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ABSTRACT

Background: This meta-analysis of randomized controlled trials (RCTs) investigated the usefulness of
Janus kinase (JAK) inhibitors among hospitalized patients with COVID-19.

Methods: PubMed, Web of Science, the Cochrane Library, and Ovid MEDLINE were searched for RCTs
published before 7 September 2021. Only RCTs that compared the clinical efficacy and safety of JAK
inhibitors with other alternative treatments or placebos in the treatment of hospitalized patients with
COVID-19 were included.

Results: Overall, patients receiving JAK inhibitors exhibited a lower 28-day mortality rate than the
control group (risk ratio [RRI, 0.60; 95% Cl, 0.47-0.77; I*> = 0%). Compared with the control group, the
study group also had a lower 14-day mortality rate (RR, 0.60; 95% Cl, 0.42-0.85; ? =0%), a higher rate of
clinical improvement (RR, 1.05; 95% Cl, 1.02-1.09; > = 0%), and less need of mechanical ventilation or
extracorporeal membrane oxygenation (RR, 0.64; 95% Cl, 0.50-0.84; I* = 0%). Finally, JAK inhibitor use
was associated with a similar risk of adverse events and infections as that observed in the control group.
Conclusions: JAK inhibitors can help reduce mortality and improve clinical outcomes among hospita-
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lized patients with COVID-19. Additionally, JAK inhibitors can be used safely in this clinical entity.

1. Introduction

With more than 220 million confirmed cases, COVID-19 is
a global health emergency [1]. Although patients with severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infec-
tion can present as asymptomatic or with mild infection, some
can progress to severe or critical COVID-19 [2], which has
caused more than 4 million deaths as of early
September 2021 [1]. Currently, only systemic corticosteroid
and tocilizumab have been demonstrated to reduce mortality
in patients with COVID-19 [3,4]. Therefore, effective treatment
for hospitalized patients with COVID-19 remains limited [5,6].

Among hospitalized patients with COVID-19,
a hyperinflammatory response may develop and can be asso-
ciated with additional multiple organ dysfunctions [7,8].
Because Janus kinase (JAK) inhibitors, well-known anti-
inflammatory agents, are indicated in many autoimmune dis-
eases [9-12], they have been repurposed as a potential inter-
vention for patients with COVID-19 [13]. Thus, the clinical
efficacy and safety of JAK inhibitors for the treatment of
patients with COVID-19 have been evaluated in several rando-
mized controlled trials (RCTs) [14-18]. However, the benefit of
JAK inhibitors was not consistently demonstrated among
these RCTs [14-18].Although meta-analyses have investigated
and provided evidence concerning the usefulness of JAK inhi-
bitors for patients with COVID-19, most of these analyses were
based on small numbers of RCTs with limited study

populations [19-22]. Recently, a large RCT of 1525 participants
studied outcomes of JAK inhibitor treatment among hospita-
lized adults with COVID-19 [17]. Therefore, we conducted this
new meta-analysis using updated data to provide robust and
timely evidence.

2. Methods
2.1. Study search and selection

We searched PubMed, Web of Science, the Cochrane Library,
and Ovid MEDLINE for RCTs published before
7 September 2021. The following search terms were used:
‘Janus kinase,” "JAK, ‘ruxolitinib,” ‘tofacitinib,” ‘oclacitinib,” ‘bar-
icitinib,” ‘peficitinib,” ‘fedratinib,” ‘'upadacitinib,” ‘filgotinib,” ‘del-
gocitinib,” ‘nezulcitinib,” ‘Covid-19,” 'SARS-CoV-2,” ‘coronavirus,’
2019-nCoV,” and "corona-virus.” Only RCTs that compared the
clinical efficacy and safety of JAK inhibitors with other alter-
native treatments or placebos in the treatment of hospitalized
patients with COVID-19 were included. Studies were included
if they met the following criteria: (1) examined patients with
COVID-19; (2) used JAK inhibitor as the intervention; (3) used
other treatment options, or placebo as control group; (4) study
designed as a RCT; and (5) the data regarding clinical efficacy
and risk of adverse events (AEs) as study outcomes was avail-
able. We excluded case reports, case series, observational
studies, and retrospective cohort studies. Two authors (SHL

CONTACT Shun-Hsing Hung @ €197948@yahoo.com.tw @ Division of Urology, Department of Surgery, Chi-Mei Hospital, Chia Li, Tainan, Taiwan; Wei-Ting Lin

@ aapriliaa@gmail.com
"These authors contributed equally to this work.

© 2021 Informa UK Limited, trading as Taylor & Francis Group

@ Department of Orthopedic, Chi Mei Medical Center, Tainan 71004, Taiwan


http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/14787210.2022.2004120&domain=pdf&date_stamp=2021-11-16

2 (& S-H.LANETAL

and LCL) independently reviewed the identified abstracts
and selected articles for full review. Disagreements were
resolved by the third author (WTL). For each included study,
we extracted the following data: year of publication, study
design, JAK inhibitor regimen, clinical outcomes, and risk of
adverse events (AEs) from the included studies. This study
was conducted in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses guidelines
[23], and the study protocol is registered in PROSPERO
(CRD42021278061).

2.2. Outcome measurement

The primary outcome of this meta-analysis was 28-day all-
cause mortality, and the secondary outcomes were 14-day
mortality, the rate of clinical improvement, the need for
mechanical ventilation (MV) or extracorporeal
membrane oxygenation (ECMO), and the risk of AEs and
infections.

2.3. Data analysis

The Cochrane risk of bias tool [24] was used by 2 authors (SHL
and SPQ) to assess the quality of the included RCTs and their
associated risk of bias. Any discrepancies between these 2
authors were solved by a third author (CCL). Statistical ana-
lyses were performed using Review Manager version 5.3 with
the random-effects model. Pooled risk ratios (RRs) with 95%
Cls were calculated.

Records identified through
database searching
n=638

Records after duplicates
removed n = 307

Full-text review for eligibility
n=13

2
£
=
i

Studies included in
qualitative synthesis n =5

Included

Studies included in
meta-analysis n =5

Figure 1. Flow diagram of study identification and assessment for eligibility.

3. Results
3.1. Study selection

The search results yielded a total of 638 studies from the
online databases (PubMed: 232; Web of Science: 202; the
Cochrane Library: 60; and Ovid MEDLINE: 144, Appendix A),
of which 331 studies were excluded as duplicates. Moreover,
294 studies were deemed irrelevant after the title and abstract
were screened, and 8 studies were deemed irrelevant after the
full text was screened. Thus, 5 RCTs [14-18] were included in
this meta-analysis (Figure 1).

3.2. Study characteristics

Among the 5 RCTs, 2 were phase 2 studies [14,18] focusing
on patients with severe COVID-19, and 3 were phase 3
studies focusing on hospitalized patients with COVID-19
[15-17] (Table 1). All RCTs were multicenter studies, and 3
of them were international studies [16-18]. Four RCTs used
oral JAK inhibitors, namely baricitinib (n = 2) [16,17], tofaci-
tinib (n = 1) [15], and ruxolitinib (n = 1) [14], as interven-
tions. Only one RCT [17] examined an inhaled JAK
inhibitor — nezulcitinib. The study group treated with JAK
inhibitors and the control group consisted of 1462 and 1451
patients, respectively. Except for the unknown risk of detec-
tion biases in the study by Cao et al. [14], and high risk of
selection and detection bias in the study by Singh et al.
[18], the other studies exhibited a low risk of bias in all
fields (Figure 2).

Duplicated records excluded n = 331

Excluded by title and abstract n = 294

Articles excluded by full text review
1. Study design not meet this study: 6
2. Similar population: 2



Table 1. Characteristics of included studies.
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Number of Number of
participants in the  participants in

Author, year Study design Study sites Participants Janus kinase inhibitor (route) ~ Comparator study group the control group
Phase 2 study
Cao et al. Randomized single- 3 hospitals in Adult patients  Ruxolitinib (oral) with 5 mg twice Vitamin C 20 21
[14] blinds trial China with severe daily
COVID-19
Singh et al. Randomized double- Multicenter in Adult patients  Nezulcitinib (inhalation) with 1, 3 Placebo 19 6
[18] blind, placebo- UK, Moldova, with severe 10 mg daily for up to 7 days
controlled trial and Ukraine COVID-19
Phase 3 study
Guimarades  Randomized, double- 15 sites in Brazil Hospitalized Tofacitinib (oral) with 10-mg Placebo 144 145
et al. [15] blind, placebo- adults with twice daily for 14 days or until
controlled trial COVID-19 hospital discharge
Kalil et al. Randomized double- 67 centers in 8  Hospitalized Baricitinib (oral) with 4-mg daily Placebo 515 518
[16] blind, placebo- countries adults with dose for 14 days or until
controlled trial COVID-19 hospital discharge
Marconi Randomized double- 101 centers in 12 Hospitalized Baricitinib (oral) with 4-mg daily Placebo 764 761
et al. [17] blind, placebo- countries adults with dose for 14 days or until
controlled trial COVID-19 hospital discharge

Cao, 2020
Guimaraes, 2021
Kalil, 2021
Marconi, 2021

Singh, 2021

Blinding of outcome assessment (detection bias)

@ D @ | ® | @ | RrRandom sequence generation (selection bias)

D D @ | ®| @ Bslinding of participants and personnel (performance bias)

. @ @ @ | @ |Alocation concealment (selection bias)
L K AN )

~
D DO O ®| @ | ncomplete outcome data (attrition bias)

D D @ ®| @ |selective reporting (reporting bias)

Figure 2. Summary of risk of bias assessment.

3.3. Primary outcome

The 28-day mortality rate was 6.2% (91/1462) and 10.3% (150/
1451) in the study and control groups, respectively. Overall,
patients receiving JAK inhibitors had a lower 28-day mortality
rate than those in the control group (RR, 0.60; 95% Cl, 0.47-0.77;
I* = 0%, Figure 3). The results remained unchanged after the leave-
one-out sensitivity test was conducted. Additionally, the pooled
analysis of 2 phase 2 trials [14,18] and 3 phase 3 trials [15-17]
revealed similar findings (phase 2 trial: RR, 0.15; 95% Cl, 0.03-0.90;
I> = 0%; phase 3 trial: RR, 0.62; 95% Cl, 0.48-0.80; I = 0%). The
subgroup group analysis of 4 RCTs [14-17] that compared those
receiving oral JAK inhibitors with those in the control group also
revealed that the study group had a lower mortality rate than the
control group (RR, 0.51; 95% Cl, 0.48-0.79; I* = 0%). Moreover,
patients receiving baricitinib had a lower mortality rate than those
in the control group (RR, 0.63; 95% Cl, 0.48-0.81; I = 0%) in the
subgroup analysis of 2 RCTs [16,17]. All of these findings were
based on the analysis of the included RCTs with low
heterogeneity.

3.4. Secondary outcomes

Patients receiving JAK inhibitors also had a lower 14-day mor-
tality rate than those in the control group (RR, 0.60; 95% Cl,
0.42-0.85; I = 0%). This finding remained consistent in the
sensitivity test and in the subgroup analysis, according to the
study design (phase 2 or phase 3), study group using oral JAK
inhibitors, and patients using baricitinib. Moreover, the study
group was associated with a higher rate of clinical improvement
than was the control group (RR, 1.05; 95% Cl, 1.02-1.09; I* = 0%).
Compared with the control group, the study group required less
MV or ECMO (RR, 0.64; 95% Cl, 0.50-0.84; I* = 0%).

The study group had a similar risk of AEs as the control
group did (RR, 0.94; 95% Cl, 0.82-1.08; I* = 46%, Figure 4)
in the pooled analysis of 5 RCTs [14-18]. In the pooled
analysis of 4 RCTs [14-17] with available data regarding
serious AEs, the study group exhibited a lower risk of
serious AEs than the control group did (RR, 0.81; 95% Cl,
0.67-0.99; I* = 14%). The 2 studies [15,17] that reported
the risk of discontinuation of the study drug indicated no
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JAK inhibitor Control Risk Ratio Risk Ratio
Study or Subgrou Events Total Events Total Weight M-H. Random. 95% Cl M-H, Random, 95% CI
Caoetal, 2020 [14] 0 20 31 07% 045(0.01,273] - 1
Guimardes et al, 2021 [15] 4 144 3 145  45% 0.50 [0.16, 1.64] —
Kalil etal, 2020 [16] 24 515 37 518 249% 0.65[0.40,1.07] =
Marconi et al, 2021 [17] 62 764 100 71 6B.6% 0.62 [0.46, 0.83] u
Singh et al, 2021 [18] 1 19 2 6 1.3% 016 [0.02,1.45] -
Total (95% CI) 1462 1451 100.0% 0.60 [0.47, 0.77] *
Total events 91 140 ) ) ) )
e 2 = = - - 2= T T T T
Heterogeneity: Tau®= 0.00; Chi*= 2.50, df=4 (P=0.64); F=0% 0.002 01 1 10 500

Testfor overall effect: Z= 3.98 (P = 0.0001)

Favours JAK.InhlbltGI' Favours control

Figure 3. Forest plot of effect of Janus kinase (JAK) inhibitors compared with controls for the risk of 28-day mortality.

JAK inhibitor Control Risk Ratio Risk Ratio
Study or Subgrou Events Total Events Total Weight M-H, Random. 95% CI M-H, Random, 95% CI
Cao etal, 2020 [14] 16 20 15 21 121% 1.121[0.79, 1.59] I
Guimaries etal, 2021 [15] 37 142 32 142 93% 1.16[0.77,1.75] ]
Kalil etal, 2020 [16] 187 507 220 509 31.3% 0.85[0.73, 0.89] —
Marconi et al, 2021 [17] 333 750 334 752 37.3% 1.001[0.89,1.12]
Singh etal, 2021 [18] 12 19 [ 6 9.9% 0.67 [0.45, 1.00]
Total (95% CI) 1438 1430 100.0% 0.94 [0.82, 1.08]
Total events 485 BOT ) ) ) )
- Tauf= CChiEs - - E=
Heterageneity: Tau®= 0.01; Chi*= 7.36, df=4 (P=0.12); F= 46% sz 0'5 1' ﬁ é

Testfor overall effect: Z= 0.87 {P = 0.39)

Favours JAK inhibitor  Favours control

Figure 4. Forest plot of effect of JAK inhibitors compared with controls for the risk of any adverse events.

JAK inhibitor Control Risk Ratio Risk Ratio
Study or Subgrou Events Total Events Total Weight M-H, Random. 95% CI M-H. Random, 95% CI
1.9.1 Infection
Cao etal, 2020 [14] 0 20 221 06% 0.21[0.01, 4.11] -
Guimardes etal, 2021 [15] 7 142 8 142  52% 0.88[0.33, 2.35] B —
Marcaonietal, 2021 [17] 118 740 123 752 94.3% 0.87 [0.77,1.22] .
Subtotal (95% CI) 912 915 100.0% 0.96 [0.76, 1.20] ¢
Total events 126 133
Heterogeneity: Tau®= 0.00; Chi*=1.05, df= 2 (P = 0.59); F= 0%
Testfor overall effect Z=0.39 (P = 0.70)
1.9.2 Sepsis
Cao etal, 2020 [14] 0 20 121 1.8% 0.35[0.02, 8.10] —
Guirnardes etal, 2021 [15] 3 142 2 142 5.7% 1.50[0.25, 8.84] - 1
Kalil et al, 2020 [16] 4 a07 12 509 13.3% 0.33[0.11,1.03] —
Marconietal, 2021 [17] 64 750 74752 791% 0.87 [0.63,1.19] ,
Subtotal (95% CI) 1419 1424 100.0% 0.77 [0.50, 1.19]
Total events 71 89
Heterngeneity: Tau?= 0.03; Chi*= 3.30, df= 3 (P = 0.35); F= 9%
Test for averall effect Z=1.16 (P =0.25)
1.9.3 Septic shock
Guirnardes etal, 2021 [15] 2 142 2 142 T.3% 1.00[0.14, 7.00] -1
Kalil etal, 2020 [16] 7 507 10 509 30.3% 0.70[0.27,1.83] =
Marconi etal, 2021 [17] 13 740 24 752 B2.4% 0.54 [0.28, 1.06] i
Subtotal (95% CI) 1399 1403 100.0% 0.61[0.36, 1.04] s 4
Total events 22 36
Heterogeneity: Tau®= 0.00; Chi*= 0.45 df=2 (P =080);, F=0%
Test for averall effect Z=1.81 (P=0.07)
k t t t
0.002 0.1 1 10 500

Testfor subarnun differencps Chif= 2 A4 df= 2P =027 F=24 3%

Favour JAK inhibitor  Favours control

Figure 5. Forest plot of effect of JAK inhibitors compared with controls for the risk of infection.

significant difference in AEs between the study and control
groups (RR, 1.48; 95% Cl, 0.38-5.72; I*> = 86%). The study
group exhibited a similar risk of infection (RR, 0.96; 95% ClI,
0.76-1.20; I*> = 0%), sepsis (RR, 0.77; 95% Cl, 0.50-1.19;
> = 9%), and septic shock (RR, 0.61; 95% Cl, 0.36-1.04;
I> = 0%; Figure 5) as the control group.

4. Discussion

In this meta-analysis, 5 RCTs [14-18] were reviewed to inves-
tigate the clinical efficacy and safety of using JAK inhibitors,

namely oral baricitinib, tofacitinib, ruxolitinib, and inhaled
nezulcitinib, to treat hospitalized patients with COVID-19.
Patients who received JAK inhibitors had a more favorable
clinical outcome than the control group in several areas.
First, the overall 28-day mortality rate of the patients with
COVID-19 receiving JAK inhibitors was significantly lower
than that of the control group. Second, this lower mortality
rate remained unchanged in the leave-one-out sensitivity ana-
lysis and various subgroup analyses. Third, the JAK inhibitors
group had a lower 14-day mortality rate, a higher rate of
clinical improvement, and less need of MV or ECMO than the



control group. In summary, JAK inhibitors are effective anti-
inflammatory agents that can improve the clinical outcomes of
hospitalized patients with COVID-19, and they have a potential
role in the treatment of this population during the COVID-19
pandemic, in which the effective agent against SARS-CoV-2
infections is limited. These findings are consistent with pre-
vious meta-analyses [20,22] that included only 1400 patients.
However, our analysis was based on 5 RCTs with 2913 patients,
and thus further confirms the effectiveness of JAK inhibitors.

In addition to clinical efficacy, we also evaluated safety. We
found that adding JAK inhibitors did not result in a higher risk
of AEs among participants in the study group than among
those in the control group. Moreover, the risks of infection,
sepsis, and septic shock were similar between the JAK inhibi-
tors and control groups. These findings suggest that JAK
inhibitors do not present additional risks and are thus recom-
mended for the treatment of patients with COVID-19.

This meta-analysis has several strengths. First, only RCTs
were included; thus, the evidence level of this study is poten-
tially stronger than previous meta-analyses that included
mainly observational studies [19,21]. Second, in contrast to
previous meta-analyses [20,22] of RCTs that included 3 or 4
RCTs, our study included 5 RCTs with many more patients and
could thus provide more information.

However, this study also has some limitations. First, the
number of studies and patients for each JAK inhibitor -
baricitinib, tofacitinib, ruxolitinib, and nezulcitinib - were
limited. More large-scale RCTs are required to assess the
effectiveness of each inhibitor. Second, this study focused
on the clinical outcomes; therefore, the virological out-
comes or change of inflammatory parameters were not
evaluated. Third, one early-phase 2 clinical trial [18] had
the deficit of the small size of this and consequent baseline
differences in clinical characteristics, which could be asso-
ciated with allocation bias. Another phase 2 study [14] had
a small sample size of only 41, so their findings should be
interpreted cautiously. Finally, this meta-analysis including 4
kinds of JAK inhibitors, — baricitinib, tofacitinib, ruxolitinib,
and nezulcitinib, which can selectively inhibit different JAKs.
Baricitinib and ruxolitinib are selective inhibitor of JAK1 and
JAK2 but tofacitinib is the selective inhibitor of JAK 1 and
JAK3, with functional selectivity for JAK2. In contrast, nezul-
citinib was designed to target all JAK isoforms including
JAK1, JAK2, and JAK3. Therefore, the clinical efficacy of
each JAK inhibitor could vary and needs more RCTs to
demonstrate the usefulness of each JAK inhibitor.

5. Conclusion

In conclusion, JAK inhibitors can help reduce the mortality rate
and improve the clinical outcomes of hospitalized patients
with COVID-19. Additionally, JAK inhibitors can be used safely
in this clinical entity.
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Appendix A. Search strategy

PubMed search strategy — last searched on 7 September 2021 Results

1 Search: (((((((((Ruxolitinib[Title/Abstract]) OR (Tofacitinib[Title/Abstract])) OR (Oclacitinib[Title/Abstract])) OR (Baricitinib[Title/Abstract])) OR (Peficitinib 4058
[Title/Abstract])) OR (Fedratinib[Title/Abstract])) OR (Upadacitinib[Title/Abstract])) OR (Filgotinib[Title/Abstract])) OR (Delgocitinib[Title/Abstract]))
OR (Nezulcitinib[Title/Abstract])

2 Search: ((((Covid-19[Title/Abstract]) OR (SARS-CoV-2[Title/Abstract])) OR (coronaviru[Title/Abstract])) OR (2019-nCoV[Title/Abstract])) OR (corona-virus 162246
[Title/Abstract])

3 Search: ((((((((((Ruxolitinib[Title/Abstract]) OR (Tofacitinib[Title/Abstract])) OR (Oclacitinib[Title/Abstract])) OR (Baricitinib[Title/Abstract])) OR (Peficitinib 232
[Title/Abstract])) OR (Fedratinib[Title/Abstract])) OR (Upadacitinib[Title/Abstract])) OR (Filgotinib[Title/Abstract])) OR (Delgocitinib[Title/Abstract]))
OR (Nezulcitinib[Title/Abstract])) AND (((((Covid-19[Title/Abstract]) OR (SARS-CoV-2[Title/Abstract])) OR (coronaviru[Title/Abstract])) OR (2019-nCoV
[Title/Abstract])) OR (corona-virus[Title/Abstract]))

Web of Science search strategy - last searched on 7 September 2021 Results

1 Ruxolitinib (TOPIC) or Tofacitinib (TOPIC) or Oclacitinib (TOPIC) or Baricitinib (TOPIC) or Peficitinib (TOPIC) or Fedratinib (TOPIC) or Upadacitinib (TOPIC) 2346
or Filgotinib (TOPIC) or Delgocitinib (TOPIC) or Nezulcitinib (TOPIC)

2 Covid-19 (TOPIC) or SARS-CoV-2 (TOPIC) or coronavirus (TOPIC) or 2019-nCoV (TOPIC) or corona-virus (TOPIC) 139231

3 #1 AND #2 202

Ovid medline search strategy - last searched on 7 September 2021 Results
1 (Ruxolitinib or Tofacitinib or Oclacitinib or Baricitinib or Peficitinib or Fedratinib or Upadacitinib or Filgotinib or Delgocitinib or Nezulcitinib).ab. 2950
2 (Covid-19 or SARS-CoV-2 or coronavirus or 2019-nCoV or corona-virus).ab. 107616
3 land2 144
Cochrane Library search strategy — last searched on 7 September 2021
1 (Ruxolitinib):ti,ab,kw OR (Tofacitinib):ti,ab,kw OR (Oclacitinib):ti,ab,kw OR (Baricitinib):ti,ab,kw OR (Peficitinib):ti,ab,kw OR (Fedratinib):ti,ab,kw OR 2443
(Upadacitinib):tiab,kw OR (Filgotinib):ti,ab,kw OR (Delgocitinib):ti,ab,kw OR (Nezulcitinib):ti,ab,kw
2 (Covid 19):ti,ab,kw OR (SARS CoV 2):ti,ab,kw OR (coronavirus):ti,ab,kw OR (2019 nCoV):ti,abkw OR (corona virus):ti,ab,kw 7371

3 #1 AND #2 60
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