

shorter time to clinical improvement as compared to hydroxychloroquine and

tocilizumab; remdesivir followed by tocilizumab were found to have lesser occurrence

of serious adverse events in patients with moderate to severe COVID-19.
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1 | BACKGROUND

Coronavirus disease 2019 (COVID-19) has undisputedly become

1 of the greatest medical crises to ravage humanity in the last

decade. Nearly 209 million people have been diagnosed with

COVID-19 to date and as many as 4.4 million have succumbed to

the disease.1 While patients with the mild disease recover with sup-

portive treatment, the management of patients with moderate and

severe forms of COVID-19 continues to be a daunting challenge.

Several measures have been attempted to improve the clinical

recovery rate, reduce viral replication, suppress the exaggerated

immune response and reduce mortality. The pharmacological options

that have been evaluated in clinical trials with COVID-19 include

corticosteroids, tocilizumab, hydroxychloroquine (HCQ), antiviral

agents such as remdesivir, a combination of lopinavir and ritonavir,

and favipiravir.
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In the earlier days of pandemic, HCQ, an antimalarial drug used

widely in rheumatoid arthritis was proposed to be useful on the basis

of in vitro evidence.2 Nevertheless there have been conflicting reports

about the effectiveness of HCQ with earlier reports favouring the util-

ity of this medication in treating COVID-19.3 Subsequently remdesivir

was approved by the US Food and Drug Administration (FDA) for the

treatment of severe COVID-19 infection on the basis of an improve-

ment in the time to recovery following hospitalization.4 However the

drug was not found to be effective in reducing mortality as per the

results of the World Health Organization (WHO) Solidarity trial.5

Although corticosteroids interfere with the body's ability to control

viral replication, few studies have highlighted their benefits in reduc-

ing mortality in severe COVID-19 patients admitted in the intensive

care unit.6 Additionally, tocilizumab, an interleukin-6 receptor antago-

nist has been shown to reduce the need for mechanical ventilation in

patients with severe COVID-19, although few studies have shown its

inadequate efficacy in preventing intubation or death in moderately ill

hospitalized patients with COVID-19.7,8 Similarly, the use of other

repurposed drugs such as interferon, favipiravir and a combination of

lopinavir and ritonavir have shown conflicting results in COVID-19.

Although many drugs have been claimed to have potential benefit in

COVID-19, there are few network meta-analyses (NMAs) comparing

the effect of these agents on mortality and clinical recovery. Hence,

we aimed to perform aN NMA with a head-to-head comparison of

various interventions used in COVID-19 to assess their outcome on

mortality, clinical recovery, time to clinical improvement and serious

adverse events (SAEs).

2 | METHODS

This systematic review and NMA was carried out in accordance with

the registered protocol in PROSPERO (CRD42021246551) and abides

by the Preferred Reporting Items for Systematic reviews and Meta-

Analyses (PRISMA) extension statement for reporting the systematic

reviews incorporating NMA of health care interventions.

2.1 | Identification of studies

The electronic bibliographic databases namely Cochrane Library

(Cochrane Database of Systematic Reviews, Cochrane Central Regis-

ter of Controlled Trials and Cochrane Methodology Register), PubMed

and PubMed Central were searched from December 2020 to February

2021. The search/MeSH terms applied were coronavirus, COVID-19,

randomized controlled trial, hydroxychloroquine, lopinavir/ritonavir,

tocilizumab, remdesivir, favipiravir, dexamethasone and interferon-β.

2.2 | Selection criteria

All the randomized controlled studies in hospitalized COVID-19

patients of all age groups and sex with any pharmacological

treatments were included. The exclusion criteria were studies

done for prevention of COVID-19 in healthy populations, abstract-

only articles, case reports, conference presentations, editorials,

reviews, expert opinions, articles in a language other than

English, etc.

2.3 | Outcomes

The outcomes assessed from the included studies were mortality, clin-

ical recovery, time to clinical improvement and the occurrence of

SAEs. For assessing the outcomes of mortality and clinical recovery,

studies reporting death due to any cause by day 28 and discharge

from the hospital by day 28 of admission were considered. Time to

clinical improvement has been defined as time to discharge or time to

reduction in disease severity to a state of no requirement of supple-

mental oxygen whichever occurred earlier. The same definitions were

What is already known about this subject

• Globally, various newer molecules and existing drugs

have been evaluated as potential treatments for corona-

virus disease 2019 (COVID-19).

• The earlier meta-analyses compared the various interven-

tions in a heterogenous population of COVID-19 with a

major focus on all-cause mortality.

• There were inadequate data on the efficacy of drugs on

recovery from randomized controlled trials in a homoge-

nous population of COVID-19 cases.

What this study adds

• This network meta-analysis provides evidence towards

head-to-head comparison of various interventions on

outcomes such as mortality, clinical recovery, time to

clinical improvement and occurrence of serious adverse

events in a homogenous population of COVID-19

patients.

• This study reinforces the effect of dexamethasone on

reducing mortality in hospitalized patients with moderate

to severe COVID-19. Dexamethasone was also found to

improve clinical recovery.

• There is evidence towards improved clinical recovery,

reduced time to clinical improvement and lesser occur-

rence of serious adverse events following administration

of remdesivir in patients with moderate to severe

COVID-19.
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used to extract the data from the included studies. Safety was

assessed based on the occurrence of SAEs among the participants of

the included studies.

2.4 | Study selection and data extraction

Titles and/or abstracts of studies were retrieved using the search

strategy as mentioned. A standardized, pre-formatted form was used

to extract data from the included studies for assessment of study

quality and evidence synthesis. The data extracted include study set-

ting, study population, study type, participant demographics and base-

line characteristics, details of the intervention and control conditions,

study methodology, randomization details, mortality, clinical recovery,

time to clinical improvement, and the occurrence of SAEs. All the data

were extracted either from text, tables, or figures of the published

articles. Data from the figures and graphs were extracted using

WebPlotDigitizer software (version 4.1, https://automeris.io/

WebPlotDigitizer/). Two of the review authors extracted the data

independently, identified discrepancies and resolved them through

discussion with a third author.

2.5 | Risk of bias

The NMA includes only randomised controlled trials in which the risk

of bias was assessed according to the standards laid down by the

Cochrane handbook of meta-analysis.9 The domains of bias assess-

ment include: randomization sequence generation, treatment alloca-

tion concealment, blinding, completeness of outcome data, selective

reporting and other possible sources of bias. Disagreements between

the review authors over the risk of bias in particular studies were

resolved by discussion, with the involvement of a third review author,

whenever necessary.

2.6 | Statistical analysis

An NMA within a frequentist framework was carried out using

netmeta package available in R software version 4.1.1.10 In a

frequentist approach, the netmeta package uses graph theory tech-

niques to describe the relative treatment effects of several treat-

ments.11 Network plots were drawn for visualizing the network

geometry of the available evidence using STATA version 15.1 (Stata

Corp, TX, USA).12 Both global and local inconsistencies were assessed.

Node splitting was done to check for the local inconsistency.13 The

statistical heterogeneity was quantified and tested using the I2 and

generalized Cochrane Q statistic. A random-effect model was used if

sufficient heterogeneity was detected (I2 > 50%), otherwise a fixed

effect model was used.

Summary estimates were reported as relative risk (RR) along with

95% confidence interval (CI) for dichotomous outcomes like mortality,

clinical recovery and SAEs whereas difference in means (MD) and

corresponding 95% CI for the continuous outcome (time to clinical

improvement). A P-value <.05 was considered statistically significant.

Net-league plots were used to represent all pairwise summary esti-

mates from NMA. Reference-based Forest plots were plotted to dis-

play the pooled effect estimates obtained from the comparisons of

different treatments to the standard of care. The standard of care was

considered as the reference.

P-score, a frequentist equivalent of the surface under the cumula-

tive ranking (SUCRA) value was estimated in order to rank the treat-

ments.14 P-score (range from 0 to 1) represents the mean extent of

certainty that a treatment is superior to other treatments, averaged

over all competing treatments. Treatment with the highest P-score

(near to 1) was considered as superior when compared to other com-

peting treatments. Comparison-adjusted funnel plots were con-

structed to assess the publication bias and the asymmetry of the

funnel was tested using Egger's test.15

A sensitivity analysis was carried out to assess the robustness of

the findings by excluding those studies with a mild–moderate popula-

tion. The relative treatment estimates were obtained for those studies

comprising of only moderate to severe population and the results

were compared with the overall analysis.

3 | RESULTS

3.1 | Study selection and characteristics

After screening 1225 titles and abstracts, 23 randomized controlled

trials (RCTs) met the eligibility criteria and were included in the NMA

(Figure 1). A total of 31 226 hospitalized patients with moderate to

severe COVID-19 in the included RCTs were assessed. The median

age of the participants ranged from 40 to 69 years with 37.5% being

women. The study design and characteristics of the trials included in

the analysis are as enumerated in (Table 1).5,6,16–36 Of the 23 studies

included, 6 were double-blinded (23%) and the rest were open-label

(77%). Most trials had reported outcomes at 28–30 days except for

3 studies that had reported outcomes at 14 days.

3.2 | NMA

Seven different interventions namely dexamethasone, remdesivir,

tocilizumab, HCQ, combination of lopinavir/ritonavir, favipiravir and

interferon-β were evaluated in this NMA. A fixed-effect model was

selected for analysing the data for mortality, clinical recovery and

SAEs (I2 = 0% [95% CI 0–50.0]; Q = 14.15, P = .66, I2 = 35% [95%

CI 0–71.2]; Q = 10.77, P = 0.15, I2 = 41.7% [95% CI 0–70.4];

Q = 18.86, P = 0.06 respectively) as there was no overall heterogene-

ity. A random-effect model was selected for reporting data on time to

clinical improvement, since there was high heterogeneity found across

the studies (I2 = 85.9% [95% CI 65.5–94.3]; Q = 21.31, P < .001).

Both global and local inconsistencies were assessed and no statistical

inconsistency was detected across the studies.
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3.3 | Network plot

Network plots depicting the interventions have been drawn for each

of the outcomes with the standard of care as the most common com-

parator (Figure 2). Two of the included trials had evaluated treatment

against active comparator i.e. remdesivir administered for 10 days

(R10) with remdesivir administered for 5 days (R5). Hence, we have

classified remdesivir administered for 10 days (R10) as a different

treatment node from remdesivir administered for 5 days (R5). No sta-

tistical incoherence was detected with this approach.

3.4 | Mortality

All the included trials reported mortality, and the network analysis

involved 8 treatments and 12 comparisons. The analysis suggested a

reduction in mortality of hospitalized patients with dexamethasone

(RR 0.90, 95% CI [0.82–0.97]) compared to the standard of care alone

(Figure 3A). However, other treatment interventions did not show any

significant effect on mortality when compared with standard of care.

3.5 | Clinical recovery

Among the included studies, 14 RCTs had analysed clinical recovery.

Remdesivir administered for 10 days has shown 10% higher clinical

recovery when compared to standard of care (RR 1.10, 95% CI [1.04–

1.15]). This was followed by dexamethasone with an increased clinical

recovery by 6% compared to standard of care (RR 1.06, 95% CI [1.02–

1.10]; Figure 3B). The remaining treatment interventions showed no

significant effect on clinical recovery compared to standard of care.

3.6 | Time to clinical improvement

Time for clinical improvement was reported in only 11 of the 23 stud-

ies. Remdesivir given for 10 days and 5 days shortened the time to

recovery when compared to the standard of care (MD: �4.08 d, 95%

CI [�5.47 to �2.68 d] and MD: –3.98 d, 95% CI [�6.23 to �1.73 d],

respectively; Figure 3C). None of the other interventions had any sig-

nificant effect on the time to recovery.

3.7 | SAEs

Only 16 of the included trials had reported on the occurrence of SAEs.

Remdesivir administered for 10 days was found to be associated with

a lower occurrence of SAEs compared to standard care (RR-0.73, 95%

CI [0.61–.87]) followed by tocilizumab (RR-0.76, 95% CI [0.64–0.91];

Figure 3D).

3.8 | Net league table

Net league table (Tables 2A–D) with relative treatment effect esti-

mates and their 95%CIs for all possible treatment combinations shows

F IGURE 1 PRISMA flowchart delineating the study selection for network meta-analysis
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TABLE 1 Baseline characteristics of the included studies

Author (n) Intervention (n) Age (y)#
Female,
n (%)

Mortality,
n (%)

Clinical

recovery,
n (%)

SAE,
n (%)

Tomazini et al. (299) Dexamethasone (151) 60.1 (15.8) 61 (40.4) 85 (56.3) 42 (27.8) 5 (3.3)

Standard care (n = 148) 62.7 (13.1) 51 (34.5) 91 (61.5) 25 (16.9) 9 (6.1)

Horby et al. (6425) Dexamethasone (n = 2104) 66.9 (15.4) 766 (36) 482 (22.9) 1416 (67.3) 4

Standard care (n = 4321) 65.8 (15.8) 1572 (36) 1110 (25.7) 2748 (63.6) -

Biegel et al.* (1062) Remdesvir (n = 541) 58.6 (14.6) 189 (34.9) 59 (10.9)$ 399 (73.7) 131 (24.6)

Standard care (n = 521) 59.2 (15.4) 189 (36.3) 77 (14.7)$ 352 (57.5) 163 (31.6)

Goldman et al. (397) Remdesvir for 5 days (n = 200) 61 (50–69) 80 (40) 16 (8)$ 120 (60)$ 42 (21)

Remdesivir for 10 days (n = 197) 62 (50–71) 63 (32) 21 (11)$ 103 (52.3) 68 (35)

Wang et al.* (236) Remdesvir (n = 158) 66 (57–73) 69 (44) 22 (14) 92 (61.3) 28 (18)

Standard care (n = 78) 64�0 (53–70) 27 (35) 10 (13) 45 (58) 20 (26)

Spinner et al. (594) Remdesvir for 10 days (n = 193) 56 (45–66) 75 (39) 3 (2) 174 (90) 10 (5)

Remdesvir for 5 days (n = 191) 58 (48–66) 77 (40) 2 (1) 170 (89) 9 (5)

Standard care (n = 200) 57 (45–66) 75 (38) 4 (2) 166 (83) 18 (9)

Solidarity Trial -

Remdesivir (5451)

Remdesivir (n = 2743) - 1037 (37.8) 301 (12.5) - -

Standard care (n = 2708) - 983 (36.3) 303 (12.7) - -

Hermine et al. (130) Tocilizumab (n = 63) 64 (57.1–74.3) 19 (30) 7 (11) 52 (83) 20 (32)

Standard care (n = 67) 63.3 (57.1–72.3) 23 (34) 8 (12) 49 (73) 29 (43)

Salvarani et al. (126) Tocilizumab (n = 60) 61.5 (51.5–73.5) 20 (33.3) 2 (3.3) 54 (90) -

Standard care (n = 66) 60.0 (54.0–69.0) 29 (43.9) 1 (1.6) 58 (92.1) -

Stone et al.* (243) Tocilizumab (n = 161) 61.6 (46.4–69.7) 65 (40) 9 (5.6) 147 (91.3) 36 (22.3)

Standard care (n = 82) 56.5 (44.7–67.8) 37 (45) 3 (3.8) 72 (88.9) 38 (46.3)

Rosas et al.* (438) Tocilizumab (n = 294) 60.9 (14.6) 89 (30.3) 58 (19.7) - 102 (34.6)

Standard care (n = 144) 60.6 (13.7) 43 (29.9) 28 (19.4) - 55 (38.1)

Salama et al.* (377) Tocilizumab (n = 249) 56.0 (14.3) 99 (39.8) 26 (10.4) - 38 (15.2)

Standard care (n = 128) 55.6 (14.9) 55 (43) 11 (8.5) 25 (19.5)

Veiga et al. (129) Tocilizumab (n = 65) 57.4 (15.7) 21 (32) 14 (21) 34 (52) 11 (16)

Standard care (n = 64) 57.5 (13.5) 22 (31) 6 (9) 32 (50) 7 (11)

Ulrich et al.* (128) HCQ (n = 67) 66.5 (16.4) 22 (32.8) 13 (19.4) - -

Standard care (n = 61) 65.8 (16.0) 30 (49.2) 6 (9.8) - -

Tang et al. (150) HCQ (n = 75) 48 (14.1) 33 (44) - 33 (59.9) 2 (3)

Standard care (n = 75) 44.1 (15) 35 (47) - 43 (66.6) 0

Lyngbakken et al. (53) HCQ (n = 27) 56 (41–72) 8 (29.6) 1 (3.8) - 5 (18.5)

Standard care (n = 26) 69 (51–74) 10 (38.5) 1 (4) - 6 (23.1)

Solidarity Trial –
HCQ (1853)

Hydroxychloroquine (n = 947) - 373 (39.4) 104 (10.2) - -

Standard care (n = 906) - 371 (40.9) 84 (8.9) - -

Abd-Elsalam et al. (194) Hydroxychloroquine (n = 97) 40.35 (18.65) 41 (42.3) 6 (6.1) - -

Standard care (n = 97) 41.09 (20.07) 39 (40.2) 5 (5.1) - -

Cavalcanti et al. (665) Hydroxychloroquine (n = 221) 51.3 (14.5) 79 (35.7) 1 (3) - 2 (1)

Standard care (n = 227) 49.9 (15.90) 104 (45.81) 1 (3) - 2 (1.1)

Yan Lou et al. (19) Favipravir (n = 9) 58 (8.1) 2 (22.2) - 5 (55) -

Standard care (n = 10) 46.6 (14.1) 2 (20) - 5 (50) -

Recovery group (5040) Lopinavir + ritonavir (n = 1616) 66 (16) 643 (40) 374 (23) - 1 (0.06)

Standard care (n = 3424) 66.4 (15.8) 1320 (39) 767 (22) - -

Solidarity Trial (2771) Lopinavir + Ritonavir (n = 1399) 548 (39.1) 148 (9.7) - -

Standard care (n = 1372) 570 (41.5) 146 (10.3) - -

(Continues)
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that dexamethasone and remdesivir were significantly associated with

a lower risk of mortality as compared to HCQ. In addition, remdesivir

was significantly associated with a lower risk of mortality as compared

to tocilizumab and higher clinical recovery and shorter time to clinical

improvement as compared to HCQ and tocilizumab. Remdesivir and

tocilizumab were associated with a lower occurrence of SAEs as com-

pared to standard of care.

Sensitivity analysis with studies involving only moderate to

severe cases, found that dexamethasone and remdesivir were

significantly associated with lower risk of mortality as compared to

standard of care and HCQ respectively (Table S2A). Similarly in

sensitivity analysis dexamethasone and remdesivir were found to be

significantly associated with improved clinical recovery as compared

to standard of care (Table S2B). In addition, sensitivity analysis

findings were similar to the overall analysis of remdesivir having a

shorter duration for clinical improvement as compared to tocilizumab

and with a lower occurrence of SAEs as compared to standard of care

(Table S2C, D).

TABLE 1 (Continued)

Author (n) Intervention (n) Age (y)#
Female,
n (%)

Mortality,
n (%)

Clinical

recovery,
n (%)

SAE,
n (%)

Cao et al. (199) Lopinavir + ritonavir (n = 99) 58 (50–68) 37 (38) 19 (19.2) - 19 (20)

Standard care (n = 100) 58 (48–68) 41 (41) 25 (25) - 32 (32.3)

Davoudi-Monfared (81) Interferon β 1a (n = 42) 56.5 (47.25–67.25) 20 (47.61) 8 (19.4) - -

Standard care (n = 39) 61 (50–70) 17 (43.58) 15 (38.46) - -

Rahmani (66) Interferon β 1b (n = 33) 60 (47–73) 13 (39.39) 2 (6.06) - -

Standard care (n = 33) 61 (50–71) 14 (42.42) 6 (18.18) - -

Solidarity Trial (4100) Interferon β 1a (n = 2050) - 747 (36.4) 243 (12.9) - -

Standard care (n = 2050) - 772 (37.6) 216 (11) - -

*Double blind placebo controlled,
#Mean (standard deviation) or median (interquartile range),
$Assessed at 14 days,

SAE, serious adverse events; -, values not available.

F IGURE 2 Network plot depicting
network geometry of all treatments
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3.9 | P-score

The P-score can be interpreted as the mean extent of certainty that a

treatment is better than other treatments, averaged over all compet-

ing treatments. Remdesivir administered for 10 days followed by

dexamethasone were found to have a higher probability of reducing

mortality as compared to other treatments (Table 3). Also, remdesivir

given for 10 days was found to have a higher probability on improving

clinical recovery as compared to other competing treatments included

in the study. However, lopinavir/ritonavir combination had a 79% cer-

tainty of being ranked first with fewer SAEs, followed by dexametha-

sone and remdesivir given for 10 days.

3.10 | Risk of bias in the included studies

Risk of bias in the included studies as assessed by Cochrane tool for

assessing risk of bias in randomized trials (RoB 2.0) is presented in

Figure S1. Overall, the risk of bias was rated as low in 7 RCTs, some

concerns in 9 and high in the remaining RCTs.

3.11 | Publication bias

Comparison of adjusted funnel plots were made for the visual assess-

ment of asymmetry (Figure 4). The publication bias as assessed

through Egger's test was found to be nonsignificant for mortality, clin-

ical recovery, time to clinical improvement and SAEs (P = .50, P = .69,

P = .13 and P = .44, respectively). However, due to fewer studies

reporting clinical recovery and time for clinical improvement, there is

a possibility that the power of the test could be low enough to distin-

guish chance and real asymmetry in such cases.

4 | DISCUSSION

The present NMA was done to generate evidence towards the various

drugs evaluated in the treatment of moderate to severe hospitalized

COVID-19 patients. Our meta-analysis has found that dexamethasone

reduces mortality by 10%, with a RR of 0.90 (95% CI [0.82–0.97])

compared to the standard of care. The findings are consistent with

the results of NMA by Kim et al. and Siemieniuk et al.37,38 The NMA

by Kim et al. based on 40 RCTs and 70 observational studies has con-

cluded that the risk of mortality was significantly reduced with corti-

costeroids (odds ratio, OR [95% CI] 0.78 [0.66–0.91], P = .002)

compared to standard care in moderate to severe COVID-19 patients.

They have also concluded that the odds OR for the association

between corticosteroids and mortality were similar for dexametha-

sone and hydrocortisone.37 Similarly the living NMA by Siemieniuk et

al, based on 41 trials found that glucocorticoids probably reduce mor-

tality in patients with severe COVID-19 (OR [95% CI] 0.87 [0.77–

0.98]).38 Likewise, a meta-analysis by the WHO Rapid Evidence

Appraisal for COVID-19 Therapies (REACT) Working group reported

that administration of dexamethasone in critically ill hospitalized

COVID-19 patients had an odd's ratio of 0.64 (95% CI, 0.50–0.82;

P < .001) for mortality compared to standard care.39 Further the

RECOVERY trial had found that the incidence of death was lower in

the dexamethasone group (29.3%) than that in the standard care

F IGURE 3 Forest plot comparing single treatment to standard of care for various outcomes. CI, confidence interval; RR, risk ratio

SELVARAJAN ET AL. 7



group (41.4%) among patients receiving invasive mechanical ventila-

tion. The reduction in mortality of 10% with dexamethasone found in

our study, although small, can be considered significant in view of the

nature of illness and lack of effective therapies at present. In addition,

a meta-analysis by Juul et al. and NMA by Diallo et al. have reported

no effect of dexamethasone in reducing mortality.40,41

Our NMA has found that remdesivir administered for 10 days

was associated with increased clinical recovery by 10%, reduced time

to clinical improvement by 4 days and lowered the occurrence of

SAEs by 27% when compared to standard of care. However, there

was no significant difference in mortality. Our results are similar to

the meta-analysis by Al-Abdoudh et al. who had reported that use of

remdesivir in patients with moderate or severe COVID-19 infection

was associated with significant increase in clinical recovery (risk differ-

ence [RD] 0.07; 95% CI 0.05 to 0.08; P < .01), hospital discharge (RD

0.07; 95% CI 0.03 to 0.11; P = .02) and lower occurrence of SAEs

(RD �0.05; 95% CI �0.10 to �0.01; P = .04).42,43 An NMA by

Siemieniuk et al. reported that, although remdesivir reduced the time

to symptom resolution and duration of mechanical ventilation, it was

not associated with any change in mortality.38 Kim et al. in their NMA

showed that remdesivir significantly reduced the mortality in

moderate-to-severe COVID-19 patients while decreasing the rate of

TABLE 2 Net league table of all pairwise comparisons in network meta-analysis

A. Mortality

DEXA

*0.73 (0.56–0.95) HCQ

0.84 (0.70–1.02) 1.16 (0.85–1.57) INT

0.88 (0.78–1.00) 1.21 (0.92–1.59) 1.05 (0.86–1.27) LOP+RIT

1.15 (0.86–1.54) 1.58 (1.08–2.30)* 1.36 (0.98–1.89) 1.30 (0.97–1.75) R10

0.95 (0.50–1.79) 1.30 (0.66–2.57) 1.12 (0.58–2.16) 1.07 (0.57–2.03) 0.82 (0.46–1.47) R5

0.90 (0.82–0.97)* 1.23 (0.96–1.58) 1.06 (0.90–1.26) 1.02 (0.92–1.12) 0.78 (0.59–1.03) 0.95 (0.50–1.78) STD

0.76 (0.56–1.03) 1.04 (0.71–1.54) 0.90 (0.64–1.27) 0.86 (0.63–1.18) 0.66 (0.44–0.99)* 0.80 (0.40–1.61) 0.85 (0.63 1.14) TOCI

B. Clinical recovery

DEXA

0.97 (0.91–1.03) R10

1.00 (0.92–1.07) 1.03 (0.97–1.08) R5

1.06 (1.02–1.10) 1.10 (1.04–1.15)* 1.07 (1.00–1.14) STD

1.05 (0.98–1.13) 1.09 (1.00–1.18) 1.06 (0.97–1.16) 0.99 (0.93–1.06) TOCI

C. Time to clinical improvement

FAV

5.04 (�15.78–25.86) HCQ

6.00 (�14.82–26.82) 0.96 (�1.80–3.72) LOP+RIT

9.03 (�11.75–29.80) 3.99 (1.59–6.38)* 3.03 (0.62–5.43)* R10

8.93 (�11.92–29.78) 3.89 (0.91–6.87)* 2.93 (�0.06–5.92) �0.10 (�2.23–2.04) R5

4.95 (�15.78–25.68) �0.09 (�2.03–1.85) �1.05 (�3.01–0.91) �4.08 (�5.47–�2.68)* �3.98 (�6.23–�1.73)* STD

5.46 (�15.32–26.23) 0.42 (�1.94–2.77) �0.54 (�2.91–1.82) �3.57 (�5.49–�1.65)* �3.47 (�6.09–�0.86)* 0.51 (�0.82–1.83) TOCI

D. Serious Adverse Events

DEXA

0.69 (0.17–2.80) HCQ

1.02 (0.32–3.28) 1.48 (0.52–4.21) LOP+RIT

0.86 (0.29–2.49) 1.24 (0.49–3.16) 0.84 (0.50–1.41) R10

0.59 (0.20–1.79) 0.86 (0.32–2.28) 0.58 (0.32–1.05) 0.69 (0.51–0.93)* R5

0.63 (0.22–1.80) 0.91 (0.36–2.28) 0.61 (0.37–1.00) 0.73 (0.61–0.87)* 1.06 (0.76–1.49) STD

0.82 (0.28–2.39) 1.19 (0.47–3.03) 0.80 (0.47–1.35) 0.96 (0.75–1.23) 1.39 (0.95–2.03) 1.31 (1.10–1.56)* TOCI

A: Effect estimate shown as RR with 95% CI; RR < 1 indicates the column treatment is better than the row treatment. * P < .05.

B: Effect estimate shown as RR with 95% CI, RR > 1 indicates the column treatment is better than the row treatment. * P < .05.

C: Effect estimate shown as mean difference in time to recovery with 95% CI, * P < .05.

D: Effect estimate shown as RR with 95% CI, RR < 1 indicates the column treatment is better than the row treatment. * P < .05.

CI, confidence interval; DEXA, dexamethasone; FAV, favipiravir; HCQ, hydroxychloroquine; INT, interferon-β; LOP+RIT, lopinavir/ritonavir; R5, remdesivir

for 5 days; R10, remdesivir for 10 days; RR, risk ratio; STD, standard care; TOCI, tocilizumab.
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progression to severe disease.37 In another meta-analysis, Juul et al.

showed no survival benefit with remdesivir in addition to lack of infor-

mation to confirm or reject that remdesivir reduces the risk of SAEs.40

Nevertheless, Diallo et al. in their NMA reported that remdesivir

administered for 10-days compared to standard care was associated

with lower 28-day all-cause mortality (risk ratio 0.69, [0.48–0.99]) and

serious AEs (risk ratio 0.48, 0.34–0.67), and higher clinical improve-

ment (risk ratio 1.21 [1.00–1.47]).41

In our analysis, we have considered the 5- and 10-day treatments

of remdesivir as separate entities, although most meta-analyses con-

sidered them together. Remdesivir, an antiviral drug that acts by

inhibiting viral replication, was originally tested in Ebola. Remdesivir

was initially granted an Emergency Use Authorization by the FDA for

the treatment of hospitalized patients with suspected or confirmed

severe COVID-19 infection, defined as oxygen saturation of 94% or

less on room air or the need for supplemental oxygen. Following this,

TABLE 3 Ranking of interventions by
P-score for all outcomes Intervention Mortality Recovery SAE

Time to clinical
improvement

Remdesivir 200/100 mg for 10 d 0.92 0.91 0.66 0.89

Remdesivir 200/100 mg for 5 d 0.57 065 0.17 0.87

Dexamethasone 0.80 0.63 0.68 -

Standard care 0.52 0.11 0.21 0.25

Tocilizumab 0.21 0.20 0.59 0.41

Hydroxychloroquine 0.14 - 0.40 0.31

Favipravir - - - 0.27

Lopinavir + ritonavir 0.47 - 0.79 0.50

Interferon β 0.36 - - -

SAE, serious adverse events.

F IGURE 4 Funnel plot for outcomes. DEXA, dexamethasone; FAV, favipiravir; HCQ, hydroxychloroquine; LOP+RIT, lopinavir/ritonavir; R5,
remdesivir for 5 days; R10, remdesivir for 10 days; STD, standard care; TOCI, tocilizumab
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the FDA updated their approval of remdesivir for use in adult and

paediatric patients (age ≥12 y) requiring hospitalization.4 Central

Drugs Standard Control Organisation (CDSCO) of India approved

remdesivir under emergency use in June 2020.44 National Institute of

Health (NIH) COVID-19 guidelines state that the data is insufficient

to recommend either for or against routine treatment with remdesivir

for all hospitalized patients with moderate COVID-19 infection. How-

ever, it recognizes that there may be situations in which a clinician

judges that remdesivir is an appropriate treatment for a hospitalized

patient with moderate disease.45 Infectious Diseases Society of Amer-

ica guidelines recommend the use of remdesivir among hospitalized

patients with severe COVID-19 infection (defined as patients with

SpO2 ≤ 94% on room air, or patients who require supplemental oxy-

gen, mechanical ventilation or extracorporeal mechanical oxygena-

tion).46 However, the WHO guidelines recommend against the use of

remdesivir outside of clinical trials for COVID-19 of any disease

severity.47

Our NMA also found an increase in clinical recovery in the dexa-

methasone group by 6% (RR 1.06, CI [1.02–1.10]) as compared to the

standard of care. This was driven largely by the results of RECOVERY

trial which reported higher rates of discharges at 28 days amongst

patients receiving dexamethasone (rate ratio, 1.10; 95% CI, 1.03–

1.17). Similarly, in our study, time to clinical improvement was found

to be significant only with remdesivir (both 5 and 10 d) while it was

insignificant with other drugs namely favipiravir, lopinavir/ritonavir

combination, tocilizumab and HCQ. These findings need to be consid-

ered carefully as time to clinical improvement is an acceptable end-

point in a pandemic situation where cases are rising exponentially and

health care services are under severe strain.

Our NMA found that lopinavir and ritonavir combination, inter-

feron β, tocilizumab and HCQ were not effective in reducing mortality

in COVID-19 infection. These findings are similar to the results of liv-

ing NMA.40 Similarly, a meta-analysis done to evaluate the efficacy of

HCQ from 11 RCTs, showed that HCQ does not have any effect on

time to clinical improvement, or mortality in COVID-19 patients.48

Similarly, in the RECOVERY trial, hospitalized patients with COVID-19

on HCQ did not show reduction in mortality at the end of 28 days

compared to the standard care.49

The present NMA found that drugs such as favipiravir,

tocilizumab and HCQ were ineffective in improving clinical recovery.

This is in concurrence to the study by Self et al. that found hospital-

ized adult COVID-19 patients, were not showing clinical improvement

at the end of 14 days of treatment with HCQ, as compared to pla-

cebo.50 A sensitivity analysis performed by excluding those studies

with a mild–moderate population was consistent with findings of the

overall analysis.

4.1 | Limitations

The present study could not assess the efficacy of newer drugs as it

was done in the earlier part of the COVID-19 pandemic. Besides

mortality, other endpoints such as the need for mechanical

ventilation/intubation were not assessed in our study due to the

paucity of data. Further, the standard of care provided might have

been different across the regions lacking uniformity. Nevertheless,

during the initial part of the pandemic when these published studies

were being conducted, there was no consensus on the standard of

care prescribed across the globe.

4.2 | Strengths

This NMA was done exclusively from RCTs to avoid various bias

included in the observational studies and to generate high-quality evi-

dence. The study included only hospitalized patients with moderate to

severe COVID-19 to reduce heterogeneity.

5 | CONCLUSION

This NMA of 23 randomised controlled trials done in hospitalized

patients with moderate to severe COVID-19, found that dexametha-

sone reduces mortality and improves clinical recovery at the end of

28 days in comparison to standard of care. Likewise, remdesivir was

significantly associated with a lower risk of mortality as compared to

tocilizumab and had higher clinical recovery and shorter time to clini-

cal improvement as compared to HCQ and tocilizumab. In addition,

remdesivir and tocilizumab were associated with a lower occurrence

of SAEs as compared to standard of care. As the pandemic is continu-

ing, and various newer drugs and vaccines are being introduced to

curb the disease, there is a need for NMA at a regular intervals to

appraise the efficacy of the drugs used in COVID-19.
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