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Abstract
The coronavirus disease 2019 (COVID-19) pandemic is ongoing and many drugs have
been studied in clinical trials. From a pathophysiological perspective, anti-viral drugs
may be more effective in the early stage while immunomodulators may be more
effective in severe patients in later stages of infection. While drugs such as lopinavir-
ritonavir, hydroxychloroquine and azithromycin have proved to be ineffective in ran-
domized controlled trials, corticosteroids, neutralizing monoclonal antibodies,
remdesivir, tocilizumab and baricitinib have been reported to benefit certain groups of
patients with COVID-19. In this review, we will present the key clinical evidence and
progress in promising COVID-19 therapeutics, as well as summarize the experience
and lessons learned from the development of the current therapeutics.
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INTRODUCTION

At the time of writing, it has been 1 year since the World
Health Organization (WHO) announced coronavirus dis-
ease 2019 (COVID-19) to be a global pandemic in March
2020. From a pathophysiological perspective, there are two
mechanisms in COVID-19, direct viral effect and dys-
regulated immune response.1,2 Besides the respiratory tract,
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) was found in multiple other tissues and organs, such
as heart and kidneys.3,4 In the early or mild stage of the dis-
ease course, the direct viral effect dominates with viral load
peaking about 1 week post symptom onset.2,5 In the later or
severe stage of the disease course, a dysfunctional immune
response and hyperinflammation cause further organ

damage.6,7 Based on this rationale, anti-viral drugs may be
more effective in the early stage while immunomodulators
may be more effective in severe patients in later stages of
infection. Researchers have been trying to find effective
treatment for the disease since the report of the first case.
While drugs such as lopinavir-ritonavir, hydroxychloroquine
and azithromycin have proved to be ineffective in random-
ized controlled trials (RCTs), corticosteroids, remdesivir,
neutralizing monoclonal antibodies, Janus kinase (JAK)
inhibitor baricitinib and IL-6 receptor antagonist tocilizumab
have been reported to benefit certain groups of COVID-19
patients.8-11 There are other drugs with potential benefits
that are still under investigations.8–11

As of 28 March 2021, there have been more than
120 million confirmed COVID-19 cases.12 Given the huge
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number of cases and constant mutations of SARS-CoV-2,
SARS-CoV-2 will probably continue to circulate in the
future. Having an armamentarium of effective treatment
including anti-viral and immunomodulatory drugs will
allow us to treat critically ill COVID-19 patients even as
many countries race to vaccinate their population and even-
tually SARS-CoV-2 may become less disruptive to societies
when herd immunity is achieved in the medium term.

In this review, we will present the key clinical evidence and
progress in promising COVID-19 therapeutics, as well as sum-
marize the experience and lessons learned from the develop-
ment of the therapeutics. A brief summary of the evidence on
COVID-19 therapeutics is presented in Table 1.

ANTI-VIRAL THERAPIES

Remdesivir

Remdesivir is a broad-spectrum anti-RNA-virus nucleoside
analogue, which inhibits virus replication by binding to viral
RNA-dependent RNA polymerase.13–16 Before COVID-19,
remdesivir was previously tested in clinical trials of Ebola
treatment and in laboratory studies for Middle East

respiratory syndrome coronavirus (MERS-CoV) as well as
other coronaviruses, but the drug was not submitted for
approval by the US Food and Drug Administration (FDA)
for these indications.17–22 Remdesivir showed potent anti-
viral activity against SARS-CoV-2 in vitro and in vivo, and
was thus considered as a promising repurposed drug at the
beginning of the COVID-19 outbreak.23–25 However, the
results of the clinical trials for remdesivir varied.

The results of four RCTs comparing remdesivir with pla-
cebo/standard care have been reported.26–29 All these trials
recruited hospitalized patients and used an intravenous regi-
men of 200 mg remdesivir on the first day and 100 mg
remdesivir on the following days (5-day and 10-day regimen
vs. control in SIMPLE-2 trial; 10-day regimen in other tri-
als). The first remdesivir trial (n = 237) enrolled severe
patients and was underpowered because of rapid control of
COVID-19 in China.26 This study found no statistically sig-
nificant clinical benefits in time to clinical improvement
(defined as 2-point reduction on a 6-category ordinal scale;
Table 2), 28-day mortality and other clinical outcomes.
Nonetheless, in the subgroup analysis for patients admitted
within 10 days post symptom onset, individuals treated by
remdesivir had numerically faster clinical improvement. The
SOLIDARITY trial, with 5475 patients randomized into

T A B L E 1 Summary of clinical evidence and potential indications of the therapies discussed in this review

Drug Evidence summary Patients most likely to benefit

Remdesivir A pooled analysis of low/very low certainty suggested
remdesivir had no significant clinical benefits for
hospitalized COVID-19 patients, such as in term of
mortality and risk of mechanical ventilation

The subgroup analysis of ACTT-1 trial provided signals
that remdesivir may be more effective in
accelerating clinical recovery for patients in earlier
stage of disease requiring low-flow oxygen

Patients in the early stage of disease
Patients who do not need supplementary oxygen
Mild/moderate patients
Patients on low-flow oxygen
Patients on invasive mechanical ventilation are

unlikely to benefit from remdesivir

Neutralizing monoclonal antibody Phase II data suggested efficacy in reducing viral load
Phase III data suggested efficacy in reducing risk of

hospitalization and death

Outpatients in early stage of disease, especially at high
risk of disease progression

Convalescent plasma RCTs and meta-analysis of RCTs suggested no effects in
severe/critically ill patients

A single RCT suggested effects in preventing disease
progression for older patients within 72 h of
symptom onset

High-risk patients in the early stage of disease

Corticosteroid RCTs and meta-analysis of RCTs suggested effects in
reducing mortality in severe patients

Subgroup analysis of the RECOVERY trial suggested no
clinical benefit in patients who did not need oxygen

Hospitalized severe patients who need oxygen or
ventilatory support

Tocilizumab Meta-analysis of RCTs suggested efficacy in reducing
mortality, risk of invasive mechanical ventilation

Hospitalized patients who need oxygen with evidence
of systemic inflammation, or within 24 h of
receiving ventilation in addition to corticosteroids

Baricitinib ACTT-2 trial suggested benefits in time to recovery but
not in mortality

COV-BARRIER trial failed its primary composite
endpoint but found benefits in mortality

Meta-analysis of the two trials suggested potential
benefits in 28-day mortality and risk of invasive
mechanical ventilation

Hospitalized COVID-19 patients requiring oxygen
therapy, especially patients receiving non-invasive
ventilation or high-flow oxygen therapy

Abbreviations: COVID-19, coronavirus disease 2019; RCT, randomized controlled trial.
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remdesivir arm and its control, recruited hospitalized
COVID-19 patients with a full spectrum of disease severity
(about 24%, 67% and 9% of patients receiving no oxygen,
supplementary oxygen and mechanical ventilation, respec-
tively).27 The SOLIDARITY trial found no significant clini-
cal benefits in mortality, initiation of mechanical ventilation
and length of hospital stay, regardless of age and respiratory
support at trial entry; information on time from disease
onset was unavailable in the SOLIDARITY trial.27

The other two trials, ACTT-1 trial (n = 1062) and SIM-
PLE-2 trial (n = 596), reached the prespecified primary end-
points and had positive results.28,29 Most of the enrolled
patients (n = 957, 90.1%) in ACTT-1 trial had severe dis-
ease.28 In ACTT-1 trial, clinical recovery was defined by
meeting the criteria of score 1, 2 or 3 on the National Insti-
tute of Allergy and Infectious Diseases (NIAID) 8-category
ordinal scale (Table 2).28 In ACTT-1 trial, patients receiving
remdesivir had a 5-day shorter median time to clinical
recovery (rate ratio 1.29 [95% CI 1.12–1.49]), and lower 14-
day mortality (hazard ratio 0.55 [95% CI 0.36–0.83]). How-
ever, there was no difference in 28-day mortality (hazard
ratio 0.73 [95% CI 0.52–1.03]). In a subgroup analysis for
the primary outcome—time to clinical recovery—the rate
ratio was the largest among patients receiving low-flow oxy-
gen (score 5 on the 8-category ordinal scale) at randomiza-
tion (rate ratio 1.45 [95% CI 1.18–1.79]), but there was no
statistically significant improvement for patients not requir-
ing oxygen as well as patients receiving non-invasive ventila-
tion or high-flow oxygen (scores 4 and 6 on the 8-category

ordinal scale, respectively). In subgroup analysis, the 28-day
mortality was significantly reduced for the low-flow oxygen
group (hazard ratio 0.30 [95% CI 0.14–0.64]). Besides,
patients randomized within 10 days of symptom onset
showed more significant improvement in time to clinical
recovery (rate ratio 1.37 [95% CI 1.14–1.64]) than those ran-
domized beyond 10 days after symptom onset (rate ratio
1.20 [95% CI 0.94–1.52]). In other secondary outcomes,
remdesivir use was significantly associated with faster time
to 1-point and 2-points improvement on the ordinal scale,
and shorter length of hospitalization. In addition, remdesivir
use was significantly associated with shorter time on oxygen,
reduced progression to non-invasive mechanical ventilation
or high-flow oxygen and reduced progression to mechanical
ventilation.

The SIMPLE-2 trial recruited moderately ill hospitalized
COVID-19 patients, who had pneumonia and peripheral
oxygen saturation (SpO2) >94% on room air.29 About 84%
of the recruited patients did not require oxygen therapy at
baseline. For the primary outcome—the distribution of clini-
cal status on day 11 assessed by a 7-category ordinal scale
(Table 2)—the 5-day remdesivir group had significantly bet-
ter distribution of clinical status than the standard care
group (OR 1.65 [95% CI 1.09–2.48]), while no statistically
significant difference was observed between the 10-day
remdesivir group and the control group. However, there was
no significant difference in Kaplan–Meier estimates of the
very low 28-day mortality in these groups (5-day remdesivir
group: 1% [95% CI 0.0%–2.6%], p = 0.43 vs. standard care

T A B L E 2 Frequently used ordinal scales for RCTs mentioned in the main text

6-category26,72 7-category29 NIAID 8-category28,133,134

1 Discharged or having reached discharge
criteria

Death Not hospitalized and no limitations of
activities

2 Hospitalization but not requiring oxygen
therapy

Hospitalized, receiving invasive mechanical
ventilation or ECMO

Not hospitalized, with limitation of
activities, home oxygen requirement or
both

3 Hospitalization, requiring oxygen therapy
(but not requiring high-flow or non-
invasive ventilation)

Hospitalized, receiving non-invasive
ventilation or high-flow oxygen devices

Hospitalized, not requiring supplemental
oxygen and no longer requiring ongoing
medical care (used if hospitalization was
extended for infection control or other
nonmedical reasons)

4 Hospitalization, requiring non-invasive
ventilation or high-flow oxygen therapy

Hospitalized, requiring low-flow
supplemental oxygen

Hospitalized, not requiring supplemental
oxygen but requiring ongoing medical
care

5 Hospitalization, requiring ECMO or
invasive mechanical ventilation

Hospitalized, not requiring supplemental
oxygen but receiving ongoing medical
care

Hospitalized, requiring any supplemental
oxygen

6 Death Hospitalized, requiring neither supplemental
oxygen nor ongoing medical care

Hospitalized, requiring non-invasive
ventilation or use of high-flow oxygen
devices

7 — Not hospitalized Hospitalized, receiving invasive mechanical
ventilation or ECMO

8 — — Death

Examples Wang et al.,26 Li et al.72 SIMPLE-229 ACTT-1,28 ACTT-2,133 COV-BARRIER134

Abbreviations: ECMO, extracorporeal membrane oxygenation; NIAID, National Institute of Allergy and Infectious Diseases; RCT, randomized controlled trial.
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group; 10-day remdesivir group: 2% [95% CI 0.0%–3.6%],
p = 0.72 vs. standard care group; standard care group: 2%
[95% CI 0.1%–4.1%]). Remdesivir also did not confer signif-
icant clinical benefits in other outcomes such as time to
recovery and time to discontinuation of oxygen support. An
additional trial (SIMPLE-1 trial) comparing 5- and 10-day
remdesivir without placebo/standard control group found
no significant difference in clinical effects in these two regi-
mens for severe COVID-19 patients not requiring mechani-
cal ventilation.30

The difference in the results of these RCTs may stem
from factors such as sample size, definitions of disease sever-
ity, enrolment criteria, locations where the trials were con-
ducted, different protocols of standard care and definitions
of the outcomes. Mortality is an outcome less likely to be
influenced by designs of RCTs. Though a positive signal was
indicated in the subgroup analysis of ACTT-1 trial, com-
pared with placebo/standard care, none of the previously
mentioned trials found significant clinical benefits of
remdesivir on overall 28-day mortality for hospitalized
patients as a whole. The WHO living network meta-analysis
pooling the results of these RCTs showed remdesivir had no
significant clinical benefits on mortality, need for mechani-
cal ventilation, duration of hospital stay and time to symp-
tom resolution/clinical improvement.8 Given the
heterogeneity of the RCTs, the certainty of the evidence in
most outcomes was rated low to very low. Informed by the
living network meta-analysis and considering costs and
resources, the WHO living drug treatment guideline condi-
tionally suggested against using remdesivir for hospitalized
COVID-19 patients, regardless of disease severity.8,31 The
WHO guideline panel highlighted the uncertainty of current
evidence and emphasized the importance of further stud-
ies.8,31 Some other guidelines, such as the Infectious Diseases
Society of America (IDSA), the National Institutes of Health
(NIH) and the American College of Physicians (ACP), rec-
ommended using remdesivir in certain groups of COVID-
19 patients.32–34 The difference may be due to varying per-
spectives of considering the evidence as well as methods for
pooling the data. For example, the NIH guideline rec-
ommended using remdesivir in hospitalized COVID-19
patients requiring supplementary oxygen but not on
mechanical ventilation.34 The NIH guideline panel mainly
considered the subgroup analysis of ACTT-1, which pro-
vided signals that remdesivir may be effective in accelerating
clinical recovery and reducing mortality for patients in their
earlier stage of disease requiring low-flow oxygen.34

Another factor that may influence the efficacy of
remdesivir is the timing of using the drug. Among the four
trials comparing remdesivir with placebo/standard care,
three trials reported median time from symptom onset to
randomization, ranging from 8 to 11 days.26,28,29 In the
SIMPLE-2 trial targeting moderately ill patients, the median
time from symptom onset to the first dose of remdesivir was
8 days in two remdesivir groups and 9 days in the control
group.29 For anti-viral drugs, earlier use may contribute to
better effects. The trial to evaluate the safety and efficacy of

remdesivir in an outpatient setting for patients with
COVID-19 within 7 days of symptom onset and who have
at least one risk factor for disease progression is ongoing.35

The trial may provide further evidence for the timing of
drug use and population likely to benefit from remdesivir.

In conclusion, current RCTs of remdesivir focused on
hospitalized patients with varying disease severity, and a
pooled analysis of low/very low certainty suggested
remdesivir had no significant clinical benefits for hospital-
ized COVID-19 patients in clinical outcomes. However,
some individual studies provided positive signals among
patients in the early disease stage requiring low-flow oxygen.
The interpretation of the evidence may vary from different
perspectives.

Neutralizing monoclonal antibodies

Neutralizing monoclonal antibodies are a class of immune
molecules that can specifically recognize and bind to certain
antigens.36 Neutralizing monoclonal antibodies can be rap-
idly derived and massively produced, so they are considered
as a promising candidate therapy against emerging infec-
tious diseases and have been successfully used in Ebola.18,37

Angiotensin-converting enzyme 2 (ACE2) is the receptor
for SARS-CoV-2 and the binding affinity of SARS-CoV-2 to
ACE2 is much higher than SARS-CoV.38,39 SARS-CoV-2
neutralizing monoclonal antibodies mainly target the spike
protein (S protein) of SARS-CoV-2, which prevents the rec-
ognition and binding between SARS-CoV-2 and human
ACE2 receptor, and prevents viral cell entry.37,40 Several
neutralizing monoclonal antibodies were issued Emergency
Use Authorization (EUA) by the US FDA, including
bamlanivimab alone (revoked on 16 April 2021),
bamlanivimab with etesevimab, and casirivimab with
imdevimab.41–43 The information of relevant RCTs is pres-
ented in Table 3.

Bamlanivimab and etesevimab bind to different but
overlapping epitopes in SARS-CoV-2 receptor-binding
domain (RBD).43 The BLAZE-1 trial is a double-blind phase
II/III RCT on the efficacy and safety of bamlanivimab mon-
otherapy or combined with etesevimab for patients with
mild to moderate COVID-19 in the outpatient setting.41,44,45

In the phase II part (n = 577), eligible patients were rec-
ruited within 3 days of the first positive SARS-CoV-2 anti-
gen or PCR test. Key exclusion criteria included
(1) SpO2 ≤ 93% on room air or partial pressure of arterial
oxygen/fraction of inspired oxygen (PaO2/FiO2)
< 300 mm Hg or respiratory rate ≥ 30/min or heart
rate ≥ 125 bpm or receiving mechanical ventilation and
(2) having positive SARS-CoV-2 serology test results. The
patients were randomized into three bamlanivimab mon-
otherapy groups of different doses (700, 2800 and 7000 mg),
a bamlanivimab (2800 mg) and etesevimab (2800 mg) com-
bination therapy group and a placebo group. Patients were
first randomized into the bamlanivimab monotherapy
groups or the placebo group (17 June 2020–21 August
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2020), and were then randomized into the bamlanivimab
and etesevimab combination group or the placebo group
(22 August 2020–3 September 2020). The interim analysis
of the phase II part, which contained only the three
bamlanivimab monotherapy groups and placebo group,
showed that 2800 mg bamlanivimab monotherapy was asso-
ciated with significantly accelerated decline of viral load in
nasopharyngeal swab at day 11 (difference in mean log
change �0.53 [95% CI �0.98 to �0.08]).45 The COVID-
19-related hospitalization and emergency department visit
was 1.6% (5/309) in the pooled bamlanivimab group (1.0%
in 700 mg group, 1.9% in 2800 mg group and 2.0% in
700 mg group) versus 6.3% (9/143) in the placebo group.
For patients at high risk of disease progression, the hospital-
ization rate was 4.2% (pooled bamlanivimab group) versus
14.6% (placebo group). However, in the final analysis of the
phase II part, which contained all five groups, only
the bamlanivimab and etesevimab combination therapy
group was associated with significant accelerated viral load
decline compared with the placebo group (difference in
mean log change �0.57 [95% CI �1.00 to �0.14]). The
COVID-19-related hospitalization and emergency depart-
ment visit were significantly lower in the combination ther-
apy group (�4.9% [95% CI �8.9% to �0.8%]) and 700 mg
bamlanivimab monotherapy group (�4.8% [95% CI �8.9%
to �0.6%]), but not in the 2800 mg bamlanivimab mon-
otherapy group.44 The reason why the significant clinical
benefits of 2800 mg bamlanivimab monotherapy in acceler-
ating viral load decline in the interim analysis were not con-
firmed in the final analysis may include the incomplete
follow-up of the placebo group in the interim analysis, as
well as a higher number of placebo group patients in the
final analysis.46

The phase III data of the BLAZE-1 trial was presented in
a press release and FDA fact sheet, which has not been peer-
reviewed.43,47,48 The phase III part of BLAZE-1 trial enrolled
mild to moderate COVID-19 patients at high risk of disease
progression, defined as having high BMI, older age or
underlying diseases, in the outpatient setting.43,47,48 In the
first cohort, patients were randomized to receive 2800 mg
bamlanivimab and 2800 mg etesevimab combination ther-
apy (n = 518) or placebo (n = 517).43,47 The trial met its
primary endpoint as the combination therapy resulted in
about 70% reduction in COVID-19-related hospitalization
(≥24 h of acute care) or all-cause death by day 29 (2%
vs. 7%, p < 0.001). Besides, the combination therapy also
resulted in significantly faster viral load decline. The second
cohort of phase III BLAZE-1 trial enrolled 769 patients with
the same eligibility criteria to receive 700 mg bamlanivimab
and 1400 mg etesevimab combination therapy or placebo in
a 2:1 ratio.48 There was also a significant decrease in the risk
of hospitalization or death (0.78% vs. 5.8%, p < 0.0001).48

The virological and pharmacodynamic/pharmacokinetic
data in the BLAZE-4 trial, an ongoing phase II trial explor-
ing the effects of different doses of monoclonal antibody
combination therapy, also showed similar effects of 700 mg
bamlanivimab/1400 mg etesevimab and 2800 mg

bamlanivimab/2800 mg etesevimab.43,47 In contrast, the
ACTIV-3 trial is a double-blind RCT enrolling hospitalized
COVID-19 patients within 12 days of symptom onset.49 The
patients were randomized into the 7000 mg bamlanivimab
group or placebo group. The trial did not find favourable
effects of bamlanivimab in terms of pulmonary ordinal out-
comes at day 5, time to sustained recovery and hospital
discharge.

Casirivimab plus imdevimab is an antibody cocktail
therapy that binds to different sites in SARS-CoV-2 S pro-
tein.50,51 A phase I/II double-blind RCT enrolled mild to
moderate high-risk COVID-19 patients in 1:1:1 ratio to
receive 2400 mg casirivimab plus imdevimab (1200 mg cas-
irivimab and 1200 mg imdevimab, n = 266), 8000 mg cas-
irivimab plus imdevimab (4000 mg casirivimab and
4000 mg imdevimab, n = 267) or placebo (n = 266) in the
outpatient setting.42,52 Compared with placebo, the pooled
antibody therapy resulted in a significantly faster viral load
decline in nasopharyngeal swab. The largest benefits were
observed in seronegative patients or patients with a high
viral load at baseline.42,52 Lower proportion of medically
attended visits was also observed in the pooled antibody
therapy group (2.8% vs. 6.5%), and greater benefits were
observed among patients with high risk for disease progres-
sion (3% vs. 9%). Besides, the efficacy and safety of 2400
and 8000 mg dose were similar in the phase II trial. A phase
III trial enrolling more than 4000 participants found that,
for high-risk COVID-19 outpatients, both 1200 mg cas-
irivimab plus imdevimab (600 mg casirivimab and 600 mg
imdevimab, 1.0% vs. 3.2%, p = 0.0024) and 2400 mg dose
(1200 mg casirivimab and 1200 mg imdevimab, 1.3% vs.
4.6%, p < 0.0001) significantly reduced COVID-19-related
hospitalization or death (composite outcome).53,54

There were several characteristics of the neutralizing
monoclonal antibody trials. Current trials target outpatients
within short duration of symptom onset, especially those
with high risk of disease progression. The phase II trials
were dose-ranging and explored the best dosing for phase
III trials. The phase II trials mainly explored anti-viral
effects (e.g., change in upper respiratory tract viral load) and
might set secondary outcomes related to hospitalization/
medical visits. As anti-viral effects do not necessarily trans-
late into clinically important benefits (hospitalization, death,
etc.), large-scale phase III trials are needed to validate the
clinical benefits in reducing hospitalization and/or death.
Phase III trials and the subgroup analyses of phase II trials
found larger clinical benefits in high-risk mild/moderate
COVID-19 patients. Current data did not find clinical bene-
fits of monoclonal antibodies in hospitalized patients.
Therefore, the neutralizing monoclonal antibodies were only
approved for EUA in mild to moderate COVID-19 patients
at high risk of disease progression.41–43 The EUA in these
neutralizing monoclonal antibodies did not include hospital-
ized patients or patients requiring oxygen therapy for
COVID-19.41–43

Dosing is an important factor in neutralizing monoclonal
antibodies. For safety and economic considerations, the best
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dose should be the lowest effective dose. For example, the
EUA dose for bamlanivimab and etesevimab combination
therapy was 700 mg bamlanivimab and 1400 mg etesevimab.
At the time when EUA was issued, there were only phase III
data for 2800/2800 mg combination, and FDA considered the
data from in vitro and pharmacokinetic/pharmacodynamic
studies, as well as the phase II data in BLAZE-4 trial.43 The
results of the second phase III cohort in BLAZE-1 trial vali-
dated the similarity of the two doses.48

Another important issue is SARS-CoV-2 variants.
The neutralizing antibody escape of some SARS-CoV-2 vari-
ants may occur under selective pressure of neutralizing
monoclonal antibody therapies.55,56 Moreover, neutralizing
monoclonal antibody therapies may have reduced effects on
some naturally existing SARS-CoV-2 variants.57 For exam-
ple, while B.1.1.7 variant normally did not influence anti-
body neutralizing ability, B.1.351 and P.1 variants were
partially resistant to casirivimab and completely resistant to
bamlanivimab in vitro.41,57–59 In light of the markedly
increasing spread of SARS-CoV-2 variants potentially resis-
tant to bamlanivimab, the US government has halted distri-
bution of bamlanivimab monotherapy on 24 March 2021,
and the US FDA retracted the EUA of bamlanivimab
monotherapy on 16 April 2021.60,61 The combination use of
two or more potent monoclonal antibodies targeting non-
competing sites on SARS-CoV-2 may reduce the possibility of
virus resistance and mutational escape.50,56,62 Bamlanivimab
and etesevimab had a reduced neutralizing ability for B.1.351
and P.1 variants, and remained active against B.1.1.7, B.1.427/
B.1.429 and B.1.526 variants.43 Casirivimab plus imdevimab
combination therapy retained neutralization ability on the
above-mentioned variants.42 It is worth noting that the neu-
tralizing effects of monoclonal antibodies on mutant strains
are from in vitro studies, and it is still unclear how the changes
of in vitro neutralizing activity will influence therapeutic
effects in clinical settings.

Current data suggested the efficacy of several neutraliz-
ing monoclonal antibody therapies for reducing viral load
and preventing hospitalization and/or death among outpa-
tients at high risk of disease progression. However, it should
be noted that much of the data have not been peer reviewed.
Besides, given the rapid rise of SARS-CoV-2 mutants, neu-
tralizing antibody monotherapy may induce further muta-
tional escape. As SARS-CoV-2 variants are ever changing, it
is important to monitor the variant types and their resis-
tance to antibody therapies. Future research should focus on
the development of combination antibody therapies.

Convalescent plasma

Convalescent plasma from recovered COVID-19 patients is
postulated to have neutralizing antibodies and provide pas-
sive immunity.63 Convalescent plasma was used in previous
outbreak of other emerging infectious diseases, such as
influenza, Ebola, SARS and MERS.64,65 Given the theoretical
effects, rapid availability and previous experience in

treatment of other infectious diseases, convalescent plasma
has been used to treat COVID-19 since the beginning of the
outbreak. There have been numerous observational studies
as well as 10 RCTs66–75 comparing the effects and safety of
convalescent plasma and placebo/standard care.

The observational studies on convalescent plasma pro-
vided positive signals. In a prospective cohort study includ-
ing 136 severe/critically ill COVID-19 patients treated by
convalescent plasma and 251 matched controls, convales-
cent plasma treatment was associated with significantly
reduced 28-day mortality for patients receiving the treat-
ment within 72 h of hospital admission and with high-titer
anti-RBD antibody in convalescent plasma.76 However, the
analysis restricted to patients receiving convalescent plasma
after 72 h did not show significant mortality benefits.76 A
meta-analysis of 12 observational studies found statistically
significant benefit in mortality (OR 0.66 [95% CI 0.50–0.86],
p = 0.002), and consistent benefits in severe (OR 0.63 [95%
CI 0.40–1.00], p = 0.049) and critically ill subgroups
(OR 0.24 [95% CI 0.06–0.92], p = 0.037).77 However, the
results of RCTs have not found consistent mortality benefits.
The first published RCT enrolled 103 severe/critically ill
COVID-19 patients and found no clinical benefits in 28-day
mortality, time to clinical improvement (defined by dis-
charge or 2-point reduction on a 6-category ordinal scale;
Table 2) and time from randomization to discharge.72 A
meta-analysis of 10 RCTs on convalescent plasma did not
find significant clinical benefits in mortality (risk ratio 1.02
[95% CI 0.92–1.12]), length of hospital stay, need for
mechanical ventilation and other clinically important
outcomes.78

Besides the inherent defects of observational studies, such
as poorer control of confounders, there are some other factors
which may explain the negative results of RCTs, including
the titers of antibodies in the convalescent plasma, the base-
line antibody level in recruited patients and the patients’ dis-
ease severity and stage.71 Patients were less likely to benefit
from convalescent plasma if they received convalescent
plasma of low-titer antibodies, already developed antibody,
were severe and in later stages of the disease when dys-
regulated immune response dominated. With sufficient sam-
ple size (n = 11,558) and strict quality control of
convalescent plasma, the RECOVERY trial partially clarified
the issue.71 In the trial, convalescent plasma was not associ-
ated with lower 28-day mortality (rate ratio 1.00 [95% CI
0.93–1.07]), higher proportion of patients discharge within
28 days (rate ratio 0.99 [95% CI 0.94–1.03]) and lower risk of
disease progression defined by a composite outcome of
receiving invasive mechanical ventilation or death (risk ratio
0.99 [95% CI 0.93–1.05]). In the trial, all donors had high
anti-spike IgG levels and the convalescent plasma was pre-
pared in a uniform process, which ensured the quality and
antibody titer of the plasma. Besides, the prespecified sub-
group analysis on baseline SARS-CoV-2 IgG level (seroposi-
tive/seronegative) showed that, among seronegative patients,
there was no significant mortality benefit (rate ratio 0.96
[95% CI 0.85–1.07]), or benefit in proportion of discharge
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within 28 days (rate ratio 1.08 [95% CI 0.99–1.18]), but there
were significant benefits in risk of disease progression (risk
ratio 0.90 [95% CI 0.83–0.98]). However, there was a 10% dif-
ference in the proportion of patients with missing antibody
test result between the convalescent plasma (12%) and control
groups (22%). Also, seropositive patients tended to be youn-
ger, as well as have fewer women, longer time from symptom
onset to randomization and higher level of respiratory sup-
port at baseline. Therefore, the subgroup analysis can only be
considered as a positive signal but not definitive.

As for the influence of disease stage and severity on con-
valescent plasma, the prespecified subgroup analysis in the
RECOVERY trial on different levels of respiratory support
at baseline did not find statistically significant benefits in
any subgroups, but a trend was observed that patients
receiving lower level of respiratory support at baseline
tended to have numerically better point estimates of the out-
comes.71 The post hoc subgroup analysis on the time from
symptom onset to randomization did not find any statisti-
cally significant benefits in the subgroups, but patients ran-
domized within 4 days of symptom onset had a numerically
lower point estimate of rate ratio in mortality (rate ratio
0.91 [95% CI 0.77–1.07]). One of the potential reasons why
no statistically significant clinical benefits were found in the
milder subgroup may be that the patients were still compar-
atively severe in the RECOVERY trial. The subgroup of
patients who did not require oxygen at baseline still had a
28-day mortality of 13% (convalescent plasma group) versus
15% (control group). Besides, the subgroup of patients who
were within 4 days since symptom onset at baseline had a
28-day mortality of 29% versus 31%. By contrast, an RCT
enrolling 160 mild older (mean age: 76.4 years in convales-
cent plasma group and 77.9 years in placebo group) patients
within 72 h of symptom onset found that high-titer conva-
lescent plasma could prevent the development of severe dis-
ease.73 In this RCT, the overall mortality of participants was
as low as 3.75%. Therefore, patients with shorter time of dis-
ease onset were more likely to benefit from convalescent
plasma.

Similar to neutralizing monoclonal antibody therapy, the
effects of convalescent plasma may be reduced in SARS-
CoV-2 variants. The convalescent plasma from patients
infected with original SARS-CoV-2 strains showed modest
or no reduction of neutralizing ability for B.1.1.7 variant in
two in vitro experiments.79,80 However, B.1.351 showed
marked resistance to convalescent plasma of early
strains.80,81 The clinical data of convalescent plasma for
SARS-CoV-2 variants were scarce. As B.1.1.7 variant began
to rapidly spread in the UK during December, the RECOV-
ERY trial did an exploratory subgroup analysis, which
divided patients by enrolment before or after 1 December
2020, and did not find difference in mortality in any of the
subgroups.71 However, not all patients received sequencing
to identify SARS-CoV-2 variant type in the study, so further
clinical data were needed.71 As the production of convales-
cent plasma was dynamic, the plasma from patients infected
with SARS-CoV-2 variants will be obtained as the variants

spread. It may be rational to monitor the types of SARS-
CoV-2 variants of plasma donor to optimize the use of con-
valescent plasma. However, given the limited resources of
sequencing, the surveillance may not be feasible for all
donors. A specific strategy, such as random sampling,
should be identified by the convalescent plasma production
teams.

Current data suggest that the patients who are likely to
benefit from convalescent plasma therapy are those who are
in a very early stage of disease and have mild/moderate dis-
ease. As most previous RCTs enrolled severe/critical
patients, or did not have enough sample size, further explo-
ration in the above-mentioned population should be con-
ducted. The rescue therapy of convalescent plasma for
severe/critically ill is unlikely to bring clinical benefits. As
the wide use of convalescent plasma is related to both the
welfare of donors and recipients, the optimal indications
and impact of SARS-CoV-2 variants should be carefully
considered in RCTs and clinical use.63

IMMUNOMODULATORY THERAPIES

Systemic corticosteroid

Corticosteroids are a class of potent anti-inflammatory
drugs widely used in clinical practice for various diseases.82

Several meta-analyses of RCTs supported corticosteroids for
patients with severe community-acquired pneumonia.83–85

In SARS and MERS outbreak, the use of corticosteroids was
frequent. There was no RCT evidence for SARS and MERS,
and observational studies provided conflicting results.86–88

Corticosteroids may curb the overwhelming inflammation
in severe COVID-19 patients but may also induce immuno-
suppression and further aggravate the infection. Besides, the
long-term and high-dose use of corticosteroids may bring
adverse events such as avascular necrosis and hyper-
glycaemia.89 Physicians tended to use corticosteroids for the
most severe patients, often complicated with acute respira-
tory distress syndrome (ARDS) and/or sepsis.90,91

Whether corticosteroids should be used for COVID-19
have been heatedly discussed since the beginning of the out-
break.89,92 The RECOVERY trial shed light on the ques-
tion.93 The RECOVERY trial randomized hospitalized
patients to receive 6 mg dexamethasone for 10 days or until
hospital discharge plus standard care (n = 2104) or standard
care alone (n = 4321).93 Dexamethasone was associated
with 17% reduction of 28-day mortality (rate ratio 0.83
[95% CI 0.75–0.93]). For patients not receiving invasive
mechanical ventilation at baseline, dexamethasone reduced
the risk of invasive mechanical ventilation by 21% (risk ratio
0.79 [95% CI 0.64–0.97]). Subgroup analysis showed that
the efficacy of dexamethasone on mortality was different
among patients receiving invasive mechanical ventilation
(rate ratio 0.64 [95% CI 0.51–0.81]), receiving supplemen-
tary oxygen (rate ratio 0.82 [95% CI 0.72–0.94]) or receiving
no oxygen (rate ratio 1.19 [95% CI 0.92–1.55]). Hospitalized
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patients not requiring oxygen did not benefit from cortico-
steroid therapy. The clinical benefits of corticosteroids
shown in the RECOVERY trial were further validated by a
meta-analysis including seven RCTs, which suggested corti-
costeroid treatment resulted in a marked reduction of
28-day mortality for critically ill patients (OR 0.66 [95% CI
0.53–0.82]).94 Besides, no significant safety issues were iden-
tified in the meta-analysis. Low-dose, short-term corticoste-
roids are recommended for severe/critically ill patients with
COVID-19, except those with contraindications.31,33,34,95

There are several unanswered questions for corticoste-
roid therapy in COVID-19. The optimal timing for initiating
corticosteroid therapy is unclear. The direct virus injury
dominates at the beginning of the infection while immune
injury occurs later. There is no definite cut-off between the
two stages, and the best timing to initiate corticosteroids
needs further exploration. In RECOVERY subgroup analy-
sis, the mortality benefit was evident in patients receiving
corticosteroids >7 days from symptom onset, which was not
shown for those ≤7 days of symptom onset.93 While the
dose and duration in the RECOVERY trial are used as a ref-
erence for current treatment regimen, lower doses and
shorter duration can be studied. Detailed and long-term side
effects were not studied in the RECOVERY trial. Current
RCTs did not report enough data on secondary infections.
For severe COVID-19 patients in the intensive care unit
(ICU), bacterial co-infections are not uncommon.96,97 Corti-
costeroids may increase the risk of secondary infections.

The therapeutic role of corticosteroid in severe COVID-19
patients, especially those who are mechanically ventilated, is
conclusive. Further data on optimal timing, dosage and
duration, type of corticosteroids and long-term side effects are
needed. As it may not be ethical to conduct further RCTs
about corticosteroids at this stage, these questions may be
answered by large-scale observational studies.

Tocilizumab

IL-6 is a proinflammatory cytokine elevated in many severe
diseases such as ARDS and sepsis.98 Elevated IL-6 level was
associated with severe COVID-19 and mortality, and some
prognostic models of COVID-19 included IL-6 as a bio-
marker.99–101 Based on the rationale, IL-6 blockade has been a
popular target for repurposed COVID-19 drugs. Tocilizumab
is a recombinant humanized monoclonal IL-6 receptor antag-
onist previously used in rheumatoid arthritis and cytokine
release syndrome induced by chimeric antigen receptor (CAR)
T-cell therapy.102,103

The efficacy and safety of tocilizumab in COVID-19
were investigated in many observational studies and RCTs,
with varying results. The main characteristics and key find-
ings of the 10 RCTs on tocilizumab are presented in
Table 4.11,104–112 While observational studies on tocilizumab
provided positive signals in decreasing mortality and
preventing disease progression, only one of the five RCTs
with results reported in 2020 met the primary endpoints

and the meta-analysis of these five trials found no clinical
benefits in mortality (Table 4).113 Two RCTs reported in
2021, the REMAP-CAP and RECOVERY trials, had larger
sample size and found decreased mortality and lower risk of
invasive mechanical ventilation among patients receiving
tocilizumab.11,109

There are several potential reasons contributing to the
discrepancies in the results of these RCTs: (1) Study popula-
tion: While most enrolled patients in these trials were hospi-
talized adults with severe COVID-19 needing oxygen
therapy, the details of eligibility criteria varied. In some tri-
als, the participants were required not to be on invasive
mechanical ventilation before randomization and some trials
set threshold of inflammatory biomarkers at baseline.
Although most participants in these trials had severe
COVID-19, there was huge disparity in actual disease sever-
ity, as reflected by the mortality of control groups, ranging
from �5% to �30%. The participants in REMAP-CAP and
RECOVERY trials were the most severe. Although most
patients in the two trials received corticosteroids as standard
care, the mortality was still high at about 30%.11,109 (2) Stan-
dard care, especially the role of corticosteroids: As the
understanding of COVID-19 is evolving rapidly, the stan-
dard care in the trials has been changing with time. Cortico-
steroids are confirmed to be an effective treatment for severe
COVID-19 patients needing oxygen therapy by RECOVERY
trial and meta-analyses.8,93,94 The proportion of patients
receiving corticosteroids as standard care ranged from <10%
to >80%. The proportion of corticosteroids use is especially
high in trials enrolling patients after June 2020. Besides,
more than 80% participants received corticosteroids treat-
ment in all the 3 RCTs which met the prespecified primary
outcomes (EMPACTA trial, REMAP-CAP trial and
RECOVERY trial).11,108,109 A post hoc subgroup analysis of
CORIMUNO trial found numerically higher clinical benefits
for the combined endpoint of death or ventilatory support
in patients receiving corticosteroids.105 In the RECOVERY
trial, tocilizumab did not show statistically significant bene-
fits in mortality (rate ratio 1.16 [95% CI 0.91–1.48]), hospi-
tal discharge (rate ratio 0.98 [95% CI 0.79–1.22]) and risk
for invasive mechanical ventilation or death (risk ratio 0.99
[95% CI 0.82–1.18]) in patients who did not receive cortico-
steroids.11 The subgroup analysis suggested that the clinical
benefits of tocilizumab were additional to corticosteroids.
(3) Sample size: Several RCTs had sample size not exceeding
200 patients and may not have enough power to detect dif-
ferences in outcomes.

The meta-analyses in the Australian guidelines for the
clinical care of people with COVID-19 (version 39.0)
included all the above-mentioned 10 RCTs.114 It was found
that tocilizumab probably lowered mortality (risk ratio 0.89
[95% CI 0.82–0.98]) and risk of receiving invasive mechani-
cal ventilation (risk ratio 0.81 [95% CI 0.70–0.93]), as well
as did not increase adverse events (risk ratio 1.06 [95% CI
0.86–1.30]) or serious adverse events (risk ratio 0.89 [95%
CI 0.75–1.05]). It should be noted that the sample size in the
safety outcomes was much lower than that of the other
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outcomes, as some of the largest trials (e.g., RECOVERY
trial) did not provide sufficient safety data. As the efficacy of
anti-viral drugs (e.g., remdesivir and neutralizing monoclo-
nal antibodies) in severe COVID-19 patients was not yet
determined, the use of double immunosuppressants should
be carefully considered to reduce the risk of serious infec-
tions and prolonged viral replication.

The eligibility criteria of the RECOVERY and REMAP-
CAP trials provided clues that tocilizumab may work best in
hospitalized patients requiring oxygen, with evidence of sys-
temic inflammation, or within 24 h of receiving mechanical
ventilation.11,109 Current guidelines recommend use of
tocilizumab in such populations.33,34,95,114 Dosing is another
question. Although most RCTs adopted 8 mg/kg with maxi-
mum of 800 mg dose, the use of second dose varied across
these studies. Some studies used only a single dose while
some studies relied on physicians’ judgement on the need
for a second dose. The optimal number of doses and the
criteria of giving more than one dose are still not deter-
mined. Another question is whether the benefit of
tocilizumab can be extended to other IL-6 receptor antago-
nists. Current RCT data are mainly on tocilizumab while
data on sarilumab and other IL-6 receptor antagonists are
limited and not supportive.115 Individual patient-level data
meta-analysis of these trials may provide further insights on
suitable patients and optimal treatment protocol. A WHO
collaborating group which includes principal investigators of
many tocilizumab RCTs has initiated such a meta-analysis
project.116 The prospective meta-analysis project set a vari-
ety of pre-specified subgroup analyses, such as baseline
factors (e.g., age, sex, race and disease severity), dose of
therapy and use of corticosteroids.

Baricitinib

The JAKs are a class of non-receptor, intracellular tyrosine
kinases, which serves as downstream linkers in the signal cas-
cades of various cytokines.117–121 JAKs bind to the cytoplasmic
domains of type I and type II cytokine receptors and activate
signal transducers and activators of transcription (STATs) to
transfer extracellular signals.117–122 In humans, JAK family is
found to consist of JAK1, JAK2, JAK3 and tyrosine kinase
2 (TYK2).117–122 Many cytokines related to COVID-19
immune pathogenesis, such as IL-2, IL-6 and interferon-γ, acti-
vated JAK–STAT pathway and participated in immune
responses.121–123 Theoretically, for severe hospitalized COVID-
19 patients’ immune dysregulation, inhibiting JAK–STAT
pathway with JAK inhibitors may curb the cytokine storm and
produce clinical benefits.

Baricitinib is an oral JAK inhibitor targeting both JAK1
and JAK2, and used to treat rheumatoid arthritis.118,124 For
COVID-19 patients, baricitinib may prevent the overwhelm-
ing immune damage mediated by proinflammatory cyto-
kines.121 Besides, baricitinib may prevent the cell entry of
SARS-CoV-2 by inhibiting AP2-associated protein kinase
1 (AAK1).125–127 A pilot study enrolled 12 consecutiveT
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moderately ill hospitalized COVID-19 patients to receive
baricitinib (4 mg per day) in addition to lopinavir-ritonavir
for 2 weeks.128 A historical control group treated by
lopinavir-ritonavir and hydroxychloroquine included the
last 12 consecutive patients hospitalized before the date of
patients treated by baricitinib.128 In the study, baricitinib
group showed significant improvement in outcomes such as
fever, SpO2, PaO2/FiO2, C-reactive protein (CRP), ICU
admission and discharge rate. This study was among the
first studies on the efficacy of baricitinib and showed posi-
tive results. However, due to the non-randomized design,
small sample size and poor selection of controls, the results
are not conclusive and can only be hypothesis-generating. A
multicenter retrospective study comparing the effects of bar-
icitinib plus lopinavir-ritonavir (n = 113) versus hydro-
xychloroquine plus lopinavir-ritonavir (n = 78) showed that
the baricitinib group had lower ICU admission and mortal-
ity, as well as significant decline in CRP and IL-6.129 A pro-
spective cohort study enrolled moderate to severe COVID-19
patients and compared the effects of baricitinib plus cortico-
steroids (n = 62) versus corticosteroids alone (n = 50). The
study showed that the baricitinib group had better improve-
ment in respiratory function (measured by SpO2/FiO2) from
hospital admission to discharge, as well as lower proportion
of patients requiring supplementary oxygen at discharge and
1 month after discharge.130 Several other studies also
indicated potential clinical benefits of baricitinib in
mitigating the hyperinflammatory status of COVID-19
patients.123,131,132

The results of two RCTs are available.133,134 The
ACTT-2 trial is a multicenter double-blind, placebo-
controlled randomized trial conducted in 67 centers across
eight countries.133 In ACTT-2 trial, 1033 hospitalized
patients were randomized to receive baricitinib plus
remdesivir (n = 515) or placebo plus remdesivir (n = 518).
The clinical status in ACTT-2 trial was measured by the
NIAID 8-category ordinal scale used in ACTT-1 trial
(Table 2). Patients with scores 4, 5, 6 and 7 at baseline
accounted for 13.7%, 54.6%, 20.9% and 10.7% of total
patients, respectively. The dosage of baricitinib was 4 mg per
day for (2 mg per day for patients with estimated glomerular
filtration rate < 60 ml/min/1.73 m2) 14 days or until dis-
charge. The trial met its primary endpoint and observed sig-
nificantly shorter time to recovery (defined by meeting the
criteria of scores 1, 2 or 3 on the NIAID 8-category ordinal
scale) in baricitinib group (median 7 vs. 8 days, rate ratio
1.16 [95% CI 1.01–1.32]). Prespecified subgroup analysis on
baseline score on the 8-category ordinal scale showed that
the greatest benefits were observed in patients requiring
non-invasive ventilation or high-flow oxygen (i.e., score
6 on the ordinal scale) at baseline (median 10 vs. 18 days,
rate ratio 1.51 [95% CI 1.10–2.08]). While no statistically
significant benefits in time to recovery were observed in
other subgroups (scores 4, 5 and 7), patients requiring low-
flow oxygen (score 5) showed the best point estimate for pri-
mary outcome (rate ratio 1.17 [95% CI 0.98–1.39]). Besides,
significantly higher odds of improvement in clinical status

(measured by NIAID 8-category ordinal scale) at day
15 were observed in baricitinib group (OR 1.3 [95% CI 1.0–
1.6]). The largest effect was also observed among patients
receiving non-invasive ventilation or high-flow oxygen at
baseline. Numerically, lower 28-day mortality was observed
in baricitinib group overall (5.1% vs. 7.8%, hazard ratio 0.65
[95% CI 0.39–1.09]) and more marked in low-flow and
high-flow oxygen subgroups.

The COV-BARRIER was a multicenter double-blind,
placebo-controlled randomized trial conducted in 101 cen-
ters across 12 countries.134 The COV-BARRIER trial
enrolled laboratory-confirmed, hospitalized COVID-19
patients with pneumonia and ≥1 elevated inflammatory
marker (CRP, D-dimer, lactate dehydrogenase or ferri-
tin).134 The COV-BARRIER trial also used NIAID
8-category ordinal scale to assess the clinical status of
patients (Table 2).134 Initially, the trial enrolled patients
score 4–6 in the ordinal scale at baseline, and excluded
patients requiring invasive machinal ventilation (score 7 in
the ordinal scale). In a protocol amendment during the
trial, hospitalized patients not requiring oxygen therapy
(score 4 in the ordinal scale) at baseline were excluded and
the trial focused on patients requiring oxygen therapy
(scores 5 and 6 in the ordinal scale) subsequently. Overall,
enrolled patients (n = 1525) with scores 4, 5 and 6 in the
ordinal scale at baseline were 12.3%, 63.4% and 24.4%,
respectively. The primary outcome in the trial was the pro-
portion of patients with disease progression defined by
receiving non-invasive ventilation or high-flow oxygen,
invasive mechanical ventilation or extracorporeal mem-
brane oxygenation (ECMO) or death (i.e., score 6–8 on the
ordinal scale). No statistically significant difference in the
primary outcome was found between baricitinib and con-
trol groups (27.8% vs. 30.5%, OR 0.85 [95% CI 0.67–1.08])
and a secondary analysis focused on patients requiring
oxygen (scoring 5 and 6) at baseline also found no signifi-
cant difference (28.9% vs. 27.1%, OR 1.12 [95% CI 0.58–
2.16]). The result was consistent across subgroups of base-
line ordinal scale score and study regions. However, bari-
citinib group had a significantly lower 28-day mortality
compared with control group (8.1% vs. 13.1%, hazard ratio
0.57 [95% CI 0.41–0.78]). While no statistically significant
mortality benefits were found in patients with score 4 or
5 separately, the largest mortality benefits were shown in
patients requiring non-invasive ventilation or high-flow
oxygen (score 6) at baseline (17.5% vs. 29.4%, hazard ratio
0.52 [95% CI 0.33–0.80]). A secondary analysis focused on
patients requiring oxygen (scoring 5 and 6) also found sig-
nificant benefits in mortality (5.2% vs. 14.7%, hazard ratio
0.31 [95% CI 0.11–0.88]). Prespecified subgroup analysis
on baseline concomitant drug use found significant mortal-
ity benefits in patients receiving corticosteroids, not receiv-
ing corticosteroids and not receiving remdesivir. For the
subgroup of patients receiving remdesivir, a numerical
mortality reduction was observed. The definition of time to
recovery outcome in the COV-BARRIER trial was the same
as the ACTT-2 trial, but no significant benefits were
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observed (5.2% vs. 14.7%, rate ratio 1.11 [95% CI
0.99–1.24]).

In light of the benefits observed in the ACTT-2 trial, FDA
issued EUA on baricitinib and remdesivir combination treat-
ment for hospitalized patients requiring oxygen therapy.135,136

However, knowledge gaps and clinical practice issues still exist.
First, the exact benefits of baricitinib have not yet been well
defined. The ACTT-2 trial found baricitinib was beneficial in
time to recovery but not in mortality, while the COV-
BARRIER trial reported the converse. Differences in study
population, concomitant drugs and definitions of outcomes
may contribute to the discrepancy in the results of ACTT-2
and COV-BARRIER trials. The primary outcome is the most
important outcome selected for an RCT, and the sample size
and power calculation are based on the primary outcome.137

The analysis on secondary outcomes may have increased risk
of false-negative as well as false-positive errors because of fac-
tors such as insufficient sample size and multiple compari-
sons.137–140 As mortality was not the primary outcome in
ACTT-2 trial, it was not powered to detect the difference in
mortality. Besides, the clinical significance of time to recovery
with absence of mortality benefits makes baricitinib less useful.
In the COV-BARRIER trial, mortality was also not the pri-
mary endpoint. However, although the sample size of over
1500 patients was large and the authors used graphical testing
procedure to control for type I error of multiple comparisons,
as the trial failed to meet its primary endpoint, the confidence
in the mortality benefits has been questioned.137–140 Neverthe-
less, a meta-analysis of ACTT-2 and COV-BARRIER trials
indicated potential benefits in 28-day mortality (risk ratio 0.63
[95% CI 0.48–0.81]) and risk of invasive mechanical ventila-
tion (risk ratio 0.66 [95% CI 0.46–0.93]).114 Later trials with
larger sample size, such as the ongoing baricitinib arm of the
RECOVERY trial, are expected to provide further information
on the role of baricitinib.

The second question is the role of baricitinib in clinical
practice. As corticosteroids are cheap and widely available, with
mortality benefits for hospitalized patients requiring oxygen
therapy, physicians may not choose other immune modulators
unless corticosteroids are contraindicated. Besides, the ACTT-4
trial, a double-blind RCT comparing the effects of baricitinib
and dexamethasone in a head-to-head comparison, was closed
prematurely as interim analysis showed that there was unlikely
to be statistically significant differences between the two groups
in the primary outcome of progression to mechanical ventila-
tion or death.141 Therefore, similar to tocilizumab, baricitinib
may more likely be considered as an addition to corticosteroids
but not a replacement. Similar to REMAP-CAP and RECOV-
ERY trials for tocilizumab, about 80% of patients in the COV-
BARRIER trial received corticosteroids, which suggested its
benefits may be additional to corticosteroids.134

Notably, in both trials, baricitinib showed the greatest
benefit in patients requiring non-invasive ventilation or
high-flow oxygen therapy, followed by patients requiring
low-flow oxygen.133,134 Similar to corticosteroids, baricitinib
may not bring benefits for patients not requiring oxygen
therapy, as these patients may not have severe inflammatory

immune responses and use of immunomodulators may
hamper virus clearance. The clinical benefits in patients
requiring invasive mechanical ventilation were unclear. In
the subgroup analysis of ACTT-2 primary outcome, bari-
citinib did not show significant benefits in patients requiring
invasive mechanical ventilation (rate ratio 1.08 [95% CI
0.59–1.97]). In light of this result, the published cohort of
COV-BARRIER trial did not enrol these patients. However,
as the sample size of this subgroup in the ACTT-2 trial was
only 111, further study may be needed.

Other JAK inhibitors such as ruxolitinib and tofacitinib
may have a role in treating severe COVID-19 patients. For
ruxolitinib, there was only one available pilot RCT with very
small sample size (n = 43) on its efficacy for severe COVID-
19 patients.142 The trial did not find statistically significant
difference between ruxolitinib and placebo groups in the
primary outcome of time to clinical improvement as well as
most secondary outcomes such as 28-day mortality and
virus clearance time.142 The most important finding in the
trial was that patients in the ruxolitinib group had faster
computed tomography improvement and recovery from
lymphopenia.142 No RCT data about tofacitinib are avail-
able. As current evidence about other JAK inhibitors is very
limited and not adequately powered, it is questionable
whether they can be interchangeable for baricitinib. Further
RCTs are ongoing and expected to assess the efficacy of
ruxolitinib and tofacitinib in the future.143

In summary, baricitinib may be effective in hospitalized
COVID-19 patients requiring oxygen therapy, especially
patients receiving non-invasive ventilation or high-flow oxy-
gen therapy. However, given the mixed results of the two
available RCTs, the exact benefits of baricitinib need to be
confirmed by further studies.

LESSONS FROM COVID-19 THERAPEUTIC
DRUG TRIALS

Within 1 year of the pandemic, many drugs have been stud-
ied. Therapeutic drug trials during the COVID-19 pandemic
provided us with very valuable experience to better confront
challenges of other possible emerging infectious diseases in
the future.

A large number of clinical trials were registered and con-
ducted, both for novel and repurposed drugs for COVID-19.
However, the results of many seemingly promising drugs were
unsatisfying. For example, hydroxychloroquine is an anti-
malarial and anti-inflammatory drug. Although hydro-
xychloroquine was reported to have in vitro anti-viral effects
on SARS-CoV-2,144–146 RCTs and meta-analyses showed that
hydroxychloroquine had no clinical benefits in reducing mor-
tality, accelerating clinical improvement, lowering length of
hospital stay, preventing SARS-CoV-2 infection and other
important clinical outcomes, and may increase the incidence
of adverse events.8,9,147,148

Before the conclusive results of RCTs were published,
the off-label use of hydroxychloroquine was common for
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treatment or prophylaxis during the early stage of the pan-
demic.149–151 Similar phenomenon also existed for other
drugs, which may be widely used before efficacy was con-
firmed. As in vitro anti-viral effects do not necessarily trans-
late into clinical effects and off-label use of drugs may cause
adverse events, it is necessary to interpret the results of cell
culture and animal experiments as well as observational
studies cautiously, and evaluate the efficacy and safety of
candidate drugs with rigorously designed RCTs.152 Large-
scale off-label use of seemingly promising drugs may
obscure the actual efficacy of the drugs and hamper the
enrolment of RCTs.152

Large RCTs such as the RECOVERY and SOLIDARITY
trials have provided valuable models for pandemic research
in the future.11,27,93 It is important to coordinate the
research resources of affected regions to maximize sample
sizes of RCTs. RCTs with small sample sizes can only pro-
vide signals but not conclusive information. They should be
discouraged in favour of large collaborative multicenter
RCTs. The eligibility criteria of the RCTs are also important.
For example, the best timing of anti-viral drugs should be in
the early stage of disease. However, the early RCTs of conva-
lescent plasma focused on severe/critically ill patients, which
may not reflect the actual therapeutic effects. Observational
studies can provide valuable clues for the selection of eligible
study populations of RCTs. In addition, the selection of out-
come measures should reflect the likely clinical efficacy of
the drug, as well as account for pathophysiology and disease
stage/severity of the study population. For severe patients,
the most important outcome is mortality. However, for
patients with mild COVID-19, the risk of hospitalization
and progression to severe disease may be equally impor-
tant.153 Especially for areas with limited medical resources,
lowering hospitalization rate is of great public health signifi-
cance.153 For better comparison and synthesis of the results
of different RCTs, researchers should consider including the
outcomes in the core outcome sets for COVID-19.154–156

The working group of the WHO recommended a minimal
common outcome measure set for COVID-19 clinical
research, including mortality, viral load and clinical course
(progression and recovery).154

As the evidence of COVID-19 therapeutics is rapidly evolv-
ing, the importance of living meta-analysis has emerged. There
are several big living network meta-analysis programmes with
focus on different clinical outcomes.8,157 However, given the het-
erogeneity of the RCTs (e.g., standard care, medical resources
and eligibility criteria), the results of meta-analyses should be
interpreted cautiously. Global collaboration among study groups
and individual patient-level meta-analysis may help better
interpret the study results, as it will be feasible to conduct sub-
group analyses on disease severity and the effect of concomitant
drugs.

In conclusion, after 1 year, current evidence indicates
that neutralizing monoclonal antibodies can reduce the risk
of hospitalization and disease progression in high-risk out-
patients while corticosteroids provide mortality benefits in
severe COVID-19 patients requiring oxygen therapy.

Remdesivir improves clinical recovery and may reduce mor-
tality if given early especially in patients on low-flow oxygen,
while baricitinib improves recovery and may reduce mortal-
ity in patients on high-flow oxygen. Tocilizumab may pro-
vide additional benefits in critically ill mechanically
ventilated patients on corticosteroids. For this and future
pandemics, it is important to conduct RCTs with large sam-
ple sizes to test the efficacy and safety of potential therapeu-
tic drugs. The eligibility criteria, primary and secondary
outcomes should be carefully selected based on the patho-
physiology of the infection and pharmacology of the poten-
tial therapeutic drugs to best assess clinical efficacy.
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