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1 | INTRODUCTION

The severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2/
coronavirus disease-2019 [COVID-19]) pandemic has emerged as an
extraordinary public health challenge. According to the World Health
Organization's latest weekly epidemiological update on COVID-19
(September 7, 2021), the cumulative number of cases reported
globally since 2019 currently exceeds 220 million. Additionally, the

number of deaths caused by this infection has surpassed 4.5 million.

Yifan Xu | Lijie Qin |

clinical
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The benefits of baricitinib in coronavirus disease-2019 are inadequately defined.

We performed a systematic review and meta-analysis of studies of baricitinib to

efficacy and adverse events in patients with

COVID-19. Databases were searched from their inception to September 5, 2021.
The primary outcome was the coefficient of mortality. We also compared secondary
indicators and adverse events between baricitinib treatment and placebo or other
treatments. Twelve studies of 3564 patients were included and assessed qualita-
tively (modified Jadad and Newcastle-Ottawa Scale scores). Baricitinib effectively
improved the mortality rate (relative risk of mortality = 0.56; 95% confidence in-
terval: 0.46-0.69; p <0.001; I? = 2%), and this result was unchanged by subgroup
analysis. Baricitinib improved intensive care unit admission, the requirement for
invasive mechanical ventilation, and improved the oxygenation index. Data from
these studies also showed that baricitinib slightly reduced the risk of adverse events.
Regarding the choice of the drug dosage of baricitinib, the high-dose group appeared
to have additional benefits for clinical efficacy. Our study shows that baricitinib may
be a promising, safe, and effective anti-severe acute respiratory syndrome-

coronavirus-2 drug candidate, with the advantages of low cost, easy production, and

baricitinib, COVID-19, efficacy, JAK-inhibitor, safety

The number of new cases has been increasing globally over the past
two months, even as vaccines have been administered in multiple
countries, with more than 4.4 million cases reported in the past week
(30 August-5 September 2021)." Vaccines are still lacking in many
low- and middle-income countries. Therefore, effective treatments
need to be found before a vaccine is widely developed and used in
countries worldwide. The leading cause of death of COVID-19 is
acute respiratory distress syndrome, while a cytokine storm is

thought to be the leading cause of multiple organ failure and acute

Zhiwei Lin, Jianyi Niu, and Yifan Xu contributed equally to this study.

J Med Virol. 2022;94:1523-1534.

wileyonlinelibrary.com/journal/jmv

© 2021 Wiley Periodicals LLC 1523


mailto:zhlx09@163.com

1524
—‘—Wl LEY-

LIN ET AL.

MEDICAL VIROLOGY

respiratory distress syndrome.? Upon viral infection, sustained ex-
cessive secretion of proinflammatory cytokines leads to dysregula-
tion of the innate immune system, and this cytokine storm attracts
large numbers of inflammatory cells to infiltrate the lungs, ultimately
causing immune damage.® Secretion of cytokines, such as interleukin
(IL)-1B, IL-6, tumor necrosis factor-a, and IL-1,8, is significantly in-
creased in patients with COVID-19.*

Signal transducer and activator of transcription (STAT) signaling is a
major cellular signaling pathway involved in the inflammatory response.”
Accordingly, effective inhibition of cytokine storms is crucial for pre-
venting severe COVID-19 complications and reducing mortality.
Baricitinib appears to be a safe and efficacious drug for treating
COVID-19 infections. Baricitinib is a Janus kinase (JAK1/JAK2) inhibitor
developed to treat patients suffering from rheumatoid arthritis.® JAK-
STAT signaling is critical to multiple cellular processes, including survival,
differentiation, and proliferation.” The JAK-STAT pathways control the
magnitude and duration of cytokine signaling to Type | and Type |l
cytokine receptors. Several inflammatory factors are involved in the pa-
thogenesis of malaria through JAK-STAT pathways, including IL-6 and
granulocyte-macrophage colony-stimulating factors. JAK1 and JAK2 in-
hibitors target these signaling pathways, which suppress the activation of
inflammatory cells and reduce acute inflammatory responses.

On November 19, 2020, baricitinib received emergency author-
ization from the US Food and Drug Administration for use in com-
bination with Remdesivir to treat hospitalized or suspected patients
with COVID-19. This emergency Food and Drug Administration au-
thorization was based on a clinical trial conducted by the National
Institute of Allergy and Infectious Diseases (ACTT-2).° This trial
showed that the combination of baricitinib and Remdesivir reduced
mortality over a 28-day treatment period compared with Remdesivir
alone. Recently, new data from a randomized, controlled trial (RCT)
showed that the 28-day all-cause mortality rate was 8% (n = 62) for
baricitinib and 13% (n=100) for placebo (hazard ratio [HR] =0.57;
95% confidence interval [Cl]: 0.41-0.78; p =0.0018), with a 38.2%
relative reduction in mortality.” This result supports the use of bar-
icitinib in patients with COVID-19.

The clinical use of baricitinib in patients with COVID-19 remains
questionable. Although previous meta-analyses of JAK inhibitors

d,’°"2 none of them examined the clinical effi-

have been publishe
cacy and adverse events of baricitinib, and only one RCT® was in-
cluded in these studies. Therefore, the clinical efficacy and adverse

events of baricitinib still need to be investigated.

2 | METHODS

This is a systematic review and meta-analysis study of clinical trials and
observational studies. Append research in this systematic review and
meta-analysis were chosen as most likely attaining the coming criteria:
follow the PICO framework (P, Populations—hospitalized coronavirus
disease 2019 patients; |, Interventions—treatment with baricitinib;
C, Comparator/Control—a group of patients who only receive standard
of care therapy or any other medications as control/placebo and did

not receive treatment with baricitinib; O, Outcomes—mortality,
intensive care unit admission, the requirement for invasive mechan-
ical ventilation, the oxygenation index, choice of the drug dosage, and
the risk of adverse events), The Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) criteria’® were
followed.

2.1 | Inclusion and exclusion criteria

Studies that met all the following criteria were included: (1) the studies
were in the English language, and baricitinib was used alone or with other
therapies in patients with COVID-19; (2) the efficacy and safety of bar-
icitinib were investigated in adults with COVID-19; (3) clinical outcomes
of interest (all-cause mortality, disease severity, intensive care unit [ICU]
admission, invasive mechanical ventilation, and adverse events) were re-
ported; (4) case-control, cohort, and randomized or non-randomized
clinical trial research were contained; (5) all studies besides correspon-
dence or review articles, case-series or case report studies, studies re-
ported other than in English language, research focusing on children

below 18 years old were excluded.

2.2 | Search strategy and study quality assessment
PubMed, Embase, Clinical Trial, and Web of Science were searched
from inception to September 5, 2021 by three investigators (ZL, JN,
and YX). We used the keywords “Baricitinib” AND “SARS-CoV-2,” OR
“coronavirus disease 2019” OR “Covid-19.” The search terms are
detailed in the Appendix. These investigators independently screened
titles and abstracts generated by the search. After selection, full

electronic articles were then carefully evaluated for data extraction.

2.3 | Data extraction and quality assessment

Three authors (ZL, JN, and YX) extracted data independently using
predefined standardized forms. Each full article that met the inclusion
criteria was carefully reviewed, and the following baseline informa-
tion was extracted: first author, publication year, study type, number
of total participants, number of participants receiving baricitinib,
number of participants receiving other drugs, and the modified
Jadad™ or Newcastle-Ottawa Scale (NOS) score.’®> The outcome
measures were mortality, intensive care unit admission, the require-
ment for invasive mechanical ventilation, the oxygenation index,
choice of the drug dosage, and the risk of adverse events.

Three authors assessed the quality of each study involved in this
review independently. Randomized studies and clinical trials included in
the final analyses were scored by one investigator (ZL) to formally assess
the risk of bias using the modified Jadad score. Non-randomized studies
included in the final analyses were scored by one investigator (JN) using
the Newcastle-Ottawa Scale (NOS). There was adjudication by one in-
vestigator (YX) when there was disagreement.
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The modified Jadad scale was used to evaluate the quality of
clinical trials, including the randomization (0 or 2), blinding (O or 2),
description of withdrawals and dropouts (0 or 1), inclusion/exclusion
criteria (0 or 1), adverse effects (0 or 1), and statistical analysis (O or 1)
of each study. The studies were scored from O to 8, and 1-3 signified
low-quality while 4-8 signified high-quality."® NOS was used to
evaluate the quality of observational studies. The representativeness
of the exposed cohort (0 or 1), selection of the nonexposed cohort
(0 or 1), ascertainment of exposure (0 or 1), none of the subjects had
the disease they were studying at the start of the study (O or 1),
comparability (O or 1), noncomparability (O or 1), method (O or 1),
follow-up time (O or 1), and adequacy of follow-up of cohorts (O or 1)
were reported for the NOS score. Research is graded as good quality

if it scores 27.17

2.4 | Data analysis

Forest plots were generated using Review Manager V.5.3 software
(Cochrane Collaboration). To calculate the risk ratio (RR) and its 95%
95% ClI for the mortality, ICU admission, mechanical ventilation, and
adverse events outcomes, we utilize Mantel-Haenszel's formula. We
used the Inverse Variance method to obtain the mean difference
(MD) and its standard deviations (SDs) for the oxygenation index
outcome. The I? statistic was exerted to assess the heterogeneity
with a value of <25% considered a low degree of heterogeneity,
26%-50% moderate degree of heterogeneity, and >50% considered
a high degree of heterogeneity. Because of the small number of
studies, we did not test publication bias as any test would have low

power to distinguish chance from real asymmetry.*®

3 | RESULTS

3.1 |
studies

Design and quality assessment of included

The PRISMA flow diagram is shown in Figure 1. We initially identified
512 articles. We then identified 46 highly relevant articles by
searching titles and abstracts and eliminating repetitions. After ex-
amining the content further, 12 studies comprising 3564 pa-

tients®?17 28

remained. Out of 12 pieces of research, two were
double-blind, randomized clinical trials, four were non-randomized
clinical trials, and six were prospective cohort research and retro-
spective cohort research Figure 2. The quality assessment is shown in

Figure 3A,B.

3.1.1 |
studies

Baseline characteristics of the included

The studies included data on the first author, publication year, study
type, number of total participants, number of participants receiving
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baricitinib, and number of participants receiving other drugs

(Figure 2). See Figure 3, for the modified Jadad scale and NOS scale.

3.2 | Meta-analysis results for clinical efficacy

3.2.1 | Mortality outcomes

The outcome of mortality in the baricitinib group versus the control

groups is shown in Figure 4A. Nine studies®?:1%:20:23-25.27.28

including
3827 patients reported the mortality rate. Pooled results showed that
baricitinib had a lower mortality rate compared with that in the
control groups (relative risk [RR]=0.56; 95% CI: 0.46-0.69;
p<0.001; 1?=2%; Figure 4A). Three studies of 2632 pa-

tients®??7

reported the effect of baricitinib versus placebo in pa-
tients (RR=0.63; 95% Cl: 0.49-0.81; p < 0.001; I? = 0%; Figure 4B).
Three studies of 582 patients?®?>?® reported the effect of baricitinib
versus hydroxychloroquine in patients (RR = 0.29; 95% Cl: 0.14-0.60;

p < 0.001; I? = 49%; Figure 4B).

3.2.2 | ICU admission outcomes

19.24-27 reported ICU admission and included 672 pa-

Five studies
tients. Baricitinib significantly reduced the requirement of ICU sup-
port in patients with COVID-19 (RR=0.12; 95% Cl: 0.04-0.31;

p < 0.001; I? = 15%; Figure 5A).

3.2.3 | Invasive mechanical ventilation outcomes

Three studies®?>2”

reported invasive mechanical ventilation and in-
cluded 1193 patients. Baricitinib significantly reduced the require-
ment of invasive mechanical ventilation in patients with COVID-19

(RR=0.67; 95% Cl: 0.49 - 0.91; p <0.01; I? = 0%; Figure 5B).

3.24 |
outcomes

Noninvasive mechanical ventilation

Pooled data from two studies®?® of 903 patients showed that the
requirement of noninvasive mechanical ventilation was similar be-
tween the baricitinib group and the control groups (RR = 1.50; 95%
Cl: 0.40-5.55; p =0.54; > = 87%; Figure 5C).

3.2.5 | Oxygenation index outcomes

2025-27 including 332 patients investigated the effect of
baricitinib on the oxygenation index (Ol); MD =104.88 (95% Cl:
86.56-123.21; p < 0.001; I = 0%; Figure 5D). Baricitinib significantly
increased the oxygenation index at discharge compared with

Four studies

admission.
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FIGURE 1 PRISMA flow diagram

3.3 | Meta-analysis results of adverse events

patients that examined the effect of baricitinib on the rates of deep

When we examined adverse events caused by baricitinib treatment in
patients with COVID-19, we found some common adverse events,
such as infections, embolism events, liver dysfunction, renal and ur-
inary disorders, and mental disorders. Therefore, we performed
subgroup analysis of the different adverse events.

89.19.2327 including 3132 patients investigated the

Six studies
effect of baricitinib on infections. In the baricitinib group, the risk of
infections was marginally reduced compared with that in the control
groups (RR = 0.80; 95% Cl: 0.66-0.96; p < 0.05; I? = 45%; Figure 6).
In two RCTs®? with 2558 participants, baricitinib decreased the risk
of serious adverse events compared with controls (RR =0.81; 95% Cl:
0.68-0.96; p < 0.05; I? = 0%; Figure 6).

8.9.19.23 including 2867 patients investigated the ef-

Four studies
fect of baricitinib on embolism events. The baricitinib group had the
same risk of embolism events as the control groups (RR =1.23; 95%
Cl: 0.80-1.90; p=0.34; 1°=0%; Figure 7). We also included two

studies®” with 2558 patients and four studies®”??® with 2867

venous thrombosis (RR = 1.67; 95% Cl: 0.74-3.80; p = 0.22; I? = 0%:
Figure 7) and pulmonary embolism (RR=1.83; 95% CI: 0.90-3.71;
p =0.10; 2 = 0%; Figure 7). The pooled results showed no significant
differences between the baricitinib group and the control groups in
these outcomes.

We included four studies®?° 27 with 1322 patients that in-
vestigated the effect of baricitinib on liver dysfunction. The
baricitinib group appeared to be similar to the control groups in
causing liver dysfunction (RR =1.11; 95% Cl: 0.60-2.04; p =0.73;
12 = 66%; Figure 8). Two studies®*? including 1154 patients ex-
amined the effect of baricitinib on mental disorders. A meta-
analysis did not show any significant difference in the rate of
mental disorders between the baricitinib group and control
groups (RR =0.93, 95% Cl: 0.30-2.87; p=0.12; I? = 0%; Figure 8).
Finally, the baricitinib group appeared to be similar to the control
groups regarding the rate of renal and urinary disorders in three
studies®'”?® including 1342 patients (RR=1.04; 95% Cl:
0.75-1.46; p = 0.80; I? = 0%: Figure 8).
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First Author Year Study Type Total Baricitinib group | Control Scale
Andre C. Kalil 2021 RCT 1033 515 518 Jadad scale: 8
Vincent C Marconi 2021 RCT 1525 764 761 Jadad scale: 8
Jose Luis Rodriguez-Garcia | 2021 Clinical Trial 101 51 50 Jadad scale: 4
Vincenzo Bronte 2021 Clinical Trial 76 20 56 Jadad scale: 4
Md. Jahidul Hasan 2021 Clinical Trial 238 122 116 Jadad scale: 6
Md. Jahidul Hasan 2020 Clinical Trial 37 20 17 Jadad scale: 5
Eduardo Pérez-Alba 2020 Observational 99 74 25 NOS scale: 8
José Rosasa 2021 Observational 29 12 17 NOS scale: 8
Fabrizio Cantini 2020 Observational 191 113 78 NOS scale: 9
Fabrizio Cantini 2020 Observational 24 12 12 NOS scale: 9
Justin Stebbring 2020 Observational 112 62 50 NOS scale: 9
Marco Falcone 2020 Observational 99 74 25 NOS scale: 8
FIGURE 2 Included studies
These findings suggested that the safety of baricitinib treatment 4 | DISCUSSION

was almost identical to that in controls. Additionally, baricitinib
treatment resulted in a lower risk of infections and serious adverse

events than in controls.

3.4 | Additional baricitinib loading dose

Previous studies®'%?

suggested that an additional baricitinib loading
dose improved the clinical outcome of COVID-19. An 8-mg daily oral
dose of baricitinib resulted in early stabilization of respiratory func-
tion, a decline in the requirement of critical care support, and reduced
rehospitalization and mortality rates compared with the usual 4-mg
daily oral dose of baricitinib in severe COVID-19 pneumonia. Hasan
et al.”"?? did two studies, one of which was blood oxygen saturation
level was stabilized (294% on room air) earlier in the high dose (HD)
group compared to the usual dose (UD) group (5 [IQR: 4-5]/8 [IQR:
6-9], p < 0.05). Patients in the HD group required intensive care unit
(ICU) and intubation supports more in the UD group than that in
patients of the HD group (17.2%/9%, p < 0.05; 11.2%/4.1%, p > 0.05;
N=116/122, respectively). The 30-day mortality and 60-day re-
hospitalization rate were higher in the UD group than the HD group
(6%/3.3%, p<0.01; 11.9%/7.6%, p>0.05; N=116/122, respec-
tively). And the other was the requirement of intensive care unit and
mechanical ventilation support was higher in the control group than
in the case group (29.4% [N=17]/10% [N =20], p<0.05; 11.8%
[N=17]/5% [N = 20], p > 0.05], respectively).

To the best of our knowledge, this is the first systematic review and
meta-analysis of the efficacy and safety of baricitinib as a potential
therapeutic candidate for SARS-CoV-2. We found that baricitinib use was
associated with a significant reduction in mortality in patients with
COVID-19. Baricitinib reduced the risk of death in patients compared
with patients with placebo and hydroxychloroquine, which further vali-
dated our findings. Additionally, the risk of ICU admission, the require-
ment for invasive mechanical ventilation, and the discharge oxygenation
index were significantly improved after using baricitinib in patients with
COVID-19. Moreover, benefits were observed with baricitinib treatment
4 mg daily, but a more robust benefit was observed with baricitinib 8 mg
daily. We also found no clinically meaningful differences in safety be-
tween the baricitinib group and the control groups. Baricitinib also had a
reduced risk of new infections and serious adverse events compared with
that in controls.

In contrast to three previously published meta-analyses'® *? that
summarized published studies of JAK inhibitors, in our study, we
specifically focused on the clinical efficacy and adverse events of
baricitinib. We included two recent multicenter, double-blind, ran-
domized, placebo-controlled trials, and several recent high-quality,
observational studies of baricitinib to improve the validity of our
conclusions. We also performed a detailed analysis of the rates of
adverse events and serious adverse events and the effect of different
baricitinib doses. This more detailed analysis has more clinical sig-
nificance compared with other related studies.
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2021 Justin Stebbing
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Study cohort selection

Representativeness of the Exposed Cohort

Selection of the non-exposed cohort

Ascertainment of Exposure

None of the subjects had the disease they were studying at the start of the study

Comparability

Comparability

Non-comparability

Outcome

Method

Follow-Up time

Adequacy of Follow Up of Cohorts

Score

Newcastle-Ottawa Scale (NOS) (Research is graded as good quality if it scores =7)

FIGURE 3 Bias risk assessment
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Experimental Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI

Andre C. Kalil 2021 24 515 37 518 16.3% 0.65 [0.40, 1.07] —T

Eduardo Pérez-Alba 2021 25 123 30 74 16.6% 0.50[0.32, 0.78] —_—

Fabrizio Cantini 2020 0 113 5 78 2.9% 0.06 [0.00, 1.12] ¢—
Jose Luis Rodriguez-Garcia 2020 5 117 11 270 2.9% 1.05 [0.37, 2.95] =S
José Rosasa 2020 2 12 6 17 2.2% 0.47[0.11, 1.95] —

Justin Stebbing 2021 1 37 4 37 1.8% 0.25[0.03, 2.13] ¢

Marco Falcone 2020 5 40 65 275 7.3% 0.53[0.23, 1.23] —r

Vincent C Marconi 2021 64 764 100 761 44.3% 0.64 [0.47, 0.86] —-

Vincenzo Bronte 2020 1 20 25 56 5.8% 0.11 [0.02,0.77] ¢

Total (95% CI) 1741 2086 100.0% 0.56 [0.46, 0.69] <

Total events 127 283

Heterogeneity: Chi’ = 8.18, df = 8 (P = 0.42); I> = 2% o ?05 012 5 210
Test for overall effect: Z = 5.47 (P < 0.00001) Favours [Baricitinib] Favours [control]

(B) Experl . . . .
xperimental Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI

1.2.1 Baricitinib verse Placebo

Andre C. Kalil 2021 24 515 37 518 26.1% 0.65 [0.40, 1.07] =

Justin Stebbing 2021 1 37 4 37 2.8% 0.25[0.03, 2.13]

Vincent C Marconi 2021 64 764 100 761 71.0% 0.64 [0.47, 0.86]) : 3

Subtotal (95% CI) 1316 1316 100.0% 0.63 [0.49, 0.81] 3

Total events 89 141

Heterogeneity: Chi? = 0.74, df = 2 (P = 0.69); I* = 0%

Test for overall effect: Z = 3.57 (P = 0.0004)

1.2.2 Baricitinib verse Hydroxychloroquine

Fabrizio Cantini 2020 0 113 5 78 18.0% 0.06 [0.00, 1.12] ¢ -

Marco Falcone 2020 5 40 65 275 45.6% 0.53[0.23, 1.23] ——

Vincenzo Bronte 2020 1 20 25 56 36.4% 0.11 [0.02, 0.77] L

Subtotal (95% CI) 173 409 100.0% 0.29 [0.14, 0.60] B

Total events 6 95

Heterogeneity: Chi? = 3.91, df = 2 (P = 0.14); I’ = 49%

Test for overall effect: Z = 3.35 (P = 0.0008)

0.02 0.1 10 50

Favoul;s [Baricitinib] Favours [control]

Test for subgroup differences: Chi* = 3.87, df = 1 (P = 0.05), I’ = 74.2%

FIGURE 4 Mortality outcomes

Previous studies'® *? have suggested that new-onset infections
and thrombotic events are the main adverse events with baricitinib
treatment. However, our meta-analysis showed that the incidence of
new-onset infections was reduced by baricitinib treatment compared
with controls. This may be due to the accelerated recovery of pa-
tients using baricitinib,>”° or to the fact that the included studies
used baricitinib for a short period of time, and we look forward to
more studies in the future. Similar results were also shown in two
RCTs, COV-BARRIER and ACTT-2, which included 2558 patients,
especially regarding the incidence of serious adverse events. How-
ever, our study showed no significant difference in other common
adverse reactions between baricitinib treatment and controls.

Baricitinib (C14H17N705S), an adenosine triphosphate competi-
tive kinase inhibitor that selectively, strongly, and reversibly inhibits
JAK1 and JAK2 enzymes, was predicted to be a potential therapeutic
agent against SARS-CoV-2 using artificial intelligence algorithms.®*
Baricitinib inhibits the intracellular signaling pathway of cytokines
that are elevated in severe COVID-19, including IL-2, IL-6, IL-10,
interferon-y, and granulocyte-macrophage colony-stimulating fac-
tor.>? Baricitinib acts against SARS-CoV-2 by impairing AP2-
associated protein kinase 1 and preventing SARS-CoV-2 cellular

entry and infectivity.>®> Baricitinib also improves the lymphocyte
count in patients with COVID-19.>* Furthermore, baricitinib has few
interactions with other drugs, and excretion rates are largely un-
changed, making it useful for older adults with underlying disease.>®

JAK inhibitors (JAKinibs) are biological agents that inhibit Type
I/11 cytokine receptors. They are currently used to treat a number of
diseases, and second-generation selective Jakinibs are being de-
signed and studied.* Baricitinib, fedratinib, and ruxolitinib are highly
potent selective JAK inhibitors approved for indications such as

3738 all three

rheumatoid arthritis (RA) and some serious skin diseases,
of which are powerful anti-inflammatory agents. Current studies
show that baricitinib is the most suitable of the three for the treat-
ment of COVID-19 in terms of its clinical efficacy and few side ef-
fects. Due to the low plasma protein binding rate of baricitinib, with
only 50% plasma protein (plasma protein binding of ruxolitinib: 97%/
fedratinib: 95%),%” and the least interaction with cytochrome P450
enzymes and drug transporters, it has great potential in combination
with other drugs to treat COVID-19. For example, Khan and
Durairaj*® advocate the combination of baricitinib with methotrexate
(MTX) in the treatment of COVID-19. MTX and chloroquine were the

most common drugs in the control group. MTX inhibits the
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Test for subgroup differences: Chi? = 0.02, df = 1 (P = 0.89), I* = 0%

Infections and serious adverse events

1530 LIN €T AL
WILE Y~ MEDICAL VIROLOGY
(A) . P .
Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Fabrizio Cantini 2020 0 113 14 78 48.1% 0.02 [0.00,0.39] —@——
Fabrizio Cantini 2 2020 0 12 4 12 12.6% 0.11 [0.01, 1.86] —
Jose Luis Rodriguez-Garcia 2020 2 117 13 270 22.1% 0.36 [0.08, 1.55] ———
José Rosasa 2020 0 12 0 17 Not estimable
Justin Stebbing 2021 0 23 5 18 17.2% 0.07 [0.00, 1.22] -_—
Total (95% CI) 277 395 100.0% 0.12 [0.04, 0.31] i
Total events 2 36
Heterogeneity: Chi? = 3.54, df = 3 (P = 0.32); I = 15% k + + {
i 0.001 0.1 10 1000
Test for overall effect: Z = 4.29 (P < 0.0001) Favours [Baricitinib] Favours [control]
(B) ) . ) ) )
Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Andre C. Kalil 2021 46 461 70 461 76.5% 0.66 [0.46, 0.93] E 3
Eduardo Pérez-Alba 2021 15 123 10 74  13.6% 0.90 [0.43, 1.90] e
Justin Stebbing 2021 4 37 9 37 9.8% 0.44 [0.15, 1.32] —1
Total (95% CI) 621 572 100.0% 0.67 [0.49, 0.91] &
Total events 65 89
v Chi2 = - - R = I + t J
s e by S = fh
2T G e Favours [Baricitinib] Favours [control]
() . R .
Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Andre C. Kalil 2021 70 358 82 348 55.4% 0.83 [0.63, 1.10]
Eduardo Pérez-Alba 2021 26 123 5 74 44.6% 3.13 [1.26, 7.79] —
Total (95% CI) 481 422 100.0% 1.50 [0.40, 5.55]
Total events 96 87
T2 . Chiz — _ - 2= ; - } : i
_Il-_let:rfogeneltyl.lTaf;n t— 3280 (Gtrlu(P _7(.)6;)‘,‘;1f 1(P=0.006); | 87% 0.001 o1 1 10 1000
est Tor:overan eiect. £ =0« =0 Favours [Baricitinib] Favours [control]
(D)
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Fabrizio Cantini 2020 389.1 99.34945 113 289.2667 53.55187 78 70.5% 99.83 [78.00, 121.67] -
Fabrizio Cantini 2 2020  395.3666667 123.6096504 12 254.1 173.0031946 12 2.3% 141.27[20.96, 261.57)
Justin Stebbing 2021 397.2667 119237 23 255.6 161.696 18  4.2% 141.67 [52.48, 230.85)
Vincenzo Bronte 2020 328.6 63.66811138 20 218.6666667 99.67911445 56 23.0% 109.93 [71.72, 148.15) —
Total (95% CI) 168 164 100.0% 104.88 [86.56, 123.21] -
Heterogeneity: Chi’ = 1.28, df = 3 (P = 0.73); I = 0% + +
Test for overall effect: Z = 11.22 (P < 0.00001) '2°Eavou;§‘[’3°m,°,]°,avou,‘s",gmmii,?;’,
FIGURE 5 Secondary indicators
Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
11.1.1 Infections and infestations
Andre C. Kalil 2021 30 515 57 518 26.3% 0.53 [0.35, 0.81] —
Eduardo Pérez-Alba 2021 19 123 20 74  11.6% 0.57 [0.33, 1.00] —_—
Fabrizio Cantini 2020 2 113 0 78 0.3% 3.46 [0.17, 71.20] >
Jose Luis Rodriguez-Garcia 2020 2 62 4 50 2.0% 0.40 [0.08, 2.11] ¢
Justin Stebbing 2021 ) 37 6 37 2.8% 0.83 [0.28, 2.49]
Vincent C Marconi 2021 119 764 123 761 57.0%  0.96[0.76, 1.21] —
Subtotal (95% CI) 1614 1518 100.0% 0.80 [0.66, 0.96] <>
Total events 177 210
Heterogeneity: Chi? = 9.09, df = 5 (P = 0.11); I = 45%
Test for overall effect: Z = 2.42 (P = 0.02)
11.1.2 Serious adverse events
Andre C. Kalil 2021 81 515 107 518 45.0% 0.76 [0.59, 0.99] —
Vincent C Marconi 2021 111 764 130 761 55.0%  0.85[0.67, 1.07] —
Subtotal (95% CI) 1279 1279 100.0%  0.81 [0.68, 0.96] ®
Total events 192 237
Heterogeneity: Chi’ = 0.38, df = 1 (P = 0.54); I’ = 0%
Test for overall effect: Z = 2.37 (P = 0.02)
01 0.2 0.5 2 5 10

Favours [experimental] Favours [control]
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Favours [experimental] Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
12.1.1 Embolism
Andre C. Kalil 2021 21 515 16 518 43.4% 1.32 [0.70, 2.50] T
Eduardo Pérez-Alba 2021 4 123 1 74 3.4% 2.41[0.27,21.12]
Jose Luis Rodriguez-Garcia 2020 1 62 0 50 1.5% 2.43[0.10, 58.36]
Vincent C Marconi 2021 20 764 19 761 51.7% 1.05 [0.56, 1.95]
Subtotal (95% CI) 1464 1403 100.0% 1.23 [0.80, 1.90]
Total events 46 36

Heterogeneity: Chi’ = 0.85, df = 3 (P = 0.84); I’ = 0%
Test for overall effect: Z = 0.96 (P = 0.34)

12.1.2 Deep venous thrombosis

Andre C. Kalil 2021 11 515 7 518 77.7%  1.58[0.62, 4.05] ——
Vincent C Marconi 2021 4 764 2 761 22.3% 1.99[0.37,10.84] R B
Subtotal (95% CI) 1279 1279 100.0%  1.67 [0.74, 3.80] i

Total events 15 9

Heterogeneity: Chi? = 0.05, df = 1 (P = 0.81); I = 0%
Test for overall effect: Z = 1.23 (P = 0.22)

12.1.3 Pulmonary embolism

Andre C. Kalil 2021 5 515 1 518 8.4%  5.03[0.59, 42.90]

Eduardo Pérez-Alba 2021 3 123 1 74 10.6% 1.80[0.19, 17.03]

Jose Luis Rodriguez-Garcia 2020 1 62 0 50 4.7% 2.43[0.10, 58.36]

Vincent C Marconi 2021 13 764 9 761 76.3% 1.44 [0.62, 3.35] —il—
Subtotal (95% CI) 1464 1403 100.0% 1.83 [0.90, 3.71] e
Total events 22 11

Heterogeneity: Chi? = 1.20, df = 3 (P = 0.75); I’ = 0%
Test for overall effect: Z = 1.67 (P = 0.10)

0.01 0.1 10 100
Favours [experimental] Favours [control]

Test for subgroup differences: Chi? = 1.05, df = 2 (P = 0.59), I> = 0%

FIGURE 7 Embolism events

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
12.2.1 Liver dysfunction
Andre C. Kalil 2021 9 515 18 518 91.9%  0.50[0.23, 1.11] ——
Fabrizio Cantini 2020 4 113 0 78 3.0% 6.24[0.34, 114.22) »
Fabrizio Cantini 2 2020 1 12 0 12 2.6% 3.00 (0.13, 67.06]
Justin Stebbing 2021 7 37 0 37 2.6% 15.00 [0.89, 253.47] >
Subtotal (95% CI) 677 645 100.0% 1.11 [0.60, 2.04] B

Total events 21 18
Heterogeneity: Chi’ = 8.86, df = 3 (P = 0.03); I’ = 66%
Test for overall effect: Z = 0.34 (P = 0.73)

12.2.2 Mental disorders
Andre C. Kalil 2021 4 515 4 518 64.3% 1.01 [0.25, 4.00]

Jose Luis Rodriguez-Garcia 2020 2 62 2 50 35.7% 0.81[0.12, 5.52]

Subtotal (95% CI) 577 568 100.0% 0.93 [0.30, 2.87]

Total events 6 6
Heterogeneity: Chi? = 0.03, df = 1 (P = 0.85); I = 0%

Test for overall effect: Z = 0.12 (P = 0.91)

12.2.3 Renal and urinary disorders

Andre C. Kalil 2021 49 515 42 518 70.1% 1.17 [0.79, 1.74] -
Eduardo Pérez-Alba 2021 17 123 13 74 27.2% 0.79[0.41, 1.53] —
Jose Luis Rodriguez-Garcia 2020 0 62 1 50 2.8% 0.27 [0.01, 6.48]

Subtotal (95% CI) 700 642 100.0% 1.04 [0.75, 1.46] >

Total events 66 56

Heterogeneity: Chi? = 1.74, df = 2 (P = 0.42); I = 0%
Test for overall effect: Z = 0.25 (P = 0.80)

0.01 0.1 10 100
Favours [experimental] Favours [control]

Test for subgroup differences: Chi? = 0.08, df = 2 (P = 0.96), I* = 0%

FIGURE 8 Secondary adverse events

production of potentially toxic metabolic compounds (transmethyla- leading to accumulation of adenosine in cells and extracellular, de-
tion products) that accumulate in chronically inflamed tissues.** and creasing the secretion of TNF-B, IFN, and IL-6.*°> Another study
reduces intracellular glutathione, thus altering cellular redox states conducted by Stebbing et al.>” mentioned the combination of bar-
and decreasing macrophage recruitment and function.*” MTX has icitinib with direct-acting lopinavir/ritonavir, remdesivir, or other

been shown to have significant effects on neutrophil chemotaxis, antivirals. With a molecular weight of 371.42 Da,** baricitinib is
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available in tablet form, which is convenient for transport and sto-
rage. Otherwise, low-dose consumption of baricitinib (2-10 mg orally
once a day) in comparison to fedratinib (400 mg orally once a day)
makes it have better medication compliance. Baricitinib also has the
advantages of oral administration, a simple route of administration,
and a reasonable price, making it suitable for use in low- and middle-
income countries. Both chloroquine and the derivative molecule
hydroxychloroquine have in vitro activity against SARS-CoV and
SARS-CoV-2.%> Hydroxychloroquine is thought to impair the terminal
glycosylation of the angiotensin-converting enzyme 2 (ACE2)
receptor, which is the binding site for the envelope spike glycoprotein
and has been shown to inhibit endolysosome function. In addition,
hydroxychloroquine may have greater in vitro activity against SARS-
CoV-2 than chloroquine.*®

There are many limitations to our study as follows. First, although
two high-quality, multicenter RCTs were included, we also included
some high-quality observational studies. More multicenter, double-
blind, randomized trials are required to validate our results. Second,
the method of assessing the severity of patients at baseline was not
uniform across studies. Therefore, more studies using uniform eva-
luation methods for severity are still required. Third, the effect of
baricitinib treatment may be affected by other drugs taken simulta-
neously, and the results do not only reflect the clinical effect of
baricitinib. Fourth, most of the current studies on the safety of bar-
icitinib were short-term. Therefore, the incidence of more long-term
adverse reactions still needs to be further investigated. Finally, there
have been few studies on the optimal dose of baricitinib for SARS-
CoV-2. This optimal dose needs to be further explored in future
studies.

5 | CONCLUSIONS

Our study systematic review and meta-analysis that baricitinib
may represent a promising, safe, and effective anti-SARS-CoV-2
drug candidate, with the advantages of a low cost, easy produc-
tion, and convenient storage. In the future, investigation of the
clinical effects and safety of baricitinib in patients with SARS-
CoV-2 and investigation of different levels of severity and novel
variant strains will likely lead to the widely available precise use
of baricitinib.
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APPENDIX
PubMed

Search: ((COVID-19) OR (((((CCCCCCcccccceccecccccceccc(covip-19) OR
(COVID-19 Virus Disease)) OR (COVID-19 Virus Disease)) OR
(COVID-19 Virus Diseases)) OR (Disease, COVID-19 Virus)) OR (Virus
Disease, COVID-19)) OR (COVID-19 Virus Infection)) OR (COVID-19
Virus Infection)) OR (COVID-19 Virus Infections)) OR (Infection,
COVID-19 Virus)) OR (Virus Infection, COVID-19)) OR (2019-nCoV
Infection)) OR (2019 nCoV Infection)) OR (2019-nCoV Infections))
OR (Infection, 2019-nCoV)) OR (Coronavirus Disease-19)) OR (Cor-
onavirus Disease 19)) OR (2019 Novel Coronavirus Disease)) OR
(2019 Novel Coronavirus Infection)) OR (2019-nCoV Disease)) OR
(2019 nCoV Disease)) OR (2019-nCoV Diseases)) OR (Disease, 2019-
nCoV)) OR (COVID19)) OR (Coronavirus Disease 2019)) OR (Disease
2019, Coronavirus)) OR (SARS Coronavirus 2 Infection)) OR (SARS-
CoV-2 Infection)) OR (Infection, SARS-CoV-2)) OR (SARS CoV 2
Infection)) OR (SARS-CoV-2 Infections)) OR (COVID-19 Pandemic))
OR (COVID-19 Pandemic)) OR (COVID-19 Pandemics)) OR
(Pandemic, COVID-19))) AND ((baricitinib) OR (((LY3009104) OR
(Olumiant)) OR (INCB028050))).
Embase

Search: (‘covid-19:ab,ti OR ‘covid-19"ab,ti OR ‘covid-19 virus dis-
ease’:ab,ti OR ‘covid-19 virus disease:ab,ti OR ‘covid-19 virus dis-
eases’:ab,ti OR ‘disease, covid-19 virus’:ab,ti OR ‘virus disease, covid-
19"abti OR ‘covid-19 virus infection:ab,ti OR ‘covid-19 virus

infection:ab,ti OR ‘covid-19 virus infections:ab,ti OR ‘infection,
covid-19 virus:ab,ti OR ‘virus infection, covid-19":ab,ti OR ‘2019-ncov
infectionz:ab,ti OR ‘2019 ncov infection:ab,ti OR ‘2019-ncov in-
fections’:ab,ti OR ‘infection, 2019-ncovab,ti OR ‘coronavirus disease-
19"ab,ti OR ‘coronavirus disease 19":ab,ti OR ‘2019 novel coronavirus
disease”ab,ti OR ‘2019 novel coronavirus infection:ab,ti OR ‘2019-
ncov disease’:ab,ti OR ‘2019 ncov disease:ab,ti OR 22019-ncov
diseasesab,ti OR ‘disease, 2019-ncov’:ab,ti OR ‘covid19:ab,ti OR
‘coronavirus disease 2019:ab,ti OR ‘disease 2019, coronavirus':ab,ti
OR ‘sars coronavirus 2 infection’:ab,ti OR ‘sars-cov-2 infection’:ab,ti OR
‘infection, sars-cov-2"ab,ti OR ‘sars cov 2 infection’:ab,ti OR ‘sars-cov-2
infections:ab,ti OR ‘covid-19 pandemic’:ab,ti OR ‘covid 19 pandemi-
cab,ti OR ‘covid-19 pandemics’ab,ti OR ‘pandemic, covid-19":ab,ti)
AND (‘baricitinibab,ti OR ‘ly3009104"ab,ti OR ‘olumiant:ab,ti OR
‘incb028050":ab;ti).
Clinical Trial.gov

Search: Baricitinib AND COVID-19
Web of Science
(CCCCCCCcCccCeCoecceccectectecrs = (covIiD-19) ~ OR ~ TS=
(COVID-19)) OR TS = (COVID-19 Virus Disease)) OR TS = (COVID-19
Virus Disease)) OR TS=(COVID-19 Virus Diseases)) OR TS =
(Disease, COVID-19 Virus)) OR TS = (Virus Disease, COVID-19)) OR
TS =(COVID-19 Virus Infection)) OR TS =(COVID-19 Virus Infec-
tion)) OR TS=(COVID-19 Virus Infections)) OR TS = (Infection,
COVID-19 Virus)) OR TS =(Virus Infection, COVID-19)) OR
TS=(2019-nCoV Infection)) OR TS=(2019 nCoV Infection))
OR TS =(2019-nCoV Infections)) OR TS = (Infection, 2019-nCoV)) OR
TS = (Coronavirus Disease-19)) OR TS = (Coronavirus Disease 19)) OR
TS =(2019 Novel Coronavirus Disease)) OR TS =(2019 Novel Cor-
onavirus Infection)) OR TS =(2019-nCoV Disease)) OR TS =(2019
nCoV Disease)) OR TS =(2019-nCoV Diseases)) OR TS = (Disease,
2019-nCoV)) OR TS=(COVID-19)) OR TS =(Coronavirus Disease
2019)) OR TS =(Disease 2019, Coronavirus)) OR TS =(SARS Cor-
onavirus 2 Infection)) OR TS =(SARS-CoV-2 Infection)) OR TS=
(Infection, SARS-CoV-2)) OR TS=(SARS CoV 2 Infection)) OR
TS = (SARS-CoV-2 Infections)) OR TS=(COVID-19 Pandemic))
OR TS = (COVID-19 Pandemic)) OR TS = (COVID-19 Pandemics)) OR
TS = (Pandemic, COVID-19)) AND (((TS = (baricitinib)) OR TS =
(ly3009120)) OR TS = (olefiant)) OR TS = (incb028060).

Search:
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