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Summary

Background Evidence from randomised clinical trials (RCTs) of Janus kinase (JAK) inhibitors—compared with usual
care or placebo—in adults treated in hospital for COVID-19 is conflicting. We aimed to evaluate the benefits and
harms of JAK inhibitors compared with placebo or usual care and whether treatment effects differed between
prespecified participant subgroups.

Methods For this systematic review and individual participant data meta-analysis (IPDMA), we searched Medline via
Ovid, Embase via Elsevier, the Cochrane Central Register of Controlled Trials, the Cochrane COVID-19 Study Register,
and the COVID-19 L-OVE Platform, including backward and forward citation searching (last search Nov 28, 2024),
for RCTs (unpublished or published in any format and any language) that randomly assigned adults (aged =16 years)
admitted to a hospital due to COVID-19 to receive either a JAK inhibitor (any type) or no JAK inhibitor (ie, received
site-specific standard of care with or without placebo), and requested individual participant data (IPD) from the
original trial teams. The primary outcome was all-cause mortality at day 28 after random assignment. We used two-
stage meta-analyses adjusting for age and respiratory support, and pooled estimates using random-effects models.
The assessment of individual-level effect modifiers was based solely on within-trial information and continuous
modifiers were investigated as both linear and non-linear interactions. We used the Instrument for Assessing the
Credibility of Effect Modification Analyses to appraise the subgroup analyses and the Grading of Recommendations
Assessment, Development, and Evaluation approach to adjudicate the certainty of evidence. Grade 3 or 4 adverse
events and serious adverse events by day 28, and adverse events of special interest within 28 days, were assessed
among secondary outcomes. This study was registered with PROSPERO (CRD42023431817).

Findings We identified 16 eligible trials. IPD were obtained from 12 trials, corresponding to 12 902 adults admitted to
hospital between May, 2020, and March, 2022. These trials represented 12 902 [96-1%] of 13 423 participants from all
eligible trials worldwide. Seven trials evaluated baricitinib, three evaluated tofacitinib, and two evaluated ruxolitinib.
Overall, 755 (11-7%) of 6465 participants in the JAK inhibitor group died by day 28 compared with 805 (13-2%) of
6108 participants in the no JAK inhibitor group (adjusted odds ratio [aOR] 0-67 [95% CI 0-55-0-82]; high-certainty
evidence; 39 fewer per 1000 [95% CI 55 fewer to 21 fewer]). JAK inhibitors decreased the need for new mechanical
ventilation or other respiratory support and allowed for faster discharge from hospital by about 1 day. We observed
fewer grade 3 and 4 adverse events and serious adverse events in the JAK inhibitor group (14 fewer per 1000 [95% CI
24 fewer to 4 fewer]; moderate-certainty evidence). The rates of adverse events of special interest were similar across
both groups. No credible subgroup effect on mortality at day 28 was found for ventilation status, type of JAK inhibitor,
presence of comorbidities, timing of treatment initiation after symptom onset, C-reactive protein concentration, or
concomitant use of dexamethasone or tocilizumab. We found a moderately credible effect modification by age, with
younger participants showing larger relative treatment effects than older participants, but similar absolute treatment
effects due to higher baseline risk for older participants.

Interpretation This IPDMA of RCTS in adults admitted to hospital due to COVID-19 found that JAK inhibitors reduced
mortality across all levels of respiratory support, independent of dexamethasone or tocilizumab, and probably

decreased serious and severe adverse events compared with no JAK inhibitors.
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Research in context

Evidence before this study

Clinical guidelines have interpreted the evidence from
randomised clinical trials (RCTs) and aggregate data
meta-analyses assessing the effects of Janus kinase (JAK)
inhibitors in adults hospitalised for COVID-19 differently. Before
this study, we systematically searched Medline and Embase
(from inception to Aug 10, 2023) for meta-analyses using terms
for JAK inhibitors, COVID-19, and randomised clinical trials
based on existing filters, with no restrictions regarding language
or geography. The most recent and largest meta-analyses of
aggregate data at the time were published by WHO in

January, 2023, and by Cochrane in 2022. These meta-analyses
were based on four and six RCTs, respectively, and estimated an
odds ratio of 0-83 (95% Cl 0-74-0-93) and a risk ratio of

0-72 (95% Cl 0-57-0-91) for mortality by day 28, respectively.
The Cochrane review identified another nine registered RCTs
that had surpassed their estimated completion dates, yet no
data were available at the time. Both reviews emphasised the
need for more high-quality evidence regarding the effects of
JAK inhibitors across different disease severity subgroups, their
short-term and long-term safety profile, and the effect of
combining different immunomodulatory treatments.

Added value of this study

This updated systematic review included 12 RCTs and, to our
knowledge, provides the first individual participant data meta-
analysis (IPDMA) of the effects of JAK inhibitors in adults with
COVID-19. When comparing JAK inhibitors with no JAK

Introduction

During the COVID-19 pandemic, several potential
therapies were investigated in large-scale randomised
clinical trials (RCTs), including Janus kinase (JAK)
inhibitors.' JAK inhibitors not only block JAK1 and JAK2
enzymes, which play a pivotal role in inflammatory
processes, but also inhibit other protein kinases that are
involved in SARS-CoV-2 cell entry? Therefore, JAK
inhibitors represented a promising treatment candidate
for COVID-19, particularly for the inflammatory phase of
the disease. Baricitinib, ruxolitinib, and tofacitinib were
the most frequently evaluated JAK inhibitors in RCTs,
yielding different results across individual trials.*

The most recent meta-analysis of aggregate data by
WHO, published in January, 2023,* along with the 2022
Cochrane systematic review,” both examining JAK
inhibitors for the treatment of COVID-19, are based on
four to six RCTs.*”#** Both meta-analyses emphasised
the need for more high-quality evidence in several areas:
the effects of JAK inhibitors across different disease
severity subgroups, their short-term and long-term safety
profile, and the effect of combining different
immunomodulatory treatments against COVID-19.
Moreover, the Cochrane systematic review identified at
least another nine registered RCTs, not part of their

inhibitors, the results showed a significant survival benefit

(ie, lower mortality rate by day 28 and day 60, and longer time
to death), decreased need for new mechanical ventilation or
other respiratory support, faster discharge from hospital by
about 1 day, and evidence for fewer severe or serious adverse
events with JAK inhibitors. Subgroup analyses found no
credible effect modification by concomitant use of other
immunomodulatory treatments (dexamethasone and
tocilizumab), level of respiratory support, comorbidities,
C-reactive protein (CRP) concentration, time of JAK inhibitor
initiation after COVID-19 symptom onset, SARS-CoV-2
vaccination, and type of JAK inhibitor used. We found a
moderately credible effect modification by age, with younger
participants showing larger relative treatment effects than
older participants, but similar absolute treatment effects due to
higher baseline risk for older participants. The subgroup
analysis could refute a hypothesis raised in a previous
underpowered trial that participants vaccinated against SARS-
CoV-2 who received a JAK inhibitor had more serious adverse
events than unvaccinated participants.

Implications of all the available evidence

Our IPDMA presents the most comprehensive summary of all
existing randomised evidence (including >96% of participants
recruited globally on the topic) and subgroup analyses settling
the issue of discordant guidelines. JAK inhibitors seem a safe
and efficacious treatment option for adults hospitalised with
COVID-19 when given in addition to usual care.

review, that had passed their estimated completion dates
and could provide additional evidence.

WHO'’s Clinical Management of COVID-19: Living
Guideline recommended baricitinib for patients with
severe or critical COVID-19, which could be combined
with corticosteroids and IL-6 receptor blockers
(ie, tocilizumab and sarilumab).® Clinical guidelines
published by the US National Institutes of Health and
the Infectious Diseases Society of America have
interpreted the evidence differently.”” Due to uncertainty
in the available evidence and a potential harm (eg, major
adverse cardiovascular events, cancer, and venous
thromboembolism) of tofacitinib,” these clinical
guidelines did not issue a class-wide recommendation
for JAK inhibitors."”* Similarly, there are different
interpretations among regulators, with the US Food and
Drug Administration (FDA) having approved baricitinib
for the treatment of COVID-19 in patients who are
admitted to hospital,® but the application having been
withdrawn at the European Medicines Agency (EMA)
due to insufficient evidence.”

An individual participant data meta-analysis (IPDMA)
has advantages over aggregate data meta-analysis through
standardisation of covariates, outcomes, and handling of
missing data across trials, and consistently adjusting
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for baseline differences across trials.”? Additionally, an
IPDMA can model individual-level interactions directly
within studies, providing substantially greater power and
avoiding ecological bias, when compared with a meta-
regression of aggregate data across studies.”?

To date, no IPDMA has been conducted to assess the
treatment effect of JAK inhibitors to treat adults admitted
to hospital due to COVID-19. We conducted a systematic
review of all available RCTs on this topic to evaluate the
benefits and harms of JAK inhibitors and potential
subgroup differences using IPDMA methods.

Methods

Protocol registration, reporting, and methods guidance
This study was registered with PROSPERO
(CRD42023431817). The results are reported according to
the Preferred Reporting Items for Systematic Review and
Meta-Analyses of Individual Participant Data (PRISMA-
IPD) checklist, including its extensions for the search part
of the study®* We closely followed guidance of the
Cochrane Handbook for Systematic Reviews of
Interventions® and the Individual Participant Data Meta-
Analysis: A Handbook for Healthcare Research.” We set
up a dedicated homepage to transparently share project
progress and analysis code, and to regularly update on the
data sharing process of all eligible trials.

Search strategy and selection criteria

In this systematic review and IPDMA, we included RCTs
(unpublished or published in any format and any
language) that randomly assigned adults (aged =16 years)
admitted to a hospital due to COVID-19 to receive either
a JAK inhibitor (any type) or no JAK inhibitor (ie, received
site-specific standard of care with or without placebo).

We searched Medline via Ovid, Embase via Elsevier, and
the Cochrane Central Register of Controlled Trials using
terms for JAK inhibitors and COVID-19 based on existing
filters. For Medline and Embase, we added a Cochrane
RCT filter.*** Additionally, we searched the Cochrane
COVID-19 Study Register and the COVID-19 L-OVE
Platform and conducted systematic citation searching
(backward and forward)* based on all included references
after our updated search, using the CitationChaser
software.”” We last updated the search on Nov 28, 2024.
All retrieved references were exported to EndNote 21
(version 21.2, Clarivate Analytics, Philadelphia, PA, USA)
and database duplicates removed using the Deduklick
algorithm* and Covidence. The detailed search strategy is
available in the appendix (pp 3-10).

Each title and abstract were independently assessed
for potential eligibility by two of three reviewers (AA,
BS, or CSR). If either reviewer judged a study as
potentially relevant based on the title or abstract, the
full text was obtained and independently assessed by
two further reviewers. Disagreements were resolved by
discussion and, if necessary, by involving a third
reviewer (MB).

Data collection

For potentially eligible RCTs, we requested the trial
protocol to conduct a final eligibility check and the
individual participant data (IPD). If the trial team did not
respond after three attempts via email, we tried to contact
the chief investigator by telephone. We checked the
provided IPD against published results by reconstructing
the original primary analysis. Where necessary, we
discussed and resolved discrepancies directly with the
corresponding study team.

Outcomes and effect modifiers

The primary outcome was mortality at 28 days after
random assignment, combining data collected during
treatment in hospital (in-hospital mortality) and after
hospital ~ discharge (out-of-hospital mortality). The
secondary outcomes were: (1) mortality at day 60; (2) days
to death within 60 days; (3) the need for new mechanical
ventilation or death within 28 days; (4) clinical status at
day 28 on an ordinal scale based on the WHO clinical
progression scale;* (5) days until discharge or reaching
discharge criteria up to day 28 (defined as reaching level 1
of the ordinal scale based on the WHO clinical progression
scale); (6) viral clearance (participants with undetectable
SARS-CoV-2 PCR) up to day 5; (7) viral clearance up to day
10; (8) viral clearance up to day 15; (9) quality of life at
day 28; (10) number of participants with an adverse
event (grade 3 and 4) or serious adverse event, except
death, by day 28; (11) adverse events of special interest
within 28 days, defined as thromboembolic events,
secondary infections, reactivation of chronic infection
(ie, tuberculosis, herpes simplex, cytomegalovirus, herpes
zoster, and hepatitis B), serious cardiovascular and cardiac
events, events related to signs of bone marrow suppression
(ie, anaemia, lymphocytopenia, thrombocytopenia, and
pancytopenia), malignancy, gastrointestinal perforation,
and liver dysfunction or hepatotoxicity (grade 3 or 4).
Detailed definitions of the outcomes are available in the
appendix (pp 18-19).

We prespecified, as per study protocol (PROSPERO
CRD42023431817), six potential effect modifiers for
mortality at day 28. The study team, consisting of
clinicians, statisticians, a patient representative, and a
WHO treatment guideline representative, defined these
modifiers based on the pathophysiology of acute
COVID-19,' the mechanism of action of JAK inhibitors,
and existing evidence from individual RCTs on the
topic.”*7#102 % The study team considered the direction
of effect modification on relative scales. First, we
hypothesised that JAK inhibitors would have a larger
relative effect on mortality in participants who received
more extensive respiratory support (eg, high-flow oxygen,
non-invasive ventilation, mechanical ventilation, or
extracorporeal membrane oxygenation) compared with
those who received no or only low-flow oxygen. Second,
we considered that younger participants (analysed
continuously, with age categorised as <70 years vs
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=70 years only as a descriptive cutoff for the forest plot)
would show a larger relative effect than older participants.
Third, we hypothesised a larger relative effect in
participants who started JAK inhibitor treatment later
after the onset of COVID-19 symptoms (analysed
continuously, with <5 days vs >5 days and <10 days vs
>10 days used for descriptive purposes in the forest plot)
than in those who started earlier. Fourth, we expected
a larger relative effect in participants with higher
concentrations of C-reactive protein (CRP) than in those
with lower concentrations (analysed continuously, with
=75 mg/L vs <75 mg/L used for descriptive purposes in
the forest plot). Fifth, we predicted a relative effect
modification based on comorbidity status, categorising
participants as having no comorbidity, having
one comorbidity (but not immunocompromised), having
multiple comorbidities (but not immunocompromised),
or being immunocompromised, without a hypothesis
of the direction of effect modification. Sixth, we
considered that concomitant COVID-19 medication (ie,
no dexamethasone and no tocilizumab vs dexamethasone
but no tocilizumab vs dexamethasone and tocilizumab vs
no dexamethasone but tocilizumab) could modify the
effect, without a hypothesis of the direction of effect
modification. In addition, we prespecified a potential
relative effect modification on adverse events by day 28—
namely, to test whether there is a larger harm among
participants previously vaccinated against SARS-CoV-2
than among those not previously vaccinated.’ In post-hoc
analyses, we conducted two more potential relative
effect modifications on adverse events by day 28: across
concomitant COVID-19 medications (as defined
previously) and across participants at risk for serious
adverse events from JAK inhibitors according to the EMA
warning.”* We were not able to explore prognostic effects
of SARS-CoV-2 variants of concern because only one trial
provided genomic data. Instead, we compared outcomes
between trials that recruited in different time periods as a
proxy, using a global chi-squared test. We did not adjust
analyses of effect modification for multiplicity issues.

Missing data

If an outcome was missing for an entire trial, we excluded
this trial from corresponding outcome analyses. If
a subgroup covariate for an entire trial was missing
(eg, vaccination status), we excluded this trial from
corresponding effect modifier analyses. The primary
analysis was a complete case analysis under a missing-
completely-at-random assumption. However, we explored
missingness patterns and conducted a sensitivity analysis
using multilevel chained-equations techniques”* under a
missing-at-random assumption for the primary outcome
(appendix p 11).

Data analysis
All participants were analysed as randomly assigned,
adhering to the intention-to-treat principle. We applied an

IPDMA two-stage approach.®” In the first stage, we fitted
appropriate regression models for each outcome (logistic
binomial regression for binary, ordinal regression for
ordinal, negative binomial regression for count, Cox
regression for time to death, and Fine-Gray regression for
time to discharge; detailed model specifications available
on GitHub), obtaining a relative treatment effect estimate
and its variance for each trial. We decided at the outset of
the study to use odds ratios (ORs) as the main measure
because we anticipated the pooling of studies from which
we would not receive IPD, and because most RCTs report
their effects in ORs. We adjusted all models for age
(continuous) and respiratory support (categorical) at
baseline. We applied Firth’s penalisation correction in case
of sparse data as per IPDMA recommendation.” In the
second stage, we combined the estimates across trials in a
random-effects model using the inverse-variance method,
applied the maximum likelihood estimator for tau-squared,
and used the Hartung—Knapp-Sidik—Jonkman approach to
derive 95% CIs.” In addition, we calculated adjusted
cumulative survival curves using pooled logistic regression
including 95% ClIs obtained from bootstrapping.”

To investigate potential effect modification while
avoiding aggregation bias® (ie, based solely on within-
trial information) we adhered to the two-stage approach.
In each trial, we separately added the effect modifiers
one after the other to the models as an interaction term
with the treatment group, while keeping the adjustment
variables in the models. We then synthesised the
treatment—covariate interaction estimates and their
variances in the second stage in a meta-analysis of
interactions.” Continuous effect modifiers (ie, age, CRP
concentration, and days since onset of COVID-19
symptoms) were added as linear treatment interaction
terms. For purely descriptive purposes in the subgroup
forest plot, we selected clinically meaningful cutoffs that
were commonly applied in the individual trials. To
explore possible nonlinear interactions, we used the
multivariable fractional polynomial interaction approach
(appendix p 12).%* Exploratory and sensitivity analyses
are outlined in the appendix (p 13).

We used R (version 4.2.3) for all analyses except for the
multivariable fractional polynomials interaction analyses,
which we did in Stata (version 18.0). p values of less than
0-05 were considered statistically significant. The R code is
available on GitHub, where it was collaboratively
developed, managed, and shared with IPD providers,
including an audit trail of all analyses conducted.

Effect heterogeneity, risk of bias, and publication bias

We assessed heterogeneity of the treatment effect
estimates using the 2 statistic to calculate what
proportion of the observed variance reflects variance in
true effects rather than sampling error, and tau-squared
to assess what the variance of the true effects is. Because
I2 is unsuitable to assess how much the effect size varies
(except when it is 0) and tau-squared is hard to
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interpret—particularly when the results are ratios, as in
the case of this study—we added the prediction interval
to evaluate and illustrate how much the true effects vary.”
We evaluated the risk of bias in duplicate (AA, BS, and
JMS) using the Cochrane Risk of Bias 2 tool.* Small-
study effects that can suggest publication bias were
explored using contour-enhanced funnel plots.”

Assessments of certainty of evidence and credibility of
subgroup effects

We judged the certainty of evidence following the Grading
of Recommendations Assessment, Development, and
Evaluation approach.® The credibility of potential effect
modification (defined as a p, .o, value of less than 0-1)
effects was assessed using the Instrument for Assessing
the Credibility of Effect Modification Analyses (ICEMAN).”
All assessments were conducted in duplicate, by two of
three people (ie, AA, SScha, or MB), and discrepancies
were discussed and resolved by consensus.

Ethics statement

All included trials obtained individual ethical approval.
The Ethics Committee Northwest and Central
Switzerland confirmed that no separate ethical approval
was necessary for this IPDMA. We drafted and signed a
data sharing agreement with each trial sharing IPD
according to the legislation of the country of the
respective trial sponsor. A description of patient and
public involvement is included in the appendix (p 14).

Role of the funding source
The funder had no role in study design, data collection,
data analysis, data interpretation, or writing of the report.

Results

We identified a total of 2103 records searching the
mentioned databases, and 2251 additional records with
backward and forward citation searching (figure 1). After
removing duplicates and ineligible records, we identified
19 RCTs from which we sought IPD (figure 1). Two RCTs
were excluded because they had no full-text publication
available and no investigator could be contacted to
confirm eligibility. One RCT was excluded because the
IPD received did not provide an event for any of our
pre-specified outcomes, as per Cochrane handbook
guidance.” From the remaining 16 eligible trials, which
included a total of 13423 participants, we received IPD
for 12 RCTs. The characteristics of the four RCTs that
only provided aggregate date are provided in the
appendix (p 20).

The 12 trials included 12902 participants from more
than 20 countries admitted to hospital between
May 4, 2020, and March 7, 2022 (table 1). Seven trials
evaluated baricitinib,**”**" three evaluated tofacitinib,*"**'
and two evaluated ruxolitinib.>** Our IPDMA represents
12902 (96-1%) of 13423 randomly assigned participants
with IPD on this clinical question. The four eligible

RCTs without IPD (n=521) were included with aggregate
data in a sensitivity analysis for the primary outcome

(figure 1).

2103 records identified (original search on
June 6, 2023, first update on
Jan 10, 2024, and second update on
Nov 28, 2024)

2251 records identified through
backward and forward citation
searching (on Jan 24, 2024)

>

—>| 841 duplicates removed

A

3513 records after removal of duplicates

—>| 2833 excluded based on title and abstract screening

A

680 relevant records that could be allocated
to 38 potentially eligible RCTs

19 potentially eligible RCTs excluded based on full text,
trial registry, or communication with the investigators
3 no comparison of JAK inhibitor vs no JAK inhibitor
3 no randomised comparison
11 never started
2 stopped early with fewer than 25 participants recruited

A

19 potentially eligible RCTs from which
the study protocol (if not publicly
available) and IPD were sought

3 RCTs excluded (331 participants)

2 contact with principal investigator could not be
established to confirm eligibility and no results were
publicly available

1 no documented event for any of the endpoints in either
group, double-checked after IPD receipt (ie, not eligible)

4 eligible RCTs (521 participants) for which aggregate data
were available but no IPD
2 declined to share IPD
2 principal investigators could not be reached despite
several attempts

>

A

12 eligible RCTs (12 902 participants) for
which IPD were available

v

12 RCTs with 12 902 participants included
in the IPDMA (primary analysis); 12 902
(96-1%) 13 423 eligible participants
with IPD <

4 RCTs with additional 521 participants
included in the aggregate data
meta-analysis for the primary endpoint
(sensitivity analysis)

Figure 1: Study selection

IPD=individual participant data. IPDMA=individual participant data meta-analysis. JAK=Janus kinase.
RCT=randomised clinical trial.
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Overall JAK inhibitor No JAK inhibitor
(n=12902)  (n=6647) (n=6255)

Age, years* 58 (47-69) 58 (48-69) 58 (47-68)
Sex assigned at birth

Female 4637 (35-9%) 2383 (35:9%) 2254 (36-0%)

Male 8265 (641%) 4264 (641%) 4001 (64-0%)
Vaccinationt

Any SARS-CoV-2 vaccine 3564 (32:7%) 1828 (32:4%) 1736 (33-1%)

No SARS-CoV-2 vaccine 7328 (67-3%) 3818 (67-6%) 3510 (66-9%)
Time from symptom onset to randomisation, days 10 (7-12) 10 (7-12) 10 (7-12)
Clinical status on WHO ordinal scale

(2) Hospitalised without need for oxygen 1152 (8-9%) 585 (8-8%) 567 (9-1%)

therapy (WHO score 4)

(3) Hospitalised with need for supplemental 8078 (62-6%) 4111 (61-9%) 3967 (63-5%)

low-flow oxygen (WHO score 5)

(4) Hospitalised with need for high-flow oxygen 2959 (22-9%) 1534 (23-1%) 1425 (22-8%)

or non-invasive ventilation (WHO score 6)

(5) Hospitalised with need for mechanical 705 (5-5%) 414 (6-2%) 291 (4-7%)

ventilation or ECMO (WHO score 7-9)
Comorbidities

No comorbidity 5428 (42:1%) 2750 (41-4%) 2678 (42-8%)

One comorbidity 3909 (303%) 2009 (30-2%) 1900 (30-4%)

Multiple comorbidities 3467 (26:9%) 1838 (27:7%) 1629 (26-0%)

Immunocompromisedi 98 (0-8%) 50 (0-8%) 48 (0-8%)
Dexamethasone and tocilizumab

No dexamethasone and no tocilizumab 2101 (16-3%) 1069 (16-1%) 1032 (16-5%)

Dexamethasone but no tocilizumab 2870 (22-3%) 1503 (22:6%) 1367 (21-9%)

Dexamethasone and tocilizumab 7890 (61-2%) 4055 (61-0%) 3835 (61:4%)

Tocilizumab but no dexamethasone 34 (0-3%) 18 (0-3%) 16 (0-3%)
Remdesivir

No Remdesivir 9407 (72-9%) 4827 (72-6%) 4580 (732%)

Remdesivir 3495 (27-1%) 1820 (27-4%) 1675 (26-8%)
CRP concentration, mg/L 86 (42-148) 85 (42-150) 86 (42-146)
Serological status§

Undetectable anti-SARS-CoV-2 antibodies 594 (33:9%) 285 (33:5%) 309 (34-4%)

(anti-RBD and anti-nucleocapsid)

Detectable anti-SARS-CoV-2 antibodies 1157 (66-1%) 567 (66-5%) 590 (65-6%)

(anti-RBD or anti-nucleocapsid)
Virological statusql

Detectable viral load 9594 (97-3%) 4839 (97-4%) 4755 (97-2%)

Undetectable viral load 265 (2:7%) 129 (2:6%) 136 (2-8%)

Data are median (IQR) or n (%). Some trials made use of country consent laws that allowed inclusion of participants
aged 16 years and older and, hence, this was the age eligibility criterion we used. However, in our data, there were only
three participants aged 16 years and four participants aged 17 years; therefore, we kept the term adult throughout the
manuscript. CRP=C-reactive protein. ECMO=extracorporeal membrane oxygenation. IPD=individual participant data.
JAK=Janus kinase. RBD=receptor-binding domain. *RUXCOVID did not contribute data to the baseline covariate of age
in this table because IPD were provided through a virtual environment, with only summary estimates allowed as
output; however, regarding the effect modifier analyses for age and time from symptom onset, RUXCOVID provided
data because these result estimates were allowed as output. Similarly, RUXCOVID-DEVENT did not contribute data to
this baseline covariate in this table because age was provided only as a binary variable (cutoff 65 years). tData not
available for COV-BARRIER, Ghazaeian and colleagues, and TACTIC-R. tlmmunocompromised was defined in our study
protocol (PROSPERO CRD42023431817) as the presence of at least one of the following medical conditions: active
malignant neoplasm; lymphoid or myeloid neoplasms; haematopoietic stem-cell or solid-organ transplantation;
HIV-positive with CD4-cell count below 350 cells or not on antiretroviral therapy; a primary immunodeficiency;
rheumatoid arthritis; lupus; vasculitis; and inflammatory bowel disease or other autoimmune disorder for which

a participant is being treated with systemic immunosuppressive medication. §Data only available for Bari-SolidAct and
RECOVERY. q[Data only available for ACTT-2, Bari-SolidAct, COV-BARRIER, RECOVERY, and TOFACOV.

Table 2: Main baseline characteristics of participants from the 12 trials that provided IPD

All 12 included RCTs were judged to be at low risk of
bias for mortality at day 28 (appendix p 24) and for all
secondary outcomes except the outcome of adverse
events by day 28, for which five trials were classified as
being of some concern of bias (appendix p 25). All RCTs
systematically collected in-hospital and out-of-hospital
mortality data at least until 28 days after randomisation.

In the IPD received, data on adjustment variables were
missing for only eight participants overall. Data on the
primary outcome were missing for 329 (2-5%) of
12902 participants, and for less than 6-0% of participants
in any individual trial. The proportion of missing data
was similar across other outcomes, except for viral
clearance, which had substantial missing data (appendix
p 21). Seven trials******* had to be excluded entirely
from the viral clearance outcome analyses because they
did not collect such data.

The 12902 participants in our IPDMA had a median
age of 58 years (IQR 47-69). 8265 (64-1%) participants
were male and 4637 (35-9%) were female. 10760 (83 -4%)
participants received dexamethasone at baseline, whereas
only 3495 (27-1%) participants also received remdesivir
(table 2). Patients were randomly assigned after a median
symptom duration of 10 days (IQR 7-12). 3664 (28-4%)
participants received non-invasive or mechanical
ventilation at baseline, 3467 (26-9%) had multiple
comorbidities, 98 (0-8%) were immunocompromised,
and 3564 (32-7%) had received at least one SARS-CoV-2
vaccination. Baseline characteristics were similar
between randomly assigned groups (table 2). Additional
baseline characteristics are presented in the appendix
(p 23).

Overall, 755 (11-7%) of 6465 participants in the
JAK inhibitor group died by day 28 compared with
805 (13-2%) of 6108 participants in the no JAK inhibitor
group (adjusted OR [aOR] 0-67 [95% CI 0-55-0-82];
p=0-0013; 12=16%; 39 fewer per 1000 [95% CI 55 fewer to
21 fewer]; high-certainty evidence; tables 3, 4, figure 24).
All measures to assess heterogeneity of the treatment
effect estimate indicated that the true effects of included
trials did not vary considerably (figure 2A). The prediction
interval ranges from 0-45 to 1-00, suggesting that a new
trial would be likely to show benefit. At day 60, the
mortality was 12-2% with JAK inhibitors (788 of
6454 participants) versus 13 - 6% (829 of 6090 participants)
without JAK inhibitors (aOR 0-72 [0-61-0-86]; p=0-0019;
2= 6%; prediction interval 0-54-0-96; table 3; appendix
p 26). Participants in the JAK inhibitor group survived a
median of 4 days longer than participants in the no JAK
inhibitor group (adjusted hazard ratio [aHR] 0-73
[0-61-0-86]; p=0-0019; [2=24%; prediction interval
0-51-1-03; table 3; appendix p 27, cumulative incidence
curves in the appendix p 28).

The number of participants either requiring new
mechanical ventilation or dying up to day 28 was lower in
the JAK inhibitor group (1117 [17-2%] of 6505 participants)
than in the no JAK inhibitor group (1163 [18-9%] of
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6144 participants; aOR 0-80 [0-72-0-89]; p<0-0006;
12=0%,; prediction interval 0-71-0-90; 32 fewer per 1000
[95% CI 46 fewer to 18 fewer]; high-certainty evidence;
tables 3, 4; appendix p 29). Participants receiving JAK
inhibitors had better clinical status on an ordinal scale,
namely less respiratory support at day 28 (aOR 0-79
[0-73-0-86]; p<0-0001; I2=0%; prediction interval
0-71-0-88; table 3; appendix p 30), and could be discharged
more quickly (aHR 1-11 [1-06-1-16]; p<0-0005; [2=14%;
prediction interval 1-06-1-15; absolute difference median
1 day less [95% CI 0-1 days less]; high-certainty evidence;
tables 3, 4; appendix p 31) than those who did not receive
JAK inhibitors. There was no conclusive evidence for a
difference between groups in terms of viral clearance at
days 5, 10, and 15 (table 3; appendix pp 32-34). Only
one trial considered health-related quality of life and
found no evidence for between-group differences.’

Within the first 28 days, there were fewer participants
with at least one grade 3 or 4 adverse event or serious
adverse events in the JAK inhibitor group than in the no
JAK inhibitor group (1072 [16-1%)] of 6647 participants vs
1047 [16-7%] of 6255; aOR 0-90 [0-83-0-97]; p=0-011;
12=0%,; prediction interval 0-80-1-01; 14 fewer per 1000
[95% CI 24 fewer to 4 fewer]; moderate-certainty evidence;
tables 3, 4; appendix p 35). In the JAK inhibitor group,
382 (5-7%) of 6647 patients had a secondary infection and
283 (4-3%) of 6647 had thromboembolic event, whereas
330 (5-3%) of 6255 and 278 (4-4%) of 6255 patients in the
no JAK inhibitor group had these events, respectively
(appendix p 36). Of all 12902 patients, 95 (0-7%) had a
gastrointestinal perforation, 25 (0-2%) had reactivation of
a chronic infection, 128 (1-0%) had liver dysfunction, and
502 (3-9%) had a cardiovascular or cardiac event, with
similar rates across both groups (appendix p 36).

The meta-analysis for the primary outcome, including
aggregate data from the additional four trials without
IPD, supported the results from the primary analysis
(appendix p 37). No small-study effect was detected
(appendix p 38). Among the non-IPD trials, pacritinib
and nezulcitinib were also evaluated. Across all trials
(IPD and non-IPD), the between-trial comparison by type
of JAK inhibitor provided no evidence for different effects
across trials that assessed different types of JAK inhibitor
(test for subgroup differences p=0-57; summary
estimates across JAK inhibitor types were similar;
appendix p 39). However, the evidence for ruxolitinib and
tofacitnib was based on only three trials and the evidence
for pacritinib and nezulcitinib from only one trial each.
Similarly, effect estimates were similar across trials that
recruited in different time periods. However, there was
high uncertainty for the delta and omicron periods,
because only two trials with 345 participants recruited
during that period (appendix p 40).

Using a one-stage instead of a two-stage IPDMA
approach yielded similar results across all outcomes
(appendix pp 41-42). The five trials that were judged to
be at some concern of risk of bias for the safety outcome

(excluding death) within 28 days

TOFACOV, RUXCOVID, RUXCOVID-DEVENT, and STOP-COVID for this outcome.

JAK inhibitor No JAK Intention-to-treat
(n=6647) inhibitor regression analysis point
(n=6255) estimate
(95% Cl); p value; I
Primary
All-cause mortality at day 28 755/6465 805/6108 aOR 0-67 (0-55-0-82);
(11:7%) (132%) p=0-0013; I’=16%
Secondary
All-cause mortality at day 60 788/6454 829/6090 aOR 072 (0-61-0-86);
(12:2%) (13-6%) p=0-0019; ’=6%
Days until death within 60 days 12 11 aHR 073 (0-61-0-86);
(6-19)* (6-17)* p=0-0019; ’=24%
New mechanical ventilation or death at 1117/6505 1163/6144 aOR 0-80 (0-72-0-89);
day 28 (17-2%) (18-9%) p<0-0006; =0
Clinical status on WHO ordinal scale at aOR 079 (0-73-0-86);
day 28+ p<0-0001; *=0
(1) Outside of hospital alive or reached 5097/6483  4768/6208
discharge criteria (WHO score 0-3) (78-6%) (76-8%)
(2) Hospitalised without need for oxygen 75/6483 81/6208
therapy (WHO score 4) (1-2%) (1-3%)
(3) Hospitalised with need for 220/6483 238/6208
supplemental low-flow oxygen (3-4%) (3-8%)
(WHO score 5)
(4) Hospitalised with need for high-flow 173/6483 170/6208
oxygen or non-invasive ventilation (27%) (2:7%)
(WHO score 6)
(5) Hospitalised with need for mechanical 163/6483 146/6208
ventilation or ECMO (WHO score 7-9) (2:5%) (2:4%)
(6) Dead (WHO score 10) 755/6483 805/6208
(10-6%) (12:9%)
Days until discharge within 28 days 7 (4-10)% 7 (4-11)f  asHR1-11(1.06-1-16);
p<0-0005; I’=14%
Viral clearance at day 5§ 317/4765 322/4648 aOR 0:95 (0-76-1-18);
(6-7%) (6:9%) p=0-52, =0
Viral clearance at day 10§ 459/4928 465/4788 aOR 0-94 (0-86-1-03);
(9:3%) (9-7%) p=0-13; ’=0
Viral clearance at day 15§ 559/4983 564/4848 aOR 0-96 (0-88-1-05);
(112%) (11-6%) p=0-27; =0
Participants with at least one grade 3 or 4 1072/6647  1047/6255 aOR 0-90 (0-83-0-97);
adverse event or serious adverse event (16:1%) (16-7%) p=0-011; ’=0

Data are n/N (%) or median (IQR), unless otherwise stated. Missing data by trial for each of the outcomes are detailed
in the appendix (p 21). aHR=adjusted hazard ratio. aOR=adjusted odds ratio. asHR=adjusted subdistribution hazard
ratio. ECMO=extracorporeal membrane oxygenation. GRADE=Grading of Recommendations Assessment,
Development, and Evaluation. JAK=Janus kinase. *Descriptively among only those who reached the event (death); if
converted into absolute differences, according to GRADE guidance,” this results in a median of 4 days more (95% Cl
7-24 days) for the JAK inhibitor group; cumulative survival curves are available in the appendix (p 28). fNo data
available from RUXCOVID-DEVENT for this outcome. tDescriptively among only those who reached the event
(discharge); if converted into absolute differences, according to GRADE guidance,® this results in a median of 1 day less
(95% Cl 0-1 days) for the JAK inhibitor group. SNo data available from COVINIB, Ghazaeian and colleagues, PANCOVID,

Table 3: Primary and secondary outcomes for JAK inhibitor and no JAK inhibitor groups

(adverse events by day 28) showed similar results
(appendix p 43). The sensitivity analysis assessing
progression to mechanical ventilation among par-
ticipants who were not ventilated at baseline and were
still alive at day 28, as well as the sensitivity analysis
for the safety outcome (adverse events by day 28),
which analysed adverse events as a count outcome
(ie, counting all adverse events that happened within
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Study results and Absolute Absolute Absolute difference Certainty  Summary
measurements effect effect (95% Cl), NNT in effect
estimates* for estimates* estimates
JAK inhibitor  for no JAK (quality of
inhibitor evidence)
All-cause mortalityat ~ aOR 0-67 (0-55-0-82); 92 per1000 132 per1000 39 fewer per 1000 High JAK inhibitors reduce 28-day
day 28 based on data from (95% CI 55 fewer to mortality
12902 participants from 21 fewer), NNT 26%;
12 trials alternative ACR* of
1.81%, NNT 170
New mechanical aOR 0-80 (0-72-0-89); 158 per 1000 189 per1000 32 fewer per 1000 High JAK inhibitors reduce
ventilation or deathat  based on data from (95% Cl 46 fewer to progression to mechanical
day 28 12902 participants from 18 fewer), NNT 32* ventilation or death
12 trials
Days until discharge or  asHR 1-11 (1.06-1-16); 7 (median) 7 (median)  1dayless (95% Cl0-1  High JAK inhibitors reduce time to
reaching discharge based on data from days less), NNT 42* hospital discharge
criteria up to day 28 12902 participants from
12 trials
Grade 3 or 4 adverse aOR 0-90 (0-83-0-97); 154 per 1000 167 per 1000 14 fewer per 1000 Moderatet JAK inhibitors probably
event or serious adverse  based on data from (95% Cl 24 fewer to reduce severe and serious
event within 28 days 12902 participants from 4 fewer), NNH 71* adverse events
12 trials
ACR=assumed control risk. aHR=adjusted hazard ratio. aOR=adjusted odds ratio. asHR=adjusted subdistribution hazard ratio. GRADE=Grading of Recommendations
Assessment, Development, and Evaluation. JAK=Janus kinase. NNH=number needed to harm. NNT=number needed to treat. *We used as ACR the weighted mean baseline
risk across all trials (total number of events in control group divided by total observations in control group). For all-cause mortality, we provided an alternative ACR that
reflects the COVID-19 in-hospital mortality rate (1-81%) based on estimates from the UK for the year 2023, obtained through OpenSAFELY.* We calculated the NNT or NNH
from aORs and aHRs as well as the median time from randomisation to discharge from hospital according to GRADE guidelines.*® tOutcome was rated down for risk of
bias.
Table 4: Summary of findings and certainty of evidence

the first 28 days) rather than a binary outcome (ie, any
adverse events by day 28), yielded similar point
estimates but with higher uncertainty (appendix p 44).
The remaining sensitivity analyses (multiple imputation
of missing data for the primary outcome and days to
sustained discharge) were consistent with the primary
results (appendix p 44).

We observed probable effect modification by age, with
younger participants showing larger relative benefits
from JAK inhibitors than older participants (moderate
credibility according to ICEMAN; figure 2B; appendix
pp 15-17, 45-46). However, older participants still
showed a survival benefit with JAK inhibitors, as
indicated in the multivariable fractional polynomial
interaction analysis (appendix p 47). On an absolute
scale, participants aged 70 years or older (as an arbitrary
descriptive cutoff) in the largest trial (RECOVERY trial)
showed a 2% risk reduction, which was the same
absolute effect as for participants younger than 70 years
(appendix pp 45-46).

According to ICEMAN guidance, any effect modification
With a Py Value above 0-1 was not assessed regarding
its credibility. There was no evidence for effect modifica-
tion by ventilation status, comorbidity, or concomitant
dexamethasone or tocilizumab use (figure 2B), nor for
timepoint of treatment initiation after symptom onset or
CRP concentrations (figure 2B; appendix pp 48—49).

Regarding the safety endpoint (adverse events by day
28), vaccination status did not modify the effect, nor did
concomitant dexamethasone or tocilizumab use

(appendix p 50). Patients at risk for serious adverse events
from JAK inhibitors, according to the EMA warning, had
similar estimates as those not at risk (appendix p 50).

Discussion
This IPDMA of 12 RCTs, for which we obtained IPD for
12902 adult (aged =16 years) patients with COVID-19
treated in hospitals worldwide, found a reduced risk for
death with JAK inhibitors at 28 days (39 fewer deaths per
1000 or a number needed to treat of 26; high-certainty
evidence; table 4). In addition, JAK inhibitors reduced
mortality at 60 days, decreased the need for new
mechanical ventilation or other respiratory support,
and allowed for faster discharge from hospital by
approximately 1 day. There was moderate-certainty
evidence for fewer severe or serious adverse events in
participants treated with JAK inhibitors than in those not
given JAK inhibitors. We found a moderately credible
effect modification by age, with younger partici-
pants showing larger relative treatment effects than
older participants. We found no evidence for credible
effect modification by concomitant use of other
immunomodulatory treatments (dexamethasone or
tocilizumab), level of respiratory support, comorbidities,
CRP concentration, time of JAK inhibitor initiation after
COVID-19 symptom onset, SARS-CoV-2 vaccination
status, and type of JAK inhibitor used.

The findings of this IPDMA are in line with previous
meta-analyses on the topic.*** Our IPDMA expands
the evidence by adding analyses of safety data and
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A
JAK inhibitor Deaths No Deaths no Weight (%) Adjusted odds ratio Adjusted odds
JAK inhibitor JAK inhibitor JAK inhibitor ratio (95% Cl)
COVINIB 53 0 54 06 - . 0-18 (0-01-2:61)
PANCOVID 140 2 136 6 13 —.—-—— 0-29 (0-05-1-66)
RUXCOVID-DEVENT 162 84 47 33 7:0 —-—.— 0-43 (0-21-0-89)
STOP-COVID 144 4 145 8 23 — el 0-43 (0-12-1-60)
COV-BARRIER 758 82 765 129 214 <.' 0-51(0:37-0-72)
Bari-SolidAct 137 15 140 21 63 —.:—— 0-66 (0-31-1-41)
ACTT-2 494 24 492 37 10-4 — 070 (0-40-1-24)
Ghazaeian and colleagues 46 3 51 4 17 —-0-— 079 (0:17-378)
RECOVERY 4061 513 3940 545 40-7 0-81(0-70-0-93)
TACTIC-R 130 18 138 17 55 : 0-81(0-36-1-85)
RUXCOVID 282 9 142 3 22 —é——!— 1-47 (0-38-5-66)
TOFACOV 58 1 58 0 06 _t 2:54(0-19-3337)
Average treatment effect 6465 755 6108 805 100 ¢ 0-67 (0-55-0-82)
Prediction interval =£= 0-45-1-00
Heterogeneity: ’=16%, t’=0-0214, p=0-28 T T T T
01 0-51.02:0 10-0
+“— —>

B Favours JAK inhibitor  Favours no JAK inhibitor

JAK inhibitor Deaths No Deaths no Adjusted Pinteraction |ICEMAN credibility

JAK inhibitor JAK inhibitor JAK inhibitor odds ratio assessment
No oxygen 571 20 553 25 —-—o—— 0-22 Not assessed
Low-flow oxygen 4010 308 3888 329 E ——
High-flow or non-invasive ventilation 1483 271 1382 327 +
Mechanical ventilation or ECMO 401 156 281 124 —0—%—
Age =70 years 1567 426 1395 398 —,t 0-027 Moderate credibility
Age <70 years 4898 329 4713 407 -
No comorbidity 2685 160 2626 223 + 0-41 Not assessed
One comorbidity 1952 243 1858 247 —I—-
Multiple comorbidities 1780 342 1579 329 —é—.—
Immunocompromised 48 10 45 6 —-——}
No dexamethasone, no tocilizumab 1024 76 983 89 —-— 0-80 Not assessed
Dexamethasone, but no tocilizumab 4119 497 3831 498 -—l—
Dexamethasone and tocilizumab 1304 174 1277 214 +
Tocilizumab, but no dexamethasone 18 8 16 4 —‘——}
Enrolment >10 days after symptom onset 2570 223 2448 288 —p— 0-89 Not assessed
Enrolment >5 days and <10 days after symptom onset 2795 296 2716 328 --I—
Enrolment <5 days after symptom onset 949 152 906 156 —-——
CRP 275 mg/L 3307 430 3162 454 -'-.— 0-54 Not assessed
CRP <75 mg/L 2734 297 2575 308 +
Average treatment effect <>
050 0-67 1.0 2.0
4_
Favours JAK inhibitor  Favours no JAK inhibitor

Figure 2: Forest plot showing (A) all-cause mortality at day 28 and (B) subgroup analyses on all-cause mortality at day 28
(A) The odds ratio is adjusted for age and clinical status at baseline, across all trials, in the first stage. In the second stage, the individual trial estimates are combined in a random-effects model.

(B) ICEMAN assessments were conducted only in the case of statistical evidence of a p, ..o Value of less than 0-1. The p values for the interaction were obtained using a two-stage IPDMA approach,
which was based solely on within-trial interactions (deft approach).” First, to produce a treatment-covariate interaction estimate and its variance, a binomial regression was fitted in each trial separately,
adjusted (where appropriate) for respiratory support and age, including the treatment and the treatment-covariate interaction. Second, the interaction estimates were combined across trials in a
random-effects model, and the Cl for the summary interaction was derived using the Hartung-Knapp-Sidik-Jonkman approach. For continuous covariates (age, symptom duration, and CRP
concentration), a cutoff was chosen for descriptive purposes. However, these covariates were included as a continuous treatment-covariate interaction assuming linearity. Ordinal covariates (respiratory
support, comorbidities, and comedication) were included similarly. Sizing of all squares are in proportion to the inverse variance of the estimates. aOR=adjusted odds ratio. CRP=C-reactive protein.
ECMO=extracorporeal membrane oxygenation. ICEMAN=Instrument for Assessing the Credibility of Effect Modification Analyses. IPDMA=individual participant data meta-analysis. JAK=Janus kinase.

subgroup analyses, both of which were not possible in
previous individual trials or aggregate data meta-
analyses in such detail. For example, one of the trials
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or critical COVID-19* suggested more serious adverse
events in the subgroup of participants who were
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vaccinated than in those who mnot vaccinated
(Pinteracion=0+057).  However, the trial was stopped
prematurely due to external evidence on the same
clinical question (recruited only 284 [14-9%] of 1900
planned participants), the analysis was conducted post
hoc, and subsequent exploratory analyses based on
biomarkers did not provide an explanation for this
potential harm.” Most importantly, our analysis, which
was based on far more data, did not support this
subgroup finding.

Another example is the observed relative treatment
interaction by age. Although subgroup effects need to be
viewed critically, the consistent direction of effect
modification by age across the individual trials, the
statistical evidence (p;encio=0-027, assessed using a linear
interaction), and the reassurance from the multifractional
polynomial interaction analysis strengthened the
credibility of this subgroup effect.

The most up-to-date WHO COVID-19 treatment
guideline,” published in January, 2023, recommends
using the JAK inhibitor baricitinib for patients with
severe or critical COVID-19, but no other JAK inhibitor,
whereas the US National Institutes of Health (NIH)"
and the Infectious Diseases Society of America
(IDSA)™ COVID-19 treatment guidelines recommend
baricitinib as first-line JAK inhibitor and tofacitinib
as a possible alternative, but not ruxolitinib. We did
not find evidence for different effects across the
different types of JAK inhibitor (appendix p 39).
However, this finding is based on a between-trial
comparison only and should therefore be interpreted
with caution.

Although the WHO COVID-19 treatment guideline
suggests the option of triple immunomodulation (ie,
JAK inhibitors, corticosteroids, and IL-6 receptor
blockers), the NIH and IDSA COVID-19 treatment
guidelines do not recommend this strategy due to
insufficient evidence and potential greater risk of
secondary infections. Among the participants who
received the JAK inhibitor in addition to dexamethasone
or tocilizumab, we did not observe an increase in short-
term severe or serious adverse events, and found
similar clinical benefit compared with participants who
received less immunomodulatory therapy. Conversely,
we observed fewer severe or serious adverse events in
the JAK inhibitor group than in the no JAK inhibitor
group, irrespective of additional immunomodulatory
therapy. Existing evidence suggests that baricitinib
could reduce secondary infections.”® We were not able
to confirm this specific association from our pooled
data.

The FDA® and EMA® have issued warnings about
increased risk of major adverse cardiovascular events,
cancer, and venous thromboembolism associated with
the use of JAK inhibitors among participants with
chronic inflammatory conditions. During the follow-up
window of 28 days with a maximum 14 days of JAK

inhibitor treatment (as indicated for the treatment of
COVID-19), we found no increase in grade 3 or 4 adverse
events or serious adverse events, both overall (table 3),
by at-risk subgroup (appendix p 50), and when stratified
by adverse events of special interest (appendix p 36).
Less than 6% of participants had a thromboembolic
event or a secondary infection, cardiovascular and
cardiac events were below 4%, and malignancies were
negligible.

To our knowledge, this is the first IPDMA on the
effects of JAK inhibitors to treat adults admitted to
hospital due to COVID-19 that has summarised existing
evidence of RCTs on the topic, including adverse events.
Strengths are that our IPDMA included 96% of all
eligible IPD worldwide; a published and registered
study protocol with prespecified analyses; standardised
outcome and covariate definitions and adjustment
across all trials; a two-stage IPDMA model supported
by a corresponding one-stage model that showed
similar results; less than 0-5% missing data in
adjustment variables; findings that were robust to
sensitivity analyses; and hypothesis-driven, prespecified
subgroup analyses, including a credibility assessment
according to ICEMAN* and exploration of non-linear
subgroup effects using multivariable fractional
polynomials, and careful meta-analysis of interactions
using deft plots.”

Our study has several limitations. First, only five (42%)
of 12 trials contributed to the secondary outcome of viral
clearance; these analyses were probably underpowered.
Second, we could only reliably identify 98 (0-8%) of
12902 participants with an immunocompromising
condition as per our study protocol and hence could not
provide reliable evidence for this subgroup. Third, both
SARS-CoV-2 and the host evolved over time, changing
the clinical phenotype of COVID-19. Only two trials
recruited participants after December, 2021, when the
omicron (B.1.1.529) SARS-CoV-2 variants of concerns
and their sublineages became globally prevalent,
resulting in uncertain effect estimates (appendix p 40).
Moreover, only 3564 (32-7%) of 10892 participants in this
study had received a SARS-CoV-2 vaccination. The
absolute risk reductions with JAK inhibitors will be
smaller in a better protected population and with
predominantly less lethal variants of concerns such as
omicron. As an example, assuming a control group
mortality risk of 1.-81% among patients admitted to
hospital with COVID-19, based on 2023 in-hospital
mortality data from the UK obtained through
OpenSAFELY,* the number needed to treat to avoid
one death increased from 26 to 170. Fourth, we
acknowledge that our study population is not a
homogeneous group in terms of SARS-CoV-2 variants,
vaccination status, additional concomitant treatment
(especially dexamethasone and tocilizumab), and clinical
status at baseline. However, this heterogeneity is also
present in most individual RCTs that recruited across
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various clinical statuses and over an average half-year
recruitment period.

This IPDMA summarises the body of evidence from
RCTs for the use of JAK inhibitors among adults
admitted to hospital due to COVID-19. Subgroup
analyses suggested no increased harm among
participants who were vaccinated compared with those
who were unvaccinated and no evidence for differing
effects among people with multiple comorbidities,
receiving a combination of other immunomodulatory
therapy, level of respiratory support, CRP concentration,
and time of treatment initiation after symptom onset.
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