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and meta-analysis

Jing Sun', Shufang Wang?®", Xin Ma*', Qingging Wei', Yujuan Peng', Ying Bai', Guobin Miao?’,
Chang Meng?" and Peng Liu*

Abstract

Objectives Several clinical trials have evaluated the efficacy and safety of baricitinib in COVID-19 patients. Recently,
there have been reports on critical patients, which are different from previous research results. The meta-analysis
was performed to investigate the effects of baricitinib in COVID-19, by pooling data from all clinically randomized
controlled trials (RCTs) available to increase power to testify.

Methods Studies were searched in PubMed, Embase, and Cochrane Library databases on January 31, 2023. We
performed a meta-analysis to estimate the efficacy and safety of baricitinib for the treatment of hospitalized adults
with COVID-19.This study is registered with INPLASY, number 202310086.

Results A total of 3010 patients were included in our analyses. All included studies were randomized controlled trials
or prospective study. There was no difference in 14-day mortality between the two groups [OR 0.23 (95% Cl 0.03-
1.84), P=72%, P=0.17]. In subgroup analyses we found that baricitinib did not seem to improve significantly in 24-day
mortality critically ill patients [OR 0.60 (95% Cl 0.35-1.02), ?=0%, P=0.06]. Fortunately, baricitinib have led to faster
recovery and shorter hospital stays for COVID-19 patients. There were no difference in infections and infestations,
major adverse cardiovascular events, deep vein thrombosis and pulmonary embolism.

Conclusions Baricitinib did not increase the incidence of adverse reactions. At the same time, we can find that it
reduces the mortality of COVID-19 patients, not including the critically ill.
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Introduction

Many COVID-19 remains an important cause of death
in recent years, especially among unvaccinated people
with comorbidities or the elderly. A large number of
literatures have reported that SARS-CoV-2 infection is
often accompanied by excessive inflammation, which
may lead to multiple organ dysfunction and even death
[1-3]. People are constantly seeking for better drugs
to improve patient mortality, including Baricitinib [4].
Barisinib is an oral Janus kinase (JAK) 1/2 inhibitor that
was previously approved by the European Medicines
Agency (EMA) for several chronic autoimmune dis-
eases [5].

Studies have found that barisinib can reduce inflam-
matory storms, and serological examination showed that
the application of the drug reduced cytokines and bio-
markers related to the pathophysiology of COVID-19 in
patients [6—8]. Later, World Health Organization (WHO)
guidelines recommended the use of baricitinib, a Jak 1,2
inhibitor, for hospitalized COVID-19 patients receiving
corticosteroid treatment. However, at that time, the rel-
evant clinical evidence was relatively limited, so WHO
recommended initiation of treatment “depending on
availability,” as well as “clinical and contextual factors” [9].

In the past, five clinical studies [4, 6, 10—-12] have com-
pared the efficacy and safety endpoint of baricitinib and
placebo for COVID-19 patients. We analyzed 14-day
mortality, 28-day mortality, recovery and shorter hospital
stays as efficacy endpoints of the study. The safety out-
comes include infections and infestations, major adverse
cardiovascular events, deep vein thrombosis and pulmo-
nary embolism. Although all of these studies included
patients with COVID-19, the severity of the groups
included in different studies varied, and their conclu-
sions were inconsistent. While the novel coronavirus is
still prevalent today, many countries are facing multiple
rounds of virus impact. Our study systematically evalu-
ated the mortality, length of stay and related adverse
events of hospitalized patients with COVID-19 after the
application of basitinib, which will provide certain guid-
ance for clinical practice.

Methods

We carried out the meta-analysis in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) guidelines [13]. Our protocol
was registered on the International Platform of Regis-
tered Systematic Review and Meta-analysis Protocols
database (Inplasy protocol: INPLASY202310086), and is
available in full on inplasy.com (https://inplasy.com/inpla
sy-2023-1-0086). Ethics approval was not required for
our work.
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Search strategy

Three independent researchers (Jing Sun, Shufang Wang
and Xin Ma) conducted extensive electronic searches for
relevant articles published on Jan 31, 2023. The database
includes PubMed, Embase and the Cochrane database.
Manually select relevant randomized controlled trial. The
search strategy of the literature was shown in the supple-
ment (Additional file 1: Table S1).

Inclusion and exclusion

EndNote (X9 version) software is selected for document
management, two investigators independently evaluated
the eligibility of the identified items. The title and sum-
mary are filtered for the first time, and qualified articles
are reserved for full-text review. The included studies
were randomized controlled trials. Inclusion criteria
for studies meeting the following requirements include:
(1) Patients of hospitalized adults with COVID-19. (2)
Treatment with baricitinib or placebo or conventional
therapy. (3) Outcomes Indicators: Death from any cause/
Duration of hospitalization/ Median time to recovery/
Infections and infestations/Major adverse cardiovascular
events (MACEs)/Pulmonary embolism (PE)/Deep vein
thrombosis(DVT), including one. We excluded animal
testing, studies enrolling patients < 18 years old, and there
was not enough data to extract, such as the summary
of some meetings, literature materials such as review
and pharmacological introduction. Documents that are
not consistent with the content of this study will also be
excluded. We contacted the authors if associated data
from their studies were required.

Bias & quality assessment

The two researchers independently evaluated, prelimi-
narily selected and checked the literature data according
to the unified and standardized method, and included
them in the literature in strict accordance with the admis-
sion and exclusion criteria, and then collected informa-
tion. Evaluate the quality of selected articles according
to the quality evaluation standard of Cochrane Reviewer
Handbook 5.1.0 [14].

Data synthesis and analysis

Revman5.3 were used for meta-analysis. Data which met
homogeneity (P>0.10 and 12 <50%) through heterogene-
ity test were meta-analyzed using fixed effect model. If
homogeneity (P<0.10 or I2>50%) was not met, and het-
erogeneity cannot be ruled out, random effect model can
be used to combine effects [15]. While it should be noted
that sensitivity analysis and subgroup analysis should be
considered for this type of analysis data. Results were
expressed as odds ratio (OR) with a 95% confidence
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interval (CI) with discontinuous outcomes. For the con-
tinuous outcomes, mean differences (MD) and 95%
ClIs were estimated as effective. Some included RCTs
reported median as the measure of treatment effect, with
interquartile range (IQR). We estimated the mean from
median and standard deviations (SD) from IQR using
the methods described in the previous studies [16]. A
p-value <0.05 was considered statistically significant.

Pubmed (n=83)
Embase (n=94)
Cochrane Library (n=65)

--------- = = = Duplicate removed (n=73)

Records screened based on title
and abstract (n=169)

Records excluded (n=143)
___________ —» Non-human trial(n=24)

Review or meta-analysis (n=42)
Unrelated to topic (n=77)

Full-text reports assessed for
eligibility (n=26)

Full-text reports excluded (n=21)
___________ —» Full text unavailable(n=6)
Data couldn’t be extracted (n=3)
Unrelated to topic (n=12)

Appropriate studies (n=5)

Fig. 1 The flow chart of the search and study selection process
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Results

The flowchart (Fig. 1) summarizes the search and study
selection process. A total of 242 related literatures were
retrieved, of which 73 were excluded due to duplication.
143 studies were also excluded after reading the titles
and abstracts. The remaining 26 studies were assessed
by reading the full texts. Data from 5 trails evaluating
the Efficacy and safety of baricitinib for the treatment of
hospitalized adults with COVID-19 were included.

The main features of included trials are presented in
Table 1. A total of 3010 patients were included in our
analyses. All included studies were randomized con-
trolled trials or prospective study. All of the studies were
comparing the efficacy and safety of baricitinib for the
treatment of hospitalised adults with COVID-19. The
first three of the five studies in Table 1 are for hospital-
ized patients who have all been diagnosed with COVID-
19, and the last two are for critically ill COVID-19
patients who have severe oxygenation disorder or receive
mechanical ventilation/extracorporeal membrane oxy-
genation. No differences were observed in terms of pro-
portion of patients lost to follow up across trials.

The efficacy outcomes are summarized in Fig. 2A, B, C
and D in the Additional file 2: Figure S2AB). There was
no difference in 14-day mortality (A) between the two
groups [OR 0.23 (95% CI 0.03-1.84), ’=72%, P=0.17].

Table 1 Design and outcomes of the studies included in the meta-analysis

Num Author/Year Design Intervention assignments  Participants Outcomes
Baricitinib Control Sample size, n Mean age, Male:Female, Time of
years(B/C) (B/C) medication
1 Bronte/2020  PS,MC  4mg bid for 2 conven- 76 68/77.5 7:13/31:25 7 days All cause deaths;
days, followed tional Incidence of ARDS;
by 4mg qd therapy Duration of hospitali-
zation
2 Kalil/2021 RCTsMC 4-mg qd Placebo 1033 55/55.8 319:196/333:185 14 days 14-day mortality,
or until hos-  28-day mortal-
pital ity Median time
discharge  torecovery
3 Marconi/2021 RCTsMC 4-mg qd Placebo 1525 57.8/575  490:274/473:288 14 days 28-day mortal-
ity; Median time
to recovery; Duration
of hospitalisation
4% Ely/2022 RCTsMC 4-mg qd Placebo 101 584/588  25:26/30:20 14 days 28-day
mortality;Treatment-
emergent infection;
DVT; PE; MACEs
5% Trgseid/2023  RCTsMC 4-mg qd Placebo 275 59/60 112:27/99:37 14 days 28-day mortality;

60-day mortality;
Infections and infes-
tations; DVT; PE;
MACEs

ARDS Acute respiratory distress syndrome; B/C baricitinib group/ control group; Bid twice daily; DVT deep vein thrombosis; MACEs Major adverse cardiovascular
events; MC Multicenter; PE pulmonary embolism; PS prospective study; Qd Once a day; RCTs randomized clinical trials

* Severe or critical COVID-19
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Baricitinib Control Odds Ratio Odds Ratio
Study or Subgroup _Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bronte 2020 1 20 25 56 40.1% 0.07(0.01,052) ¥ ®&——
Kalil 2021 8 515 15 518 59.9% 0.531[0.22,1.26] ——
Total (95% Cl) 535 574 100.0% 0.23[0.03, 1.84] S —
Total events 9 40
i 2 - Chiz= - = RB= I + t J
ok i oy T A SN
T - Favours [baricitinib] Favours [control]
B Baricitinib Control Odds Ratio Odds Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% Cl M-H. Fixed, 95% CI
2.1.1 Inpatient
Kalil 2021 24 515 37 518 21.8% 0.64 [0.37,1.08] =
Marconi 2021 62 764 100 761 57.0% 0.581[0.42,082] -
Subtotal (95% CI) 1279 1279 78.8%  0.60[0.45,0.79] <
Total events 86 137
Heterogeneity: Chi*=0.07, df=1{P=0.79); F=0%
Test for overall effect: Z= 3.57 (P = 0.0004)
2.1.2 Severe or critical inpatient
Ely 2022 20 51 29 50 11.0% 0.47[0.21,1.03] -
Treseid 2023 14 139 18 136 101% 0.73[0.35,1.54] —
Subtotal (95% CI) 190 186 21.2%  0.60[0.35, 1.02] -
Total events 34 47
Heterogeneity: Chi*= 0.66, df=1 (P=0.42),; F=0%
Test for overall effect: Z=1.88 (P = 0.06)
Total (95% CI) 1469 1465 100.0%  0.60[0.47,0.77] L 2
Total events 120 184
. 2 - - E= ; t t {
Heterogeneity: Chi*=0.73, df= 3 (P = 0.86); F=0% 001 01 1 10 100

Test for overall effect: Z= 4.03 (P < 0.0001)
Test for subaroun differences: Chi*= 0.00. df=1 (P =0.99). F=0%

Favours [experimental] Favours [control]

Fig. 2 aThe efficacy outcomes of 14-day mortality. b The efficacy outcomes of 28-day mortality

Four studies reported 28-day mortality (B) outcomes
in which baricitinib improved patient outcomes [OR
0.60 (95% CI 0.47-0.77), I*=0%, P<0.0001]. To further
analyze the causes, we then performed a subgroup
analysis according to disease severity. In subgroup
analyses we saw that baricitinib did not seem to improve
significantly in critically ill patients [OR 0.60 [95% CI
0.35-1.02], I*=0%, P=0.06]. Fortunately, baricitinib have
led to faster recovery (D) and shorter hospital stays(C)
for COVID-19 patients [MD=—- 1.00 (95% CI — 1.12 to
- 0.88), ’=0%, P<0.0001; MD=— 0.80 (95% CI — 0.84
to — 0.76), =0%, P<0.0001]. Due to the limited number
of reports on the results of the current study, no further
analysis is being conducted here. Based on previous
experience, it is speculated that this may also be related
to the severity of the disease. The safety outcomes
are summarized in Fig. 3. There were no difference
in infections and infestations (a), major adverse
cardiovascular events (b), deep vein thrombosis(c) and
pulmonary embolism (d). However, these results are
based on the results of two randomized controlled trials
conducted in patients with critically ill COVID-19.

We use Revman to investigate the influence of a single
study on the overall pooled estimate of each predefined
outcome. We found that the removal of any one study
would not affect the following results. The results of the
risk of bias assessment of these trials are summarized in
the Additional file 1: Figure S1. Three studies were con-
sidered at low risk for overall risk of bias.

Discussion

This outbreak initially attracted people’s attention as an
unusual viral pneumonia, and atypical upper respira-
tory pneumonia has been the main characteristic disease
severity of this outbreak so far [17]. Bronchoalveolar lav-
age fluid was derived from macrophages with high lev-
els of chemokines secreted by severe pneumonia [18].
Postmortem lung tissue analysis of COVID-19 patients
with severe pneumonia also found excessive immune cell
infiltration [19]. Baricitinib, inhibitors of Janus kinase
(JAK)-1 and JAK-2, plays an important role in the regula-
tion of immune response. COVID-19 is still circulating,
and different mutated strains are still affecting our lives
nowadays. A more detailed mechanism of action may be
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Baricitinib Control Odds Ratio Odds Ratio
A
Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Ely 2022 35 51 35 50 271% 0.94 [0.40,2.18)
Treseid 2023 63 139 54 136 72.9% 1.26 (0.78, 2.03)
Total (95% Cl) 190 186 100.0% 1.17 [0.77, 1.78]
Total events 98 89
Heterogeneity: Chi*= 0.35, df=1 (P = 0.55); F= 0% b f f f i
Y v 0.01 0.1 1 10 100
Testfor overall effect. Z= 0.75 (P = 0.46) Favours [Baricitinib] Favours [control]
aricitini ontro s Ratio s Ratio
B Baricitinib C | Odds Rati Odds Rati
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixeld. 95% ClI
Ely 2022 2 51 0 50 9.0% 5.10(0.24,108.96) >
Treseid 2023 5 139 5 136 91.0% 0.98 [0.28, 3.46)
Total (95% Cl) 190 186 100.0% 1.35[0.44, 4.12]
Total events 7 5
Heterogeneity: Chi*= 0.97, df=1 (P = 0.32); F= 0% b t f t |
T ¥ 0.01 0.1 1 10 100
Test for overall effect. Z= 0.52 (P = 0.60) Favours [Baricitinib] Favours [control]
C Baricitinib Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Ely 2022 1 51 2 50 39.8% 0.48[0.04,5.47) L
Traseid 2023 2 139 3 136 602%  0.65[0.11,3.94) ——
Total (95% Cl) 190 186 100.0%  0.58[0.14,2.47] —eaiE—
Total events 3 5
Heterogeneity: Chi*= 0.04, df=1 (P = 0.85); F= 0% b f t i
o > 0.01 0.1 1 10 100
Testfor overall effect: 2= 0.74 (P = 0.46) Favours [Baricitinib] Favours [control]
D Baricitinib Control Odds Ratio Odds Ratio
Study or Subgroup _ Events Total Events Total Weight M-H. Fixed, 95% CI M_-H, Fixed, 95% CI
Ely 2022 2 51 0 50 3.7% 5.10([0.24,108.96) >
Treseid 2023 8 138 13 136 96.3%  0.58([0.23,1.44] —-
otal (95% CI) .0% B .32, 1.
Total (95% CI 190 186 100.0% 0.75[0.32,1.72] ’
Total events 10 13
Heterogeneity: Chi*=1.82, df=1 (P = 0.18); F= 45% =0 o1 091 140 1004

Test for overall effect: Z= 0.69 (P = 0.49)

Favours [Baricitinib] Favours [control]

Fig. 3 The safety outcomes of infections and infestations (a), major adverse cardiovascular events (b), deep vein thrombosis (c) and pulmonary

embolism (d)

the direction of future research, including mixing with
other drugs. Our meta-analysis system evaluated the
efficacy and safety of baricitinib, which provides a good
description for future clinical applications.

This study systematically evaluated the efficacy and
safety of basitinib in the treatment of COVID-19 patients
by including 5 high-quality studies. It is a meta-analysis
with the largest sample size of baricitinib and a high
level of evidence. In the analysis of mortality, we adopted
14-day mortality and 28-day mortality. The results
showed that baricitinib application improved 28-day
mortality in general hospitalized patients, but did not
improve 14-day mortality in hospitalized patients or
28-day mortality in critically ill patients. Based on the
current evidence, we analyzed that the lack of improve-
ment in 14-day mortality may be related to the small
number of studies at present. However, in the description

of 28-day mortality, we can see that baricitinib reduces
the mortality of hospitalized patients with non-severe
COVID-19, which also suggests that the importance of
baricitinib in combination with other treatment options
for critically ill patients. There have also been stud-
ies claiming that the risk/benefit ratio of baricitinib
in patients with severe/critical COVID-19 may vary
depending on the immune status of SARS-CoV-2, and
that potential host factors such as comorbidibility, older
age and possible immune response [20] may contribute
to this difference, which is worth further analysis and
research in the future.

Our study, which pooled existing high-quality stud-
ies, has clear advantages, particularly in terms of mor-
tality, and conducted a subgroup analysis of patients
who were not at risk, revealing the different effects of
the drug in different patients. And the safety of drugs in
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critically ill patients was analyzed. It provides a strong
guiding value for clinic. Of course, this study also has
some limitations. The current number of studies is rela-
tively small, and more RCTs are needed to support it in
the future.

Conclusions

Baricitinib shortens the length of hospital stays and
reduces the mortality of non-severe COVID-19
patients. It should be noted that the effect of drugs on
the mortality of critical ill patients is not significant.
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