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ABSTRACT

Objectives To estimate the association of Janus kinase
inhibitors (JAKi) with the incidence of malignancy,
compared with placebo, tumour necrosis factor (TNF)-ot
inhibitors (TNFi) and methotrexate.

Methods Systematic searches of databases were
performed, to December 2022, to identify phase II/111/IV
randomised clinical trials (RCTs) and long-term extension
(LTE) studies of JAKi (tofacitinib, baricitinib, upadacitinib,
filgotinib, peficitinib) compared with placebo, TNFi

or methotrexate, in adults with rheumatoid arthritis,
psoriatic arthritis, psoriasis, axial spondyloarthritis,
inflammatory bowel disease or atopic dermatitis.
Network and pairwise meta-analyses were performed

to estimate incidence rate ratios (IRRs) for malignancy
between JAKi and comparators. Bias was assessed using
the Cochrane Risk of Bias-2 tool.

Results In 62 eligible RCTs and 16 LTE studies, there
were 82366 person-years of exposure to JAKi, 2924

to placebo, 7909 to TNFi and 1074 to methotrexate.
The overall malignancy incidence rate was 1.15 per

100 person-years in RCTs, and 1.26 per 100 person-
years across combined RCT and LTE data. In network
meta-analyses, the incidence of all malignancies
including non-melanomatous skin cancers (NMSCs) was
not significantly different between JAKi and placebo
(IRR0.71;95% Cl 0.44 to 1.15) or between JAKi

and methotrexate (IRR 0.77; 95% Cl 0.35 to 1.68).
Compared with TNFi, however, JAKi were associated with
an increased incidence of malignancy (IRR 1.50; 95% Cl
1.16 to 1.94). Findings were consistent when analysing
NMSC only and when analysing combined RCT/LTE data.
Conclusions JAKi were associated with a higher
incidence of malignancy compared with TNFi but not
placebo or methotrexate. Cancers were rare events in all
comparisons.

PROSPERO registration number CRD42022362630.

INTRODUCTION

Janus kinase inhibitors (JAKi) are therapies that
interfere with JAK-STAT signalling by inhibiting
one or more JAK enzymes (JAK1, JAK2, JAK3,
TYK2). Tofacitinib was the first JAKi approved for
the treatment of rheumatoid arthritis (RA), in 2012.
Subsequently, four other JAKi have been approved
for RA: baricitinib, upadacitinib, filgotinib and
peficitinib. Treatment indications have expanded
to include psoriatic arthritis (PsA), psoriasis (PsO),
axial spondyloarthritis (axSpA), inflammatory
bowel disease (IBD) and atopic dermatitis (AD). In
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= The ORAL Surveillance trial reported an
increased risk of malignancy with tofacitinib
compared with tumour necrosis factor (TNF)
inhibitors.

= It is unclear whether these results are
generalisable to other Janus kinase (JAK)
inhibitors and populations, including people
aged under 50 years without additional
cardiovascular risk factors.

WHAT THIS STUDY ADDS

= In this meta-analysis of 78 clinical trials and
long-term extension studies of inflammatory
joint, skin and bowel diseases, JAK inhibitors
did not associate with a higher incidence
of malignancy compared with placebo or
methotrexate.

= JAK inhibitors were, however, associated with a
higher incidence of malignancy compared with
TNF inhibitors.

= Cancer events were rare with all treatments,
with an overall incidence rate of 1 event per
100 person-years of exposure.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study might influence the choice of
treatment where the decision is between a JAK
inhibitor or TNF inhibitor, particularly in patients
at increased risk of malignancy.

head-to-head randomised clinical trials (RCTs) of
patients with RA, baricitinib and upadacitinib were
better than tumour necrosis factor-o inhibitors
(TNFi) for disease activity outcomes.' >

Following licensing of tofacitinib, the Food and
Drug Administration mandated a post-marketing
surveillance study to evaluate safety, including
the risk of malignancy. In the ORAL Surveillance
trial, an open-label RCT that compared tofacitinib
with TNFi in adults aged over 50 years with RA,
non-inferiority criteria were not met for malig-
nancies or major adverse cardiovascular events.?
During median follow-up of 4 years, a higher inci-
dence of adjudicated malignancies excluding non-
melanomatous skin cancers (NMSCs) was observed
with combined tofacitinib doses than with TNFi
(4.2% vs 2.9% of patients, respectively; HR 1.48;

BM)
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95% CI 1.04 to 2.09). Similarly, NMSC incidence was higher
with tofacitinib than TNFi (2.2% vs 1.1%, respectively). The
most common cancers excluding NMSC were lung cancer with
tofacitinib and breast cancer with TNFi.*

It remains unclear, however, whether the results of the ORAL
Surveillance trial are generalisable to other JAKi, diseases and
populations—for example, people aged under 50 years without
additional cardiovascular risk factors, in whom the base-rate
frequency of malignancy is lower.”

This meta-analysis includes RCTs and long-term extension
(LTE) studies of all licensed JAKi across treatment indications,
to test the hypothesis that JAKi increase the risk of malignancy
compared with TNFi, placebo or methotrexate.

METHODS

Database search strategy

A literature search was conducted using MEDLINE, Embase and
Cochrane databases to identify RCTs and LTE studies of JAKi in
RA, PsA, PsO, axSpA, IBD (ulcerative colitis and Crohn’s disease)
or AD. Search terms are provided within the online supplemental
appendix. The search was limited to articles published from
database inception to 9 December 2022. Additional trials were
searched for in study references and trial databases. The search
was performed in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses,’ and registered with
the International Prospective Register of Systematic Reviews
(PROSPERO registration ID: CRD42022362630).

Eligibility criteria and study selection

Eligible studies were phase II, IIT or IV RCTs or LTE studies
of JAKi (tofacitinib 5 mg or 10 mg two times per day or 11mg
once daily; baricitinib 2mg or 4mg once daily; upadacitinib
15mg or 30mg once daily; filgotinib 100mg or 200 mg once
daily; peficitinib 100 mg or 150 mg once daily) studied in adults
with RA, PsA, PsO, axSpA, IBD or AD that included compari-
sons with placebo, methotrexate monotherapy or TNFi. For LTE
studies where only interim data were published, or where the
same dataset was reported more than once, the most recently
published data were included. Studies not reporting malignancy
outcomes were not eligible. Case—control studies, observational
cohort and registry studies were excluded.

Records were managed in Rayyan (Cambridge, USA). Study
titles and abstracts were screened independently by two investi-
gators (CS, OA). The full texts of relevant studies were retrieved
and assessed for eligibility. Disagreements were resolved through
involvement of a third reviewer (MDR).

Data collection

Data were extracted independently, in duplicate, by three inves-
tigators (CS, MDR, EA), with involvement of a fourth reviewer
(JG) to resolve discrepancies when required. Data were iden-
tified from publications, with cross-referencing to published
information in ClinicalTrials.gov. Data extracted included: study
characteristics; demographics; intervention and comparator
treatments; person-years of exposure and malignancy events
(benign tumours and dysplasias without malignancy, where spec-
ified, were excluded; in situ malignancies were included). For
studies in which person-years of exposure were not reported,
exposures were estimated from the per-protocol participant
disposition (ie, according to the received treatment), whereby
the number of participants completing each study period was
multiplied by the duration of exposure. This approach was

chosen over estimations based on intention-to-treat disposition,
as the objective was to assess medication safety.

Risk of bias was assessed using the Cochrane Risk of Bias-2
tool.® This was performed independently for eligible RCTs
by two reviewers (MA, VP), with disagreements resolved by
involvement of a third reviewer (JG).

Outcomes

The primary outcome was the incidence of all malignancies
including NMSC. Secondary outcomes were all malignancies
excluding NMSC, NMSC only and haematological malignancies
(including lymphoma) only.

Statistical analysis

Meta-analysis was performed to estimate the risk of malignancy
between JAKi and comparators. Incidence rate ratios (IRRs) for
malignancies were reported separately for pooled phase II/III/IV
RCT data (ie, not including LTE data) and for combined phase
I/III/IV RCT and LTE data. In LTE studies without long-term
comparator data (14 of 16 studies), comparator data from the
original RCTs were included for comparison. Meta-analysis was
also performed to estimate the effect of individual JAKi medica-
tions on the risk of malignancies, relative to placebo.

Network meta-analysis was conducted using restricted
maximum likelihood models to compare outcomes across
studies, combining direct and indirect comparisons between
treatments. Between-treatment IRRs for malignancies (with 95%
CIs) were described graphically using forest plots. The number
of studies for each treatment and comparison was described in
network plots. A fixed continuity correction of 0.1 was applied
to each arm of studies that had one or more groups with zero
events. Each drug was ranked based on estimated probabilities
using the parameters derived from the network meta-analysis;
these were summarised by calculating the surface under the
cumulative ranking curve (SUCRA). Network meta-analysis
consistency assumptions were tested at the overall level (Wald
test for inconsistency) and for each treatment comparison (node-
splitting model).

Pairwise meta-analysis was conducted to estimate IRRs for
direct treatment comparisons only. Pooled effect estimates were
calculated from random-effects DerSimonian and Laird models
with fixed continuity corrections of 0.1 for studies with zero
events. Alternative models were explored, including models
with treatment-arm continuity corrections for zero events and
conditional generalised linear mixed-effects logistic regression
models with exact likelihood; however, these made no mean-
ingful difference to estimates. Heterogeneity was reported using
12 statistics. Funnel plots and Egger’s test for funnel asymmetry
were performed to explore publication bias.

Additional sensitivity meta-analyses were performed, as
follows: (1) ‘leave-one-out’ meta-analysis to investigate the
influence of individual studies on pooled estimates’; (2) analysis
of studies conducted in participants with RA only (ie, the largest,
single treatment indication); (3) exclusion of tofacitinib 10 mg
two times per day and upadacitinib 30 mg once daily doses,
which are not approved for some treatment indications; and (4)
exclusion of malignancy events that occurred within 6 months of
treatment initiation, to account for a potential induction period
between receiving treatment and developing cancer. Random-
effects meta-regression was performed to explore the impact of
differences in age and sex between intervention and comparator
groups of each RCT on the relative incidence of malignancy.
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All statistical analyses were conducted using Stata V.17
(StataCorp, USA).

Patient and public involvement

Patients and the public were not involved in the design, conduct
or reporting of this research, but are being involved in the
dissemination of its findings.

RESULTS

Study characteristics

Sixty-two RCTs were included, in addition to 16 LTE studies:
tofacitinib (RCT n=19; LTE n=4); baricitinib (RCT n=12; LTE
n=2); upadacitinib (RCT n=16; LTE n=6); filgotinib (RCT
n=9; LTE n=3) and peficitinib (RCT n=6; LTE n=1). Details
of included studies and a flow chart of study selection are shown
in online supplemental table 1 and online supplemental figure
1, respectively. Of 62 eligible RCTs, 56 had placebo groups, 10
had TNFi groups (adalimumab n=8; etanercept n=1; adalim-
umab or etanercept n=1) and 5 had methotrexate monotherapy
groups (de-novo methotrexate n=4; maintenance methotrexate
n=1).

For combined RCT and LTE data, there were 82366 person-
years of exposure to JAKi groups (mean: 1056 person-years
per study; n=36 681 participants; mean follow-up: 118 weeks;
SD for follow-up: 67 weeks): tofacitinib 41585 person-years
(n=14225); baricitinib 16992 person-years (n=6301); upad-
acitinib 11533 person-years (n=9810); filgotinib 9976 person-
years (n=5166); peficitinib 2280 person-years (n=1179). There
were 2924 person-years of exposure to placebo (mean: 52
person-years per study; n=8752 participants; mean follow-up:
20 weeks; SD 11 weeks), 7909 person-years for TNFi (mean:
791 person-years; n=3811; mean follow-up: 111 weeks; SD
80 weeks), and 1074 person-years for methotrexate (mean:
215 person-years; n=1342; mean follow-up: 52 weeks; SD 28
weeks). Of 62 eligible RCTs, 39 (62.9%) were deemed at low
risk of bias across all domains, 16 (25.8%) were considered to
have some bias and 7 (11.3%) had at least one domain with high
risk of bias (online supplemental table 2).

Across all study groups of eligible RCTs, there were 497 malig-
nancy events, corresponding to an incidence rate (IR) of 1.15
cancers per 100 person-years of exposure. There were 1189
malignancy events across combined RCT and LTE data (IR: 1.26
cancers per 100 person-years).

Network meta-analysis

Estimates of malignancy risk from network meta-analyses that
compared: (1) all eligible RCTs and (2) combined RCT/LTE
data, are shown in figure 1. Using the SUCRA approach to rank
malignancy risk between treatments, TNFi associated with the
lowest risk of malignancy, followed by JAKi, methotrexate,
then placebo in network meta-analyses of eligible RCTs (online
supplemental table 3). For combined RCT/LTE data, malignancy
risk was lowest with TNFi, followed by placebo, methotrexate,
then JAKi (online supplemental table 3). Network plots depicting
treatment comparisons are shown in figure 2. Inconsistency was
absent in both global and local tests of network meta-analysis
assumptions.

Malignancy risk comparing JAKi with placebo

In network meta-analysis of eligible RCTs, there was no signif-
icant difference in the risk of all malignancies including NMSC
between JAKi and placebo (IRR 0.71; 95%CI 0.44 to 1.15)
(figure 1). Similar estimates were obtained from pairwise

RCT data Rate Ratio (95% Cl)
TNFi vs Placebo —a— 0.47 (0.28,0.81)
Methotrexate vs Placebo —— 0.92 (0.37,2.32)
JAKi vs Placebo —— 0.71 (0.44,1.15)
Methotrexate vs TNFi —_—a— 1.94 (0.85,4.43)
JAKi vs TNFi —— 1.50 (1.16,1.94)
JAKi vs Methotrexate —a— 0.77 (0.35,1.68)

T T 1

I T T
0.125 025 05 1 2 4 8

Favours First Treatment  Favours Second Treatment

RCT and LTE data

TNFi vs Placebo

Methotrexate vs Placebo

JAKIi vs Placebo

Methotrexate vs TNFi
JAKi vs TNFi —-—

JAKi vs Methotrexate

Rate Ratio (95% Cl)

0.71 (0.43,1.18)
1.09 (0.53,2.27)
1.16 (0.75,1.80)
1.53 (0.80,2.92)
1.63 (1.27,2.09)
1.06 (0.58,1.94)

r T T T T T 1
0.125 025 05 1 2 4 8

Favours First Treatment Favours Second Treatment
Figure 1 Network meta-analysis estimates of the risk of all
malignancies including non-melanomatous skin cancers between study
treatments in eligible RCTs (top panel) and combined RCT and LTE
studies (bottom panel); expressed as incidence rate ratios with 95% Cls
and depicted graphically as a forest plot. JAKi, Janus kinase inhibitor;
LTE, long-term extension; RCT, randomised clinical trial; TNFi, tumour
necrosis factor-o inhibitor.

meta-analysis of direct JAKi—placebo comparisons (n=356)
(figure 3). Study heterogeneity was low (I*=006).

Comparable findings were observed from network meta-
analyses of all malignancies excluding NMSC (IRR 0.74; 95% CI
0.41 to 1.35; online supplemental figure 2) and for NMSC only
(IRR 0.61; 95% CI 0.29 to 1.28; online supplemental figure 3).
Haematological malignancies, including lymphomas, were not
meta-analysed separately due to low event frequency in JAKi
and placebo groups (IR 0.06 vs 0.04 per 100 person-years,
respectively).

Similarly, in network meta-analyses of combined RCT/LTE
data, there were no significant differences in malignancy risk
between JAKi and placebo for: (1) all malignancies including
NMSC (IRR 1.16; 95%CI 0.75 to 1.80) (figure 1 and online
supplemental figure 4 for pairwise comparisons); (2) all malig-
nancies excluding NMSC (IRR 0.97; 95%CI 0.57 to 1.66;
online supplemental figure 2) or (3) NMSC only (IRR 1.00;
95%CI 0.51 to 1.96; online supplemental figure 3).

Pairwise meta-analysis of individual JAKi medications (tofaci-
tinib, baricitinib, upadacitinib, filgotinib, peficitinib) showed no
significant differences in malignancy incidence, compared with
placebo, in eligible RCTs (figure 4) or combined RCT/LTE data
(online supplemental figure 5); however, there was considerable
uncertainty in estimates.

Sensitivity analyses that excluded individual studies in turn
made no substantial differences to estimates (online supple-
mental figures 6 and 7). Similarly, no significant differences in
malignancy risk between JAKi and placebo were observed in
sensitivity analyses that: (1) excluded cancers within the first 6
months of treatment (online supplemental figure 8); (2) included
only participants with RA (online supplemental figure 9); or (3)
excluded tofacitinib 10 mg two times per day and upadacitinib
30 mg once daily doses (online supplemental figure 10). Funnel
plots were not suggestive of significant publication bias or small
study effects (online supplemental figure 11; Egger’s test of
funnel asymmetry: p=0.95 for RCTs; p=0.15 for RCT/LTE; of
note, however, malignancy events were not the primary outcome
for the purpose of registration in the vast majority of studies).
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TNFi
(n=10)

RCT studies

MTX Placebo
(n=5) (n=56)
JAKi
(n=56)
LTE studies TNFi

(n=6)

MTX
(n=4)

JAKi
(n=16)

Figure 2 Network plots, depicting the number of studies for each
treatment (node size) and number of treatment comparisons (edge
thickness) in eligible RCT studies (top panel) and LTE studies (bottom
panel). In LTE studies without long-term comparator data, comparator
data from the original RCTs were included. JAKi, Janus kinase inhibitor;
LTE, long-term extension; MTX, methotrexate; RCT, randomised clinical
trial; TNFi, tumour necrosis factor-o: inhibitor.

Malignancy risk comparing JAKi with TNFi
In network meta-analyses of RCTs, JAKi associated with a
significantly higher incidence of all malignancies including
NMSC compared with TNFi (IRR 1.50; 95%CI 1.16 to 1.94)
(figure 1). Similar estimates were obtained from pairwise meta-
analyses of direct JAKi—-TNFi comparisons (n=10; figure 5).

The incidence of malignancies excluding NMSC was higher
with JAKi than TNFi, but with a CI that crossed 1 (IRR 1.34;
95% CI 0.99 to 1.82; online supplemental figure 2). NMSC inci-
dence was significantly higher with JAKi than TNFi (IRR 1.93;
95%CI 1.19 to 3.12; online supplemental figure 3). Haemato-
logical malignancies were not meta-analysed separately due to
low event frequency in JAKi and TNFi groups (IR 0.03 vs 0.06
events per 100 person-years, respectively).

When meta-analysing combined RCT/LTE data, the inci-
dence of malignancy was higher with JAKi than TNFi for: (1)

all malignancies (IRR 1.63; 95%CI 1.27 to 2.09; figure 1 and
online supplemental figure 12); (2) all malignancies excluding
NMSC (IRR 1.43; 95%CI 1.06 to 1.92; online supplemental
figure 2); and (3) NMSC only (IRR 2.12; 95% CI 1.32 to 3.41;
online supplemental figure 3).

Sensitivity analyses that excluded individual studies demon-
strated the large influence of one study: ORAL Surveillance®
(online supplemental figure 13). This study carried a weight of
77.5% and 72.9% in pairwise meta-analyses of RCT data and
combined RCT/LTE data, respectively. When excluding this
study, estimates remained in the same direction of effect but were
no longer statistically significant: RCT data (IRR 1.11; 95% CI
0.65 to 1.92); RCT/LTE data (IRR 1.60; 95% CI 0.99 to 2.58).
The incidence of malignancy remained significantly higher with
JAKi than TNFi in sensitivity analyses that: (1) excluded cancers
occurring within the first 6 months (online supplemental figure
8); (2) included only participants with RA (online supplemental
figure 9); and (3) excluded tofacitinib 10 mg two times per day
and upadacitinib 30 mg once daily doses (online supplemental
figure 10).

Malignancy risk comparing JAKi with methotrexate

When comparing JAKi with methotrexate in network meta-
analyses of RCT data, there was no significant difference in the
risk of all malignancies including NMSC (IRR 0.77; 95% CI 0.35
to 1.68) (figures 1 and 6). Similarly, with combined RCT/LTE
data, there were no differences in malignancy risk between JAKi
and methotrexate (IRR 1.06; 95% CI 0.58 to 1.94) (figure 1 and
online supplemental figure 14). The small number of studies
resulted in wide Cls for analyses of malignancies excluding
NMSC (online supplemental figure 2) and for NMSC only
(online supplemental figure 3).

Other comparisons
Estimates from network meta-analyses for other treatment
comparisons (TNFi vs placebo; TNFi vs methotrexate; metho-
trexate vs placebo) are shown in figure 1. Eight RCTs included
comparisons of TNFi and placebo, which contributed to 13.2%
of the effect estimate in network meta-analyses. In network meta-
analyses of RCT data, TNFi associated with a lower incidence of
all malignancies compared with placebo (IRR 0.47; 95% CI 0.28
to 0.81). In analyses of RCT/LTE data, the incidence of malig-
nancy with TNFi was numerically lower than placebo, but not
significantly so (IRR 0.71; 95% CI 0.43 to 1.18).
Meta-regression was performed to evaluate for evidence of
effect modification between age, sex and treatment on IRRs for
malignancy. No statistically significant associations were found
for these characteristics in JAKi versus placebo, JAKi versus
TNFi or JAKi versus methotrexate comparisons (online supple-
mental table 4).

DISCUSSION

In this meta-analysis, the risk of malignancy did not differ signifi-
cantly between JAKi and placebo or between JAKi and metho-
trexate in RCT or LTE studies. Compared with TNFi, however,
JAKi associated with a higher incidence of malignancy. This
observation was primarily due to the ORAL Surveillance trial,
which compared tofacitinib with TNFi in people with RA aged
over 50 years who had additional cardiovascular risk factors.
When excluding this study, effect estimates remained in the
direction of higher malignancy incidence with JAKi compared
with TNFi, although this difference was no longer statistically
significant.
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Treatment Control Incidence Rate Ratio Weight
Study Events Exposure Events Exposure with 95% CI (%)
BREEZE AD1 (Baricitinib 4mg/2mg) 0 72 2 70 < 0.05[0.00, 26.8] 0.58
BREEZE AD2 (Baricitinib 4mg/2mg) 0 71 0 69 <——+———> 098[0.00, 6224] 0.30
BREEZE AD4 (Baricitinib 4mg/2mg) 1 189 2 53 —— 0.15[0.02, 1.5] 4.41
BREEZE ADS (Baricitinib 2mg) 0 39 0 39 <«<——+———> 099[0.00, 6288] 0.30
BREEZE AD7 (Baricitinib 4mg/2mg) 0 64 0 31 <—— 1> 0.49[0.00, 3136] 0.30
NCTO01185353 (Baricitinib 4mg/2mg) 0 47 0 19 <—————> 041[0.00, 2562] 0.30
NCT01469013 (Baricitinib 4mg/2mg) 0 11 0 11 <«———+ > 102[000, 6311] 0.30
RA-BALANCE (Baricitinib 4mg) 0 67 0 67 <——+—— > 1.00[0.00, 6366] 0.30
RA-BEACON (Baricitinib 4mg/2mg) 2 143 0 66 — > 9.53[0.02, 5387] 0.58
RA-BEAM (Baricitinib 4mg) 3 431 3 198 —— 0.46[0.10, 222] 9.43
RA-BUILD (Baricitinib 4mg/2mg) 1 194 0 90 <———=—> 5.07[0.01, 3268] 0.55
DARWIN 1 (Filgotinib 200mg/100mg) 0 160 0 31 €« ———1———> 019[0.00, 1224] 0.30
DARWIN 2 (Filgotinib 200mg/100mg) 0 79 0 15 <———=—1 > 019[0.00, 1203] 0.30
DIVERGENCE 2 (Filgotinib 200mg/100mg) 0 12 0 3 <& ————————> 0.24[0.00, 1422] 0.31
EQUATOR (Filgotinib 200mg) 0 19 0 20 €«—— > 1.06[0.00, 6665] 0.30
FINCH 1 (Filgotinib 200mg/100mg) 6 1,016 3 178 — 0.35[0.09, 1.36] 1253
FINCH 2 (Filgotinib 200mg/100mg) 0 114 0 44 <——=———> 0.39[0.00, 2471] 0.30
SELECTION (Filgotinib 200mg/100mg) 7 423 1 102 —— 154[0.21, 11.4] 579
TORTUGA (Filgotinib 200mg) 0 13 0 12 <«<—— <+ > 095[0.00, 5851] 0.30
NCTO01554696 (Peficitinib 150mg/100mg) 0 34 0 16 <————> 045[0.00, 2849] 0.30
NCT01565655 (Peficitinib 150mg/100mg) 0 26 0 1 €—————F——> 0.43[0.00, 2706] 0.30
NCT01959282 (Peficitinib 150mg) 2 49 1 15 —— 0.59[0.06, 5.52] 4.61
RAJ 1 (Peficitinib 150mg/100mg) 0 23 0 9 <&———F— > 042[0.00, 2628] 0.30
RAJ 3 (Peficitinib 150mg/100mg) 3 246 0 23 &«————1—-———> 283[001, 1515] 0.59
RAJ 4 (Peficitinib 150mg/100mg) 1 413 1 63 —_—— 0.15[0.01, 2.15] 3.34
NCT00413660 (Tofacitinib 10mg/5mg) 0 56 0 2% <«———- 1> 044[000, 2813] 0.30
NCT00550446 (Tofacitinib 10mg/5mg) 1 72 0 10 <«<———1=—————> 153[0.00, 958 0.56
NCT01393626 (Tofacitinib 10mg/5mg) 1 72 0 383 <&———=—> 5.04[0.01, 3223] 0.55
NCTO01786668 (Tofacitinib 10mg/5mg) 0 30 0 14 <& ————1——> 048[0.00, 3027] 0.30
NCT01815424 (Tofacitinib 10mg/5mg) 2 211 0 24 <————=—> 235[0.00, 1319] 0.58
NCT03502616 (Tofacitinib 5mg) 0 187 0 40 <———F—> 0.22[0.00, 1374] 0.30
OCTAVE Sustain (Tofacitinib 10mg/5mg) 3 301 2 100 —— 0.50[0.09, 2.83] 7.65
OPAL Beyond (Tofacitinib 10mg/5mg) 0 145 0 28 <——=—1 > 019[0.00, 1237] 0.30
OPAL Broaden (Tofacitinib 10mg/smg) 4 260 0 25 <—— > 3.91[0.01, 2044] 0.59
OPT Pivotal 1+2 (Tofacitinib 10mg/5mg) 24 1,277 0 87 —— > 16.23[0.03, 8054] 0.60
ORAL Scan (Tofacitinib 10mg/5mg) 24 1,286 2 48 —— 0.44[0.11, 1.76] 12.10
ORAL Solo (Tofacitinib 10mg/5mg) 1 251 0 26 <——> 1.15[0.00, 737] 0.55
ORAL Standard (Tofacitinib 10mg/5mg) 3 351 0 2 &«————1= > 190[0.00, 1016] 0.59
ORAL Step (Tofacitinib 10mg/5mg) 0 143 0 32 <«<————1+ > 022[0.00, 1409] 0.30
ORAL Sync (Tofacitinib 10mg/5mg) 3 646 0 56 < — > 266[0.00, 1438] 0.58
AD Up (Upadacitinib 30mg/15mg) 4 1,045 0 87 <———1———> 339[001, 1789] 0.59
MEASURE UP 1+2 (Upadacitinib 30mg/15mg) 16 1,932 0 149 ———=—> 12.32[0.02, 6164] 0.60
NCT02925117 (Upadacitinib 30mg/15mg) 0 23 0 6 <———————> 027[000, 1671] 0.30
NCT02955212 (Upadacitinib 15mg) 1 36 0 35 ——— 1> 10.44[0.02, 6654] 0.55
RISING UP (Upadacitinib 30mg/15mg) 0 146 0 27 <———=————> 0.19[0.00, 1175] 0.30
SELECT-AXIS 1 (Upadacitinib 15mg) 0 24 0 24 <«——+ > 100[0.00, 6292] 0.30
SELECT-AXIS 2 (Upadacitinib 15mg) 0 55 1 55 <—=— 0.09[0.00, 586] 0.55
SELECT-BEYOND (Upadacitinib 30mg/15mg) 4 167 0 34 ———> 8.17[0.02, 4285] 0.59
SELECT-COMPARE (Upadacitinib 15mg) 8 1,243 2 234 —m— 0.73[0.16, 3.3] 10.11
SELECT-NEXT (Upadacitinib 30mg/15mg) 2 95 0 51 — = > 11.07[0.02, 6243] 058
SELECT-PsA 1 (Upadacitinib 30mg/15mg) 22 1,682 1 179 —+ 2.13[0.32, 14.3] 6.34
SELECT-PsA 2 (Upadacitinib 30mg/15mg) 22 843 0 81 ————————=—>20.79[0.04, 10327]  0.60
SELECT-SUNRISE (Upadacitinib 30mg/15mg) 0 21 0 11 <———1—> 0.51[0.00, 3159] 0.30
U-ACHIEVE (Upadacitinib 30mg/15mg) 5 381 1 128 —— 1.55[0.20, 121] 5.49
Overall ¢ 0.68[0.42, 1.09]
Heterogeneity: t* = 0.00, I’ = 0.00%, H’ = 1.00 Favours JAKi | Favours placebo
Testofq=0:z2=-1.60,p=0.11

001 01 10 100

Fixed continuity correction of 0.1 applied to studies with zero events

Figure 3  Pairwise meta-analysis of the risk of all malignancies including non-melanomatous skin cancers between JAKi and placebo groups of
eligible RCTs; expressed as incidence rate ratios with 95% Cls and depicted graphically as a forest plot. Exposure is reported in person-years. The
relative weighting of each study from a random-effects model is shown. A fixed continuity correction of 0.1 was used for studies with zero events.
Heterogeneity between studies was assessed using I” statistics. Further details and references for included studies are provided within online
supplemental table 1. JAKi, Janus kinase inhibitor; RCTs, randomised clinical trials.

ORAL Surveillance was the only study in our analyses to show
a statistically significant increase in the incidence of malignancy
with JAKi, relative to its comparator (TNFi). Of 10 studies that
directly compared JAKi with TNFi, 7 were in the direction of
harm for JAKi; however, CIs for all studies were wide, reflecting
in part the rarity of cancer events. The large sample size of ORAL
Surveillance, enriched for a population at risk of the event of

interest, will have increased power to detect small differences in
rare events. To explore this, we performed sensitivity analyses
using a ‘leave-one-out’ approach, which systematically removes
one study at a time and presents the summary effect estimates
with that study excluded. It is essential that interpretation of
our primary analysis finding (ie, increased malignancy inci-
dence with JAKi vs TNFi) is considered in the context of one
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Treatmen

Treatment Control Incidence Rate Ratio Weight
Study Events Exposure Events Exposure with 95% Cl (%)
Tofacitinib
NGCT00413660 (Tofacitinib 10mg/5mg) 0 56 0 25 <————————> 044[0.00, 2813] 0.30
NCT00550446 (Tofacitinib 10mg/5mg) 1 72 0 10 <————f————> 153[0.00, 958] 0.6
NCT01393626 (Tofacitinib 10mg/5mg) 1 72 0 33 <« ———1—=——> 504[001, 3223] 055
NCT01786668 (Tofacitinib 10mg/5mg) 0 30 0 14 <———————> 048[0.00, 3027] 0.30
NCT01815424 (Tofacitinib 10mg/5mg) 2 211 0 24 «—————=———> 235[000, 1319] 058
NCT03502616 (Tofacitinib 5mg) 0 187 0 40 <————1———> 0.22[0.00, 1374] 0.30
OCTAVE Sustain (Tofacitinib 10mg/5mg) 3 301 2 100 —— 0.50[0.09, 2.83] 7.65
OPAL Beyond (Tofacitinib 10mg/5mg) 0 145 0 28 <———=—————> 0.19[0.00, 1237] 0.30
OPAL Broaden (Tofacitinib 10mg/smg) 4 260 0 25 <—————=——> 391[001, 2044] 059
OPT Pivotal 1+2 (Tofacitinib 10mg/5mg) 24 1,277 0 87 —————————> 16.23[0.03, 8054] 0.60
ORAL Scan (Tofacitinib 10mg/5mg) 24 1,286 2 48 —- 0.44[0.11, 1.76] 1210
ORAL Solo (Tofacitinib 10mg/5mg) 1 251 0 26 <—————> 1.15[000, 737] 055
ORAL Standard (Tofacitinib 10mg/5mg) 3 351 0 22 €«———=——> 1.90[0.00, 1016] 0.59
ORAL Step (Tofacitinib 10mg/5mg) 0 143 0 32 <«————1+———> 022[000, 1409] 0.30
ORAL Sync (Tofacitinib 10mg/5mg) 3 646 0 56 <—————=———> 266[000, 1438] 0.8
Heterogeneity: t* = 0.00, I* = 0.00%, H* = 1.00 ‘ 0.63[0.24, 1.62]
Test of g, =q;: Q(14) =2.88, p=1.00
Baricitinib
BREEZE AD1 (Baricitinib 4mg/2mg) 0 72 2 70 < 0.05[0.00, 26.8] 0.58
BREEZE AD2 (Baricitinib 4mg/2mg) 0 7 0 69 <———1+———> 098[0.00, 6224] 0.30
BREEZE AD4 (Baricitinib 4mg/2mg) 1 189 2 53 —— 0.15[0.02, 1.5] 4.4
BREEZE ADS (Baricitinib 2mg) 0 39 0 39 <———> 0.99[0.00, 6288] 0.30
BREEZE AD? (Baricitinib 4mg/2mg) 0 64 0 31 €————1———> 049[0.00, 3136] 0.30
NCT01185353 (Baricitinib 4mg/2mg) 0 47 0 19 <€————————> 041[000, 2562] 0.30
NCT01469013 (Baricitinib 4mg/2mg) 0 1 0 11 &——————> 102[000, 6311] 030
RA-BALANGE (Baricitinib 4mg) 0 67 0 67 <«——+——> 1.00[0.00, 6366] 0.30
RA-BEACON (Baricitinib 4mg/2mg) 2 143 0 66 ———————=——> 053[002, 5387] 0.58
RA-BEAM (Baricitinib 4mg) 3 431 3 198 —— 0.46[0.10, 222] 943
RA-BUILD (Baricitinib 4mg/2mg) 1 194 0 90 <———+—=—> 507[001, 3268] 0.55
Heterogeneity: t* = 0.00, I* = 0.00%, H* = 1.00 ‘ 0.41[0.13, 1.29]
Test of g = q;: Q(10) = 2.88, p = 0.98
Upadacitinib
AD Up (Upadacitinib 30mg/15mg) 4 1,045 0 87 €«————1———> 3.39[001, 1789] 0.59
MEASURE UP 1+2 (Upadacitinib 30mg/15mg) 16 1,932 0 149 ————————> 12.32[0.02, 6164] 0.60
NCT02925117 (Upadacitinib 30mg/15mg) 0 23 0 6 <————1——> 027[000, 1671] 0.30
NCT02955212 (Upadacitinib 15mg) 1 36 0 3 ~ ——————=—> 10.44[0.02, 6654] 0.55
RISING UP (Upadacitinib 30mg/15mg) 0 146 0 27 €«———————> 0.19[0.00, 1175 0.30
SELECT-AXIS 1 (Upadacitinib 15mg) 0 24 0 24 &————+———> 1.00[0.00, 6292] 0.30
SELECT-AXIS 2 (Upadacitinib 15mg) 0 55 1 55 &—=——————— 009[000, 586] 055
SELECT-BEYOND (Upadacitinib 30mg/15mg) 4 167 0 3 ———————> 8.17[0.02, 4285 0.59
SELECT-COMPARE (Upadacitinib 15mg) 8 1,243 2 234 —— 0.73[0.16,  3.3] 10.11
SELECT-NEXT (Upadacitinib 30mg/15mg) 2 95 0 51 ————————> 11.07[0.02, 6243] 0.58
SELECT-PsA 1 (Upadacitinib 30mg/15mg) 22 1,682 1 179 — 213[0.32, 143] 6.34
SELECT-PsA 2 (Upadacitinib 30mg/15mg) 22 843 0 81 ———————> 20.79[0.04, 10327]  0.60
SELECT-SUNRISE (Upadacitinib 30mg/15mg) 0 21 0 11 €————f+———> 051[000, 3159] 0.30
U-ACHIEVE (Upadacitinib 30mg/15mg) 5 381 1 128 —— 155[0.20, 121] 549
Heterogeneity: t* = 0.00, I = 0.00%, H* = 1.00 ’ 1.42[0.56, 3.56]
Testof q = q: Q(13) = 4.35, p = 0.99
Filgotinib
DARWIN 1 (Filgotinib 200mg/100mg) 0 160 0 31 €«————1———> 0.19[0.00, 1224] 0.30
DARWIN 2 (Filgotinib 200mg/100mg) 0 79 0 15 €——————> 0.19[0.00, 1203] 0.30
DIVERGENCE 2 (Filgotinib 200mg/100mg) 0 12 0 3 & ———————> 024[000, 1422] 0.31
EQUATOR (Filgotinib 200mg) 0 19 0 20 &«———————> 1.06[0.00, 6665 0.30
FINCH 1 (Filgotinib 200mg/100mg) 6 1,016 3 178 — 0.35[0.09, 1.36] 1253
FINCH 2 (Filgotinib 200mg/100mg) 0 14 0 4 «———=—1———> 039[000, 2471] 0.30
SELECTION (Filgotinib 200mg/100mg) 7 423 1 102 154[021, 114] 579
TORTUGA (Filgotinib 200mg) 0 13 0 12 0.95[0.00, 5851] 0.30
Heterogeneity: * = 0.00, I* = 0.00%, H* = 1.00 0.54[0.19, 1.58]
Testof q,=q;: Q(7) =1.64, p=0.98
Peficitinib
NCT01554696 (Peficitinib 150mg/100mg) 0 34 0 16 <———=—1———> 045[0.00, 2849] 0.30
NCT01565655 (Peficitinib 150mg/100mg) 0 26 0 11 €«————F———> 043[000, 2706] 0.30
NCT01959282 (Peficitinib 150mg) 2 49 1 15 —— 0.59[0.06, 552 4.61
RAJ 1 (Peficitinib 150mg/100mg) 0 23 0 9 & ————1——> 042[000, 2628] 0.30
RAJ 3 (Peficitinib 150mg/100mg) 3 246 0 23 <«————1———> 283[001, 1515 059
RAJ 4 (Peficitinib 150mg/100mg) 1 413 1 63 —a—— 0.15[0.01, 2.15] 3.34
Heterogeneity: t* = 0.00, I* = 0.00%, H* = 1.00 0.39[0.08, 1.88]
Test of q = q;: Q(5) = 0.99, p = 0.96
Overall 0.68[0.42, 1.09]
Heterogeneity: t* = 0.00, I* = 0.00%, H* = 1.00 X

Favours JAKi | Favours placebo

Test of group differences: Q,(4) = 3.88, p = 0.42

0.01 0.1 1 10 100
Fixed continuity correction of 0.1 applied to studies with zero events

Figure 4  Pairwise meta-analysis of the risk of all malignancies including non-melanomatous skin cancers between individual JAKi medications and
placebo groups of eligible RCTs; expressed as incidence rate ratios with 95% Cls and depicted graphically as a forest plot. Exposure is reported in
person-years. The relative weighting of each study from a random-effects model is shown. A fixed continuity correction of 0.1 was used for studies
with zero events. Heterogeneity between studies was assessed using I statistics. Further details and references for included studies are provided
within online supplemental table 1. JAK, Janus kinase inhibitor; RCTs, randomised clinical trials.
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Treatment Control Incidence Rate Ratio Weight
Study Events Exposure Events Exposure with 95% CI (%)
RA-BEAM (Baricitinib 4mg) 3 431 0 275 ——— > 19.65[0.04, 10653] 0.17
FINCH 1 (Filgotinib 200mg/100mg) 6 1,016 2 277 —_— 0.79[0.17, 3.78] 272
RAJ 3 (Peficitinib 150mg/100mg) 3 246 1 197 s 2.24[0.26, 19.6] 1.41
NCT00550446 (Tofacitinib 10mg/5mg) 1 72 0 9 1.32[0.00, 823] 0.16
OPAL Broaden (Tofacitinib 10mg/5mg) 4 260 0 96 —— > 14.91[0.03, 7872] 0.17
ORAL Standard (Tofacitinib 10mg/5mg) 3 351 1 162 —_— 1.30[0.15, 11.3] 1.41
ORAL Strategy (Tofacitinib 5mg) 5 618 3 312 — 0.83[0.20, 3.39] 3.36
ORAL Surveillance (Tofacitinib 10mg/5mg) 186 10,803 58 5,482 | ] 1.61[1.21, 2.16] 77.49
SELECT-COMPARE (Upadacitinib 15mg) 8 1,243 4 468 — 0.75[0.23, 243] 474
SELECT-PsA 1 (Upadacitinib 30mg/15mg) 22 1,682 6 631 —— 1.36[0.56, 3.31] 8.35
Overall * 1.49[1.15, 1.92]
Heterogeneity: t* = 0.00, I* = 0.00%, H* = 1.00 Favours JAKi | Favours TNFi
Test of q=0:z=3.01, p=0.00

Fixed continuity correction of 0.1 applied to studies with zero events

0.01 0.1 1 10 100

Figure 5 Pairwise meta-analysis of the risk of all malignancies including non-melanomatous skin cancers between JAKi and TNFi groups of
eligible RCTs; expressed as incidence rate ratios with 95% Cls and depicted graphically as a forest plot. Exposure is reported in person-years. The
relative weighting of each study from a random-effects model is shown. A fixed continuity correction of 0.1 was used for studies with zero events.
Heterogeneity between studies was assessed using I” statistics. Further details and references for included studies are provided within online
supplemental table 1. JAKi, Janus kinase inhibitor; RCTs, randomised clinical trials; TNFi, tumour necrosis factor-o. inhibitor.

particularly dominant study, which had a different objective and
study population to other included studies.

One possible explanation for a finding of higher malig-
nancy incidence with JAKi than TNFi could be that JAKi are
harmful and predispose to malignancy. Conversely, the associ-
ation of JAKi on malignancy could be neutral or even protec-
tive, although relatively less so than TNFi. In favour of a neutral
effect of JAKi on cancer risk were our findings of no signifi-
cant differences in malignancy risk between JAKi and placebo
or between JAKi and methotrexate. Additionally, our network
meta-analyses suggested a lower incidence of malignancy with
TNFi than placebo.

There are likely to be many, as yet not fully understood, path-
ways that influence the risk of malignancy with JAK inhibition.
This, in turn, could vary between individual JAKi targeting
different JAK-STAT pathways. In vitro, tofacitinib abrogates
natural killer (NK) cell maturation and tumour lysis capacity,
which play important roles in anti-cancer immunosurveillance.®
Inhibition of NK cell proliferation varies depending on JAK
selectivity: in cellular assays, tofacitinib showed the largest dose-
dependent inhibition of NK cell proliferation, followed by upad-
acitinib, baricitinib and filgotinib.” In mouse models, continuous
administration of tofacitinib increased metastatic lung surface
nodules, whereas etanercept—a TNFi—did not.' In reality, the
complexity of JAK-STAT signalling affecting multiple overlap-
ping pathways'' means that we are far from understanding the

important question of intraclass JAKi differences in malignancy
risk.

Mechanistically, TNF-o has actions that could promote or
inhibit cancer development.'? ™ In 2006, concerns were raised
when a meta-analysis of RCT data for two TNFi (infliximab and
adalimumab) reported a threefold increased odds of malignancy
compared with placebo in RA.™ Several early observational
studies reported numerically increased incidences of NMSC
and lymphoproliferative cancers with TNFi, compared with
other treatments (eg, methotrexate), although with wide CIs."
Many subsequent studies with larger person-years of exposure
and adjustment for confounders have reported no increased
incidence of solid organ or lymphoproliferative cancers with
TNFi.'* ' Additionally, a small number of claims-based studies
from South Korea and Taiwan have reported lower cancer inci-
dence with TNFi.'®2? Taken together, these findings highlight
the methodological challenges of separating cancer risk associ-
ated with medications from that of the underlying disease,*'™
disease activity'? and shared risk factors (eg, smoking).**
Multiple pathways likely contribute to cancer risk in people on
immunosuppressive medications, and risks may vary according
to cancer type. For example, some treatments may lower the
risk of certain cancers (eg, lymphoma) through improved disease
control,” while increasing the risk of other cancers linked to
immunosuppression (eg, NMSC). Additionally, differences in
disease phenotype and prior treatment exposure between early

Treatment Control Incidence Rate Ratio Weight
Study Events Exposure Events Exposure with 95% CI (%)
RA-BEGIN (Baricitinib 4mg) 5 309 1 161 2.39[0.31, 18.6] 13.82
FINCH 3 (Filgotinib 200mg/100mg) 3 713 5 334 0.29[0.07, 1.17] 29.44
ORAL Start (Tofacitinib 10mg/5mg) 6 1,104 1 212 1.06 [ 0.14, 8.07] 14.18
SELECT-EARLY (Upadacitinib 30mg/15mg) 6 680 3 314 0.91[0.23, 355] 31.42
SELECT-MONO (Upadacitinib 30mg/15mg) 2 108 1 53 0.94[0.10, 9.21]  11.15

Overall
Heterogeneity: t* = 0.00, I = 0.00%, H* = 1.00
Testof q=0:z2=-0.70, p=0.48

Fixed continuity correction of 0.1 applied to studies with zero events

0.76[0.35, 1.63]

Favours JAKi | Favours methotrexate

0.01 0.1 1 10 100

Figure 6 Pairwise meta-analysis of the risk of all malignancies including non-melanomatous skin cancers between JAKi and methotrexate groups
of eligible RCTs; expressed as incidence rate ratios with 95% Cls and depicted graphically as a forest plot. Exposure is reported in person-years.

The relative weighting of each study from a random-effects model is shown. A fixed continuity correction of 0.1 was used for studies with zero
events. Heterogeneity between studies was assessed using I statistics. Further details and references for included studies are provided within online
supplemental table 1. JAKi, Janus kinase inhibitor; RCTs, randomised clinical trials.
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placebo-controlled RCTs of TNFi and recent RCTs of JAKi make
comparisons challenging.

Previous integrated safety analyses have reported malignancy
event rates for individual JAKi in the treatment of RA.**?’ In
an analysis of the tofacitinib clinical trial programme in RA,
malignancy incidence rates remained stable over follow-up of
up to 9.6 years (median exposure, 3.1 years), while comparable
malignancy rates were observed for tofacitinib 5§ mg and 10 mg
two times per day doses.?® Similarly, malignancy incidence rates
remained consistent during long-term follow-up in integrated
analyses of baricitinib (median exposure, 4.6 years; maximum
exposure, 9.3 years) and filgotinib (median exposure, 1.6 years;
maximum exposure, 5.6 years).”” 2® Phase III RA trial data for
upadacitinib (mean exposure, 1year; maximum exposure, 2.5
years) reported comparable malignancy rates between upad-
acitinib 15 mg daily, placebo, methotrexate and adalimumab;
however, numerically higher cancer rates, including NMSC,
were observed with upadacitinib 30 mg daily, relative to 15 mg
daily dosing.”’

For rare events with long latency periods, such as cancer, longi-
tudinal real-world data are important, but they remain limited
currently. In the US CorEvitas RA registry, data from 2012 to
2019 showed comparable malignancy rates between patients
with RA initiating tofacitinib versus TNFi or other biological
drugs (4505 vs 16 671 person-years of exposure, respectively).*’
In the STAR-RA Study of US insurance claims data spanning
2012-2020, an HR of 1.01 (95% CI 0.83 to 1.22) was reported
for incident malignancies associated with tofacitinib versus TNFi
in RA.*! Recent data from the ARTIS registry in Sweden reported
HRs of 0.94 (95% CI 0.65 to 1.38) for malignancies excluding
NMSC, and 1.39 (95% CI 1.01 to 1.91) for incident NMSC,
when comparing JAKi (predominantly baricitinib) with TNFi in
participants with RA (4022 vs 21389 person-years of exposure,
respectively).*

Our study had several strengths. We combined data on multiple
licensed JAKi without restriction by disease indication. Data
on TNFi and methotrexate groups were included, facilitating
comparisons between medications with distinct mechanisms
of action. RCT and LTE data were incorporated, maximising
patient-years of exposure and increasing the power to detect
differences in rare events. While the ORAL Surveillance trial
was influential in comparisons of JAKi and TNFi groups, this
study represented only 13% of overall person-time exposure and
17% of cancer events for combined JAKi groups. We also used
meta-regression to explore differential impacts of age or sex on
cancer risk with JAKi (ie, over and above that of TNFi, placebo
or methotrexate), but found no association to suggest this.

This study has several limitations. First, while there were
over 80000 person-years of exposure to JAKi, there were only
2900 person-years of exposure to placebo, reflecting the rela-
tively short duration of placebo exposure in most RCTs. Second,
cancers often take several years to develop. Participants entering
clinical trials are screened upon entry, and those with symptoms
suggestive of malignancy are unlikely to be included. As such,
one might expect to observe a lower rate of malignancy in earlier
stages of clinical trials, with rates increasing over time. This could
favour study arms with relatively short duration of follow-up
(eg, placebo), and potentially bias towards seeing an observed
difference when no true difference exists. Of note, we did not
observe a significantly increased incidence of malignancy with
JAKi versus placebo in either RCT or combined RCT/LTE data,
suggesting this potential bias is unlikely to have substantially
altered the clinical interpretation of our findings. Third, despite
being the largest meta-analysis of JAKi and malignancy risk to

date, CIs were wide in several analyses, particularly for indi-
vidual JAKi medications, with estimates spanning both harmful
and protective effects. While data from a large post-marketing
surveillance study were available for tofacitinib (ORAL Surveil-
lance), similar data were not available for other JAKi at the time
of these analyses. Caution is therefore needed when interpreting
comparisons between individual JAKi medications. Fourth, for
studies that did not report person-years of exposure by group,
exposure was estimated according to assigned treatment. This
approach was selected because the objective of this study was
to assess medication safety; however, the potential for selection
bias with this approach must also be considered (for example,
conditioning on post-randomisation exposures). Fifth, the rela-
tively small number of events by cancer type and heterogeneous
reporting between studies precluded more detailed analyses of
the risk of cancer subtypes.

CONCLUSION

JAKi were associated with a higher incidence of malignancy
compared with TNFi, but not compared with placebo or meth-
otrexate. This association was driven primarily by the results of
one large study, ORAL Surveillance. Importantly, malignancies
were rare events across all treatment groups.
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