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ARTICLE INFO ABSTRACT

Keywords: Background: There are conflicting reports on the results of several of the latest clinical trials related to the use of
Baricitinib ) baricitinib in the management of COVID-19 patients. The aim of the current systematic review and meta-analysis
B{‘SEE‘S; progression was to evaluate the efficacy of baricitinib in COVID-19 patients.

ortality

Methods: Databases like ScienceDirect, PubMed/Medline, Publons, Google Scholar and other sources like
ClinicalTrials.gov, Cochrane, medRxiv, Research Square and reference lists were thoroughly searched.

Results: Fifteen (15) articles which met the inclusion criteria were qualitatively and quantitatively analysed.
Based on Cochrane and Newcastle-Ottawa Scale (NOS) risk of bias (RoB) analyses, 14/15 articles are grouped as
high-quality. Meta-analyses revealed that randomised control trials (RCTs) and non-randomised control trials
(nRCTs) statistically significantly reduced the mortality rate in COVID-19 patients, with a risk ratio (RR) in the
fixed-effect model was RR = 0.64 [95% CI: 0.51 to 0.79; p < 0.0001] and RR = 0.58 [95% CI: 0.45 to 0.73; p <
0.00001], respectively, with insignificant heterogeneity and no publication bias found. For block/reduce disease
progression (BDP), baricitinib did not statistically significantly reduce disease progression for RCTs. The RR in
the random effect model was RR = 0.80 [95% CI: 0.58 to 1.10: p = 0.17], with significant heterogeneity, where ?
was 60%. On the other hand, baricitinib statistically significantly reduced disease progression in nRCTs, as the
RR of the fixed effect model was RR = 0.54 [95% CI: 0.37 to 0.78; p = 0.001] with insignificant heterogeneity.
Conclusion: The current meta-analyses revealed that baricitinib statistically significantly reduced mortality rate
and disease progression in COVID-19 patients.

Prospero registration number: CRD42021281556

Meta-analysis
Systematic review
COVID-19

1. Introduction the characteristics of the virus, and some variants have been reported to

have reduced sensitivity towards vaccines [5]. The SARS-CoV-2 B.1.617

As of 05" October 2021, approximately 236 million individuals were
infected by the novel SARS-CoV-2 virus causing COVID-19 disease,
resulting in more than 4.82 million deaths worldwide [1]. Older people
with underlying diseases such as obesity, high blood pressure, diabetes,
and kidney related diseases have been reported to have poorer recovery
after infection by COVID-19 [2]. Even though infections and deaths due
to COVID-19 are mainly concentrated in the population aged 60 and
above, COVID-19 infection rates have increased over time in the
younger population. This younger population group may act as a sig-
nificant threat to the older population with underlying diseases [3,4].
The 11 months of evolution of the SARS-COV-2 virus from its emergence
in late 2019 led to the birth of variants of concern. These mutations alter
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lineage was originally detected in India in October 2020. This lineage
became dominant in several regions in India and United Kingdom, and
subsequently spread worldwide. There are three main subtypes, known
as B1.617.1, B.1.617.2 and B.1.617.3, all of which have several spike
protein mutations (T19R, A157-158, L452R, T478K, D614G, P681R,
and D950 N) at the N-terminal domain and receptor binding domain.
Several of the aforementioned mutations might alter immune responses
targeting the key antigenic regions of receptor-binding protein (452 and
478), as well as the deletion of the region of N-terminal domain. Strains
with mutations at the S1-S2 cleavage site (P618R) might have
augmented replication. This replication would cause an elevation of
viral load, leading to increased viral transmission. The subtype
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B.1.617.2, also known as variant Delta, is thought to have spread more
rapidly than other variants [6,7]. The World Health Organization’s
(WHO) therapeutic and COVID-19: Living guideline, which was updated
on 24" September 2021, contained two new conditional recommenda-
tions in the WHO’s latest guideline for the treatment of COVID-19 pa-
tients [8]. With the addition of latest recommendation, there were nine
recommendations available as of 24 September 2021. The latest two
recommendations were a conditional recommendation to use a combi-
nation of neutralizing monoclonal antibodies (casirivimab and imdevi-
mab) in severe and critically ill COVID-19 patients with seronegative
status; and a conditional recommendation to use a combination of
neutralizing monoclonal antibodies (casirivimab and imdevimab) in
non-severe COVID-19 patients at the highest risk of severe disease.
Another recommendation refers to the use of interleukin-6 (IL-6) re-
ceptor blockers, known as tocilizumab and sarilumab, to combat
COVID-19. This update was made available in July 2021, following the
publication of RECOVERY and REMAP-CAP trials, in which the re-
searchers found that IL-6-receptor blockers may be a remedy for
COVID-19 patients. The remaining six recommendations from earlier
versions included the recommendation not to use ivermectin in patients
with COVID-19 except in the context of a clinical trial (published 31
March 2021); a strong recommendation against hydroxychloroquine in
patients with COVID-19 of any severity (published 17 December 2020);
a strong recommendation against lopinavir/ritonavir in patients with
COVID-19 of any severity (published 17 December 2020); a conditional
recommendation against remdesivir in hospitalized patients with
COVID-19 (published 20 November 2020); a strong recommendation for
systemic corticosteroids in patients with severe and critical COVID-19
(published 2 September 2020); and a conditional recommendation
against systemic corticosteroids in patients with non-severe COVID-19
(published 2 September 2020). These guidelines are reported directly
without sentence modification from authors. It is worth mentioning that
on 14 January 2022, WHO strongly recommended the use of baricitinib
with corticosteroids in severe or critical COVID-19 patients [8].
Through artificial intelligence, baricitinib has been found to inhibit
the SARS-CoV-2 virus. Richardson et al. [16] reported that using
BenevolentAI’ knowledge graph to explore for approved drugs would
help find a drug which can inhibit the viral infection process. Subse-
quent to this discovery, the researchers found that baricitinib has been
projected to decrease the capability of the COVID-19 virus to infect lung
cells. Receptor mediated endocytosis is a channel for viruses to enter
cells. The COVID-19 virus possibly uses the ACE2 receptor to infect the
lung cells. It is a cell surface protein which importantly is found on lung
AT2 alveolar epithelial cells, which are prone to infection.
AP2-associated protein kinase 1 (AAK1) is an endocytosis regulator.
Blocking AAK1 might disturb the entrance of virus into the cells and
disrupt the intracellular assembly of viral particles. Although several
oncology drugs have been suggested to inhibit AAK1, the researchers did
not consider to take them to next level due to safety concerns. The re-
searchers found that baricitinib not only blocks AAK1, but also binds to
cyclin-G associated kinase. Cyclin-G associated kinase is another regu-
lator of endocytosis. The researchers suggested that it is worth using
baricitinib in clinical trials. In general, the inhibition of AAK1 and
cyclin-G associated kinase by baricitinib will lead to the prevention of
endocytosis (taking in a substance from the outer to inner environment)
and prevent the entry of the virus into cells, reducing lung inflammation
by preventing lung AT2 alveolar epithelial cells from getting infected by
the virus. According to the U.S Food and Drug Administration (FDA),
one drug is currently approved for the treatment of COVID-19 disease,
known as remdesivir [9]. Remdesivir received conditional recommen-
dation from WHO. On 19 November 2020, the FDA issued emergency
use authorization to use baricitinib together with remdesivir. As of 19
November 2020, baricitinib had not received approval nor authorization
for use as a stand-alone drug to combat COVID-19. A recent report
published in Science Advances confirmed the double actions of bar-
icitinib, which include the ability to block viral entry in the direction of
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through to the primary human hepatocyte spheroids, as well as a
decrease in inflammatory markers in COVID-19 sufferers. Furthermore,
baricitinib averts the type-1 IFN-mediated surge in the expression of
angiotensin converting enzyme 2 (ACE2), the receptor for COVID-19
virus [10]. Cantini et al. [11,12] reported promising effects of bar-
icitinib in term of safety and improvement of clinical impact, as well as
lessening of severity development in moderately affected COVID-19
patients. Goletti and Cantini [13] stated in the New England Journal
of Medicine that based on the available evidence, remdesivir is expected
to be most efficacious in early COVID-19 infection, while dexametha-
sone is expected to be most useful in later stages of disease progression.
There is a need for additional treatment options for COVID-19 patients
in order to decrease the chance of further advancement of disease to
invasive procedures or death. The recent approval of baricitinib as a
single drug treatment, instead of in combination with remdesivir, was
due to recently-published patient-oriented clinical study reports. Bar-
icitinib has been reported to reduce the cytokine storm; reduce adverse
effect related to infection; improve recovery rate; shorten the length of
hospital stays; and reduce the overall mortality rate in the COVID-19
virus infected patients [10,15,22,24]. Several clinical trials have been
carried out using baricitinib and some of the data are conflicting. Does
baricitinib have the ability to block COVID-19 disease progression to the
next stage in patients and reduce mortality? To address these research
questions, the current review was carried out systematically by exam-
ining the latest clinical trials related to baricitinib for COVID-19
treatment.

2. Methodology

In the current systematic review and meta-analysis, Preferred
Reporting Items for Systematic reviews and Meta-Analyses (PRISMA)
guidelines were used to develop this review. These guidelines were
followed accordingly. The current systematic review and meta-analysis
is registered in PROSPERO (registration number: CRD42021281556).
During improvement of the manuscript, some deviations from the pro-
tocol took place and listed at the end of manuscript.

2.1. Research questions

In the current review, the authors have critically addressed the main
questions, while the outcomes of the supplementary questions are
tabulated in Table 1, and analysed in Fig. 2.

The primary questions include the following:

e Is baricitinib able to reduce the mortality rate in COVID-19 patients?
e Is baricitinib able to reduce or prevent COVID-19 disease stage
progression?

Supplementary questions:

e Is baricitinib able to improve COVID-19 patients’ conditions?
e [s baricitinib able to shorten the length of hospital stays?

2.2. Search strategies and article eligibility criteria

A mixture of different types of articles was searched as described in
abstract. The keywords used were ‘Baricitinib COVID-19; Baricitinib
SARS-CoV-2 virus; Baricitinib Pneumonia’. The searched year was be-
tween 2020-early September 2021. Each article was screened and arti-
cles related to non-human studies (in vitro, in vivo, in silico, case study,
poster, review articles) were excluded from the main analysis. Rando-
mised control trials (RCTs), observational, retrospective and prospective
cohort studies were included. Only English language articles were
included in the search. By implementing language restriction, the au-
thors were aware that some valuable articles would be missed, but it
would be risky to do a direct translation of such articles, because the



Table 1

Characteristics of the included articles and the outcomes.

Study Study design Period of study Country Population and age Intervention Comparator Outcomes Px follow-up
BvsC)
Stebbing Observational Mar—Apr 2020 Italy & Spain 2 centres/hospitals & i) Baricitinib 4 mg/day for 14  Concomitant antiviral therapy with i) BDP: Yes (16.9% vs Not clear but based on
[10] 66 vs 65-Italy 80.9 vs days in Italian px. HCQ and lopinavir/ritonavir, 34.9%) (IMV) Kaplan-Meier analysis,
80.6-Spain ii) Baricitinib 2-4 mg/day for antibiotics, corticosteroids, and ii) MRR: Yes (71% px the observation was

Bronte [15]

Hasan [17]

Hasan [18]

Rodriguez-
Garcia
[19]

Kalil [22]

Marconi
[24]

Abizanda
[26]

Cantini [11]

Observational &
longitudinal

Prospective

Prospective case

control

Observational

RCT

RCT

Retrospective

Clinical trial/pilot
study

Mar-Apr 2020

July-Oct 2020

May-June 2020

Mar-Apr 2020

May-July 2020

Jun 2020-Jan
2021

Mar-July 2020

Mar-Mar 2020

Italy

Bangladesh

Bangladesh

Spain

8 countries

12 countries

Spain

Italy

2 centres/hospitals &
68 vs 77.5

1 centre/hospital &
63 vs 59

1 centre/hospital &
59 vs 52

1 centre/hospital &
63 vs 64

67 trial sites & 55 vs
55.8

101 centres & 57.8 vs
57.5

1 centre/hospital &
58.6 vs 59.2 (<70-
year-old); 79.2 vs
79.1 (>70-year-old)
1 centre/hospital &
63.5 vs 63

3-11 days in Spanish px.

Baricitinib 4 mg twice daily
for 2 days then 4 mg/day for 7
days

i) Baricitinib 4 mg/day for 14
days

ii) Baricitinib 8 mg/day for
14 days

i) Baricitinib 4 mg/day for 14
days

ii) Baricitinib 8 mg on Day 1
then 4 mg/day from Day
2-14

i) Baricitinib 4 mg LD on Day
1 then 2mg/daily plus
corticosteroid (CS) and
4mg/daily plus CS

ii) CS group

i) Remdesivir 200 mg LD on
Day 1 then 100 mg until
day 10/discharge/death
with matching placebo

ii) Baricitinib 4 mg or 2 mg/

day (depended on px
health) with remdesivir
for 14 days or until
discharge

i) Baricitinib 4 mg/day for up
to 14 days + SOC

ii) Placebo + SOC

Mean total dose of baricitinib
was 17.6 mg for mean
treatment day of 5.9 days.

low-molecular weight heparin
(LMWH)

Treated with HCQ or antiviral
((lopinavir/ritonavir) or combination

Comparison between 4 mg & 8 mg
groups only. No group without
baricitinib designed for actual
comparison

Comparison between 4 mg & 8/4 mg
groups only. No group without
baricitinib designed for actual
comparison

Comparison between baricitinib + CS
& CS group

Remdesivir

Remdesivir, systemic corticosteroid
and dexamethasone was used

Anakinra, tocilizumab, or
corticosteroids (mostly used) Also
lopinavir/ritonavir, HCQ and LWMH

Hydroxychloroquine with lopinavir/
ritonavir. Mainly was SOC

benefitted)

iii) IPC: Yes

iv) SLHS: unclear

i) BDP: Yes (3 vs 15 px)
(ARDS)

ii) MRR: Yes (5% vs 45%)

iii) IPC: Yes

iv) SLHS: No (12 vs 11
days)

i) BDP: Yes (5 vs 13 px)
(IMV)

ii) MRR: Yes-3.3/6%
(8mg/4 mg)

iii) IPC: Yes

iv) SLHS: No

i) BDP: No (1/20 vs 2/17
px) (IMV)

ii) MRR: No (5% vs 5.9%)

iii) IPC: Yes

iv) SLHS: Yes (15 vs 12
days)

i) BDP: Yes (IMV)

ii) MRR: No (p = 1.000)

iii) IPC: Yes (respiratory)

iv) SLHS: No (13 vs 14
days)

i) BDP: Yes (IMV)

ii) MRR: No. (5.1% vs
7.8%)
iii) IPC: Yes
iv) SLHS: Yes (7 vs 8 days.
p =0.03)
i) BDP: No. (p = 0.18)
(IMV)
ii) MRR: Yes (8.1% vs
13.1%)
iii) IPC: Unclear except
mortality
iv) SLHS: No
i) BDP: No (IMV)
ii) MRR: Yes (p < 0.001)
iii) IPC: Yes
iv) SLHS: Unclear
i) BDP: Yes (ICU
admission)

made for 40 days.

Not clear but the
authors mentioned as
short follow up time

Not mentioned

Not mentioned

1 month

28 days

28 days

On average the follow
up was 2 weeks

Planned for 1.5 months
of follow-up

(continued on next page)
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Table 1 (continued)

Study Study design

Period of study

Country

Population and age
BvsC)

Intervention

Comparator

Outcomes

Px follow-up

Cantini [12] Observational,
retrospective,
longitudinal

multicentre-study

Rosas [27] Retrospective

observational

Perez-Alba
[20]

Retrospective

Garcia-
Garcia
[23]

Retrospective

Wesley-Ely RCT
[30]

Falcone Observational

[31]

Feb-Mar 2020-
Control arm

Mar-May 2020-
Baricitinib arm

Mar-Apr 2020

Mar-Nov 2020

Sept-Nov 2020

Dec 2020-April
2021

Mar-Apr 2020

Italy

Spain

Mexico

Spain

4 countries
(American
continent)

Italy

7 centres/hospitals &
68 vs 63

1 centre/hospital &
67.8 vs 73.8

1 centre/hospital &
60.7 vs 58.5

2 centres/hospitals &
71 vs 73

18 centres/hospitals
& 58.4 vs 58.8

1 hospital & Unclear

Baricitinib 4 mg/day with
lopinavir/ritonavir for 2
weeks

Baricitinib 4 mg/day with
lopinavir/ritonavir for 2
weeks

Baricitinib monotherapy
2mg/4 mg

Baricitinib + dexamethasone

Baricitinib 4 mg/day for up to
10 days + SOC

Baricitinib 4 mg + SOC

Unclear

Hydroxychloroquine with lopinavir/
ritonavir. Mainly was SOC

i) Intravenous dose of tocilizumab
(TCZ) 400mg/600 mg depending
body weight.

ii) Baricitinib + TCZ

iii) Neither baricitinib nor TCZ

Dexamethasone monotherapy

Anakinra 200 mg on first day then 100
mg for up to 10 days

Placebo + SOC

Unclear

ii) MRR: unclear.
iii) IPC: Yes.
iv) SLHS: Yes (Discharged
rate p = 0.027)
i) BDP: Yes (ICU
admission p < 0.0001)
ii) MRR: Yes. 0% vs 6.4%
(p:0.01)
iii) IPC: Yes.
iv) SLHS: Yes. (Discharged
rate p < 0.0001).
i) BDP: No (0/12 vs 0/17)
(Icu)

ii) MRR: No

iii) IPC: No (Not

significant)

iv) SLHS: Yes (Discharged

rate)

i) BDP: No (ICU
admission: 47.6% vs
35.1%; Progression to
high flow: 21.1% vs
6.7%)

ii) MRR: Yes (20.3% vs
40.5% p < 0.01)

iii) IPC: No

iv) SLHS: No (8 vs 6 days)

i) BDP: Yes (10/217 vs
13/125) (IMV)

ii) MRR: No (p = 0.811)

iii) IPC: No

iv) SLHS: Unclear

i) BDP: Unclear.

ii) MRR: Yes (p = 0.03)

iii) IPC: Yes

iv) SLHS: Yes (p = 0.05)

i) BDP: No (IMV)

ii) MRR: No

iii) IPC: No

iv) SLHS: Unclear

Not mentioned

1 month

No follow-up

Not clear but
mentioned about
follow up in the article

28-days

Until death or 1 month

BDP: Block Disease Progression; MRR: Mortality Rate Reduction; IPC: Improved Patient Condition; SLHS: Shorten Length of Hospital Stay; LD: Loading Dose; ICU: Intensive Care Unit; AMV: Assisted Mechanical
Ventilation; IMV: Invasive mechanical ventilation; ECMO: Extracorporeal membrane oxygenation; Px: Patient; SOC: Standard of Care; HCQ: Hydroxychloroquine; B: Baricitinib; C: Control.

3u1x X" pub UDDYOUDI °S

986901 (220Z) Z0Z 2upay Liow.ndsay



S. Manoharan and L.Y. Ying

quality of translation and the message may vary. Additional searches on
the references list of included articles were carried out based on the
keywords. Since ‘baricitinib related to COVID-19 management’ is a very
new topic, a search for grey literature was not thoroughly performed.
However, searches were performed in preprint related repositories
known as medRxiv and Research Square. Two days after the completion
of the current review, one valuable RCT article [30] was found pub-
lished as a medRxiv preprint (12 October 2021) and included in RCTs
analysis. A list of excluded studies with explanations for each exclusion
is provided in supplementary file (S1).

2.3. Data charting process

The data charting process, including screening of titles, abstract and
text, was carried out independently by two different individuals.

2.4. Risk of bias assessment (RoB) and grading the evidence with
GRADEpro Guideline Development Tool

The Cochrane risk-of-bias tool was used to assess the quality of RCTs,
while Newcastle-Ottawa scale (NOS) was used for nRCTs. Review
Manager 5.4.1 [28] was used for RoB related to RCTs. Seven tools were
used in order to assess the risk of biases present in all included articles:
(i) random sequence generation; (ii) allocation concealment; (iii)
blinding participants and personnel; (iv) blinding of outcome assess-
ment; (v) incomplete outcome data; (vi) selective reporting; and (vii)
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other bias. The outcomes were categorised as (i) low risk; (ii) high risk;
and (iii) unclear. For NOS, the nRCTs articles were evaluated according
to their selection, comparability and outcomes. Articles with scores of 6
or above were regarded as high-quality articles [32]. Additionally, the
authors used GRADEpro Guideline Development Tool software [29] to
grade article quality.

2.5. Meta-analysis

Meta-analysis was carried out to answer the two primary research
questions listed in section 2.1. Analysis was carried out using Review
Manager 5.4.1. Dichotomous data type was used. The data were pooled,
and relative risk, confidence interval (CI) and Mantel-Haenszel statisti-
cal method were used. The degree of heterogeneity was evaluated based
on p value, the I? test and the I> measure was used to assess statistical
heterogeneity. Heterogeneity was defined as significant when p < 0.1 or
12>50% [38]. A fixed-effect model was used when the data were ho-
mogeneous, while a random-effects model was used if the data were
heterogeneous. With the presence of at least 10 articles in single anal-
ysis, publication bias was interpreted using a funnel plot. The analysis
was carried out separately to figure out the outcome of individual type of
studies (example: RCTs vs nRCTs). Furthermore, different types of study
have different levels of RoB. The authors decided to avoid pulling the
different levels of RoB in the analysis. Due to this, the exact outcomes of
RCTs and nRCTs were revealed.

PubMed/MEDLINE

ScienceDirect (n=19) ]
(n=44)

Google Scholar/hand
searching (n=37)

« ClinicalTrials. gov (n=5)
@ Cochrane (n=7)
@ medRxiv (n=1)

Publons (n=37)

® Research Square (n=0)
@ Reference search (n=1)

[Total articles based on keywords (n=151) ]

Total articles after duplicates removed (n=63)

List of articles are available in supplementary file S1

Total articles

screened (n=63)

Total excluded articles (n=48)
Review (n=23); Comments (n=5); In vivo (n=1);
In vitro (n=2); Case report (n=4); In silico (n=2);

Guideline (n=1); Non-full article (n=1); No proper
control (n=2);

Preprint (n=1); Non-intervention (n=1); Editorial (n=1);

No publication (n=1); Protocol (n=1);, Abstract (n=1);
— ™| Non-English (n=1)

Total included article for
qualitative analysis (n=15)

# 3 randomised control trials (RCTs)
# 11 non-randomised control trials (NRCTS)
@ 1 clinical trial/pilot study

Total articles included for quantitative
analysis-meta-analysis (n=15)

Fig. 1. PRISM study flow diagram which was constructed with Review Manager 5.4.1 software, a Cochrane’s software.
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Fig. 2. Summary of outcomes based on 15 literatures documented in Table 1.
The image was prepared with GraphPad Prism 6.0.

3. Results
3.1. Study inclusion

Based on the literature search, a total of 151 articles were found
using the keywords. The same keywords were used in all databases and
repositories. Fifteen (15) articles which met the inclusion criteria have
been included in this review. The inclusion criteria are: (1) patients with
COVID-19; (2) use of a baricitinib inhibitor as the intervention; (3)
presence of control/s; (4) RCT design or other types of human related
studies-nRCTs; (5) clinical efficacy reported in study outcomes; and (6)
published in English between 2020-September 2021. Fig. 1 summarises
the process of literature inclusion for this study. RCT is a gold standard
in clinical trial. Three available RCTs which met the inclusion criteria
were included in current analysis. Due to very limited availability of
RCTs, eleven non-RCTs (nRCTs) studies were included. The authors
were aware that RCTs and nRCTs are different in term of study design,
RoB and the quality of outcomes.

3.2. Characteristics of sources of evidence and outcome(s) of the studies

The characteristics of the articles, study design, population and age,
interventions, comparators, the main outcome/s and patients’ follow-up
are listed in Table 1. The outcomes listed in Table 1 are presented to
address the four research questions raised in this review, including block
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disease progression (BDP), mortality rate reduction (MRR), improve
patients’ condition (IPC) and shorten length of hospital stay (SLHS).
Based on Table 1 and Fig. 2, baricitinib blocked the disease progression
in 8/15 articles (53.3%); reduced mortality rate in 8/15 articles
(53.3%); improved patients’ condition in 10/15 articles (66.7%); and
shortened length of hospital stay in 6/15 articles (40%). Based on these
crude findings, only 40% of the articles stated that baricitinib treatment
may shorten the length of hospital stay.

3.3. Cochrane bias risk assessment and grading the evidence with
GRADEpro Guideline Development Tool

Cochrane bias risk assessment analyses were carried out using Re-
view Manager 5.4.1 software for RCTs while NOS guideline for nRCTs. A
total of four articles (3 RCTs and 1 clinical trial) were subjected to

Table 2
The RoB analysis using Newcastle-Ottawa Scale (NOS) for nRCTs studies.
Study S C (0] NOS Confounding Mortality (B
(V2] /2) /3) score factor vs Ct)
Stebbing 4 2 2 8 - 1/37 vs 4/
[10] 37
Bronte [15] 4 2 2 8 + 1/20 vs 25/
56
Hasan [17] 4 1 1 6 — 4/122vs 7/
116
Hasan [18] 4 1 1 6 - 1/21vs 1/
17
Rodriguez- 4 1 2 7 + 5/117 vs
Garcia [19] 11/270
Abizanda 4 2 1 7 - 22/164 vs
[26] 43/164
Cantini [12] 4 2 3 9 + 0/113 vs 5/
78
Rosas [27] 4 2 2 8 - 2/12vs 6/
17
Perez-Alba 4 1 2 7 + 25/123 vs
[20] 30/74
Garcia- 4 1 2 7 + 36/217 vs
Garcia [23] 22/125
Falcone [31] 4 2 1 7 + 5/21 vs 3/
21
S = selection; C = comparability; O = outcomes; + = present; - = absent; vs =

versus; B = baricitinib; Ct = control.

Random sequence generation (selection hias) _

Allocation concealment (selection hias) _
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Fig. 3. Cochrane risk assessment analyses of four clinical trials. Of these, three were RCTs and one was clinical trial-pilot study without randomization, blinding and
control. The image was prepared using Review Manager 5.4.1 software. For the pilot study, the authors were unclear about blinding for data analysis. The doubt was
cleared through email conversations. An email was sent to Dr Cantini on 31% January 2022 and a reply was received on the same day. Dr Fabrizio Cantini wrote ‘no

blinding method was employed for data analysis in our work’.
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o Cochrane bias risk assessment and the reviewers’ judgements were
é g g g é translated as Fig. 3. Except the pilot study article, all 3 RCTs are found to
s E E E E be in low risk of bias category. For nRCTs, all 11 articles were regarded
E 5 5 5 & as high-quality. No serious presence of confounding factor was identi-
fied. The presence of a confounding factor is related to the unequal
= % 8 8 8 number of patients in the control and intervention groups in several
g os d: Bz D= articles. Although the number of patients in each group is the con-
S b 68 &8 S founding factor for several articles, the ages of the participants did not
significantly differ. When looking at individual studies, we found age as
Gé g‘é E E a confounding factor in Stebbing et al. [10], but this was balanced due to
£ £ 2 £ presence of two centres’ populations (mean age). For clinical trials,
- é - é = é’_\ é = Cantini et al. [11] reported a pilot study of non-randomised, non--
3 = % = % SE§ <S¢ blinded, non-properly controlled clinical trials. Only data related to
B ge g2 gF g< ‘block disease progression’ were used from Cantini et al. [11], since
P g E g E g E 3 g mortality data was unavailable. The evidence was graded with GRA-
g E. g E. g E’ g E g DEpro Guideline Development Tool and the outcomes are tabulated in
< i 8% & 32 Table 3. In general, based on Table 3, baricitinib reduces mortality rate
and disease progression. Although the certainty assessment was not
g serious for observational studies, the overall certainty outcome was low.
§ & & é & Due to the study design itself (observational study), the overall certainty
§ 3 'OT ® 'OT 3 ; b ’OT output was low, but this needed to be matched with NOS scale of RoB
S| 8 Sp Sw Sx JSiy before reaching any conclusion. When comparing RoB in Fig. 3, Table 2
512 Bc Ec Ec Ee and Table 3, the overall quality of the included articles (14/15 articles)
is high, except for a non-randomised, non-blinded, non-properly
- o controlled clinical pilot trial by Cantini et al. [11], which falls under
35 88 RS 8¢ «fF high RoB. Based on the identified RoB, most of the subsequent
2 Sk 2z 32 B2 meta-analyses were based on 14 high quality articles. The overall high
=} O D - QO - D =
© = "2 a2 b quality of the articles included in the current systematic review and
” meta-analysis will lead to concrete outcomes and conclusions.
g
RS =) 10 .
21 E 8~ Bg 9% a~ 3.4. Meta-analysis
5|35 4 2 <& 88
s| & €3 88 Y s¢ . . . e
Zlm > =S =" To Two main research questions were addressed: (i) Does baricitinib
have the ability to block the COVID-19 disease progression from
P entering the next stage? (ii) Does baricitinib have the ability to reduce
% the mortality rate in COVID-19 patients? To answer these questions
.S precisely, the meta-analysis was carried out for each question. Based on
£ % g g g g Fig. 4A for mortality in RCTs, heterogeneity was insignificant, with p =
©° ~ ~ ~ = 0.94 and 12 was 0%. Overall, baricitinib treatment significantly reduced
g 2 2 2 the mortality rate in admitted COVID-19 patients with RR in fixed-effect
2 2 S 2, i model was RR = 0.64 [95% CI = 0.51, 0.79; p < 0.0001]. Based on
£ @ @ é @ o ¢ Fig. 4B, baricitinib statistically significantly reduced the mortality rate
E 2z 2z A z % E in nRCTs, with an RR in the fixed effect model of RR = 0.58 [96% CI:
" ‘g § 0.45 to 0.73; p < 0.00001] with insignificant heterogeneity, where p =
E é é é g _g 2 0.16 and I? was 30%. Based on the funnel plot (Fig. 4C), no publication
3 g % % % % R bias was detected. Both RCTs and nRCTs analyses were comparable, and
= El 2 2 2 2 % % it was demonstrated that baricitinib statistically significantly reduced
g s T U the mortality rate in COVID-19 patients.
& g‘ 2 2 2 £ F ‘; In case of blocking or reducing COVID-19 disease progression from
e & e e 5, g g ES S entering the next stage, based on Fig. 5A, the heterogeneity found from
a g @ @ 2 @ g % = the combination of 2 RCTs and 1 clinical trial was significant, where I?
& g 2 2 & 2 s g ?E was 55%. The RR in random-effect model was RR = 0.77 [95% CI: 0.53
E ?« 3 > to 1.11: p = 0.16]. Due to high risk of bias found in Cantini et al. [11],
5 5 g g g -é a| B E’ § the meta-analysis was carried out with 2 RCTs (Fig. 5B). Based on 2
% E é § % § % § g 'g g % g ; § RCTs, the drug did not block/reduce disease progression in COVID-19
& ? ? ? ® “ E S g patients with RR in random effect model was RR = 0.80 [95% CI:
35 2 2 « I 0.59 to 1.10; p = 0.17] with considerably high heterogeneity which was
; - g E g E E 5 ?3 g 12 = 60%. We speculate that the disagreement found between these two
g %" 2 S 2 ‘;‘ S =3 % = studies is the reason behind the high heterogeneity and inconsistency.
§ =2 g % 88 g g % slz 873 Similar to RCTs, nRCTs statistically significantly did not reduce or block
g ElE g 2EB2E5 BEE *qé g E disease progression. The RR in random effect model was RR = 0.58
% é @ = c ;r:m ?E)oo ” .é £ s [95% CI: 0.32 to 1.07; p = 0.08] with high heterogeneity, where p =
£ i > = & a é g gg 0.0003 and I = 71%. When comparing the individual data for nRCTs
o g < 8 § E % % "g 5 < 3 with the total RR [95% CI], we found out that the RR [95% CI] for
% "'E 5 2 ‘é § - § - .E o -‘Qﬁ © o 73 mz J:“ Abizanda et al. [26] did not overlap the total RR [95% CI]. The authors
= O O & speculated that Abizanda et al. [26] could be the reason behind the high
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(A) Fig. 4. The effect of baricitinib on mortality. (A)
Baricitinib Control . Risk Ratio Risk Ratio and (B) Based on the forest plots for RCTs and
Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI . .
all 2021 5% 515 37 518 22.2% 065 [0.40,1.07] - nRCTs, respectively, baricitinib does reduce mor-
Marconi 2021 B2 764 100 7B 602% 062 (046,083 ] tality significantly in COVID-19 patients without
Wesley Ely 2021 w A 24 50 176%  068[0451.07 = significant heterogeneity. (C) Based on the funnel
Total (95% CI) 1330 1320 100.0%  0.64[0.51,0.79] ¢ plot, no publication bias was spotted in Fig. 4B
Total events 106 166 (nRCTs). The authors had contacted Falcone et al.
Heterogeneity: Chi®= 0.13, df = 2 (P = 0.94); F= 0% e o E 100 [31] on 4™ February 2022 for additional informa-
Test for overall effect. 2= 3.7 (F < 0.0001) Baricitinib  Control tion and received the information on 7% February
2022 from Dr. Giusy Tiseo, a co-author. Falcone
(B) et al. [31] supplied information related to mortality
Baricitinib Control Risk Ratio Risk Ratio and BDP for Propensity score (PS)-matched
Study or Subgroup Events Total Events Total Weight M.-H, Fixed,95% CI M.-H, Fixed, 95% CI analvsis
Abizanda 2021 22 164 43 164 278%  0.51[0.32,087 - ysis.
Bronte 2020 120 25 56 85% 011[002,077] ——————
Cantini 2020k 0113 5 78 42% 006000113 &
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Rosas 2020 2 12 6 17 32%  0.47[0.11,1.95) —_—
Stebbing 2021 1 a7 4 37 26% 0.25[0.03,213 =
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heterogeneity found in Fig. 5C. Together, based on the funnel plot in
Figs. 5E and 2 publication bias articles were found. The authors removed
Abizanda et al. [26] and Cantini et al. [12] and performed the analysis.
After the removal of the above-mentioned articles, baricitinib statisti-
cally significantly reduced or blocked disease progression, with RR in
fixed effect model was RR = 0.54 [95% CI: 0.37 to 0.78; p < 0.001] with
insignificant heterogeneity, where p = 0.77 and the I> measure was 0%
(Fig. 5D). The results of RCTs and nRCTs for reducing or blocking dis-
ease progression are conflicting.

4. Discussions

Several clinical studies related to baricitinib and its role in combat-
ting COVID-19 infections have emerged and received widespread
attention. A cytokine storm is a major problem in COVID-19 patients.
There are several components of cytokine, including interleukin (IL),
interferon (IFN), tumour necrosis factor (TNF), colony stimulating factor
(CSF), chemokine and growth factor. When microorganisms like viruses
enter the human body, it will activate the immune system and release a
large number of cytokines. The uncontrolled release of such large
amount of pro-inflammatory cytokines may lead to an event known as
cytokine storm. This situation is applicable for the COVID-19 virus, and
can lead to patient death due to multiple organ failures. Cytokine storms

are frequently seen in severe cases of COVID-19. Numerous cytokines
like IL-1, IL-2, IL- 6, IL-8, IL-10, TNF-a and IFN-y have been observed to
be significantly augmented in the patients infected with COVID-19 virus
which linked to cytokines storm, mainly IL-6. The usage of anti-
inflammatory drugs including JAK inhibitors may prevent disease pro-
gression [14]. Bronte et al. [15] stated that in general, COVID-19 pa-
tients develop pneumonia due to reduction of lymphocyte, a type of
white blood cell and severe response to the inflammation due to un-
controlled release of cytokines. This is due to JAK/STAT signalling
pathways which can be blocked by small molecules such as baricitinib.
In a clinical trial (ClinicalTrials.gov NCT04438629) conducted by
Bronte et al. [15], 20 patients were treated with baricitinib in an
off-label use of the drug. For the first two days, each patient was treated
with 4 mg of baricitinib twice a day, followed by 4 mg once daily dosage
for the remaining 7 days. The authors reported that patients treated with
baricitinib showed a significant decrease in serum levels of IL-6, IL-1,
and TNF-o; improvement in circulating frequencies of T and B cells; and
improvement in antibody secretion against COVID-19 spike protein.
These factors led to a decrease in the requirement of oxygen therapy and
continuous rise in the P/F (oxygenation index) ratio. The data from this
study indicate that baricitinib may be useful to prevent COVID-19 dis-
ease progression to a severe or extreme form. Previously, with RCT by
Kalil et al. [22] the reduction in mortality rate and disease progression
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was clear-cut, and baricitinib did statistically reduce disease progres-
sion, while some degree of reduction was found in mortality rate but not
statistically significant. With the addition of the latest RCT by Marconi
et al. [24], the overall results conflict with those of Kalil et al. [22], as
Marconi et al. [24] stated that mortality rate was reduced significantly
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Fig. 5. The effect of baricitinib on
block/reduce disease progression (BDP)
in COVID-19 patients. (A) Data of two
RCTs and 1 clinical trial were pooled
and found out baricitinib did not block/
reduce disease progression. The authors
contacted Marconi et al. [24] for addi-
tional information regarding IMV. We
received an official reply from Eli Lilly.
An official letter from Eli Lilly can be
found as supplementary file 2. Due to
high risk of bias found in Cantini et al.
[111, the meta-analysis was carried out
with 2 RCTs (Fig. 5B). Based on two
RCTs, the drug did not block/reduce
disease progression in COVID-19 pa-
tients with RR in random effect model
was 0.80 [95% CI: 0.59 to 1.10; p =
0.17] with considerably high hetero-
geneity (I> = 60%). We speculate that
the disagreement found in between two
studies is the reason behind the high
heterogeneity. In (C), the pooled data
of nRCTs did not produce statistical
significance (p = 0.08) with high het-
erogeneity (1> = 71%). The heteroge-
neity in 5C could be explained by
comparing the risk ratio and range of
95% CI of individual result to the total
risk ratio and 95% CI. The risk ratio
and 95% CI of Abizanda et al. [26] did
not overlap with the total risk ratio and
95% CI. Furthermore, 2 publication
bias articles found from the funnel plot
in Fig. 5E. In (D) based on funnel plots,
the data of Abizanda et al. [26] and
Cantini et al. [12] were removed and it
was found that baricitinib statistically
significantly (p = 0.001) block-
ed/reduced disease progression with
insignificant heterogeneity (I> = 0%).
For BDP, due to unavailability of single
parameter (Example: IMV) in all studies
to define BDP, data on IMV were mostly
sought after and followed by ICU
admission (Related information are
available in Table 1).

while disease progression was not. In this review, 3 RCTs, 1 pilot study
and 11 non-RCTs were included and analysed to derive the conclusion.
Based on analysis done for systematic review, baricitinib does reduce
mortality rate and disease progression in SARS-CoV-2 virus infected
patients. Despite the low certainty of evidence for observational studies
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in Table 3, based on NOS scale for RoB, most articles appeared to be
high-quality. Meta-analysis was carried out to validate the answers for
the primary questions obtained from systematic review. As shown in
Fig. 4A and B, baricitinib statistically significantly reduced the mortality
rate in COVID-19 patients. The RoB of all articles for mortality was low
and the quality of articles is high, thus making the conclusion for mor-
tality concrete. The data were homogenous and a direct clear-cut
conclusion was reached that baricitinib reduced mortality rate in
COVID-19 patients significantly. These results validate the analysis
performed for the systematic review.

For the analysis of disease progression in Fig. 5, a clear-cut conclu-
sion cannot be drawn. This is because the analysis of two RCTs revealed
that baricitinib did not block or reduce disease progression in COVID-19
patients. In reality, Kalil et al. [22] reported that baricitinib reduce
disease progression, while the latter RCT by Marconi et al. [24] revealed
the opposite. This inconsistency leads to the highly heterogenous
outcome. For nRCTs, data from Abizanda et al. [26] supports Marconi
et al. [24]. It has been mentioned that observational studies are com-
plementary to RCTs [34]. This is because the results found from
meta-analysis of observational studies is less strong compared to the one
from RCTs [34]. In current BDP analysis, the result of RCTs is opposite of
nRCTs. The number of studies included for RCT in current analysis for
BDP is small. More RCT studies are needed in order to derive a solid
conclusion. Although no agreement was found for RCTs and nRCTs for
BDP, with inclusion of all high quality of articles for nRCTs, the authors
decided to acknowledge that baricitinib statistically significantly
reduced or blocked the disease progression in COVID-19 patients. Ac-
cording to Goletti and Cantini. [13], while remdesivir is suitable for
early stage COVID-19 treatment and corticosteroid is suitable for the
later stage of the COVID-19 treatment, baricitinib can be used in be-
tween of these two drugs to prevent moderately severe COVID-19 pa-
tients from entering the later stage. Based on current systematic review
and meta-analysis, it is clear that baricitinib could aid in the blockage or
reduction of disease progression and mortality. Based on the literature
search, baricitinib plus remdesivir [22] and baricitinib plus corticoste-
roid yielded better effects, respectively, in terms of outcome in
COVID-19 patients, as compared to remdesivir and corticosteroid,
respectively. Additionally, D-dimer was significantly reduced in
COVID-19 patients treated with baricitinib. Rodriguez-Garcia et al. [19]
reported that baricitinib in combination with corticosteroids signifi-
cantly improved the pulmonary function in the patients compared to
corticosteroids treatment alone. The authors further added that treat-
ment at 4 mg of baricitinib yielded a better result compared to 2 mg.
Based on the boxplot data presentations of SpOy/FiO5 and D-dimer
found that SpO5/FiO, was improved with the combination treatment of
baricitinib and corticosteroids over corticosteroids alone. Perez-Alba
et al. [20] too found the similar finding of the beneficial effect of
combining baricitinib and corticosteroids than corticosteroids alone. On
the other hand, the D-dimer was reduced in the patients receiving bar-
icitinib and corticosteroids compared to corticosteroids alone [19]. An
increase of D-dimer in the patients infected with COVID-19 virus in-
dicates a hyper-coagulable state and thus a high blood clotting risk. The
development of acute respiratory distress syndrome is predicted by the
increase of D-dimer, which requires admission to the intensive care unit
or may even lead to death in serious cases. This co-incidental discovery
could reflect the protective outcome of baricitinib on lung endothelium
and enhance or ameliorate respiratory function in baricitinib treated
patients. Regardless of the dose of baricitinib (2 mg vs 4 mg), the con-
centration of baricitinib in the plasma is enough to block AAK1 [19].
Based on this evidence for D-dimer, it may act as a guide for the prog-
nosis of COVID-19 infection [21], and the reduction of mortality and
disease progression found in this systematic review and meta-analysis
could be attributed to the improvement of D-dimer. On 28 July 2021,
FDA revised the Emergency Use Authorization (EUA) for baricitinib,
authorizing the use of baricitinib alone for the treatment of COVID-19
[25]. Under this revised EUA, baricitinib no longer needed to be given
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in combination with remdesivir. Baricitinib is not approved by the FDA,
but is authorized for the COVID-19 treatment. The FDA reached this
decision following the outcomes from the COV-BARRIER trial. This trial
provided some important information to the FDA which was unavailable
previously. In the COV-BARRIER trial, not all patients who received
baricitinib received remdesivir but the mortality in baricitinib treated
patients was reduced by 38.2% and was statistically significant.

Meta-analysis must be updated when new information becomes
available in order to provide up-to-date information for clinicians and
policy-makers. There are a several meta-analysis articles published on
this topic [32,33,35-37]. The current meta-analysis has its own ad-
vantages compared to the available meta-analyses. First, the data of
RCTs and nRCTs were not pooled together and were analysed individ-
ually. This is the first article to report in such a way. The RCTs and
nRCTs have different level of risk of bias and we did not combine the
different level of biases together. Second, we did not analyse other JAK
inhibitors together. Only baricitinib was included in order to give a
clear-cut benefit of baricitinib for the management of COVID-19 disease.
Third, the analysis was carried out for mortality and disease progression.
The authors tried the level best to gather as many articles as possible
under these categories in order to provide concrete findings. Fourth, the
authors contacted Marconi et al. [24] and Falcone et al. [31] to obtain
more information which could not be found in other articles except the
article belongs to the current authors [39]. For Falcone et al. [31], we
used propensity-score (PS) matched data (for mortality and disease
progression) instead of the data available in the article (data only
available for mortality in the article). PS matched data have fewer
confounding factors. These data were never presented before in any
published systematic review and meta-analysis articles. Finally, we have
included GRADEpro Guideline Development Tool for grading the evi-
dence. This approach is lacking in most published articles.

This review has a few limitations. First, for BDP, due to unavailability
of similar parameters in all articles, respiratory related outcome (IMV)
was most often used, followed by ICU and 1 ARDS outcomes. In the case
of COVID-19, admission to the ICU is typically related to respiratory
problems, and ARDS is a respiratory problem. These data were pooled.
The authors are aware that this step could be a confounding factor, but
the authors tried the best to match the data within the same category
(respiratory function). Second, for Hasan et al. [17,18], no proper con-
trols were available where the authors compared the interventions be-
tween high and low doses of baricitinib. The information is available in
Table 1. We attempted meta-analyses for mortality and BDP without
these two articles and found out that the outcomes (data not shown) did
not alter the current conclusions. Third, in comparison to the study
protocol registered with PROSPERO, some changes can be found in this
article. During the article development process, some valuable sugges-
tions were received from the internal reviewer. Based on these sugges-
tions, some changes were made. First, the data for RCTs and nRCTs were
not pooled. Second, the analysis for publication bias was only carried
out when at least 10 articles were available. Third, NOS guideline was
used for nRCTs instead of Cochrane RoB. Fourth, all the databases used
for article searching were listed out instead of 3 main databases. Fifth,
analysis for Wesley-Ely et al. [30] was not carried out separately, but
combined with main data because it is a valuable RCT. Sixth, p-value
was included to measure heterogeneity instead of I2 measurement alone.
This step gave us more confidence to determine the heterogeneity. In
conclusion, baricitinib statistically significantly reduces the mortality
rate and disease progression in patients infected with the SARS-CoV-2
virus.
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