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Since December 2019, severe acute respiratory syn-
drome coronavirus-2 (SARS-CoV-2) infection has ex-
ploded and led to a global crisis. Currently, the global 
case numbers topped 200 million, and toll of dead ex-
ceeded 4 million around the world. The pathogenesis 
of coronavirus disease 2019 (COVID-19) is driven by 
two processes. During the first stage of the infection 
that lasts around 5-7 days, replication of SARS-CoV-2 
occurs. In the second stage, the disease may progress 
due to an exaggerated inflammatory response lead-
ing to tissue damage. Therefore, it is anticipated that 
antiviral agents would be effective during the early 
phase of the disease, while immunomodulator agents 
are likely to be more beneficial in the second stage of 
COVID-19. This basic concept of disease development 
led to explore several antiviral and immunomodulator 
agents for the treatment of COVID-19. 
Currently, remdesivir is the only available Food and 
Drug Administration-approved antiviral agent for the 
treatment of COVID-19. However, some other agents 
have been approved by various mechanisms, includ-
ing Emergency Use Authorizations, Emergency Inves-
tigational New Drug applications, compassionate use 
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or expanded access programs. In addition, a variety of 
repurposed agents that were approved for other indi-
cations are being investigated for the treatment of CO-
VID-19 in clinical trials. A myriad of publications in-
cluding randomized controlled trials (RCTs) are emerg-
ing continuously and are accessible as peer-reviewed, 
pre-print and press release formats. Considering the 
critical importance of RCTs in generating evidence and 
providing further guidance on COVID-19 treatment, 
we herein reviewed only RCTs and meta-analyses.
The discussion includes antiviral agents (hydroxy-
chloroquine, lopinavir/ritonavir, remdesivir, favipira-
vir and ivermectin) and, various immunomodulatory 
drugs (corticosteroids, tocilizumab, baricitinib, and 
IL-1 inhibitors). Other investigational therapies includ-
ing darunavir/cobicistat, umifenovir, sofosbuvir/da-
clatasvir, sofobuvir/ledipasvir, ribavirin, nitazoxanide 
and interferon-based regimens were not evaluated due 
to insufficient data on the efficacy and safety of these 
agents.

Key words: SARS-CoV-2, COVID-19, remdesivir, dexa-
methasone, baricitinib.
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n	 INTRODUCTION

Severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2), the causative pathogen of 

coronavirus disease 2019 (COVID-19), is a highly 
contagious virus and has led to a global pandem-

ic. As of August 03, 2021, the total number of cas-
es has reached up to 200 million worldwide [1]. 
Although more than 80% of infected people have 
a mild illness, around 10% of individuals require 
hospital admission due to COVID-19 pneumonia, 
of whom approximately 10% will need ICU care 
[2]. The risk of serious COVID-19 disease is high-
er in older people (≥60 years), those who are resi-
dents in a nursing home or a long-term care facil-
ity, and those with pre-existing chronic diseases. 
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The most common underlying chronic medical 
conditions are cardiovascular disease, diabetes, 
and chronic lung diseases. Other high-risk under-
lying diseases related with severe COVID-19 are 
cancer, chronic kidney disease, obesity, sickle cell 
disease, and several other immunocompromising 
conditions. Transplant recipients and pregnant 
women also fell in this category [3-7]. 
Since the beginning of the pandemic, an expand-
ing number of publications have been made as a 
reflection of scientific endeavor and several great 
achievements have been witnessed. However, the 
rapidly emerging literature has made it difficult for 
healthcare professionals to follow new publications 
on time while overwhelmed by the COVID-19 pan-
demic. Therefore, regular and scrutinized appraisal 
of existing data are needed to stay up to date.
In this review, we aimed to outline the current 
treatment alternatives for COVID-19. Only arti-
cles in English in Pubmed, Google Scholar, Em-
base, bioRxiv and medRxiv databases and pub-
lished until May 01, 2021 were reviewed. The 
definitions used consistently for the classification 
of COVID-19 severity in contemporary guidelines 
have been similarly adopted and used [8, 9].

n	 ANTIVIRAL DRUGS

Hydroxychloroquine and chloroquine  
with or without azithromycin
Although antiviral activity was supported by in 
vitro studies, hydroxychloroquine (HCQ) with or 
without azithromycin was unable to reduce up-
per or lower airway SARS-CoV-2 viral loads and 
showed no clinical efficacy in a rhesus macaque 
model [10, 11]. 

The results of 9 relevant RCTs were summarized 
in Table 1. Of these, the RECOVERY trial clearly 
demonstrated the lack of efficacy in patients treat-
ed with HCQ and, consequently, the patient re-
cruitment in the HCQ group was closed on June 5, 
2020 [12]. Consistently, the WHO SOLIDARITY tri-
al found similar rate of progression to mechanical 
ventilation and death in patients receiving HCQ 
as compared to those treated with local standard 
of care. Importantly, this RCT also confirmed the 
findings of the RECOVERY trial by indicating in-
efficacy of HCQ in terms of 28-day mortality and 
other secondary outcomes [13]. In another RCT, 
there were no significant differences between 
HCQ vs. HCQ plus azithromycin vs. standard 

care arms in the proportional odds of having a 
worse score on the seven-point ordinal scale at 15 
days [14].  Self et al. confirmed that treatment with 
HCQ did not significantly improve the clinical 
status of hospitalized COVID-19 patients at day 
14 and, the 28-day mortality rates were similar in 
HCQ and placebo groups (10.4% vs. 10.6%; aOR: 
1.07; 95%CI, 0.54-2.09) [15]. In a Chinese RCT, in-
significant impact of HCQ, additional to standard 
of care, on negative conversion of SARS-CoV-2 
by 28 days was demonstrated among laboratory 
confirmed COVID-19 patients [16]. Another RCT 
from Brazil concluded that combination of azith-
romycin with standard of care (typically including 
HCQ at that time in Brazil) did not differentiate 
clinical status of patients at day 15 according to 
seven-level ordinal scale [17]. Furthermore, HCQ 
is not beneficial in pre- and post-exposure proph-
ylaxis of COVID-19, either [18-20]. 
Mounting evidence showed that HCQ treatment 
is significantly associated with QT prolongation 
[14]. It is also well known that HCQ exposure 
increases the risk of hemolysis in persons with 
glucose-6-phosphate dehydrogenase (G6PD) de-
ficiency [21, 22]. Drug-drug interactions (DDIs) 
between HCQ and other drugs metabolized by 
cytochrome P450 isoenzymes 3A4, 2C8, and 2D6 
are frequent [23]. In addition, the use of HCQ 
with azithromycin may increase the risk of QT 
prolongation and the risk of DDIs mediated by 
the cytochrome P450 system.
Two large-scale systematic review and meta-anal-
yses indicated that although HCQ alone was not 
significantly associated with mortality, HCQ plus 
azithromycin increased the risk of mortality in pa-
tients receiving this combination [24, 25]. Further-
more, the duration of hospital stay was shorter in 
patients taking standard care in comparison with 
both HCQ (standard mean difference: 0.57; 95% 
CI, 0.20-0.94; I2=92%) and HCQ plus azithromy-
cin receiving patients (standard mean difference: 
0.77; 95% CI, 0.46-1.08; I2=81%) [25].

Lopinavir/Ritonavir
In September 2000, lopinavir/ritonavir was ap-
proved by the US Food and Drug Administra-
tion (FDA) for the treatment of Human Immu-
nodeficiency Virus. During the replication cycle 
of SARS-CoV-2, the virus needs to cleavage of 
polyproteins into an RNA-dependent RNA poly-
merase and a helicase which is mediated by two 
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Table 1 - Selected randomized controlled trials comparing the efficacy of hydroxychloroquine and control group(s).

Randomized  
Controlled Trials

Patient Characteristics Comparison groups
Number 

of patients 
included

Primary Outcome 
Measure

Main results

Recovery Collaborative 
Group, Horby P  
et al. [12] 

Hospitalized patients 
with COVID-19

Hydroxychloroquine 
vs. usual care

1561  
vs. 3155 

28-day mortality 27% vs. 25%; RR: 1.09;  
95% CI, 0.97-1.23; p: 0.15

WHO Solidarity Trial,  
Pan et al. [13]

Hospitalized patients 
with COVID-19

Hydroxychloroquine 
vs. local standard 
of care

947  
vs. 906

28-day mortality 10.9% vs. 9.3%; RR: 1.19;  
95% CI, 0.89-1.59; p: 0.23

Cavalcanti et al. [14] Hospitalized patients 
with suspected or 
confirmed COVID-19 
who were receiving 
either no oxygen or 
a maximum of 4 lt/
min of supplemental 
oxygen 

Standard care vs. 
standard care+ 
hydroxychloroquine 
vs. standard care+ 
hydroxychloroquine+ 
azithromycin

229  
vs. 221 
vs. 217

Having a higher 
score on the seven-
point ordinal scale 
at 15 days 

Hydroxychloroquine plus 
azithromycin vs. control, 
OR: 0.99; 95% CI, 0.57-1.73; 
p: 1.00; hydroxychloroquine 
alone vs. control: OR: 1.21; 
95% CI, 0.69-2.11; p: 1.00 
and hydroxychloroquine 
plus azithromycin vs. 
hydroxychloroquine alone: 
OR: 0.82; 95% CI, 0.47-1.43; 
p: 1.00 

Self et al. [15] Adults hospitalized 
with symptomatic 
SARS-CoV-2 infection 

Hydroxychloroquine 
vs. placebo

242  
vs. 237

Clinical status at 14 
days according to 
seven-level ordinal 
scale

Median IQR score, 6 (4-7)  
vs. 6 (4-7); aOR: 1.02;  
95% CI, 0.73- 1.42 

Tang et al. [16] Patients admitted 
to hospital with 
laboratory confirmed 
COVID-19 

Hydroxychloroquine+ 
standard of care vs. 
standard of care

75  
vs. 75

Negative conversion 
of SARS-CoV-2 by 
28 days

85.4% vs. 81.3%;  
the difference: 4.1%;  
95% CI, -10.3% to 18.5%

Furtado et al. [17] Suspected or 
confirmed severe 
COVID-19 patients

Azithromycin+ 
standard of care vs. 
standard of care*

214  
vs. 183

Clinical status at 15 
days according to 
seven-level ordinal 
scale

OR: 1.36;  
95% CI, 0.94–1.97; p: 0.11 

Boulware et al. [18] Adults who had 
household or 
occupational 
exposure to someone 
with confirmed 
COVID-19 

Hydroxychloroquine 
vs. placebo

414 
vs. 407

Incidence of 
either laboratory-
confirmed 
COVID-19 or illness 
compatible with 
COVID-19 within 
14 days 

11.8% vs. 14.3%;  
the difference: -2.4%;  
95% CI, -7% to 2.2%;  
p: 0.35

Abella et al. [19] Health care workers 
caring for patients 
with COVID-19

Hydroxychloroquine 
vs. placebo

64  
vs. 61

Incidence of SARS-
CoV-2 infection as 
determined by a 
nasopharyngeal 
swab during the 8 
weeks of treatment. 

6.3% vs. 6.6%;  
p: >0.99

Mitjà et al. [20] Asymptomatic 
contacts of patients 
with PCR–confirmed 
COVID-19 

Hydroxychloroquine 
vs. usual care

1116  
vs. 1198

Incidence of 
PCR-confirmed, 
symptomatic 
COVID-19 within 
14 days 

5.7% vs. 6.2%; RR: 0.86;  
95% CI, 0.52-1.42

Abbreviations: COVID-19, coronavirus diseases 2019; RR, rate ratio; OR, odds ratio; aOR, adjusted odds ratio; CI, confidence interval; PCR, polymer-
ized chain reaction; SARS-CoV-2, Severe Acute Respiratory Syndrome Coronavirus-2; lt, liter; min, minute.
*All patients received hydroxychloroquine as a part of standard of care.
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proteases [26]. Furthermore, lopinavir/ritonavir 
had an in vitro inhibitory effect on SARS CoV-1 
and MERS-CoV replication [27, 28]. In a phase II 
open label RCT, the investigators demonstrated 
that duration of viral shedding was shorter with 
lopinavir/ritonavir plus ribavirin plus interferon 
beta-1b triple combination therapy than the con-
trol group consisting of lopinavir/ritonavir plus 
ribavirin [29].   
Table 2 summarizes the results of 4 different RCTs. 
The WHO SOLIDARITY trial reported similar 
28-day mortality rates (10.5% vs. 10.6%; RR:1.00; 
95% CI, 0.79-1.25; p: 0.97), duration of hospi-
tal stay and progression to mechanical ventila-
tion in lopinavir/ritonavir and standard of care 
groups [13]. A RCT including 199 patients with 
lopinavir/ritonavir plus standard of care (n=99) 
vs. standard of care (n=100) found no difference 
between the two groups in terms of time to clin-
ical improvement and 28-day mortality [30]. The 
results of RECOVERY trial were consistent with 
these reports [31]. In another study, there was no 
significant difference between lopinavir/ritona-
vir and standard of care arms according to clinical 
status at 14 days assessed by 7-point ordinal scale 
of the WHO [32]. Moreover, lopinavir/ritonavir 
combination therapy did not provide any benefit 
for normalization of SARS-CoV-2 viral load test-
ed both quantitatively and qualitatively between 
baseline and day 15 (least square mean difference: 
-0.01; 95% CI, -0.05 to 0.03; p: 0.67). 

In the RCT conducted by Cao et al. gastrointesti-
nal side effects were more common in the lopina-
vir–ritonavir group, but serious adverse events 
were more frequent in the standard-care group 
[30]. Moreover, 13 patients (13.8%) were unable to 
continue lopinavir/ritonavir up to end of 14-day 
treatment duration because of adverse events. In 
the Discovery trial, a significantly higher number 
of patients experienced at least one severe ad-
verse event in the lopinavir/ritonavir group than 
in the control group (52.8% vs. 38.5%; p: 0.02) [32]. 

Remdesivir
Remdesivir, a prodrug and an adenosine analog, 
inhibits SARS-CoV-2 replication via binding to 
the viral RNA-dependent RNA polymerase and 
premature termination of RNA transcription. Its 
antiviral efficacy has been demonstrated both in 
vitro studies and in a rhesus macaque model of 
SARS-CoV-2 infection [33, 34].
Four RCTs investigated remdesivir for COVID-19 
(Table 3). In the WHO SOLIDARITY trial, remde-
sivir did not differ from the control group regard-
ing 28-day mortality, length of hospital stay, and 
initiation of mechanical ventilation in the general 
patient population and in subgroups stratified by 
study entry ventilation status and glucocorticoid 
use [13]. The study was criticized that there was 
a failure to collect the data of mortality complete-
ly among some patients discharged from hospital 
before the end of the study. 

Table 2 - Selected randomized controlled trials comparing the efficacy of lopinavir/ritonavir and control group(s).

Randomized Controlled 
Trials

Patient 
Characteristics

Comparison groups Number of patients 
included

Primary Outcome 
Measure

Main results

WHO Solidarity 
Trial, Pan et al. [13]

Hospitalized 
patients with 
COVID-19

Lopinavir vs. local 
standard of care

1399 vs. 1372 28-day mortality 10.5% vs. 10.6%; RR: 
1.00; 95% CI, 0.79-
1.25, p: 0.97

Cao et al. [30] Hospitalized adult 
patients with 
confirmed SARS-
CoV-2 infection 

Lopinavir/ritonavir+ 
standard of care vs. 
standard of care

99 vs. 100 Time to clinical 
improvement

HR: 1.24; 95% CI, 
0.90-1.72

Recovery 
Collaborative Group,  
Horby P et al. [31] 

Hospitalized 
patients with 
COVID-19

Standard of care vs. 
lopinavir/ritonavir+ 
standard of care 

1616 vs. 3424 28-day mortality 22% vs. 23%;  
RR: 1.03; 95% CI, 
0.91-1.17; p: 0.60

Discovery trial, Ader 
et al. [32]

Hospitalized 
patients with 
COVID-19

Lopinavir/ritonavir+ 
standard of care vs. 
standard of care

145 vs. 148 Clinical status at 15 
days according to 
seven-level ordinal 
scale

aOR: 0.83; 95% CI, 
0.55-1.26; p: 0.39

Abbreviations: COVID-19, coronavirus diseases 2019; RR, rate ratio; HR, hazard ratio; aOR, adjusted odds ratio; CI, confidence interval; SARS-CoV-2, 
Severe Acute Respiratory Syndrome Coronavirus-2.
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In ACTT-1, a randomized, double-blind, place-
bo-controlled trial, the efficacy and safety of intra-
venous remdesivir were compared with placebo 
for investigating time to recovery defined by ei-
ther discharge from the hospital or hospitaliza-
tion for infection control purposes only among 
hospitalized COVID-19 patients [35]. The patients 
treated with remdesivir had a median recovery 
time of 33% shorter than those who received pla-
cebo (10 days; 95% confidence interval, 9 to 11 vs. 
15 days; 95% CI, 13 to 18; rate ratio for recovery: 
1.29; 95% CI, 1.12-1.49; p: <0.001). Among patients 
with severe disease, the median time to recovery 
was 11 days in remdesivir arm and 18 days in pla-
cebo arm (RR: 1.31; 95% CI, 1.12-1.51). However, 
the median time to recovery was not significant-
ly shorter in remdesivir arm as compared to the 
placebo arm among patients on mechanical ven-
tilation or ECMO at enrollment (RR: 0.98; 95% CI, 
0.70-1.36). Furthermore, the estimates of mortality 
were 11.4% with remdesivir and 15.2% with pla-
cebo by day 29 (hazard ratio: 0.73; 95% CI, 0.52-
1.03). Another open label RCT showed that 5-day 
course of remdesivir treatment was significantly 
associated with favorable clinical status on day 
11 in comparison with standard of care among 
hospitalized patients with moderate COVID-19 
pneumonia (pulmonary infiltrates and room-air 
oxygen saturation >94%) [36]. However, the same 

beneficial impact on clinical status could not be 
shown in those treated with 10-day course of rem-
desivir (median length of treatment, 6 days). Both 
of the remdesivir arms (5-day and 10-day) were 
not significantly different from standard care for 
any of the exploratory end points (e.g., time to 
2-point or greater improvement in clinical status, 
time to 1-point or greater improvement in clinical 
status, time to recovery, time to modified recovery, 
and time to discontinuation of oxygen support). 
The 28-day all-cause mortality rates were 1% 
(95% CI, 0.0%-2.6%; log-rank p: 0.43 vs. standard 
care) for the 5-day remdesivir group and 2% (95% 
CI, 0.0%-3.6%; log-rank p: 0.72 vs. standard care) 
for the 10-day remdesivir group. The conflicting 
results reported in this trial can be explained by 
failure in control for co-interventions such as 
treatment with dexamethasone or tocilizumab 
equally in treatment arms and no adjustment for 
severity of disease. In another open label RCT, 
there was not a significant difference between a 
5-day course and a 10-day course of remdesivir 
among patients with severe COVID-19 not re-
quiring mechanical ventilation [37]. However, the 
patients included in 10-day remdesivir arm had 
more severe disease at study entry and presence 
of residual confounding factors were still highly 
likely even with the adjusted analysis.  
In the RCT conducted by Spinner et al., the rate 

Table 3 - Selected randomized controlled trials comparing the efficacy of remdesivir and control group(s).

Randomized 
Controlled Trials

Patient Characteristics Comparison groups
Number 

of patients 
included

Primary Outcome 
Measure

Main results

WHO 
Solidarity Trial, 
Pan et al. [13]

Hospitalized adult 
patients with COVID-19

Remdesivir vs. local 
standard of care

2743  
vs. 2708

28-day mortality 10.9% vs. 11.1%; 
RR: 0.95; 95% CI, 
0.81-1.11, p: 0.50

ACTT-1 trial,  
Beigel et al. [35]

Hospitalized adult 
patients with COVID-19

Remdesivir vs. 
placebo

541  
vs. 521

Time to recovery 10 vs. 15 days;  
RR: 1.29; 95% CI, 
1.12-1.49; p: <0.001

Spinner  
et al. [36]

Hospitalized patients 
with confirmed 
moderate COVID-19 
pneumonia

Standard of care 
vs. 5-day course of 
remdesivir vs. 10-day 
course of remdesivir 

200  
vs. 199 
vs. 197

Clinical status 
on day 11

OR: 1.65; 95% CI, 
1.09-2.48; p: 0.02

Goldman  
et al. [37]

Hospitalized patients 
with confirmed severe 
SARS-CoV-2, and 
radiologic evidence  
of pneumonia 

5-day course of 
remdesivir vs. 10-day 
course of remdesivir

200  
vs. 197

Clinical 
improvement of 
2 points or more 
on the ordinal 
scale by day 14

65% vs. 54%; -6.5%; 
95% CI, -15.7 to 2.8; 
p: 0.14

Abbreviations: COVID-19, coronavirus diseases 2019; RR, rate ratio; OR, odds ratio; CI, confidence interval; SARS-CoV-2, Severe Acute Respiratory 
Syndrome Coronavirus-2.
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of adverse events was not statistically significant 
between the 5-day remdesivir and standard care 
groups (4.8%; 95% CI, –5.2% to 14.7%; p: 0.36), but 
the difference between the 10-day remdesivir and 
standard care arms was significant (12.0%; 95% 
CI, 1.6%-21.8%; p: 0.02) [36]. In remdesivir receiv-
ing patients, nausea, hypokalemia and headache 
were more common as compared to standard 
of care. However, severe adverse events tend-
ed to be less frequent in both remdesivir groups 
than standard of care group (5% in both vs 9%; 
difference: -4.3%; 95% CI, -9.7% to 0.9%; p: 0.11). 
In ACTT-1 trial, severe adverse events were ob-
served in 24.6% of remdesivir group and 31.6% 
of placebo group [35]. Of these adverse events, 
41 and 47 events were accepted to be related to 
remdesivir and to placebo, respectively. Similar-
ly, Goldman et al. reported that nausea (9% of 
patients), worsening respiratory failure (8%), el-
evated alanine aminotransferase level (7%), and 
constipation (7%) were the most common adverse 
reactions [37]. Among all patients, 21% of those in 
the 5-day group and 35% in the 10-day group ex-
perienced serious adverse events. The treatment 

was discontinued due to elevation of aminotrans-
ferases in 2.5% and 3.6% of patients in the 5-day 
and 10-day groups, respectively. Remdesivir is 
not recommended for patients with eGFR <30 
mL/minute. Moreover, patients treated with 10-
day remdesivir had more elevations in creatinine 
of grade 3 or higher than those receiving 5-day 
remdesivir. This finding in the 10-day group may 
have been caused by more severe disease status 
in that group [37]. Nevertheless, diligent follow-
ing of hepatic and renal functions would be ap-
propriate among patients who are severely ill. In 
addition, physicians should be careful in terms of 
hypersensitivity reactions in patients receiving 
remdesivir. 

Favipiravir
Favipiravir is a nucleotide analogue that can in-
hibit the RNA dependent RNA polymerase of 
several RNA viruses including influenza and 
coronaviruses [38]. Similarly, it has in vitro inhibi-
tory activity against SARS-CoV-2 [33].
There have been only small-size RCTs with favip-
iravir in patients with COVID-19 and the results 

Table 4 - Selected randomized controlled trials comparing the efficacy of favipiravir and control group(s).

Randomized 
Controlled Trials

Patient Characteristics Comparison groups
Number 

of patients 
included

Primary Outcome 
Measure

Main results

Khamis et al. [39] Patients hospitalized 
with moderate to severe 
COVID-19 pneumonia 

Favipiravir+ inhaled 
interferon beta-1b vs. 
hydroxychloroquine

44 vs. 45 Improvement  
of inflammatory 
markers, 14-day 
mortality, length  
of hospital stay 

Length of hospital stay, 7 days 
vs. 7 days; p: 0.94; 14-day 
mortality, 11.4% vs. 13.3%; 
p: 0.77

Udwadia et al. 
[40]

Patients with mild to 
moderate confirmed 
COVID-19

Favipiravir+ 
standard of care vs. 
standard of care

75 vs. 75 Time to cessation  
of viral shedding

Median, 5 days; 95% CI, 4-7 
days vs. 7 days; 95% CI, 5-8 
days; p: 0.12 

Chen et al. [41] Patients with COVID-19 
pneumonia

Conventional 
therapy+ umifenovir 
vs. conventional 
therapy+ favipiravir

120 vs. 116 Clinical recovery 
rate of day 7 

61.2% vs. 51.6%; difference of 
recovery rate: 0.0954; 95% CI, 
-0.0305 to 0.2213; p: 0.13 

Lou et al. [42] Patients with confirmed 
COVID-19 

Baloxavir marboxil 
vs. favipiravir vs. 
control group 

10 vs.  
9 vs. 10 

Percentage of 
subjects with viral 
negativity by day 
14 and the time 
from randomization 
to clinical 
improvement 

Percentage of subjects with 
viral negativity by day 14, 70% 
vs. 77% vs. 100%
The median time from 
randomization to clinical 
improvement, 14 days vs. 14 
days vs. 15 days 

Bosaeed et al. [43] Patients hospitalized 
with moderate to severe 
COVID-19 pneumonia 

Favipiravir+ 
hydroxychloroquine 
vs. standard of care

125 vs. 129 Time to clinical 
improvement of two 
points

Median, 9 (8-12) days vs. 7 
(6-10) days; hazard ratio: 0.84; 
95% CI, 0.61-1.15; p: 0.29

Abbreviations: COVID-19, coronavirus diseases 2019; CI, confidence interval; SARS-CoV-2, Severe Acute Respiratory Syndrome Coronavirus-2.
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were inconclusive (Table 4) [39-43]. A recent sys-
tematic review did not reveal any significant dif-
ference between favipiravir and comparators on 
fatality rate and mechanical ventilation require-
ment [44]. 

Ivermectin
Ivermectin was shown to have in-vitro activity 
against SARS-CoV-2 in cell cultures [45]. How-
ever, concentrations for antiviral efficacy (IC50) 
would necessitate administration of considerably 
higher doses (up to 100-fold) than those classical-
ly recommended for use in humans [46, 47]. 
The results of 6 RCTs with ivermectin are shown 
in Table 5 [48-53]. All of these RCTs had consid-
erable methodological flaws that should be taken 
into account while evaluating their results. The 
sample size of all studies was not large enough to 
reach a statistical power. Majority of these RCTs 

had open-label design that prevents blinding to 
the treatment arms. There were several different 
doses and regimens of ivermectin in these stud-
ies. The severity of COVID-19 among the partici-
pants and outcome measures of the studies were 
not generally well defined. In addition, there may 
be a risk of publication bias, as mostly small-
sized and positive trials have been published so 
far. However, in a very recently published dou-
ble-blind RCT, the duration of symptoms was 
found similar between 5-day ivermectin and pla-
cebo groups among mild COVID-19 patients [53]. 

Other investigated antiviral agents
Although many potential antiviral agents have 
been investigated so far in RCTs, including daruna-
vir/cobicistat, umifenovir, sofosbuvir/daclatasvir, 
sofosbuvir/ledipasvir, ribavirin, nitazoxanide, and 
various interferon-based regimens, these studies 

Table 5 - Selected randomized controlled trials comparing the efficacy of ivermectin and control group(s).

Randomized 
Controlled 

Trials

Patient 
Characteristics

Comparison groups
Number of 

patients included
Primary Outcome 

Measure
Main results

Ahmed  
et al. [50]

Laboratory-
confirmed SARS- 
CoV-2 infection 
with fever, cough, 
or sore throat 

Ivermectin vs. 
ivermectin+ 
doxycycline vs. placebo

24 vs. 24 vs. 24 Time to virologic 
clearance, measured 
on days 3, 7, and 14, 
then weekly until PCR 
result was negative 

Shorter mean time to virologic clearance 
with ivermectin than placebo; 9.7 days 
vs. 12.7 days; p: 0.02, but not with 
ivermectin plus doxycycline; 11.5 days 
vs. 12.7 days p: 0.27 

Chachar  
et al. [48]

Mild and confirmed 
COVID-19 patients

Ivermectin vs. control 25 vs. 25 Symptoms reported 
on day 7

Proportion of asymptomatic patients at 
day 7; 64% vs. 60%; p: 0.50 

Chaccour  
et al. [49]

Patients with non-
severe confirmed 
COVID-19 

Ivermectin vs. placebo 12 vs. 12 Positive SARS-CoV-2 
PCR result from an NP 
swab at day 7 post- 
treatment 

12 patients (100%) in both groups had a 
positive PCR (for gene N), and 11 of 12 
who received ivermectin (92%) and 12 
of 12 who received placebo (100%) had a 
positive PCR (for gene E); p: 1.0 for both 
comparisons 

Hashim  
et al. [51]

Both outpatient and 
inpatient confirmed 
COVID-19 patients

Ivermectin plus 
doxycycline plus 
standard therapy vs. 
standard therapy alone 

70 vs. 70 Mean recovery time Mean, 10.1±5.3 vs. 17.9±6.8; p: <0.0001

Elgazzar 
et al. [52]

Symptomatic 
and confirmed 
COVID-19 patients 

Hydroxychloroquine 
(mild to moderate) vs. 
hydroxychloroquine 
(severe) vs. ivermectin 
(mild to moderate) vs. 
ivermectin (severe) 

100 vs. 100 vs. 
100 vs. 100

Clinical, laboratory 
improvement and/or 
2 consecutive negative 
PCR results ≥48 hours 
apart 

Mild or moderate disease, 74% vs. 99%; 
p< 0.001,
Severe disease, 50% vs. 94%; p: <0.001

López-
Medina et 
al. [53]

Symptomatic and 
confirmed mild 
COVID-19 patients

Ivermectin vs. placebo 200 vs. 200 Time to resolution 
of symptoms within 
21 day

10 vs. 12 days; HR: 1.07; 95 CI, 0.87-1.32; 
p: 0.53

Abbreviations: COVID-19, coronavirus diseases 2019; HR; hazard ratio; CI, confidence interval; NP, nasopharyngeal; PCR, polymerized chain reac-
tion; SARS-CoV-2, Severe Acute Respiratory Syndrome Coronavirus-2.
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have serious limitations [29, 54-69]. Until the re-
sults of ongoing trials evaluating these agents are 
available, the use of these drugs for the treatment 
of COVID-19 should be limited to randomized 
controlled trials.

n	 IMMUNOMODULATORS

Glucocorticoids
Considering the uncontrolled inflammatory re-
sponse during the second phase of COVID-19, 
steroids, as a potent immunomodulator, deserve 
to be evaluated to address both acute respiratory 
distress syndrome and systemic hyperinflamma-
tion. 
In this section, 5 different RCTs are evaluated 
and summarized in Table 6. In a randomized, 
controlled, open-label, adaptive, platform trial 
(RECOVERY), dexamethasone (6 mg once dai-
ly for up to ten days) and usual care alone were 
compared [70]. Dexamethasone reduced 28-day 
mortality rate significantly in patients receiv-
ing invasive mechanical ventilation (29.0% vs. 

40.7%, RR: 0.65; 95% CI, 0.51-0.82; p: <0.001) 
and in those receiving simple oxygen (21.5% vs. 
25.0%; RR: 0.80; 95% CI, 0.70-0.92; p: 0.002). In 
contrast, the mortality rates were similar in both 
patient groups who did not receive respiratory 
support at randomization (17.0% vs.13.2%, RR: 
1.22; 95% CI, 0.93-1.61; p: 0.14). In addition, use 
of dexamethasone was associated with a shorter 
duration of hospitalization and a higher proba-
bility of discharge within 28 days (RR: 1.11; 95% 
CI, 1.04-1.19; p: 0.002). Among patients not un-
der invasive mechanical ventilation at randomi-
zation, the risk of progression to the composite 
secondary outcome encompassing invasive me-
chanical ventilation or death was lower among 
those allocated to dexamethasone (RR: 0.91 95% 
CI, 0.82-1.00; p: 0.049). In another randomized 
double-blind sequential trial enrolling patients 
with COVID-19 related respiratory failure, hy-
drocortisone was not associated with lower risk 
of treatment failure (death or persistent respirato-
ry support) at day 21 (42.1% vs. 50.7%; difference 
of proportions: -8.6%; 95% CI, -24.9% to 7.7%; 

Table 6 - Selected randomized controlled trials comparing the efficacy of glucocorticoids and control group(s).

Randomized 
Controlled Trials

Patient Characteristics
Comparison 

groups

Number 
of patients 
included

Primary 
Outcome 
Measure

Main results

Recovery 
Collaborative Group, 
Horby P et al. [70]

Hospitalized patients with 
COVID-19

Dexamethasone+
usual care vs. usual 
care

2104 vs. 4321 28-day 
mortality

21.6% vs. 24.6%; RR: 0.83;  
95% CI, 0.74-0.92; p: <0.001

CAPE COVID Trial,
Dequin et al. [71]

Patients admitted to the 
intensive care unit for 
COVID-19–related acute 
respiratory failure 

Hydrocortisone vs. 
placebo

76 vs. 73 Treatment 
failure on 
day 21

42.1% vs. 50.7%; difference 
of proportions: -8.6%; 95% 
CI, -24.9% to 7.7%; p: 0.29

REMAP-CAP 
COVID-19 
Corticosteroid 
domain, Angus et 
al. [72]

Presumed or confirmed 
SARS-CoV-2 infection 
who were admitted to 
an intensive care unit for 
provision of respiratory 
or cardiovascular organ 
support 

Fixed 7-day course 
of hydrocortisone 
vs. shock-dependent 
course vs. no 
hydrocortisone 

143 vs. 152 
vs. 108

Organ support–
free days 
within 21 days

Bayesian probability of 
superiority 93% for fixed-
dose hydrocortisone, 
80% for shock-dependent 
hydrocortisone compared 
with no hydrocortisone 

The CoDEX trial,
Tomazini et al. [73]

Patients with COVID-19 
and moderate to severe 
ARDS 

Dexamethasone+
standard of care vs. 
standard of care

151 vs. 148 Ventilator-free 
days during the 
first 28 days 

6.6 (95% CI, 5.0-8.2) vs. 4.0 
(95% CI, 2.9-5.4); difference: 
2.6; 95% CI, 0.2-4.38; p: 0.04

Metcovid trial,
Jeronimo et al. [74]

Adults hospitalized with 
suspected COVID-19 and 
in use of supplementary 
oxygen or under IMV 

Methylprednisolone 
vs. placebo

194 vs. 199 28-day 
mortality 

37.1% vs. 38.2%; p: 0.62

Abbreviations: COVID-19, coronavirus diseases 2019; ARDS; acute respiratory distress syndrome; RR, rate ratio; CI, confidence interval; IMV, invasive 
mechanical ventilation; SARS-CoV-2, Severe Acute Respiratory Syndrome Coronavirus-2.
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p: 0.29) [71]. However, since patient enrollment 
was arrested early, this trial was likely unpow-
ered to elucidate clinically important differences 
in the primary outcome. Based on the results of 
the REMAP-CAP COVID-19 corticosteroid do-
main open label adaptive RCT, a 7-day fixed-dose 
course of hydrocortisone treatment (50 mg or 100 
mg every 6 hours) or shock-dependent dosing of 
hydrocortisone (50 mg every 6 hours when shock 
was clinically evident) achieved 93% and 80% 
probabilities of superiority as compared to no hy-
drocortisone regarding the odds of improvement 
in organ support–free days within 21 days [72]. 
Tomazini et al carried out an open label RCT com-
paring dexamethasone plus standard of care and 
standard of care alone in terms of ventilator-free 
days as a primary outcome [73]. Since the RE-
COVERY trial was published before attaining to 
targeted sample size, this trial was prematurely 
stopped. Among the enrolled patients (n=299), 
mean ventilator-free days were 6.6 (95% CI, 5.0-
8.2) and 4.0 (95% CI, 2.9-5.4) in hydrocortisone 
and standard of care alone groups, respectively 
(difference: 2.26; 95% CI, 0.2-4.38; p: 0.04). In con-
trast, no significant difference was found between 
the two groups in any of the prespecified second-
ary outcomes including all-cause mortality at 28 
days, ICU-free days during the first 28 days, me-
chanical ventilation duration at 28 days, or the 
6-point ordinal scale at 15 days. The differences in 
outcomes between the RECOVERY trial and this 
study can be explained with some limitations of 
this trial as following: 
i)	 dexamethasone administration in 35% of pa-

tients allocated in standard of care group, 
ii)	 not reaching to pre-defined statistical power 

for secondary endpoints because of premature 
interruption of patient recruitment. 

In another placebo-controlled double-blind RCT 
from Brazil (Metcovid), the short-term use of meth-
ylprednisolone was evaluated in clinically, epide-
miologically and radiologically suspected COV-
ID-19 patients [74]. The results of this trial demon-
strated no reduction in 28-day mortality rate with 
administration of methylprednisolone. However, 
in a subgroup analysis, there was an inclination of 
lower mortality among patients over 60 years old. 
Since the patients younger than 60 years old had 
low CRP level and less severe disease, a poten-
tial harm was pointed with methylprednisolone 
in this group. Similarly, in the RECOVERY trial, 

the patients not receiving supplemental oxygen 
also had a propensity towards increased mortal-
ity when using dexamethasone. In the Metcovid 
trial, the infection was confirmed among 81.3% 
of participants by SARS-CoV-2 RT-PCR and hy-
drocortisone administration did not affect virus 
clearance in respiratory secretion until day 7. In 
addition, the STOIC (a phase 2, open-label RCT) 
trial demonstrated the beneficial effect of inhaled 
budenoside (400 μg twice daily) on emergency 
room or hospital admission, symptom resolution, 
and body temperature within 7 days of symptom 
onset in patients with mild COVID-19. [75]. In a 
meta-analysis of 7 randomized controlled trials of 
critically ill COVID-19 patients, administration of 
systemic corticosteroids was consistently associ-
ated with lower 28-day mortality when compared 
with usual care or placebo (summary OR: 0.66; 
95% CI, 0.53-0.82; p: <0.001) [76].  
In these RCTs and meta-analysis, corticosteroid 
administration was not found to be associated 
with higher rate of severe side effects, more fre-
quent bacterial or fungal infections, and sepsis 
or septic shock. However, as compatible with the 
well-known side effects of glucocorticoids, hy-
perglycemia and requirement of insulin therapy 
tended to be higher in corticosteroid receiving 
arms. 

Tocilizumab
After it is proved that elevated IL-6 levels and 
ensuing hyperinflammation are crucial harbin-
gers for severe disease, tocilizumab, a monoclo-
nal anti-IL-6-receptor blocking antibody, has been 
adapted into clinical trials to uncover its efficacy 
in mitigating COVID-19 associated hyperinflam-
mation [77]. 
In this section, 8 different RCTs were reviewed 
and described in Table 7. In the RECOVERY tri-
al, hospitalized COVID-19 patients were included 
if they had hypoxia (SPO2<92% on ambient air) 
and evidence of systemic inflammation (CRP level 
≥75 mg/L) [78]. These patients were randomized 
to usual standard of care and usual standard of 
care plus tocilizumab. The primary outcome was 
28-day mortality, assessed in intention to treat 
analysis. In addition, 82% of the patients (n=3385) 
were treated with systemic glucocorticoid at ran-
domization. In consequence, the 28-day mortal-
ity was significantly lower in tocilizumab arm 
as compared with usual standard of care alone 



321Therapeutic alternatives for COVID-19

Table 7 - Selected randomized controlled trials comparing the efficacy of tocilizumab and control group(s).

Randomized 
Controlled 

Trials
Patient Characteristics Comparison groups

Number 
of patients 
included

Primary Outcome 
Measure

Main results

Recovery 
Collaborative 
Group, Horby 
P et al. [78] 

Hospitalized COVID-19 
patients with hypoxia and 
systemic inflammation 

Tocilizumab+ usual 
standard of care 
vs. usual standard 
of care

2022  
vs. 2094 

28-day mortality 29% vs. 33%; RR: 0.86;  
95% CI, 0.77-0.96; p: 0.007

REMAP-CAP 
Trial, Gordon 
et al. [79]

Hospitalized patients with 
COVID-19 within 24 hours of 
commencing organ support in 
an intensive care unit 

Tocilizumab vs. 
sarilumab vs. 
standard care

353 vs. 48 
vs. 402

Ordinal scale 
combining in-
hospital mortality 
and days free of 
organ support to 
day 21 

Median organ support free 
days, 10 (IQR: -1 to 16) vs. 
11 (IQR: -1 to 16) vs. 0 (IQR: 
-1 to 15); median adjusted 
OR: 1.64; 95% credible 
intervals [CrI], 1.25-2.14 for 
tocilizumab and 1.76; 95%CrI, 
1.17-2.91 for sarilumab 

Hermine  
et al. [80]

Patients with COVID-19 and 
moderate or severe pneumonia 
requiring at least 3 L/min of 
oxygen but without ventilation 
or admission to the intensive 
care unit 

Tocilizumab+ usual 
care vs. usual care

64 vs. 67 Scores higher than 
5 on the World 
Health Organization 
10-point clinical 
progression scale on 
day 4 and survival 
without need of 
ventilation (including 
noninvasive 
ventilation) at day 14 

Median posterior absolute 
risk difference: −9.0%;  
90% credible interval, −21.0 
to 3.1, with a posterior 
probability of negative  
ARD of 89.0% 
24% vs. 36%, median 
posterior HR, 0.58; 90% 
credible intervals, 0.33-1.00 

Salvarani  
et al. [81]

Patients with COVID-19 
pneumonia documented by 
radiologic imaging, partial 
pressure of arterial oxygen to 
fraction of inspired oxygen 
ratio between 200 and 300 
mm Hg, and an inflammatory 
phenotype defined by fever and 
elevated C-reactive protein

Tocilizumab vs. 
control

60 vs. 63 Entry into the 
intensive care 
unit with invasive 
mechanical 
ventilation, death 
from all causes, or 
clinical aggravation

28.3% vs. 27.0%; RR: 1.05;  
95% CI, 0.59-1.86

EMPACTA 
trial Salama 
et al. [84]

Patients hospitalized with 
COVID-19 pneumonia who 
were not receiving mechanical 
ventilation 

Tocilizumab vs. 
placebo

249  
vs. 128

Mechanical 
ventilation or death 
by day 28.

12.0% vs. 19.3%; HR: 0.56; 
95% CI, 0.33- 0.97; p: 0.04 

Stone  
et al. [82]

Patients with laboratory 
confirmed COVID-19 
hyperinflammatory states, and 
at least two of the following 
signs: fever (body temperature 
>38°C), pulmonary infiltrates, 
or the need for supplemental 
oxygen 

Tocilizumab vs. 
placebo

161 vs. 82 Intubation or death, 
assessed in a time-to-
event analysis 

HR: 0.83; 0.38-1.81; p: 0.64

Rosas  
et al. [85]

Patients hospitalized with 
severe COVID-19 pneumonia 

Tocilizumab vs. 
placebo

294  
vs. 144

Clinical status on a 
7-category ordinal 
scale at day 28 

1.0 (1.0 to 1.0) vs. 2.0  
(1.0 to 4.0); OR: 1.19; 95% CI, 
0.81-1.76; p: 0.36

Veiga  
et al. [83]

Patients hospitalized with 
severe or critical COVID-19 
pneumonia 

Tocilizumab+ 
standard of care vs. 
standard of care

65 vs. 64 A composite of 
death or mechanical 
ventilation at 15 days

28% vs. 20.0%; OR: 1.54;  
95% CI, 0.66-3.66; p: 0.32 

Abbreviations: COVID-19, coronavirus diseases 2019; RR, rate ratio; OR, odds ratio; HR, hazard ratio; CI, confidence interval; PCR, polymerized chain 
reaction; SARS-CoV-2, Severe Acute Respiratory Syndrome Coronavirus-2; ARD, absolute risk difference; L, liter; min, minute.
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arm (29% vs. 33%; RR: 0.86; 95% CI, 0.77-0.96; p: 
0.007). Among patients allocated to tocilizumab 
arm, there were significantly higher number of 
patients discharged from hospital alive within 28 
days (54% vs. 47%; RR: 1.22; 95% CI, 1.12-1.34; p: 
<0.0001). Similarly, patients receiving tocilizumab 
were less likely to reach the composite end point 
consisting of mechanical ventilation or death (33% 
vs. 38%; RR: 0.85; 95% CI, 0.78-0.93; p: 0.0005). 
Therefore, it was reported that tocilizumab was 
associated with a significantly better outcomes 
regardless of level of respiratory support among 
hypoxic COVID-19 patients with evidence of sys-
temic inflammation. Intriguingly, a remarkable 
benefit was observed particularly in patients re-
ceiving concomitant systemic corticosteroid. In 
the REMAP-CAP trial, hospitalized COVID-19 
patients were randomized to tocilizumab, sari-
lumab and standard care treatment arms within 
24 hours of starting organ support [79]. As a re-
sult, IL-6 receptor antagonists improved organ 
support-free days and survival in patients requir-
ing organ support and treated in an intensive care 
unit. Furthermore, both IL-6 receptor antagonists 
were effective across all pre-defined secondary 
outcomes such as 90-day survival, hospital dis-
charge, improvement in the WHO 7-point ordinal 
scale at day 14.     
Besides of the RECOVERY and the REMAP-CAP 
trials, other RCTs published to date were incon-
clusive [80-83]. The EMPACTA trial showed that 
patients receiving tocilizumab were less likely to 
progress to mechanical ventilation or death by 
day 28 (hazard ratio: 0.56; 95% CI, 0.32-0.97) [84]. 
In contrast, there was no difference in all-cause 
mortality (risk difference: 2.0%; 95% CI, -5.2% to 
7.8%). The COVACTA trial reported no difference 
in clinical status or mortality at day 28, although 
the time to hospital discharge was shorter in to-
cilizumab arm (hazard ratio: 1.35; 95%CI, 1.02-
1.79) [85]. Moreover, in another RCT, two differ-
ent regimens of sarilumab (400 mg and 200 mg) 
were found to be inefficient in COVID-19 patients 
receiving supplemental oxygen [86]. However, 
adequately powered trials are now crucial to ap-
preciate whether alternative IL-6 antagonists to 
tocilizumab are effective particularly for reducing 
mortality.  
The conflicting results obtained from RCTs pub-
lished to date can be originated from the fact that 
both the RECOVERY and the REMAP CAP trials 

commenced treatment early (at median of two 
days of hospitalization in RECOVERY; <24 hours 
in the ICU for REMAP-CAP), suggesting early ini-
tiation of tocilizumab may maximize effectiveness 
in patients with early rapidly progressive disease. 
When all data from these 8 trials were analyzed 
together, allocation to tocilizumab was associated 
with a 13% proportional reduction in 28-day mor-
tality (death rate ratio: 0.87; 95% CI, 0.79-0.96; p: 
0.005) [78]. Similarly, a large-scale meta-analysis 
indicated higher chance of survival when tocili-
zumab is added to standard care (log odds ratio: 
-0.41; 95% CI, -0.68 to -0.14; p: <0.001) [87]. More-
over, in another meta-analysis, combination of 
systemic corticosteroids with tocilizumab was re-
ported be associated with lower rate of mortality 
(RR: 0.58; 95% CI, 0.42-0.91; I2: 75%) [88].
The frequencies of serious side effects among pa-
tients receiving tocilizumab were similar to those 
not receiving tocilizumab (RR: 0.89; 95% CI, 0.74-
1.07) [8]. Tocilizumab has been notoriously asso-
ciated with gastrointestinal perforations and case 
reports of bowel perforations were recently re-
ported with the use of tocilizumab for COVID-19 
patients [89]. Additionally, increased risks of in-
fection may be aggravated by the combination of 
glucocorticoids and tocilizumab [90]. 

Baricitinib
Janus kinase (JAK) inhibitors act by preventing 
phosphorylation of signal transduction proteins 
that stimulate immune activation and inflamma-
tion emerged as a cellular response to proinflam-
matory cytokines [91]. Furthermore, baricitinib 
has a potential antiviral activity through blocking 
viral endocytosis and viral entrance into suscep-
tible cells [92].
There were only two RCTs in the literature. In the 
Adaptive COVID-19 Treatment Trial 2 (ACTT-2) 
in which patients were randomized to remdesi-
vir plus baricitinib (4 mg/day up to 14 days or 
discharge) vs. remdesivir alone [93]. In this trial, 
patients receiving baricitinib had a shorter time 
to recovery as compared with control (median, 7 
days vs. 8 days; rate ratio for recovery: 1.16; 95% 
CI, 1.01-1.32; p: 0.03), and a 30% higher probability 
of improvement in clinical status at day 15 (odds 
ratio: 1.3; 95% CI, 1.0-1.6). These beneficial effects 
were more prominent in patients supported by 
high-flow oxygen or non-invasive mechanical 
ventilation at enrollment. There was also a trend 
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towards a lower rate of mortality in remdesivir 
plus baricitinib group (4.7% vs. 7.1%; rate ratio: 
0.65; 95% CI, 0.39-1.09). Additionally, baricitinib 
plus remdesivir combination were more likely 
to be associated with clinical recovery at day 28 
(69.3% vs. 59.7%; rate ratio: 1.29; 95% CI, 1.00-
1.66). Likewise, patients receiving combination 
therapy were less likely to progress to mechani-
cal ventilation or ECMO through day 29 (10% vs. 
15.2%; RR: 0.66; 95% CI, 0.46-0.93). In COV-BAR-
RIER, phase 3, double-blind, randomized, place-
bo-controlled trial, baricitinib was found to be as-
sociated with significant improvement in both 28-
day all-cause mortality (8.1% vs. 13.1%; HR:0.57; 
95% CI, 0.41-0.78; p: 0.0018) and 60-day all-cause 
mortality (10.3% vs. 15.2%; HR:0.62; 95% CI, 0.47-
0.83; p:0.0050) among hospitalized COVID-19 pa-
tients [94]. In contrast, the primary composite out-
come defined as progression to high-flow oxygen, 
non-invasive ventilation, mechanical ventilation, 
or death was similar in comparison groups (27.8% 
vs. 30.5%; OR:0.85; 95% CI, 0.67-1.08; p:0.18). This 
study is the first trial assessing the benefit/risk of 
baricitinib when added to standard of care ther-
apy primarily including corticosteroids (most-
ly dexamethasone). A very recent double-blind 
placebo-controlled trial showed that tofacitinib 
(another oral JAK inhibitor) led to a lower cu-
mulative incidence of death or respiratory failure 
through day 28 than placebo (risk ratio, 0.63; 95% 
CI, 0.41-0.97; p: 0.04) [95].
In ACTT-2 trial, patients receiving combination 
therapy had a lower rate of any serious adverse 
events through day 28 (16% vs. 21%; RR: 0.76; 95% 
CI, 0.59-0.99). In addition, the risk of new infec-
tions was lower in the combination group com-
pared with remdesivir alone. However, patients 
who received concomitant glucocorticoids expe-
rienced serious or non-serious infectious episodes 
more frequently as compared with those did not 
receive glucocorticoids. However, serious adverse 
events, serious infections and venous thrombo-
embolic events were seen with similar frequen-
cies in barictinib and placebo arms of COV-BAR-
RIER trial. As baricitinib has been routinely used 
for the treatment of rheumatoid arthritis, it has 
some well-known side effects including upper 
respiratory tract infections, opportunistic infec-
tions, thrombosis, cytopenia, abnormalities in 
liver function tests, elevations in creatinine phos-
phokinase, and increases in lipids [96]. 

IL-1 inhibitors
Currently, there are 2 available IL-1 inhibitors 
(anakinra and canakinumab) being used for the 
treatment of rheumatoid arthritis in adults. In or-
der to tame uncontrolled inflammatory response 
of COVID-19, IL-1 inhibitors have been tested in 4 
RCTs to date. Caricchio et al.  assessed the effica-
cy of canakinumab for severe COVID-19 patients 
not requiring invasive mechanical ventilation and 
having elevated CRP or ferritin level [97]. The 
survival without invasive mechanical ventilation 
from day 3 to day 29 was similar between canak-
inumab and placebo arms (88.8% vs. 85.7%; 95% 
CI, -3.1% to 9.3%). Similarly, canakinumab did not 
confer any mortality benefit when compared with 
placebo (4.9% vs. 7.2%; 95% CI, -6.7% to 2.2%). 
In another RCT, the efficacy of anakinra was as-
sessed in mild-to-moderate COVID-19 patients 
with an excess of inflammation (CRP>25 mg/L) 
and increased IL-1 concentration. This study was 
interrupted prematurely due to its futility and 
showed no benefit of anakinra in preventing pro-
gression to mechanical ventilation and death [98]. 
In contrast to these studies, SAVE-MORE trial 
indicated favorable clinical outcomes in anakin-
ra-treated patients [99]. Among these patients, 
the WHO ordinal clinical progression scale and 
mortality were significantly lower compared to 
placebo group (OR 0.36; 95%CI 0.26-0.50; P<0.001 
and 6.9% vs. 3.2%; HR: 0.45; p: 0.045, respective-
ly). Finally, in the REMAP-CAP adaptive plat-
form trial, anakinra was ineffective at improving 
survival and reducing duration of organ support 
among critically ill COVID-19 patients treated in 
ICU [100]. 

n	 CONCLUSIONS

Based on available data, usage of HQ and lopina-
vir/ritonavir has already been abandoned. Dexa-
methasone 6 mg IV or PO for 10 days (or until dis-
charge) can be regarded as standard of care for the 
treatment of severe and critical illnesses. Further 
studies are required to inform the generalizability 
of treatment with different glucocorticoids for pa-
tients with COVID-19. Baricitinib and remdesivir 
can be considered as an option in the treatment of 
patients who cannot receive dexamethasone and 
require high-flow oxygen or non-invasive me-
chanical ventilation at enrollment. Additionally, 
baricitinib can be suggested in combination with 
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dexamethasone with or without remdesivir in se-
vere and critical COVID-19 patients. Remdesivir 
can be suggested for hospitalized severe COV-
ID-19 patients. The duration of therapy should 
be 5 days rather than 10 days. Administration of 
remdesivir appears to be ineffective in critically 
ill patients who are mechanically ventilated and 
receiving ECMO. It should not be wielded for 
outpatients or hospitalized non-severe COVID-19 
cases. Tocilizumab can be suggested in hospital-
ized severe or critical COVID-19 patients with 
evidence of hyperinflammatory state. It’s essen-
tial to initiate tocilizumab early during the hy-
perinflammatory phase. For other IL-6 inhibitors 
such as sarilumab, we need to see the results of 
large-scale RCTs. Among other treatment options 
including ivermectin, and favipiravir and IL-1 in-
hibitors, existing evidence is not enough to rec-
ommend these therapies outside the context of a 
clinical trial. 
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