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Rheumatoid arthritis

Risk of major adverse cardiovascular
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arthritis treated with conventional
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from the German RABBIT register
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ABSTRACT

Objective To estimate the effects of Janus kinase
inhibitors (JAKi), tumour necrosis factor inhibitors (TNFi),
other biologic(b) or conventional synthetic(cs) disease-
modifying antirheumatic drugs (DOMARDs) on the risk of
major adverse cardiovascular events (MACE) in patients
with rheumatoid arthritis (RA).

Methods Cohort study analysing episodes of DMARD-
treatment initiated between January 2017 and April 2022
in the biologics register Rheumatoid Arthritis: Observation
of Biologic Therapy. Incidence rates (IRs) per 100 patient-
years with 95% Cls were calculated for overall patients
and those with cardiovascular risk (age >50 years and >1
cardiovascular risk factor). MACE risk was estimated as
HRs by inverse probability of treatment weight-adjusted
Andersen-Gill models.

Results A total of 154 MACE occurred among 14203
treatment episodes (21218 patient-years). IRs were 0.68
(0.47; 0.95), 0.62 (0.45; 0.83), 0.76 (0.53; 1.06) and 0.95
(0.68; 1.29) for JAKi, TNFi, bDMARDs and csDMARDs,
respectively. IRs were higher in cardiovascular risk
patients. Adjusted HRs (95% Cl) comparing JAKi, bDMARDs
and csDMARDs with TNFi were 0.89 (0.52 to 1.52), 0.76
(0.45; t01.27) and 1.36 (0.85 to 2.19) in overall, and 0.74
(0.41101.31),0.75 (0.45 t0 1.27) and 1.21 (0.74 to 1.98)
in cardiovascular risk patients. HRs were not increased in
patients >65 years, with cardiovascular history or smokers,
and also not when using csDMARD as reference instead of
TNFi. IRs for baricitinib, tofacitinib and upadacitinib were
0.49 (0.25 0 0.85), 0.98 (0.58 to 1.55) and 0.53 (0.15 to
1.36), respectively.

Conclusion In this German observational cohort study,
MACE did not occur more frequently with JAKi compared
with other DMARDs. However, individual JAKis showed
different unadjusted IRs.

WHAT IS ALREADY KNOWN ABOUT THIS
SUBJECT?

= Results of the ORAL Surveillance safety trial showed
a numerically increased occurrence of major ad-
verse cardiovascular events (MACE) with the Janus
kinase inhibitor (JAKi) tofacitinib compared with
tumour necrosis factor inhibitors (TNFi) in patients
with rheumatoid arthritis (RA) and additional risk
factors for cardiovascular events.

= A warning has been issued by the European
Medicines Agency regarding the use of all JAKi in
patients with chronic inflammatory disorders at in-
creased cardiovascular risk.

WHAT DOES THIS STUDY ADD?

= Study provides evidence that the risk of MACE
is not increased with JAKi compared with TNFi or
conventional synthetic disease-modifying antirheu-
matic drugs. This applies both to the entire cohort
of German patients with established RA and to those
with a higher cardiovascular risk profile.

= Stratification by different JAKi revealed numerically
lower unadjusted incidence rates for baricitinib and
upadacitinib compared with tofacitinib, but descrip-
tive 95% Cls overlapped.

HOW MIGHT THIS IMPACT ON CLINICAL
PRACTICE OR FUTURE DEVELOPMENTS?

= Our study does not confirm the signal from the ORAL
Surveillance safety trial. In comparison to TNFi, the
risk of MACE was neither increased in the group of
JAKi nor in individual substances when treatments
are used in clinical practice.
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INTRODUCTION

Patients with rheumatoid arthritis (RA) have a higher risk
of major adverse cardiovascular events (MACE) compared
with the general population, which even remains when
adjusting for traditional cardiovascular risk factors.'™
Systemic inflammation plays a central role in increasing
the risk, and adequate treatment with disease-modifying
antirheumatic drugs (DMARDs) is beneficial.® A lower
risk of MACE was observed on therapy with the more
effective biologic (b)DMARDs, primarily with tumour
necrosis factor inhibitors (TNFi), than with conventional
synthetic (cs)DMARDs.*®

Concerns have been raised about the risk of MACE
associated with the targeted synthetic (ts) DMARDs Janus
kinase inhibitors (JAKi). Following the observation of a
numerically higher incidence of MACE among users of
the JAKi tofacitinib compared with TNFi in preliminary
results of the safety trial ORAL Surveillance, the US Food
and Drug Administration and the European Medicines
Agency (EMA) issued warnings regarding tofacitinib
use.” '’ The trial included a cardiovascular risk-enriched
population of RA patients with a minimum age of 50
years and at least one cardiovascular risk factor.

So far, other clinical trials and observational studies
have not confirmed these signals. Similar incidence rates
(IR) or frequencies of MACE were reported in clinical
trial data, including tofacitinib,11 baricitinib,12 ﬁlgotinib13
and upadacitinib,14 compared with TNFi. Incidences
of MACE in association with tofacitinib exposure were
neither increased in a US collaborative claims data anal-
ysis”’ nor in a US register observing patients with tofaci-
tinib treatment since 2012."° French claims data showed
no increased risk of MACE with tofacitinib or baricitinib
compared with adalimumab, including patients at high
risk.!” In the Swedish ARTIS register, MACE did not occur
more frequently with tofacitinib and baricitinib than with
bDMARDs.* Evaluation of more than 11 million reported
side effects in the global VigiBase database did not yield
a higher declaration of MACE with JAKi compared with
TNFi.!® Regarding baricitinib, international collabora-
tive analysis of two registers and several commercial and
claims databases showed a numerically increased risk
of MACE compared with TNFi in absence of statistical
signiﬁcance.19

After reviewing final trial and study results,' ** EMA
endorsed the safety alerts and extended them to all JAKi
approved to treat chronic inflammatory disorders. At
present, they caution against the use of JAKi in patients
aged 65 years or above, at increased risk of MACE, in
current or past long-time smokers and in patients at
increased risk of cancer.”’ These restrictions are already
partly reflected in the current RA management recom-
mendations of EULAR.*

To generate additional evidence based on clinical prac-
tice, the aim of this study was to estimate the effects of
cs/b and tsDMARD therapies on the risk of MACE in
patients with RA. Separate analyses were performed for

patients at increased risk for cardiovascular events and
for the different available JAKis.

METHODS

Data source

This analysis contains data from the German biologics
register Rheumatoid Arthritis: Observation of Biologic
Therapy (RABBIT), a nationwide prospective observa-
tional longitudinal cohort study with routine clinical care
information. Adult patients with RA are consecutively
enrolled into the register with the start of a b/tsDMARD
or with a ¢sDMARD after at least one prior DMARD
therapy. Data are reported by rheumatologists and
patients at predefined time points for at least 5 and up
to 10 years. The regularly assessed information comprises
demographics, disease and treatment characteristics,
comorbidities and patient-reported outcomes.” Adverse
events are reported at every follow-up visit and classified
as serious or non-serious according to the International
Conference on Harmonization E2A guidelines by the
rheumatologist.** They are coded by the study centre
using the Medical Dictionary for Regulatory Activities.”
For events of interest such as MACE, the rheumatologist
has to answer additional event-specific queries to provide
further details. Prior to enrolment into the register,
patients have to give their written informed consent.

Study population

The study included patients enrolled from 1 January
2007 in RABBIT with at least one follow-up until 30 April
2022 (figure 1). Patients were eligible for the analysis if
they initiated a DMARD treatment from 1 January 2017
(overall patients). As an adaption to the ORAL Surveil-
lance eligibility criteria,”’ an additional study cohort with
a cardiovascular risk-enriched population was defined by
selecting patients aged 50 years or older and with at least
one cardiovascular risk factor defined as hypertension,
coronary heart disease, diabetes, hyperlipoproteinemia
or current smoking at treatment start (cardiovascular risk
patients).

Outcomes

The endpoint of this analysis was three-point MACE,
defined as the composite of non-fatal or fatal stroke or
myocardial infarction, and other cardiovascular death by
the rheumatologist (detailed information in the supple-
ment).

Assignment of treatment exposure

Four treatment exposure groups were evaluated in this
analysis: (I) JAKi (baricitinib, filgotinib, tofacitinib or
upadacitinib), (II) TNFi (adalimumab, certolizumab,
etanercept, golimumab or infliximab), (III) other
bDMARD (abatacept, rituximab, sarilumab or tocili-
zumab) and (IV) c¢sDMARD without or with prior b/
tsDMARD exposure. Groups (I) to (III) could have
been applied as monotherapy or in combination with
c¢sDMARD. Treatment episodes were analysed. Switching
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Figure 1

Flowchart of patient and treatment episode selection. bDMARD, biologic disease-modifying antirheumatic drug;

csDMARD, conventional synthetic disease-modifying antirheumatic drug; JAKi, Janus kinase inhibitor; TNFi, tumour necrosis

factor inhibitor.

across different exposure groups was allowed, and one
patient could contribute to more than one exposure
group. The day of initiation of any drug from one expo-
sure group was defined as index date for each treatment
episode. Treatment episodes lasted from index date until
treatment stop (unless another drug from the same treat-
ment exposure group was initiated, that is, switching
within the same exposure group did not trigger a new
treatment episode), end of individual patient observa-
tion or study period, whichever came first. For IR calcu-
lation, exposure to a treatment was censored after the
first occurrence of MACE. For HR calculation, treat-
ment episodes were artificially split at the occurrence of
an event in order to analyse recurrent events with Cox
methodology, that is, treatment episodes always ended at
the occurrence of an event. Exposure in group IV was
censored at the time of starting a b/tsDMARD. For b/
tsDMARDs (groups I-III), an additional risk window of
90 days (270 days for rituximab) was added after treat-
ment discontinuation. For overlaps between treatment
episodes, the overlap in exposure time (including associ-
ated events) was assigned to both treatment groups for IR
calculation and the previous treatment group for regres-
sion models.

Statistical analyses

Patient characteristics were summarised per treatment
group at the index date (=baseline) either as mean
with SD, median with IQR or number and percentages.

Number of first reported events, patient years (PY) at risk
and crude IRs per 100 PY, including a descriptive 95% CI
were calculated per treatment group assuming a Poisson
distribution for observed event numbers.*

The Andersen-Gill model, a simple extension of the
standard Cox proportional hazard regression model
developed to consider recurrent events and the complete
follow-up time, was applied.” ™ By using treatment
episodes instead of patients as unit of observation, it
better adjusts for treatment switches than the standard
Cox model. Adjusted HRs with 95% ClIs were calculated
to investigate the risk of first and subsequent MACE asso-
ciated with JAKi, other bDMARD and ¢sDMARD treat-
ment in comparison to TNFi. Models were adjusted for
treatment decisions via stabilised and winsorised inverse
probability of treatment weighting (IPTW). Weights were
estimated using propensity scores calculated by logistic
regression including the baseline covariates age, sex,
current smoking, Clinical Disease Activity Index (CDAI),
C reactive protein (CRP), number of previous DMARDs,
number of comorbidities associated with cardiovascular
risk (hypertension, coronary heart disease, diabetes,
hyperlipoproteinemia, stroke and obesity defined as
body mass index >30kg/m?), dose of concomitant gluco-
corticoid therapy, functional status assessed by Hannover
Functional Capacity Questionnaire (FFbH),”" type of
enrolling institution (clinic vs practice) and year of index
date (until 2020 or thereafter, to account for preliminary
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safety warnings). IPTW was additionally carried out to
adjust for selective dropout, applying logistic regres-
sion with the covariates age, sex, FFbH, CDAI and CRP.
Both weights were multiplied to obtain a final weight
for each treatment episode. If a covariate of the IPTW
model showed a mean standardised difference of >0.1 or
<—0.1, indicating insufficient balance between treatment
groups, it was additionally included as covariate to the
Andersen-Gill model. HRs are presented for treatment
groups with at least five events in order to guarantee
stable results. The CIs of the HRs were calculated using
robust sandwich estimates.™

Tenfold imputation of missing values via full condi-
tional sampling was applied. Since CRP distribution was
strongly skewed, this covariate was logarithmised prior to
analysis. All analyses were conducted in SAS (V.9.4) and
R (V. 4.2.1).

Subgroup and secondary analyses

Subgroup analyses were stratified by sex (female vs male),
age (=65 years vs <65), prior cardiovascular disease (CVD)
defined as coronary heart disease or stroke (history of
CVD vs no history CVD), smoking (current smokers vs
non-smokers including former smokers, never smokers
and patients with missing information) and prior b/
tsDMARD use (bionaive vs non-bionaive). Crude IRs
and adjusted HRs were calculated for each subgroup of
overall and cardiovascular risk patients. Secondary anal-
yses comprised two different Andersen-Gill models: in
the first, sDMARD group was used as reference category
instead of TNFi, in the second, IPTW covariates were
included in the regression. Furthermore, the risk of first
MACE events was addressed by Cox proportional hazard
regression that censored exposure at the first event,
therapy switch or end of observation, whichever occurred
first. Eventually, individual JAKi drugs were examined
(baseline characteristics, IRs and HRs), with the excep-
tion of filgotinib due to the low number of episodes and
events (n=125and n=1, respectively). For upadacitinib,
only IRs were calculated due to the low number of events
(n=4).

RESULTS

From 1 January 2017 onwards, a total of 14203 treatment
episodes were eligible for the analysis, thereof 3058 with
JAKi, 3694 with TNFi, 3150 with other bDMARDs and
4301 with ¢sDMARD (overall patients, figure 1). After
selecting patients with cardiovascular risk factors, 1845,
2010, 1866 and 2643 episodes remained in the groups
of JAKi, TNFi, other bDMARDs and csDMARD:s, respec-
tively (cardiovascular risk patients). PYs for individual
substances are given in online supplemental table S1.

Baseline characteristics

Compared with patients starting a TNFi, patients with
JAKi, other bDMARD or csDMARD were older on
average, showed signs of a more long-standing RA
disease, eg, longer disease duration, higher number of

prior b/tsDMARDs, lower physical capacity and higher
prevalence of comorbid conditions (table 1). Disease
activity measures were lowest in the csDMARD group.
Restricting the cohort to patients with a minimum age
of 50 years and at least one cardiovascular risk factor
(cardiovascular risk patients) led to a lower percentage
of female patients, higher mean age and disease duration
and slightly elevated disease activity at treatment start
(table 1).

Crude IRs and HRs of MACE (main analysis)

A total of 154 events (including 148 first events) were
reported in individual patients, of which 65 (42%)
were non-fatal or fatal myocardial infarctions, 64 non-
fatal or fatal strokes (42%) and 25 fatal MACE (16%).
This outcome distribution was similar in the TNFi and
csDMARD group. In the other bDMARD group, 46%
myocardial infarctions, 29% strokes and 26% fatal
MACE were registered. More strokes (53%, n=18) than
myocardial infarctions (38%, n=13) occurred with JAKi,
and three of the events were fatal MACE (9%). Of the
18 strokes that occurred in JAKi-treated patients, three
were ruptured aneurysms, two were haemorrhagic and
13 were ischaemic or unknown.

The IR overall (95% CI) per 100 PYs for MACE was
0.73 (0.61 to 0.85). For individual exposure groups,
IRs were 0.68 (0.47 to 0.95), 0.62 (0.45 to 0.83), 0.76
(0.53 to 1.06) and 0.95 (0.68 to 1.29) for JAKi, TNFi,
other bDMARDs and csDMARDs, respectively (table 2).
Compared with TNFi, HRs (95% CI) were 0.89 (0.52 to
1.52), 0.76 (0.45 to 1.27) and 1.36 (0.85 to 2.19) for JAKI,
other bDMARDs and csDMARDs, in the group of overall
patients (figure 2).

Higher IRs were observed in cardiovascular risk
patients with 1.11 events per 100 PY (0.93 to 1.32) overall,
and 0.92 (0.62 to 1.33), 1.03 (0.74 to 1.40), 1.17 (0.80
to 1.65) and 1.48 (1.05 to 2.01) with JAKi, TNFi, other
bDMARDs and c¢sDMARDs, respectively (table 2). HRs
were 0.74 (0.41 to 1.31), 0.75 (0.45 to 1.27) and 1.21
(0.74 to 1.98) for JAKi, other bDMARDs and csDMARDs
compared with TNFi (figure 2). In all Andersen-Gill
models, the number of previous DMARDs was added as
covariate due to exceeding the mean standardised differ-
ence threshold.

Subgroup and secondary analyses

Across all exposure groups, subgroup analyses of overall
patients revealed considerably higher IRs in male
patients compared with female patients, in patients aged
>65 years compared with <65 years and in patients with
CVD history compared with no CVD history (table 2).
Differences in IRs were not as pronounced in smokers
compared with non-smokers and in patients with versus
without prior b/tsDMARD use, except for the csDMARD
exposure group. No significantly altered HRs of MACE
in association with JAKi, other bDMARD or csDMARD
treatment in comparison to TNFi were observed in any
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Overall patients Cardiovascularrisk patients Treatment Overall Cardiovascular
exposure group patients risk patients
Main analysis . HR (95% ClI) HR (95% Cl)
e —— JAKi 0.89(0.52;1.52)  0.74(0.41; 1.31)
—ai —a other bDMARDs  0.76 (0.45; 1.27)  0.75 (0.45; 1.27)
LR [ E— csDMARDs 1.36(0.85;2.19)  1.21(0.74;1.98)
Subgroup Analyses
Male
— —— JAK 0.72(0.32;1.62)  0.46 (0.19; 1.10)
—h—— —h— other bDMARDs  0.65 (0.30; 1.43)  0.53 (0.23; 1.21)
—— e csDMARDs 1.04 (0.48;2.25) 0.87 (0.41; 1.85)
Female ) .
—fi 4‘7 JAKi 1.03(0.50;2.1)  0.97 (0.45; 2.09)
—A— A other bDMARDs 0.88 (0.45;1.72)  0.97 (0.48; 1.95)
—— _—— csDMARDs 1.66 (0.90;3.06)  1.56 (0.82;2.99)
Age 265 . .
— — JAKi 1.07 (0.51;2.21)  0.90 (0.43; 1.90)
— A S other bDMARDs 1.17 (0.60;2.28)  1.05 (0.53; 2.05)
——— - csDMARDs 1.70(0.91;3.17)  1.46 (0.78; 2.75)
Age <65 ) )
H— a— JAKi 0.71(0.32;1.55)  0.53 (0.21; 1.32)

History of CVD

No history of CVD

other bDMARDs 0.36 (0.16;0.82) ~ 0.38 (0.16; 0.89)
csDMARDs 0.96 (0.45;2.05)  0.84 (0.38; 1.88)

JAKi NR NR
other bDMARDs 0.70 (0.32;1.53)  0.81 (0.37; 1.77)
csDMARDs 1.14 (0.56;2.29)  1.27 (0.63; 2.58)

JAKi 1.64(0.85;3.15)  1.25(0.62; 2.53)
other bDMARDs  0.97 (0.49; 1.92)  0.88 (0.43; 1.79)

csDMARDs 1.61(0.86;3.01)  1.28 (0.67; 2.46)
Current smokers

JAKi 0.87(0.34;2.22)  0.69 (0.25; 1.88)
other bDMARDs NR NR
csDMARDs 1.52(0.67;3.45) 1.41(0.61;3.28)

Non-smokers . .
R e JAKi 0.89 (0.47;1.69)  0.76 (0.38; 1.51)
— A — A other bDMARDs 1.04 (0.59;1.84)  1.04 (0.58; 1.88)
— — csDMARDs 1.32(0.75;2.34)  1.11(0.61;2.01)

No prior b/tsDMARD . .
—_———— ———— JAKi 1.38(0.61;3.13)  1.15(0.48;2.73)

: \
' ! other bDMARDs NR NR
v v csDMARDs 1.65(0.70;3.93)  1.14 (0.44; 2.98)

>1 prior b/tsDMARD . .
— ——— JAKi 0.76 (0.38;1.49)  0.61 (0.29; 1.27)

\ |
A A other bDMARDs 0.81(0.43;1.51) 0.79 (0.42;1.51)
e —— — - csDMARDs 1.36 (0.74;2.49)  1.26 (0.68; 2.35)

1 2 3 4 0
Hazard ratio

3 a

Figure 2 Adjusted HRs with 95% Cls and TNFi as reference treatment group in overall (left) and cardiovascular risk (right)
patients given for main and subgroup analyses. Risk of major adverse cardiovascular events estimated from the Andersen-Gill
model applying inverse probability weighting. In all Andersen-Gill models, the number of previous DMARD substances was
used as covariate in addition to the treatment effect due to exceeding the mean standardised difference threshold. bDMARD,
biologic disease-modifying antirheumatic drug; csDMARD, conventional synthetic disease-modifying antirheumatic drug; CVD,
cardiovascular disease; JAKI, Janus kinase inhibitor; NR, not reported due to a low number of events; TNFi, tumour necrosis
factor inhibitor; tsDMARD, targeted synthetic disease-modifying antirheumatic drug.

subgroup, except for a significantly reduced risk with
other bDMARDs in patients<65 years (figure 2).

In subgroup analyses, as already observed in the main
analysis, the vast majority of MACE occurred in cardio-
vascular risk patients, which is reflected in higher IRs
compared with the overall group of patients (table 2).
However, in cardiovascular risk patients, IRs in the
subgroups age =65 years, CVD history and current
smokers were more comparable to the group of overall
patients. No increase in MACE risk was found in
subgroups of cardiovascular risk patients treated with
JAKIi, other bDMARD or csDMARD using TNFi as refer-
ence (figure 2). Only patients aged <65 years and treated
with other bDMARDs had a significant reduction of
MACE risk.

Using csDMARDs as reference in the regression model
resulted in a statistically significant lower risk of MACE
for other bDMARDs and in numerically lower HRs for
TNFi and JAKi, in overall and cardiovascular risk patients
(table 3). Adjustment for covariables in the main regres-
sion model (in addition to IPW) showed a significant
association with the occurrence of MACE for age >65
years, male sex, CRP, number of cardiovascular comor-
bidities and current smoking in the group of overall
patients. The Cox proportional hazard model, that inves-
tigated the risk of first MACE, revealed HRs comparable
to the main analysis of the Andersen-Gill model for JAKi
versus TNFi (table 3).

Baseline characteristics for treatment episodes
with baricitinib (n=1416), tofacitinib (n=1126) and
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Table 3 Secondary analyses of adjusted HRs of major adverse cardiovascular events estimated by Andersen-Gill model
given for overall and cardiovascular risk patients

Overall patients Cardiovascular risk patients
HR LCL UCL P-value HR LCL UCL P-value

csDMARD as reference category

Reference: csDMARDs 1.00 1.00
JAKi 0.73 0.46 1.18 0.20 0.82 050 1.34 0.44
TNFi 0.65 0.40 1.05 0.08 0.61 0.36 1.03 0.06
Other bDMARDs 0.56 0.35 0.88 0.01 0.62 0.39 1.00 0.048
(Il) Adjustment for covariables
Reference: TNFi 1.00 1.00
JAKi 0.84 0.47 148 0.54 0.71 0.38 1.31 0.27
Other bDMARDs 0.74 0.44 124 0.25 0.74 043 1.26 0.26
csDMARDs 1.28 0.78 2.08 0.33 119 072 197 0.50
Treatment episode start>2021 (vs.<2021) 0.79 0.40 1.54 0.49 0.89 046 1.75 0.74
Number of prior csDMARDs 1.19 1.02 1.40 0.03 124 1.05 1.46 0.01
Number of prior TNFi 1.00 0.77 1.29 0.99 092 0.71 1.20 0.55
Number of prior other b/tsDMARDs 1.14 098 1.32 0.09 1.18 1.00 1.38 0.049
Corticosteroid dose<10mg/d (vs 0 mg/d) 1.39 095 2.04 0.09 129 086 1.95 0.22
Corticosteroid dose>10mg/d (vs 0mg/d) 156 0.85 286 0.15 1.35 0.72 2583 0.35
Age 50-64 years (vs.<50 years) 1.93 0.78 514 0.19
Age 65-74 years (vs.<50 years) 321 1.17 8.85 0.02 165 1.05 258 0.03
Age>75 years (vs.<50 years) 6.78 2.43 18.95 <0.01 3.40 2.08 555 <0.01
Male sex (vs female sex) 1.74 119 255 <0.01 1.73 116 2.59 0.01
Log CRP (per point) 1.21 1.08 1.43 0.02 123 1.03 1.46 0.02
% of full physical function (per 10%) 0.96 0.87 1.06 0.43 094 0.85 1.04 0.22
CDAI>22 (vs.<22) 0.95 0.64 142 0.81 0.88 0.59 1.31 0.53
Number of cardiovascular comorbidities™ 158 1.38 1.80 <0.01 145 123 1.70 <0.01
Current smokers (vs non-smokers)T 212 1.39 324 <0.01 094 059 149 0.78

Enrolling institution: rheumatology clinic (vs private praxis) 1.24 0.80 1.93 0.33 130 0.82 2.06 0.27
(Ill) Cox proportional hazard modelt

Reference: TNFi 1.00 1.00

JAKi 0.96 0.49 191 0.92 0.79 0.38 1.64 0.54
Other bDMARDs 0.72 0.35 1.51 0.38 0.82 0.40 1.71 0.61
csDMARDs 1.82 1.00 3.29 0.049 155 085 282 0.16

In the Andersen-Gill model inverse probability weighting was applied and sensitivity analysis (I) was additionally adjusted for prior DMARD
treatments. In sensitivity analysis (Il), all covariates used of inverse probability of treatment weights were additionally added to the regression
model.

*Comprises hypertension, coronary heart disease, diabetes mellitus, hyperlipoproteinemia, stroke and obesity.

TComprises never smokers, previous smokers and patients with missing smoking status.

FPatients were censored at first event or therapy switch.

bDMARD, biologic disease-modifying antirheumatic drug; CDAI, Clinical Disease Activity Index; CRP, C reactive protein; csDMARD,
conventional synthetic disease-modifying antirheumatic drug; JAKIi, Janus kinase inhibitor; LCL, lower confidence limit; RR, relative risk;
TNFi, tumour necrosis factor inhibitor; UCL, upper confidence limit.

upadacitinib (n=768) are reported in online supple-  and baricitinib (19.2+15.1), caused by the later marketing
mental table S2. Mean age and disease duration were  authorisation.

comparable. Patients with upadacitinib were more often A total of 34 MACE events occurred during JAKi
male and had a markedly shorter time on treatment therapy, 18 assigned to tofacitinib (IR 0.98 (95% CI 0.58
(9.84£6.2 months), compared with tofacitinib (18.1+13.9) to 1.55)), 12 to baricitinib (0.49 (0.25 to 0.85)) and four
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Table 4 Crude incidence rates per 100 patient years and HRs of major adverse cardiovascular events stratified by Janus

kinase inhibitors

Overall patients

Cardiovascular risk patients

Number of Patient Incidence HR* Number of Patient Incidence HR*
treatment years of Number rate (95% (95% treatment years of Number rate (95% (95%
episodes follow-up of events ClI) Cl) episodes follow-up of events CI) Cl)
Baricitinib 1416 2460.17 12 0.49 (0.25 0.58 862 1543.25 11 0.71 (0.36 0.54
to 0.85) (0.26 to t01.28)  (0.24to
1.26) 1.22)
Tofacitinib 1126 1836.92 18 0.98 (0.58 1.36 671 1145.75 14 1.22 (0.67 1.04
to 1.55) (0.70 to to 2.05) (0.48 to
2.63) 2.23)
Upadacitinib 768 750.67 4 0.53(0.15 NR 459 469.50 4 0.85(0.23 NR
to 1.36) t0 2.18)

*HR of major adverse cardiovascular events were estimated from the Andersen-Gill model applying inverse probability weighting. In
all Andersen-Gill models, the number of previous DMARD substances was used as covariate in addition to the treatment effect due to
exceeding the mean standardised difference threshold. Tumour necrosis factor inhibitors were selected as reference category.
DMARD, biologic disease-modifying antirheumatic drug; NR, not reported due to a low number of events.

to upadacitinib (0.53 (0.15 to 1.36)) in overall patients
(table 4). The majority of events occurred in cardiovas-
cular risk patients (29/34) with numerically lower IR for
baricitinib (0.71 (0.36 to 1.28)) and upadacitinib (0.85
(0.23 to 2.18)) compared with tofacitinib (1.22 (0.67
to 2.05)). HRs for MACE with TNFi as reference were
0.58 (0.26 to 1.26) for baricitinib and 1.36 (0.70 to 2.63)
for tofacitinib in overall patients. In cardiovascular risk
patients, HRs for MACE were 0.54 (0.24 to 1.22) for
baricitinib and 1.04 (0.48 to 2.23) for tofacitinib.

DISCUSSION

This analysis of the German observational RABBIT
register included more than 14000 real-world treat-
ment episodes with JAKi, TNFi, other bDMARDs and
csDMARD:s started between 2017 and 2022 from approx-
imately 8000 RA patients. The results provide real-world
evidence that the incidence of MACE in patients with RA
is not increased with JAKi therapy compared with TNFi,
and that the hazard of MACE is also not increased. Our
findings apply equally to patients with existing cardio-
vascular risk factors, who were selected from the study
cohort in intentional adaption to the eligibility criteria of
the ORAL Surveillance trial.

The randomised ORAL Surveillance safety trial
included 4362 patients with active RA aged 50 years or
older with at least one cardiovascular risk factor.*” They
were randomised to receive either 5mg or 10mg tofac-
itinib two times per day or a TNFi, either adalimumab
(North America) or etanercept (rest of the world). The
HR of MACE was non-significantly higher for tofacitinib
at a dose of bmg two times per day compared with TNFi
(HR 1.24 (95% CI 0.81 to 1.91)) but did not meet the
non-inferiority criteria defined in the study design as an
upper confidence limit of less than 1.8.

The safety trial’s IR for the group receiving tofacitinib
5mg two times per day, which is the recommended dose

in Germany, was the same as for the JAKi group in our
analysis—both 0.9/100 PY. Looking at baseline charac-
teristics, it is obvious that cardiovascular risk patients
in our analysis are a highly selected group with many
risk factors. Their proportions are often even higher in
real-world practice than reported in the safety trial, for
example, for male gender, age >65 years and comorbid-
ities such as hypertension, coronary heart disease and
diabetes. Obesity, however, was more common in safety
trial patients than in RABBIT patients (42% vs 32-35%).

The adjusted relative risk measured as HR in our obser-
vational data was 0.74 (0.41 to 1.81) for cardiovascular
risk patients and, thus, lower than in the safety trial. The
ORAL Surveillance trial recruited patients from more
than 30 countries, and, therefore, regional and ethnic
inequalities that translate into different risk profiles may
not have been fully adjusted for. Only 3% of the ORAL
Surveillance study population (n=147 patients) were
recruited in Europe, the portion of German patients is
not available. Therefore, a one-to-one transfer of the trial
results to the European or even German RA patient popu-
lation is questionable. Most of the European countries
have a high healthcare quality and universal coverage of
a core set of health services, which is not comparable to
many other countries in the world.”**

Furthermore, eligibility criteria of ORAL Surveillance
were selective and may not correspond to the real-world
treatment population. Beyond that, differences in MACE
risk between our study and the safety trial may not be
explainable by measured and available variables. In the
RABBIT study, the treatment decision of the rheuma-
tologist may have been influenced by other factors, for
example, family history of CVD or characteristics and
burden of the rheumatic disease and is in contrast to a
randomisation of treatment.

Moreover, in our study, patients with JAKi had a longer
disease duration, more prior therapies and more signs of

10
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consequential damage such as loss of function compared
with TNFi. Comorbidities were also more frequent. A
higher proportion of high-risk patients is, therefore,
subsumed in the JAKi group, which needs to be taken into
account when comparing therapy risks, especially since
the number of cardiovascular comorbidities showed up
as relevant risk factor for MACE in the adjusted models.

A post hoc analysis of ORAL Surveillance identified that
high-risk patients, defined as age >65 years and current or
previous smokers, who received 5 mg or 10 mg tofactinib
two times per day have a significant 2.7-fold higher risk of
MACE in comparison to TNFi.*” Other stratifications, eg,
by history of CVD or smoking and age separately, showed
higher estimates, which did not reach statistical signifi-
cance.” *® In our study, we performed several subgroup
analyses, especially to explore the impact of individual
cardiovascular risk factors. While IRs clearly showed
higher absolute risks in those patients with existing risk
factors like male sex, higher age or CVD history, the treat-
ment comparison in the adjusted regression provided
no evidence of an effect of DMARD therapy on the risk
of MACE. Moreover, in the main analysis and in all the
subgroups, the vast majority of events was registered in
the cardiovascular risk patient population, implicating
no elevated risk in patients not fulfilling the applied
selection criteria. As for age, the cut-off of 65 years seems
more reasonable as cardiovascular risk factor than the
ORAL Surveillance cut-off of 50 years, since in our anal-
ysis, IRs doubled in older patients of both groups, overall
and cardiovascular risk patients.

Our findings are in line with results from other obser-
vational studies and do not support the warnings that
were raised based on results of the ORAL surveillance
trial.> The STAR-RA study, which used data of three US
claims databases, showed a numerically increased risk of
MACE with tofacitinib versus TNFi in a selected cohort
adapted to ORAL surveillance, but not in an unselected
cohort of RA patients.”” French claims data revealed a
risk estimate of 1 for baricitinib and tofacitinib together
versus adalimumab in an overall and also in a selected
population.'” Within the US CorEvitas register, 5-year IRs
for MACE were comparable between patients initiating
tofacitinib and bDMARDSs, and no increase of the hazard
of MACE was observed.'® In the Swedish ARTIS register,
MACE were assessed individually for baricitinib and
tofacitinib, and hazards were not increased compared
with etanercept, although the evidence for tofacitinib is
limited due to the small number of events and PY.* The
collaborative data analysis of an EU PAS study including
14 data sources with the largest share of patients from
ARTIS showed a numerically greater risk for MACE when
comparing baricitinib to TNFi."

Stratifying individual JAKi in the overall patient popu-
lation of our analysis showed a numerically higher risk
estimate for tofacitinib compared with TNFi (HR 1.36
(0.70 to 2.63)), but not for baricitinib (0.58 (0.26 to
1.26)). The HR for tofacitinib was lower for patients with
cardiovascular risk (1.04 (0.48 to 2.23)). This might be

due to the selection by cardiovascular risk factors, which
reduces the amount of residual confounding. In the
overall cohort, residual confounding, however, might
still be present despite adjustment, and it could be partly
responsible for the differences seen between substances.
Our observation is in contrast to the French claims data,
which reported a numerically higher risk for baricitinib
versus adalimumab, but not for tofacitinib,17 and also
to the ARTIS register, which showed comparable IRs
and HRs for the two JAKi.* These discrepancies may be
caused by different data sources, study designs including
outcome definition and prescription behaviours in the
individual countries.

Effective suppression of disease activity is an essential
factor in minimising cardiovascular risk.” Therapy selec-
tion according to current EMA warnings should take
into account that if a JAKi is discontinued for precau-
tionary reasons, returning to a less effective therapy
may result in increased inflammatory activity and in the
additional need for higher dosages of glucocorticoids.
Both contribute to higher cardiovascular risk. All results
from observational data available up to now, including
our register data, do not support a general recommenda-
tion to avoid or discontinue JAKi therapy in patients with
cardiovascular risk factors. Heterogeneous IRs among
individual JAKi need to be further monitored though.

In the JAKi group of our study, we observed an unusual
distribution within the composite outcome of MACE with
a higher proportion of reported strokes than myocardial
infarctions as compared with all other DMARD groups. A
comparable distribution of events within the JAKi group
was also reported in the ORAL Surveillance trial® and
by Hoisnard et al using French claims data.'” This unex-
pected finding needs to be explored further.

Strengths of this study include the large nationwide
cohort with data on all available DMARDs in routine
care. More than 5000 PY of follow-up with JAKi and the
comparison to more than 16000 PY with cs/bDMARDs
from the past byears considerably contribute to existing
safety data. The application of the Anderson-Gill models
enabled to adjust for multiple confounders, such as clin-
ical measures of disease activity, disease duration, treat-
ment history, cardiovascular comorbidity and smoking.
Anderson-Gill models conveniently extend standard Cox
regression analysis to account for recurrent events, using
treatment episodes as the unit of observation instead
of patients. This is particularly important when investi-
gating JAKi since in the RABBIT register about two-thirds
of JAKi patients are switchers coming from other thera-
pies, which is a much higher percentage than in other
DMARD classes. Focusing only on the first treatment
episode, as in an intention-to-treat analysis, for example,
the question of favouring JAKi would arise. However, as
it turned out in our data, censoring patients at the first
event or treatment switch did not give JAKi an advantage
and did not lead to considerable changes in HR. In addi-
tion, Andersen-Gill models improve adjustment for time-
varying confounding by performing propensity score
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adjustment at the beginning of each treatment episode,
in contrast to at enrolment into the study, which is the
case when using standard Cox models. Compared with
standard adjustment, the use of IPW is less susceptible
to overfitting due to a small number of events, even in
stratified analyses. This is because the adjustment in the
propensity score model uses treatment assignment (or
dropout) as the outcome. Numbers of the treatment
assignment variable are usually much larger than event
numbers.

A limitation, however, is that residual confounding may
persist, particularly in case of long treatment episodes
when the time interval between covariate measure-
ment (at the start of a treatment episode) and potential
events is large. In addition, relevant but unmeasured
confounders such as family history of CVD and reasons
for initiating a DMARD treatment could not be consid-
ered. Furthermore, the low number of PY with upadaci-
tinib and filgotinib prevented a robust analysis of all four
approved JAKi.

To conclude, the data from RABBIT are comparable
with other available observational data and do not
confirm the signal of MACE interpreted from the ORAL
surveillance trial results. Treatment with JAKi in routine
care was not associated with increased risk of MACE, not
even in subgroups with higher risk profiles. This study
emphasises the value of real-world observational data in
providing robust evidence on drug safety. The results
should help to cautiously reassure rheumatologists and
patients in the joint decision-making process on a therapy
start or continuation with JAKi. Further data in the long-
term will help us to better classify the safety aspects of
individual JAKi and to refine individual risk profiles of
patients with RA.
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