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Summary
Background To date, only dexamethasone and tocilizumab have been shown to reduce mortality in patients with
COVID-19. Baricitinib is a Janus kinase 1/2 inhibitor with known anti-inflammatory and anti-viral properties. We
performed a meta-analysis of RCTs assessing the role of baricitinib in hospitalised patients with COVID-19.

Methods Electronic databases such as MEDLINE, EMBASE, and Cochrane Central were searched up until March 31,
2022, for RCTs evaluating the efficacy of baricitinib in hospitalised patients with COVID-19. The outcomes assessed
were 28-day mortality, progression to invasive mechanical ventilation (IMV) or ECMO, progression to respiratory
failure needing positive pressure ventilation, IMV or death, duration of hospitalisation and time to discharge. The
meta-analysis was registered in the PROSPERO database (CRD42022314579).

Findings Four studies (with 10,815 patients) were included in the analysis. Pooled analysis using random-effects
model showed a statistically significant reduction in 28-day mortality (OR 0.69, 95% CI 0.50-0.94; p=0.04,
I2=65%) and composite outcome of progression to severe disease needing positive pressure ventilation, IMV or
death (OR 0.89, 95% CI 0.80-0.99, p= 0.03, I2=0%). There was a favorable trend towards reduced progression to
IMV or ECMO (OR 0.76, 95% CI 0.58-1.01; p=0.06, I2=49%) in the baricitinib arm compared to standard therapy,
even though it was not statistically significant. Statistical significance was achieved for all outcomes with fixed-effects
model analysis.

Interpretation In hospitalised patients with COVID-19, baricitinib was associated with reduced 28-day mortality
although there was not a statistically significant reduction in progression to IMV or ECMO. Baricitinib used in con-
junction with standard of care treatments is associated with improved mortality in hospitalised patients with
COVID-19 disease.
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Introduction
Despite treatment advances, reducing mortality among
hospitalised patients with COVID-19 remains a crucial
unmet need. Current adult models of COVID-19 disease
typically involve three clinical phases. First, there is an
initial viral response phase where patients mostly have
mild constitutional symptoms, followed by a pulmonary
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phase where there is an overlap of host inflammatory
response and viral replication effects. Lastly, there is a
hyperinflammatory phase where the pathophysiology is
driven primarily by the host immune response.1 Barici-
tinib, an oral inhibitor of Janus Kinase (JAK) 1/2, was
originally approved for treatment of rheumatoid arthri-
tis.2 JAKs are involved in the inflammatory pathways
that modulate the signaling pathway, preventing activa-
tion of signal transducers and activators of transcription
for cytokines like interleukin-2, interleukin-6, interleu-
kin-10, and interferon- g. JAK inhibitors can prevent the
dysregulated production of proinflammatory cytokines
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Research in context

Evidence before this study

Multiple clinical trials and observational studies have
presented heterogenous results about the use of barici-
tinib in hospitalised patients with COVID-19 disease. We
conducted a systematic search in MEDLINE, EMBASE,
and Cochrane Central to identify all relevant articles
with restrictions to the English language using the fol-
lowing search terms: (“SARS-CoV2” OR “COVID-19”) AND
(“baricitinib” OR “Janus kinase inhibitor” OR “JAK” OR
“JAK inhibitor”) till March 31, 2022, to identify all rele-
vant randomised controlled trials evaluating the efficacy
of baricitinib in hospitalised COVID-19 patients, includ-
ing preprint and non-peer reviewed studies. Baricitinib
has been added to the treatment guidelines, but data
from various randomised controlled trials remain
conflicting.

Added value of this study

Our updated meta-analysis provides a comprehensive
scrutiny of the available randomized trials on the effi-
cacy of baricitinib therapy in hospitalised patients with
COVID-19 disease. The results from our meta-analysis
showed a mortality benefit with baricitinib treatment in
hospitalised patients with moderate to severe COVID-19
disease. The use of baricitinib therapy was also associ-
ated with shorter duration of hospitalisation and early
discharge compared to standard therapy in hospitalised
patients with COVID-19 disease.

Implications of all the available evidence

Our findings suggest that the use of baricitinib in con-
junction with dexamethasone and/or anti-IL6 inhibitors
is associated with reduced mortality, and early dis-
charge from the hospital.
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primarily involved in cellular survival, proliferation, and
differentiation, proving to be clinically useful in
immune, and inflammatory diseases.3,4

Multiple studies have demonstrated anti-viral activity
of baricitinib through different mechanisms: (1) inhibi-
tion of numb associated kinases (NAKs) (2) prevention
of type 1 interferon mediated increase in expression for
the SARS-CoV2 receptor (angiotensin converting
enzyme-2), thereby reducing viral endocytosis (3)
impairment of the adaptor protein (AP)2-associated pro-
tein kinase 1.5-7 The Adaptive COVID-19 Treatment
Trial-2 (ACTT-2) first suggested improved outcomes in
hospitalised patients with COVID when baricitinib was
added to remdesivir therapy and several additional
observational cohort studies have been done that
showed evidence of clinical improvement with bariciti-
nib treatment.8-11 The JAK inhibitors tofacitinib and rux-
olitinib have also been associated with reduced mortality
in small, multicenter, randomised controlled trials
(RCTs).12-15 Although the ACTT-2 trial did not detect a
significant mortality difference between treatment
groups, recent trials such as COV-BARRIER and
RECOVERY showed mortality benefit in hospitalised
patients that were treated with baricitinib compared to
standard of care.16-18 The US Food and Drug Adminis-
tration (FDA) issued an emergency use authorization
(EUA) for baricitinib use in combination with remdesi-
vir, for the treatment of hospitalised, hypoxic patients
with COVID-19 requiring invasive mechanical ventila-
tion or extracorporeal membrane oxygenation
(ECMO).19

Tocilizumab was added to the standard of care along
with dexamethasone, especially in severe or critically ill
patients, as it was shown to reduce mortality in hospital-
ised patients with COVID-19 with severe disease
(requiring invasive mechanical ventilation).20,21 Given
shortages in tocilizumab supply and increasing mortal-
ity in hospitalised patients with COVID-19 despite
improvements in the standard of care, other treatments
such as baricitinib are still urgently needed to reduce
the high frequency of deaths. To address this critical
gap in knowledge, we conducted a meta-analysis of the
RCTs assessing the efficacy of baricitinib in hospitalised
patients with COVID-19.
Methods

Search strategy and selection criteria
We conducted a systematic search in MEDLINE,
EMBASE, and Cochrane Central to identify all relevant
articles using the following search terms: (“SARS-
CoV2” OR “COVID-19”) AND (“baricitinib” OR “Janus
kinase inhibitor” OR “JAK” OR “JAK inhibitor”). Data-
bases were searched till March 31, 2022, to identify all
relevant RCTs evaluating the efficacy of baricitinib in
hospitalised patients with COVID-19, including pre-
print and non-peer reviewed studies. Review articles,
observational studies, case reports, letters, abstracts,
opinion articles, brief reports were excluded. All results
were imported into EndNote version 20 and identical
results were identified and removed. Results were lim-
ited to humans and the English language. This study
was conducted according to the Cochrane Collaboration
and the Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) statement.22

Ethics approval of the study was waived.
Two reviewers with similar experience and expertise

independently (VS and AL) screened the retrieved
papers based on the title and abstract. The whole paper
was retrieved if the data was not clear from the title and
abstract. Any disagreements between the two reviewers
were discussed and resolved by consensus. A study was
considered eligible for inclusion in the analysis if it
was 1) randomised controlled trial 2) reported outcomes
www.thelancet.com Vol 49 Month July, 2022
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of interest in hospitalised patients with COVID-19 with
baricitinib therapy compared to standard treatment or
placebo. The outcomes assessed were all-cause mortal-
ity, progression to severe disease needing non-invasive
positive pressure ventilation (NIPPV), invasive mechan-
ical ventilation (IMV), need for ECMO or death, time to
hospital discharge, and duration of hospitalisation.
Data extraction
Two reviewers (VS and AL) independently extracted data
from the included studies. Extracted data included 1) study
characteristics - design, sites of study, dates of study, and
type of randomisation 2) details of the study population
and the interventions utilised, including demographics of
participants in both intervention and control arms, pres-
ence of comorbidities and treatment received 3) primary
outcome and follow up. The meta-analysis was registered
in the PROSPERO database (CRD42022314579).23 The
risk of bias was assessed for the domains suggested by the
Cochrane collaboration, emphasizing sequence generation,
allocation concealment, blinding, outcomes assessment,
and selective reporting.24 Any divergence was resolved by
consensus.
Data synthesis and statistical analysis
Statistical analysis was performed as per recommen-
dations from the Cochrane collaboration and the Pre-
ferred Reporting Items for Systematic reviews and
Meta-analyses (PRISMA) guidelines.25,26 The Mantel-
Haenszel method was used to calculate aggregated
odds ratios (ORs) with corresponding 95% confi-
dence intervals (CIs). A p value of 0.05 or less was
considered to be statistically significant. Heterogene-
ity was assessed using Higgins and Thompson’s I2

statistic, which assesses unexplained statistical het-
erogeneity among studies. I2 is the proportion of
total variation observed between the trials attribut-
able to differences between trials rather than sam-
pling error, with I2 values of 75%, corresponding to
low, moderate, and high levels of heterogeneity.27

The meta-analysis was performed with a random-
effects model. Statistical analysis was performed
using Review Manager, version 5. Different RCTs
reported medians and means for hospitalisation
duration and recovery time. To standardise this, they
were converted to the mathematically implied means
based on an exponential distribution, as is often
assumed for time to event data.
Role of the funding source
There was no funding source for this study. All authors
had full access to all the data in the study and accept
responsibility to submit for publication.
www.thelancet.com Vol 49 Month July, 2022
Results

Search results and characteristics of included trials
Figure 1 shows the PRISMA flow chart summarising
the search strategy. The literature search identified 32
full-text articles, of which four RCTs were eligible for
inclusion in this study after full read.9,16-18 A total of
10,815 patients were included, of which 5,478 patients
received baricitinib, and 5,377 received standard care.
Baseline characteristics were similar across the inter-
vention and standard care groups. Detailed characteris-
tics of the studies are described in Table 1.

All trials included in the analysis studied hospital-
ised patients with COVID-19 and were multicenter in
design. Three international trials were conducted across
multiple countries in Europe, Mexico, South Korea,
Japan, and Brazil while one was conducted in the UK.
Three trials were double-blinded, and placebo controlled
while one had open label, platform design. Detailed
study designs and study criteria are described in Table 2.
Exclusion criteria are described in Supplementary
Table 1.
Risk of Bias Assessment
The risk of bias assessment for the included trials is pre-
sented in Supplementary Figure 1. All trials reported
using random sequence generation and mentioned
using allocation concealment. One trial had open label
study design. The risk of performance and selection
bias was high in this trial as participants and personnel
were not blinded to the assigned treatment.17 Risk of
attrition bias was deemed low in all trials.
Assessment of Outcomes
28-day Mortality. All four RCTs reported the outcome
of 28-day mortality.9,16-18 A total of 619 deaths out of
5478 participants (11.30%) were reported in the bariciti-
nib arm compared to 712 deaths out of 5337 participants
(13.34%) in the standard care or placebo arm. Pooled
analysis showed a reduction in 28-day mortality with
baricitinib therapy than standard care or placebo (OR
0.69, 95% CI 0.50-0.94; p=0.04). Moderate heteroge-
neity was observed in the analysis (I2=65%) (Figure 2A).
Progression to respiratory failure needing positive
pressure ventilation (PPV), IMV or death. Two RCTs
reported the composite outcome of progression to respi-
ratory failure needing PPV or death.17,18 843 out of 4778
participants (17.64%) progressed to PPV or died in the
baricitinib group compared to 902 out of 4652 partici-
pants (19.39%) in the other group. Statistical signifi-
cance was observed with OR of 0.89 and 95% CI 0.80-
0.99 with a p value = 0.03. Low heterogeneity was
observed in the analysis (I2=0%) (Figure 2B).
3



Figure 1. PRISMA flow chart outlining literature search.
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Progression to invasive mechanical ventilation (IMV)
or ECMO. Two RCTs reported the outcome of progres-
sion to IMV or ECMO.9,17 329 out of 4475 participants
(7.35%) progressed to IMV or ECMO in the baricitinib
group compared to 392 out of 4352 participants (9.01%)
in the standard care or placebo group. (OR 0.76, 95%
CI 0.58-1.01; p=0.06) Moderate heterogeneity was
observed in the analysis (I2=49%) (Figure 2C).
Duration of Hospitalisation. Three RCTs reported out-
come of duration of hospitalisation.9,16,18 Pooled analy-
sis showed significantly improved duration of
hospitalisation with baricitinib therapy than standard
therapy or placebo (Mean difference -1.43, 95% CI
-2.46, -0.40, p=0.007). Low heterogeneity was observed
in the analysis (I2=0%). (Figure 2D).
Time to Recovery. Three RCTs reported outcome of
time to recovery or discharge.9,17,18 Pooled analysis
showed significantly improved outcome of time to
recovery with baricitinib therapy than standard therapy
or placebo (Mean difference -0.88, 95% CI -1.34, -0.41,
p=0.0002). Low heterogeneity was observed in the anal-
ysis (I2=0%). (Figure 2E).
Sensitivity analysis and Publication Bias assessment. Tagged-

PSensitivity analysis of 28-day mortality after excluding
COV-BARRIER (SEVERE) study demonstrated similar
www.thelancet.com Vol 49 Month July, 2022
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results. A total of 599 patients out of 5427 patients
(11.04%) died in the baricitinib arm compared to 683
patients out of 5287 patients (12.92%) in the standard
care arm. Pooled analysis showed a reduction in 28-day
mortality with baricitinib therapy compared to standard
care (OR 0.72, 95% C.I. 0.52-1.00, p=0.05). (Supple-
mentary Figure 2). Sensitivity analysis using a fixed-
effect model yielded disparate results. Statistical signifi-
cance was achieved with outcomes of 28-day mortality
(OR 0.82, 95% CI 0.73-0.92; p=0.001), progression to
respiratory failure needing PPV, IMV or death (OR
0.89, 95% CI 0.80-0.99; p=0.03) and progression to
IMV or ECMO (OR 0.80, 95% CI 0.69-0.94; p=0.005)
(Supplementary Table 2).

Pooled analysis of standardised mean differences for
outcome of duration of hospitalisation was not statisti-
cally significant for patients treated with baricitinib
compared to usual care (MD -0.10, 95% C.I. -02, 0.01,
p=0.06). However, standardised mean differences for
outcome of time to recovery was statistically significant
for patients treated with baricitinib compared to usual
care (MD -0.07, 95% C.I. -0.11, -0.03, p=0.0002). Quan-
titative analysis of publication bias and subgroup analy-
sis were not performed due to the limited number of
studies included in the meta-analysis.
Discussion
This meta-analysis provides a comprehensive aggregate
analysis of the available randomised trials to date on the
efficacy of baricitinib therapy in hospitalised patients
with COVID-19 infection. The results of this study
showed favorable trend towards mortality benefit with
baricitinib treatment in hypoxic patients with COVID-19.
Baricitinib therapy was also associated with reduced pro-
gression to PPV, IMV or death. The results remained
consistent supporting a reduced duration of hospitalisa-
tion and early hospital discharge than standard therapy
in hospitalised patients with COVID-19.

Baricitinib, an IL-6 receptor antibody, is an inhibitor
of JAK1/JAK2 enzymes and exhibits anti-viral activity in
tolerable therapeutic dose ranges and clinically relevant
serum concentrations.28 It does this by inhibiting upre-
gulated INF-1 caused by the ACE-2 receptor, thereby
blocking the cell entry of viruses. Therefore, it can block
inhibit cell entry through clathrin-mediated endocytosis
inhibition.29 In observational studies, patients with
COVID-19 treated with baricitinib showed marked
reduction in serum levels of cytokines and increased
level of antibody against the SARS-CoV2 spike pro-
tein.30 A meta-analysis done by Lin et al. showed
improved intensive care unit admission, requirement
for invasive mechanical ventilation, and reduced mortal-
ity with baricitinib compared to usual care.31 Another
systematic review done by Sampath et al. revealed
reduced mortality risk and significant clinical improve-
ments in hospitalised participants with moderate to
5



Reference Site Design Dates Follow up Inclusion criteria Primary outcome

ACTT-2 Global Double-blinded, pla-

cebo-controlled, mul-

ticenter trial

May 8, 2020, to July

1, 2020

28 days Participants aged ≥18 years

of age with positive labo-

ratory confirmed RT-PCR

assay result of SARS-CoV2

infection + one of the fol-

lowing: radiographic infil-

trates by imaging study,

peripheral oxygen satura-

tion (SpO2) ≤94% on

room air, or requiring

supplemental oxygen,

mechanical ventilation, or

extracorporeal membrane

oxygenation (ECMO).

The time to recov-

ery, with the day

of recovery

defined as the

first day, during

the 28 days after

enrollment, on

which a patient

attained cate-

gory 1, 2, or 3 on

the eight-cate-

gory ordinal

scale

COV-BARRIER Global Multicenter, random-

ized, double-blind,

placebo controlled,

parallel-group, phase

3 trial

June 11, 2020, to

Jan 15, 2021

60 days Patients aged ≥18 years of

age, were hospitalized

with laboratory confirmed

SARS-CoV-2 infection, had

evidence of pneumonia

or active and symptom-

atic COVID-19, and had at

least one elevated inflam-

matory marker (C-reactive

protein, D-dimer, lactate

dehydrogenase, or

ferritin)

Proportion who

progressed to

high-flow oxy-

gen, non-inva-

sive ventilation,

invasive

mechanical ven-

tilation, or death

by day 28

COV-BARRIER

(Severe)

Global Multicenter, random-

ized, double-blind,

placebo controlled,

parallel-group, phase

3 trial

December 23,

2020, to April 10,

2021

60 days Eligible participants were

≥18 years of age, hospi-

talized with laboratory-

confirmed SARS-CoV-2

infection, use of IMV or

ECMO at study entry and

randomization, had evi-

dence of pneumonia or

clinical symptoms of

COVID-19, and had at

least one elevated inflam-

matory marker above the

upper limit of normal

range based on the local

laboratory result (C-reac-

tive protein, D-dimer, lac-

tate dehydrogenase, or

ferritin)

All-cause mortality

through days 28

and 60, and

number of venti-

lator-free days,

duration of hos-

pitalization, and

time to recovery

through day 28

RECOVERY UK Randomized, con-

trolled, open-label,

platform trial.

February 2, to

December 29,

2021

180 days Clinically suspected or labo-

ratory confirmed SARS-

CoV-2 infection in

patients > 2 years

28-day mortality

Table 2: Study Design and Criteria.

Articles

6 www.thelancet.com Vol 49 Month July, 2022



Figure 2. Forest plots for primary and secondary outcomes. A: 28-day mortality outcome B: Progression to respiratory failure need-
ing positive pressure ventilation, IMV or death C: Progression to IMV or ECMO D: Duration of hospitalisation E: Time to recovery.
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severe COVID-19, particularly those requiring high flow
oxygen or mechanical ventilation.32 Our results in this
updated meta-analysis of randomised controlled trials
are similar to the results published in the prior meta-
analyses.

The hyperinflammatory phase in COVID-19 involves
several cytokines. Baricitinib interrupts cytokines sig-
naling pathway, including IL-2, IL-6, IL-10, INF-Y, and
GM-CSF, resulting in reduction of downstream
immune cell function.33 In the ACTT-2 trial, combina-
tion treatment with baricitinib and remdesivir did not
reveal mortality benefit when compared to remdesivir
treatment alone. With concomitant dexamethasone
www.thelancet.com Vol 49 Month July, 2022
administration, there may be a synergistic effect on
other inflammatory pathways additionally.9 In the
COV-BARRIER trial, baricitinib plus standard of care
showed a 38¢2% relative reduction in 28-day mortality
compared with placebo plus standard of care.18 In the
RECOVERY trial, 12% of the patients allocated to bariciti-
nib group died compared to 14% of allocated to usual care
within 28 days. 23% of the patients received tocilizumab
concurrently, and only »20% of the patients received
remdesivir.17 Greater than 80% patients in the COV-BAR-
RIER trials and > 90% of the patients in RECOVERY trial
received corticosteroids/dexamethasone.17,18 Our meta-
analysis is congruent with these results and showed
7
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mortality benefit with baricitinib when used in conjunc-
tion with dexamethasone and/or IL-6 inhibitors.

The primary outcome of the COV-BARRIER trial -
progression to high-flow oxygen, non-invasive ventila-
tion, invasive mechanical ventilation, or death by day
28, was not met.18 In the ACTT-2 trial, there was a
higher likelihood of improved clinical status at day 15 in
the combination group patients compared to those that
received only remdesivir.9 In the RECOVERY trial, 7%
of the patients in the baricitinib group progressed to
IMV or ECMO compared to 8.3% of the patients in the
usual care group.17 Our meta-analysis showed that
patients treated with baricitinib had reduced progres-
sion to IMV or ECMO compared to standard care.
Improvement in clinical status was most noticeable
among patients with moderate to severe disease, that is
in hospitalised patients on high flow oxygen or noninva-
sive ventilation (WHO group 6 and above).34 Baricitinib
has a short half-life, acts on targeted pathways to reduce
inflammation and biologic redundancy with less immu-
nosuppression. The peak concentrations of baricitinib
are rapidly achieved within half to one hour following
administration. However, plasma concentrations
decline rapidly following attainment of peak concentra-
tions, with a mean terminal half-life of 5 to 7 hours.35

This may explain why approximately 22% of the COV-
BARRIER participants progressed on the first day.18

However, steady state plasma concentrations of bariciti-
nib are usually achieved after the second day of once
daily dosing, with minimal accumulation in plasma.

The Infectious Diseases Society of America (IDSA)
issued a moderate recommendation for the use of bari-
citinib along with remdesivir and corticosteroids in
patients with severe or critical COVID-19 infection.
They recommended against usage of baricitinib in addi-
tion to IL-6 receptor inhibitors such as tocilizumab due
to lack of any clinical studies evaluating combination
therapy.36 In January 2022, the World Health Organiza-
tion (WHO) included a strong recommendation for
using baricitinib as an alternative to an IL-6 receptor
blocker, in combination with corticosteroids, in patients
with severe or critical conditions COVID-19.37 In Febru-
ary 2022, the National Institutes of Health (NIH)
updated its guidelines recommending the use of barici-
tinib for patients on dexamethasone who have rapidly
increasing oxygen needs and systemic inflammation.
The Panel recommended against the use
of baricitinib in combination with IL-6 receptor inhibi-
tors to treat COVID-19.38 In total, the results of our
meta-analysis strengthen the evidence that baricitinib
when used along with dexamethasone and/or IL-6
inhibitors, can reduce mortality, time to discharge, and
progression to mechanical ventilation.

Our meta-analysis has certain limitations. Firstly, the
number of patients in the RECOVERY trial was much
higher than other RCTs.17 Secondly, there were differ-
ences in enrollment criteria, heterogeneity of clinical
practice across different geographical regions, and dif-
ferences in measuring clinical progression. There was
also substantial heterogeneity in the statistical analysis.
Thirdly, one of the included trials had an open-label
design, implying a high risk of performance and selec-
tion bias due to the lack of blinding of participants and
personnel to intervention.17 Lastly, as the pandemic has
evolved, so has the use of concomitant therapy across
trials. In the ACTT-2 trial, there was limited use of corti-
costeroids at baseline.9 In the RECOVERY trial, there
was limited use of remdesivir at baseline.17 Other fac-
tors that may differ between the trials include the pre-
dominant circulating SARS-CoV-2 variant(s) and the
prevalence of SARS-CoV-2 vaccination.

In conclusion, our meta-analysis suggests bariciti-
nib, when used along with dexamethasone and/or anti-
IL6 inhibitor, could be an effective therapeutic option
with favorable evidence on reduced mortality, shortened
duration of hospitalization, and early discharge from
hospital. Future studies could assess the effect of barici-
tinib at higher doses or with a loading dose to prevent
progression events. Head-to-head trials and platform tri-
als comparing the efficacy of baricitinib to tocilizumab
(in addition to use of baricitinib with and without use of
other immunomodulators) could also be considered.
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