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ABSTRACT

Background: Currently, JAK-inhibitors are repurposed for therapy of Covid-19 because of their
ability in restraining immune response, yet the corroboration regarding their advantage is still
unclear. This study sought to analyze the efficacy of JAK-inhibitors to ameliorate the outcomes of
Covid-19 sufferer.

Research design and methods: Using specific keywords, we comprehensively go through the poten-
tial articles on ClinicalTrials.gov, Europe PMC, and PubMed sources until June 29, 2021. All published
studies on JAK-inhibitors and Covid-19 were collected.

Results: There were 14 studies with 4,363 Covid-19 patients contained in the meta-analysis. Based
on our data, we suggested that JAK-inhibitors corresponded with increased recovery rate (RR 1.17;
95%Cl: 1.01-1.36, p= 0.040, I* = 91%, random-effect modeling); shortened time to recovery (mean
difference —0.96; 95%Cl: —1.15, —0.77, p< 0.00001, I* = 28%, random-effect modeling); reduction of
clinical deterioration risk (RR 0.66; 95%Cl: 0.48-0.89, p= 0.008, I> = 57%, random-effect modeling);
and reduction of Covid-19 mortality (RR 0.52; 95%Cl: 0.36-0.76, p= 0.0006, > = 33%, random-effect
modeling).

Conclusions: This study propose that JAK-inhibitors perhaps provide advantageous effects on Covid-19
outcomes. JAK-inhibitors may be given during 1-2 weeks of disease to optimize its beneficial effects in
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halting the exaggerated immune response.

1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection continues to spread globally causing a global pan-
demic and has become a major medical attention for the last
couple years. The pandemic has put together over 169 million
confirmed cases, with more than 3.5 million demise as of
June 1%, 2021 [1]. While some severe acute respiratory syn-
drome coronavirus 2 infections appear as mild upper respira-
tory symptoms and may be self-limiting, there are still notable
number of patients require hospitalizations and intensive
treatment following progression into a more severe cases,
varying from simple lower respiratory tract infections to
acute respiratory distress syndrome (ARDS) and eventually
may turn into multi-organ failure (MOF) [2,3].

Individuals with comorbidities such as chronic respiratory
disease, diabetes, cardiovascular disease, obesity, and other
immunocompromising conditions are facing higher risks in
developing the severe form of SARS-CoV-2 infections [4-8].
The major factor responsible for the development of severe
SARS-CoV-2 infections is the so-called ‘cytokine storm,’
which is characterized by exaggerated increase in the pro-
inflammatory cytokines/chemokines from the abnormal host
immune response [9,10]. For the past months, medical
therapies to treat Covid-19 have been growing and evolving
rapidly, ranging from supportive care, antiviruses, and anti-

inflaimmatory agents [11-14]. Janus kinases (JAKs) are intra-
cellular proteins that transduce and amplify signals from
cytokines and growth factors. Their inhibitors, named
Januspassw kinase (JAK)-inhibitors, have shown significant
benefit and have been used in treating several autoimmune
diseases and inflammatory diseases, like rheumatoid arthri-
tis, inflammatory bowel diseases, and ankylosing spondylitis
[15-17]. Recently, JAK-inhibitors have been repurposed for
the management of Covid-19 because their ability to
restrains immune response and cytokine release syndrome
(CRS) during the route of Covid-19 [18]. These properties
may offer clinical benefit in preventing the deterioration of
coronavirus disease 2019 (Covid-19) and reducing the death
toll from Covid-19 [18]. Moreover, when compared with
other potential drugs for Covid-19, JAK-inhibitors have key
pharmacological features for a potentially successful repur-
posing: convenient oral administration, favorable pharmaco-
kinetic profile, and multifunctional pharmacodynamics by
exerting dual anti-inflammatory and anti-viral effects [19].
However, the evidence regarding the advantage of JAK-
inhibitors, particularly in Covid-19 patients, remains obscure.
The purpose of this systematic review and meta-analysis is
to come up with the evidence whether administration of
JAK-inhibitors could enhance the outcomes of Covid-19
derived from the obtainable research.
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2. Materials and methods
2.1. Eligibility criteria

This is a systematic review and meta-analysis study of the
observational and clinical trial studies. We registered this
study protocol in PROSPERO (CRD42021258750). Append
research in this systematic review and meta-analysis were
chose as most likely attaining the coming criteria: follow the
PICO framework (P: Populations - hospitalized coronavirus
disease 2019 patients; I: Interventions - treatments with JAK-
inhibitors drugs (baricitinib, ruxolitinib, tofacitinib, or fedrati-
nib); 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 JAK-inhibitor drugs; O:
Outcomes - recovery rate, time to recovery, clinical deteriora-
tion, and mortality), cross-sectional, case-control, cohort, and
randomized or non-randomized clinical trial researches were
contained. All studies besides original articles (correspondence
or review articles), case-series or case report studies, studies
reported other than in English language, research focusing on
the pregnant women and populations of age below 18 years
old were excluded.

2.2. Search strategy and study selection

The research from three databases (ClinicalTrials.gov, Europe
PMC, and PubMed) was searched systemically. We used key-
words ‘JAK-inhibitor’ OR “Janus Kinase Inhibitor’ OR ‘baricitinib’
OR ‘ruxolitinib” OR ‘tofacitinib’ OR ‘fedratinib’ AND ‘SARS-CoV
-2,/ OR ‘coronavirus disease 2019’ OR ‘Covid-19’ in a period
from 2019 until June 2", 2021 with English-language restric-
tion. Our searching strategy feature is listed in Table 1. Initial
screening of titles and abstracts was conducted to identify
eligible articles. Searches of potential articles were also done
by analyzing the list of references of eligible studies. The
search strategy we used was shown in the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) diagram.

2.3. Data extraction and quality assessment

Two authors conducted the data extraction. We developed an
extraction form to list the information about the study and its
population characteristic, type of JAK-inhibitors drugs, JAK-
inhibitors dose, the number of patients receiving JAK inhibitor,
and the control group, as well as the outcome of coronavirus
disease 2019 patients.

We are focus the outcomes on the recovery rate, time to
recovery, clinical deterioration, and the mortality. The recovery
rate is defined by the number of patients who achieve clinical
improvements in terms of oxygenation and respiratory sup-
ports needed or the number of patients who were subse-
quently discharged from the hospitals during the follow-up
period. Time to recovery is defined by the time patients
needed to achieve the recovery state as defined above.
Clinical deterioration outcome is defined by the clinical pro-
gression into a more severe disease state of Covid-19 as stated
in to the Guidelines for the Diagnosis and Treatment of New

Table 1. Literature search strategy.

Database Result

PubMed

Keyword

(‘janus kinase inhibitors'[All Fields] OR ‘janus kinase 303
inhibitors'IMeSH Terms] OR (‘janus’[All Fields] AND
‘kinase’[All Fields] AND ‘inhibitors’[All Fields]) OR
‘janus kinase inhibitors'[All Fields] OR (‘jak’[All Fields]
AND ‘inhibitor’[All Fields]) OR ‘jak inhibitor'[All
Fields]) OR (‘baricitinib’[Supplementary Concept] OR
‘baricitinib’[All Fields]) OR
('INCB018424'[Supplementary Concept] OR
‘INCB018424'[All Fields] OR ‘ruxolitinib’[All Fields])
OR (‘tofacitinib’[Supplementary Concept] OR
‘tofacitinib’[All Fields]) OR
(‘Fedratinib’[Supplementary Concept] OR
‘Fedratinib’[All Fields] OR ‘fedratinib’[All Fields]) AND
(‘COVID-19'[All Fields] OR ‘COVID-19'[MeSH Terms]
OR “COVID-19 Vaccines'[All Fields] OR ‘COVID-19
Vaccines’'[MeSH Terms] OR ‘COVID-19
serotherapy’[All Fields] OR ‘COVID-19 Nucleic Acid
Testing'[All Fields] OR ‘covid-19 nucleic acid
testing'[MeSH Terms] OR ‘COVID-19 Serological
Testing'[All Fields] OR ‘covid-19 serological
testing’'[MeSH Terms] OR ‘COVID-19 Testing'[All
Fields] OR ‘covid-19 testing’[MeSH Terms] OR ‘SARS-
CoV-2'[All Fields] OR ‘sars-cov-2'[MeSH Terms] OR
‘Severe Acute Respiratory Syndrome Coronavirus
2'[All Fields] OR ‘NCOV'[AIl Fields] OR ‘2019
NCOV'[AIl Fields] OR ((‘coronavirus’'[MeSH Terms] OR
‘coronavirus'[All Fields] OR ‘COV’[All Fields]) AND
2019/11/01[PubDate]: 3000/12/31[PubDate]))

‘JAK-inhibitor’ OR ‘Janus Kinase Inhibitor’ OR
‘baricitinib’ OR ‘ruxolitinib” OR ‘tofacitinib’ OR
‘fedratinib’ AND ‘SARS-CoV-2,” OR ‘coronavirus
disease 2019’ OR ‘Covid-19’

ClinicalTrials. “JAK-inhibitor’ OR ‘Janus Kinase Inhibitor" OR 46
gov ‘baricitinib’ OR ‘ruxolitinib’ OR ‘tofacitinib’ OR

‘fedratinib’ AND ‘SARS-CoV-2,” OR ‘coronavirus

disease 2019’ OR ‘Covid-19’

Europe PMC 1666

Coronavirus Pneumonia (fifth edition) [20], admission to inten-
sive care unit (ICU), and/or new use of mechanical ventilation.
The mortality outcome described by the amount of patients
who died during the follow-up period with positive corona-
virus disease 2019.

Two authors assessed the quality of each study involved in
this review independently. Modified Jadad scale was used to
evaluate the quality of clinical trials including the allocation
concealment, blindness, random allocation, withdrawals, and
drop-outs of each study. The studies were scored starting from
zero until seven and a research ranked as a high-quality
research if the score were >4 [21]. Newcastle-Ottawa Scale
(NOS) was used to evaluate the quality of case-control and
cohort studies. The assessment reviews the comparability,
selection, and outcome of each research, then each research
was assigned a total score beginning with zero until nine.
A research is graded as good quality if it scores >7 [22].

2.4. Statistical analysis

We used the Review Manager 5.4 (Cochrane Collaboration)
software to perform the meta-analysis. To calculate risk ratio
(RR) and its 95% confidence interval (95% Cl) for the recovery
rate, clinical deterioration, and mortality outcome we utilize
Mantel-Haenszel’'s formula. To obtain the mean difference
(MD) and its standard deviations (SDs) for the time to recovery
outcome, we used the Inverse Variance method. The I? statistic



was exerted to assess the heterogeneity with a value of <25%
considered as low degree of heterogeneity, 26-50% moderate
degree of heterogeneity, and >50% considered high degree of
heterogeneity. Funnel plot analysis was utilized to assess the
qualitative risk of publication bias, while the Begg and
Mazumdar rank correlation test was used to assess the quan-
titative risk of publication bias [23].

3. Results
3.1. Study selection and characteristics

The searches on the databases yielded 2,015 studies. An over-
all of 1,632 study were attained after duplicates removing. As
much as 1,567 records were removed after screening the titles
and abstracts as well as matching the inclusion and exclusion
criteria. Between 65 studies were full-text articles which were
assessed for their eligibility, and 37 articles were excluded due
to discouraging results (still recruiting or withdrawn subjects),
seven articles had no control or comparison group, five articles
did not bring up the criteria of the outcome of interest, two
articles were not in English. This meta-analysis involved 14
studies [24-37] which included a total of 4,363 coronavirus
disease 2019 patients (Figure 1). Out of 14 research, three
research were double-blind randomized clinical trials, one
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research was a single-blind randomized clinical trial, two
research were non-randomized clinical trials, five were pro-
spective cohort research, and three were retrospective cohort
research. Table 2 give out the characteristics of the included
research.

3.2. Quality of study assessment

We used Jadad scale assessment and suggested that four out
of six clinical trial research were high quality, and the remain-
ing two clinical trials were of low quality (Table 3). NOS scale
was used to evaluate quality assessment of cohort and case-
control studies, which indicated all included studies had good
quality (Table 4).

3.3. JAK-inhibitor and recovery rate

Seven studies (n = 3,320) reported recovery rate as the out-
come of JAK- inhibitors in coronavirus disease 2019 patients.
Our pooled analysis revealed that the treatment of JAK- inhi-
bitors correlated with an enhanced recovery rate (RR 1.17; 95%
Cl: 1.01-1.36, p= 0.040, I* = 91%, random-effect modeling)
(Figure 2(a)).

Records identified from
PubMed
(n=303)

Europe PMC
(n=1666)

Records identified from

Records identified from
ClinicalTrials.gov
(n=46)

A A 4

(n=1632)

Records after duplicates removed

A 4

(n=1632)

Records screened

Records excluded after
screening title and abstract
(n=1567)

A\ 4

A 4

for eligibility
(n=65)

Full-text articles assessed

Full-text articles excluded
(n=51)
- 37 do not have results

v

A

posted yet
- 7 do not have control

(n=14)

Studies included in
qualitative synthesis -

- 5do not have outcome
of interest
2 article not in English

A 4

analysis
(n=14)

Studies included in meta-

Figure 1. PRISMA diagram of the detailed process of selection of studies for inclusion in the systematic review and meta-analysis.
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Table 3. Quality appraisal of studies included in the meta-analysis using Jadad scale asssessment.

Random Concealment
Study allocation schemes Blinding Withdrawals and Drop-out Total score Interpretation
Cantini F et al.”*! 2020 (a) 0 0 0 1 1 Low quality
Cao Y et al.®”2020 2 2 2 1 7 High quality
D'Alessio A et al.?®, 2021 0 0 0 1 1 Low quality
Kalil AC et al.®% 2021 1 1 2 1 5 High quality
Marconi VC et al.®" 2021 2 1 2 1 6 High quality
Novartis Pharmaceuticals'®® 2021 1 1 2 1 5 High quality

Points were determined as follows: (1) random allocation: computer-generated random numbers, 2 points; not described, 1 point; inappropriate method, 0 point; (2)
allocation concealment: central randomization, sealed envelopes or similar, 2 points; not described, 1 point; inappropriate or unused, 0 point; (3) blindness:
identical placebo tablets or similar, 2 point; inadequate or not described, 1 point; inappropriate or no double blinding, 0 point; and (4) withdrawals and drop-outs:

numbers and reasons are described, 1 point; not described, 0 point.

The Jadad scale score ranges from 1 to 7; higher score indicates better RCT quality. If a study had a modified Jadad score >4 points, it was considered to be of high
quality; if the score was 3-4 points, it was moderate quality; and if the score was <3 points, it was low quality.

3.4. JAK-inhibitor and time to recovery

Seven studies (n = 3,159) reported the effect of JAK-inhibitors
on the outcome of the time to recovery. The pooled analysis
suggested that JAK-inhibitors treatment was correlated with
shorter time to recovery (mean difference —0.96; 95%Cl: —1.15,
-0.77, p< 0.00001, * = 28%, random-effect modeling)
(Figure 2(b)).

3.5. JAK-inhibitor and clinical deterioration of Covid-19

Table 4. Newcastle-Ottawa quality assessment of observational studies.

First Study Total
author, year design Selection Comparability Outcome score Result

Bronte Cohort *** ** *x 8  Good
V et al,
2020

Cantini
F et al?®,
2020 (b)

Giudice
V et al®,
2020

Maslennikov
R et al®2,
2021

Rodriguez-
Garcia JL
et al®,
2021

Rosas J et al®®. Cohort *** i #ax 8
2020

Stanevich OV
et alte.
2021

Stebbing
Jetal®7,
2021

Cohort *** ** ** 7  Good

Cohort  *** ** ** 7 Good

Cohort *** ** Fax 8  Good

Cohort  *** *% KKK 8

Good

Good

Cohort  *** ** ** 7 Good

Cohort *** ** Fax 8  Good

Twelve studies (n = 4,041) reported clinical deterioration as
the outcome of JAK-inhibitor in Covid-19. The pooled estimate
indicated that JAK-inhibitors treatment was correlated with
reduction in risk of clinical deterioration in coronavirus disease
2019 (RR 0.66; 95%Cl: 0.48-0.89, p= 0.008, I* = 57%, random-
effect modeling) (Figure 2(c)).

3.6. JAK-inhibitor and mortality of Covid-19 patients

The mortality outcome was revealed in thirteen studies
(n = 4,339). The pooled estimate indicated that JAK-inhibitor
treatment was associated with lower mortality from corona-
virus disease 2019 (RR 0.52; 95%Cl: 0.36-0.76, p= 0.0006,
I* = 33%, random-effect modeling) (Figure 2(d)).

3.7. Publication bias

We used Funnel plot analysis for the recovery rate (Figure 3
(@)), time to recovery (Figure 3(b)), and mortality outcomes
(Figure 3(d)). These analysis showed a relatively symmetrical
inverted-plot, indicating no publication bias. Funnel plot ana-
lysis appeared an asymmetrical inverted-plot for the clinical
deterioration outcome (Figure 3(c)), indicating some of pub-
lication bias. The result from Begg and Mazumdar rank-
correlation test were not statistically significant for recovery
rate (p = 0.133), time to recovery (p = 0.763), and mortality
outcome (p = 0.099), confirming the results from funnel plot
analysis in which no sign of publication bias was found.
However, Begg and Mazumdar rank-correlation test were sta-
tistically significant for clinical deterioration outcome
(p = 0.046), confirming the presence of publication bias.

4. Discussion

According to our pooled analysis, it was discovered that
administration of JAK-inhibitors was associated with an
enhanced recovery rate, shortened time to recovery, reduction
risk of clinical deterioration, and lower mortality from corona-
virus disease 2019.

There are some explanations how JAK-inhibitor could
affect the prognosis of Covid-19 patients. Receptor-
mediated endocytosis is the most common means of virus
entrance into host cells. Severe acute respiratory syndrome-
coronavirus-2 (SARS-CoV-2) - the responsible pathogen for
Covid-19 - used the surface receptor angiotensin-converting
enzyme 2 (ACE2) to infect cells, especially AT2 alveolar
epithelial cells in lungs [38]. AP2-associated protein kinase 1
(AAKT) is one of the known regulators of endocytosis.
Interference of AAK1 might, in turn, cut in the movement of
the virus into cells and also the intracellular congregation of
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JAK inhibitor Control Risk Ratio Risk Ratio
a. Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Cantini F et al. 2020 (a) 7 12 1) 12 0.6% 7.00 [1.01, 48.54]
Cantini F et al. 2020 (b) 99 113 11 78 5.5% 6.21[3.58, 10.79] —
Cao Y et al. 2020 18 20 18 21  15.0% 1.05 [0.84, 1.32] T
D'Alessio A et al. 2021 24 32 27 43 11.8% 1.19 [0.88, 1.62] ™
Kalil AC et al. 2021 433 515 406 518 22.3% 1.07 [1.01, 1.14] o
Marconi F et al. 2021 577 764 550 761 22.3% 1.04 [0.98, 1.11] .
Novartis Pharmaceuticals 2021 261 286 136 145 22.4% 0.97 [0.92, 1.03] L
Total (95% CI) 1742 1578 100.0% 1.17 [1.01, 1.36]
Total events 1419 1149 "

Heterogeneity: Tau? = 0.02; Chi? = 67.56, df = 6 (P < 0.00001); I = 91% ; T

- 0.01 0.1 1 10 100
Test for overall effect: Z = 2.10 (P = 0.04) Favours Control Favours JAK Inhibitor

JAK inhibitor Control Mean Difference Mean Difference

b- Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% ClI 1V, Rand 95% CI

Bronte V et al. 2020 13.66 6.33 19 20 14.33 31 0.1% -6.34 [-12.13, -0.55] -
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Figure 2. Forest plot that demonstrates the association of JAK-inhibitors administration with recovery rate (a), time to recovery (b), clinical deterioration (c), and
mortality (d) outcomes.

virus particles [39]. Fourty-seven from a total of 378 AAK1 virus and host immune systems [18]. Moreover, several stu-
inhibitors have been accepted for medical use in which 6 of dies have demonstrated that severe and deceased Covid-19
them can inhibit AAK1 with high affinity [18]. Baricitinib is patients were characterized by elevations of inflammatory
one of the six high-affinity AAK1-binding drugs which also mediators like lactate dehydrogenase (LDH), C-reactive pro-
binds the regulator of endocytosis, cyclin G-associated kinase tein (CRP), procalcitonin, D-dimer, and the levels of several
and therefore inhibits the SARS-CoV-2 endocytosis and cytokines, like interleukin-2 (IL-2), IL-6, IL-10, granulocyte col-
inflammatory response caused by interaction between the ony-stimulating factor (G-CSF), a tumor necrosis factor-a
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Figure 3. Funnel plot analysis for the association of JAK-inhibitors administration with recovery rate (a), time to recovery (b), clinical deterioration (c), and mortality

(d) outcomes.

(TNF-a). This phenomenon is known as cytokine release syn-
drome (CRS) [40,41]. Hypercytokinemia or CRS was thought to
be the underlying cause for clinical deterioration, develop-
ment of complications like acute respiratory distress syn-
drome (ARDS), and responsible for the increased death
tendency in coronavirus disease 2019 patients [41,42]. Meta-
analysis study has also demonstrated that elevated IL-6 levels
was associated with poor outcomes in Covid-19 [43]. JAK-
inhibitors target JAK1, JAK2, and JAK3, which further down-
regulate the JAK/STAT signaling pathway, leading to decrease
cytokine amounts, thus decreasing CRS [44-46]. Not only can
JAK-inhibitors stop the action of IL-6, it also blocks most likely
pathogenic cytokines, including IL-2, interferon-y (IFN-y),
granulocyte-macrophage colony stimulating factor (GM-CSF)
, and granulocyte-colony stimulating factor (G-CSF) [44-46].
Given these benefits of JAK-inhibitor in interrupting viral
entry into cells and controlling immune response, it is not
surprising that JAK-inhibitor may ameliorate the coronavirus
disease 2019 outcomes.

Theoretically, patients with Covid-19 patients would benefit
from anti-inflammatory drugs if it were given at the right time.
Siddigi and Mehra have proposed a clinical staging system
which consist of three Covid-19 stages in terms of illness
development [47]. The third stage was marked by severe
extrapulmonary  systemic hyperinflammation syndrome,
ARDS, systemic inflammatory response syndrome (SIRS), and
impending multi-organ failure. It is believed that JAK-
inhibitors should be considered prior to multiorgan

dysfunction [47]. Hence, it is reasonable to consider that JAK-
inhibitors would give benefit if given within 1-2 weeks of
disease [48].

There are some limitations in this study. Notable hetero-
geneities were identified on most of the outcomes of interests
included in this study. This might be due to difference in the
type of JAK-inhibitors and in the dosage of JAK-inhibitors
given to the patients. We also included some pre-print studies
in our analysis. However, we have made rigorous endeavor to
make certain that only meaningful research and several pre-
print research were included to reduce publication bias risk.
Finally, the results from our analysis were largely based on the
observational studies because at this time only 6 clinical trials
were available and have results posted. Further randomized
clinical trial research are still required to validate the outcome
from this analysis.

5. Conclusions

Our systematic review and meta-analysis indicated that the treat-
ment of JAK-inhibitors showed favorable outcomes in Covid-19,
in terms of recovery rate, shortened time to recovery, reduction
risk of clinical deterioration, and reduction of mortality rate.
These beneficial properties of JAK-inhibitors in Covid-19 course
are closely related to their abilities in halting the exaggerated
inflammatory response and cytokine release syndrome (CRS).
Therefore, we propose that JAK-inhibitors should also be given
in the right time to optimize its beneficial properties, preferably



within 1-2 weeks of the disease, before the development of
respiratory distress and multiple organ failure. This review also
propose that JAK-inhibitors might be a prospect agent for the
treatment of Covid-19. Even so, more randomized clinical trial
studies are still required to further verify its benefit regarding to
the timing of initiating treatment. Finally, JAK-inhibitors should
be considered as a promising drug to improve the treatment as
well as to decrease the mortality in Covid-19 patients.
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