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ABSTRACT
Background  In a clinical trial setting, patients with 
rheumatoid arthritis (RA) taking the Janus kinase 
inhibitor (JAKi) tofacitinib demonstrated higher 
adverse events rates compared with those taking the 
tumour necrosis factor inhibitors (TNFi) adalimumab 
or etanercept.
Objective  Compare treatment discontinuations for 
adverse events (AEs) among second-line therapies in 
an international real-world RA population.
Methods  Patients initiating JAKi, TNFi or a 
biological with another mode of action (OMA) 
from 17 registers participating in the ’JAK-pot’ 
collaboration were included. The primary outcome 
was the rate of treatment discontinuation due to 
AEs. We used unadjusted and adjusted cause-
specific Cox proportional hazard models to compare 
treatment discontinuations for AEs among treatment 
groups by class, but also evaluating separately the 
specific type of JAKi.
Results  Of the 46 913 treatment courses included, 
12 523 were JAKi (43% baricitinib, 40% tofacitinib, 
15% upadacitinib, 2% filgotinib), 23 391 TNFi and 
10 999 OMA. The adjusted cause-specific hazard rate 
of treatment discontinuation for AEs was similar for 
TNFi versus JAKi (1.00, 95% CI 0.92 to 1.10) and 
higher for OMA versus JAKi (1.11, 95% CI 1.01 to 
1.23), lower with TNFi compared with tofacitinib 
(0.81, 95% CI 0.71 to 0.90), but higher for TNFi 
versus baricitinib (1.15, 95% CI 1.01 to 1.30) and 
lower for TNFi versus JAKi in patients 65 or older 
with at least one cardiovascular risk factor (0.79, 
95% CI 0.65 to 0.97).
Conclusion  While JAKi overall were not associated 
with more treatment discontinuations for AEs, 
subgroup analyses suggest varying patterns with 
specific JAKi, such as tofacitinib, compared with 
TNFi. However, these observations should be 
interpreted cautiously, given the observational study 
design.

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ A clinical trial has shown higher adverse event 
rates in patients with rheumatoid arthritis 
(RA) taking the Janus kinase inhibitor (JAKi) 
tofacitinib compared with those taking the 
tumour necrosis factor inhibitors (TNFi) 
adalimumab or etanercept.

	⇒ Discrepancies between observational studies 
and clinical trial results have left uncertainties 
around the safety profile of JAKi in real-world 
scenarios.

WHAT THIS STUDY ADDS
	⇒ This extensive real-world study involving 17 
registers and over 46 000 treatment courses 
found no overall increased incidence of 
treatment discontinuation due to adverse 
events with JAKi. However, a higher 
discontinuation rate was observed with 
tofacitinib, and among patients aged 65 years 
and older, indicating potential variations in 
safety profiles among JAK inhibitors and for 
patients at higher risk.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ These findings may inform clinical decision-
making and policy guidelines for second-line 
therapy in RA, drawing attention to the 
importance of individual patient characteristics, 
including age and cardiovascular risk factors, 
when considering JAKi treatment.

	⇒ However, it is essential to view these findings 
as preliminary, especially given the relatively 
short-term nature of our safety events. This 
underscores the need for further investigation 
into potential variations in safety profiles 
among different JAK inhibitors, particularly 
when examining specific adverse events.
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INTRODUCTION
Rheumatoid arthritis (RA) is a chronic autoimmune disorder 
that causes inflammation in the joints, leading to pain, stiffness 
and joint deformities. The primary objective of RA treatment 
is to reduce inflammation, preserve joint function and improve 
quality of life. If initial conventional synthetic disease-modifying 
antirheumatic drugs (csDMARDs), such as methotrexate, are 
ineffective or not tolerated by patients, biological DMARDs 
(bDMARDs) or targeted-synthetic DMARDs (tsDMARDs) 
are important treatment options. The most recent second-line 
treatment options for RA are the synthetic small molecules 
called Janus kinase inhibitors (JAKi). Currently, five JAKis are 
available for the treatment of RA: baricitinib, filgotinib, pefici-
tinib (in Japan only), tofacitinib and upadacitinib.1 JAKi have 
demonstrated superior efficacy over placebo or csDMARDs, 
and some have even demonstrated superiority over adalimumab 
or abatacept in specific outcomes.2 3 However, an open-label 
post-marketing safety randomised controlled trial, the ORAL-
surveillance study,4 has raised concerns of an increased risk of 
malignancies and major adverse cardiovascular events, with 
tofacitinib compared with tumour necrosis factor inhibitors 
(TNFi), in patients with RA with particular risk factors. Consid-
ering these results, the use of JAKi has been restricted by health 
authorities worldwide.

The objective of this study was to assess and compare the 
overall tolerability and safety of JAKi, TNFi and bDMARDs with 
other modes of action (OMA), by evaluating treatment discon-
tinuations for adverse events (AEs) in a real-world population. 
In light of the ORAL-surveillance findings, a secondary objective 
was to explore whether the observed effects are attributable to 
the entire JAKi class or are specific to tofacitinib.

METHODS
Patient and public involvement
Patients and/or the public were not involved in the design, 
conduct, reporting or dissemination plans of this research.

Patient sample
The JAK-pot register collaboration conducted an investigator-
initiated observational study aiming at evaluating clinical aspects 
of JAKi and bDMARDs in RA.5 6 Patients with a clinical diag-
nosis of RA and starting treatment with a JAKi, a TNFi or a 
bDMARD-OMA were included. Treatment courses of interest 
initiated before the first JAKi was commercially available in each 
participating country were excluded from the analysis to avoid 
confounding by time-trends. Rituximab was not included as 
the time to discontinuation is difficult to assess. Patients could 
contribute to multiple treatment courses. This study included 
patients from the following 17 registers, which all provided 
individual treatment course-level data: ATTRA from the Czech 
Republic, ARBITER from Russia, BIOBADASER from Spain, 
BIOREG from Austria, ​BioRx.​si from Slovenia, BSRBR-RA from 
the UK, GISEA from Italy, I-RECORD from Israel, METEOR 
from the Netherlands, NOR-DMARD from Norway, RABBIT 
from Germany, REUMA.PT from Portugal, RHUMADATA from 
Canada, ROB-FIN from Finland, RRBR from Romania, SCQM 
from Switzerland, TURKBIO from Turkey.

Exposure of interest
The exposure of interest was the type of treatment course: JAKi 
(baricitinib, filgotinib, tofacitinib or upadacitinib), TNFi (adali-
mumab, certolizumab, etanercept, golimumab or infliximab) or 
bDMARD-OMA (abatacept, sarilumab or tocilizumab).

Time point definitions
Each treatment course was defined as the time between treat-
ment initiation (baseline), and treatment discontinuation, start 
of a new treatment, end of participation in the register or the 
end of the study period (November 2022), whichever came 
first. The end of the study period was set at an earlier date for 
some registers who could not provide their most recent data (see 
online supplemental material).

Study outcomes
The primary outcome was the rate of treatment discontinu-
ation due to AE, as decided by treating clinician, compared 
across treatment groups. Each treatment course was linked to 
a single reason for discontinuation. When several reasons were 
provided the order of precedence was (1) AEs, (2) others and (3) 
ineffectiveness.

Covariates of interest
Baseline covariates were chosen a priori based on clinical knowl-
edge and literature. They included patient, disease and treatment 
characteristics, namely gender, age, body mass index, tobacco 
smoking (ever/never), disease activity (Clinical Disease Activity 
Index (CDAI) or Disease Activity Score 28 if CDAI was unavail-
able), disease duration, seropositivity (rheumatoid factors and/or 
anti-citrullinated protein antibody), number of previously used 
bDMARDs/tsDMARDs (0, 1, 2, ≥3), concomitant csDMARDs 
treatment (none; methotrexate; other csDMARDs without 
methotrexate; methotrexate and at least one other csDMARDs), 
concomitant glucocorticoids (presence/absence), functional 
status (Health Assessment Questionnaire Disability Index) and 
C reactive protein. Because AEs are significantly influenced by 
comorbidities, we further adjusted for pre-existing interstitial 
lung disease, cardiovascular disease, infections, malignancies, 
diabetes, depression, hypertension and hyperlipidaemia. The 
comorbidity variables were dichotomised to represent the pres-
ence or absence of a specific condition at treatment baseline. 
This approach was taken to adapt to data granularity and harmo-
nise data from different registers, making our pooled analysis 
feasible.

Statistical methods
The results are reported according to the Strengthening the 
Reporting of Observational Studies in Epidemiology recom-
mendations.7 Baseline disease and patient characteristics by 
treatment groups are summarised using counts and percent-
ages for categorical variables, mean and SD for continuous 
variables. The number of treatment courses with valid 
values (non-missing) are provided. Raw incidence rates were 
plotted using the crude non-parametric cumulative incidence 
functions of treatment cessation for AE in JAKi, TNFi and 
bDMARD-OMA patients. We used unadjusted and adjusted 
(for baseline confounders, as described above) cause-specific 
Cox proportional hazard models,8 considering stopping for 
ineffectiveness or other reasons as competing events, to 
compare treatment discontinuations for AE between treat-
ment groups. Treatment discontinuation associated with 
each treatment group was compared using HR estimates, 
with JAKi as the reference level. Multiple treatment courses 
from the same patient were included if the individual had 
received more than one second-line treatment during the 
study period. To account for this within-patient correlation, 
we incorporated a cluster term for the patient identity in 
the cause-specific Cox model, in order to obtain robust SEs. 
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We also used the Fine-Gray subdistribution hazard model,9 
to account for competing risks (stopping for ineffective-
ness, pregnancy, remission or other reasons) as a sensitivity 
analysis. The cause-specific hazard approach focuses on the 
hazard function for each specific cause separately and treats 
competing events as censoring events. The cause-specific 
hazards are more relevant when exploring aetiological inqui-
ries as it quantifies the event rate among individuals at risk 
of encountering the event of interest (treatment cessation 
for AE, in this scenario). In contrast, the Fine-Gray method 
takes competing risks into account when estimating the 
cumulative incidence function, modelling the subdistribu-
tion hazard without treating competing events as censoring 
events, becoming particularly useful when the objective 
is predicting an individual’s risk. Missing covariates were 
imputed using multiple imputations with chained equations 
(50 samples and 25 iterations, predictive mean matching 

algorithm for continuous variables and logistic and poly-
tomous regression for categorical variables). All baseline 
covariates were used in the imputation. The outcome vari-
able (reason for discontinuation), an indicator variable (the 
event of discontinuation) and the untransformed time-to-
event were used as predictors in the multiple imputation 
process but were not imputed.

Subgroup analyses
Randomised controlled trial-cohorts
We considered two subgroup analyses of patients at higher risk 
of AEs:

	► The ‘randomised controlled trial (RCT) - duplicate cohort’, 
mimicking the main inclusion criteria of the ORAL surveil-
lance trial,4 namely patients 50 years or older and with 
at least one cardiovascular risk factor (hypertension, 

Table 1  Baseline characteristics by treatment group

JAKi TNFi bDMARDs-OMA

BARI (43%), TOFA (40%), UPA (15%), 
FILGO (2%)

ETA (41%), ADA (28%), CZP (10%), 
GOLI (8%), INF (7%), unspecified (6%)

TCZ (50%), ABA (36%), SARI (9%), 
unspecified (5%)

N valid Value N valid Value N valid Value

N 12 523 23 391 10 999

Treatment duration, years (mean (SD)) 1.7 (1.4) 1.8 (1.6) 1.8 (1.7)

Age, years (mean (SD)) 12 523 58.0 (12.5) 23 386 56.3 (13.8) 10 997 58.5 (13.0)

Gender (female) (%) 12 523 10 197 (81.4) 23 391 18 208 (77.8) 10 998 8788 (79.9)

Disease duration, years (mean (SD)) 11 916 13.5 (10.0) 22 190 11.8 (10.0) 10 317 13.7 (10.4)

Seropositivity (RF and/or ACPA) (%) 10 194 8218 (80.6) 17 586 13 237 (75.3) 8522 6594 (77.4)

Previous b/ts DMARDs (%) 12 115 22 162 10 487

 � 0 2813 (23.2) 9815 (44.3) 1995 (19.0)

 � 1 2696 (22.3) 5871 (26.5) 2643 (25.2)

 � 2 2167 (17.9) 3410 (15.4) 2446 (23.3)

 � 3 or more 4439 (36.6) 3066 (13.8) 3403 (32.4)

Concomitant csDMARDs (%) 12 292 22 545 10 643

 � MTX 2773 (22.6) 5475 (24.3) 2078 (19.5)

 � MTX+other 1138 (9.3) 3146 (14.0) 999 (9.4)

 � None 6504 (52.9) 9936 (44.1) 5754 (54.1)

 � Other 1877 (15.3) 3988 (17.7) 1812 (17.0)

Concomitant GC (%) 10 994 4916 (44.7) 19 959 6491 (32.5) 9003 3666 (40.7)

CRP (mg/L) (mean (SD)) 9157 12.4 (23.1) 15 235 12.4 (23.1) 7101 13.3 (28.9)

CDAI (mean (SD)) 3604 25.2 (13.9) 4416 24.1 (13.9) 2044 22.7 (13.9)

DAS 28 (mean (SD)) 6291 4.7 (1.6) 9397 4.5 (1.6) 4887 4.5 (1.6)

HAQ (mean (SD)) 3860 1.2 (0.7) 6096 1.0 (0.7) 3006 1.2 (0.7)

BMI, kg/m2 (mean (SD)) 12 423 27.2 (5.9) 23 067 27.4 (6.3) 10 926 27.3 (6.0)

Smoking (ever/never) 8674 3054 (35.2) 17 052 6198 (36.3) 7383 2658 (36.0)

Past myocardial infarction (%) 6805 134 (2.0) 13 043 199 (1.5) 5771 123 (2.1)

Past stroke (%) 6912 73 (1.1) 14 624 192 (1.3) 6039 97 (1.6)

Interstitial lung disease (%) 8116 647 (8.0) 13 128 840 (6.4) 5950 529 (8.9)

Hypertension (%) 9441 2996 (31.7) 17 564 4945 (28.2) 7562 2438 (32.2)

Hyperlipidaemia (%) 7952 1363 (17.1) 12 742 1674 (13.1) 5800 1027 (17.7)

Past serious infection (%) 7186 918 (12.8) 11 825 1454 (12.3) 5400 847 (15.7)

Current or past malignancy (%) 9316 471 (5.1) 17 629 607 (3.4) 7390 396 (5.4)

Diabetes (%) 9003 808 (9.0) 16 764 1517 (9.0) 7093 757 (10.7)

Current or past neuropsychiatric disorder (%) 6669 729 (10.9) 10 615 923 (8.7) 4474 540 (12.1)

ABA, abatacept; ACPA, anti-citrullinated protein antibody; ADA, adalimumab; BARI, baricitinib; bDMARDs, biological DMARDs; BMI, body mass index; CDAI, Clinical Disease 
Activity Index; CRP, C reactive protein; csDMARDs, classical synthetic DMARDs; CZP, certolizumab; DAS 28, Disease Activity Score 28; DMARDs, disease-modifying antirheumatic 
drugs; ETA, etanercept; FILGO, filgotinib; GC, glucocorticoids; GOLI, golimumab; HAQ, Health Assessment Questionnaire; INF, infliximab; JAKi, Janus kinase inhibitors ; MTX, 
methotrexate; OMA, other modes of action ; RF, rheumatoid factor; SARI, sarilumab; TCZ, tocilizumab; TNFi, tumour necrosis factor inhibitors; TOFA, tofacitinib; tsDMARDs, 
targeted synthetic DMARDs; UPA, upadacitinib.  on A
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hyperlipidaemia, diabetes, smoking, prior history of strokes 
or myocardial infarctions).

	► The ‘RCT – high cardiovascular disease (CVD) risk cohort’, 
a subset of patients aged ≥65 years with at least one cardio-
vascular risk factor.

Separate comparison of tofacitinib, baricitinib and other JAKis
To explore signals of AEs reported specifically with tofacitinib, 
baricitinib and other JAKis, we also analysed them separately, 
to explore effect modification by the type of JAKi, both in the 
general cohort and in the higher risk subgroups.

RESULTS
A total of 46 913 treatment courses, started by 33 511 patients, 
were included: 12 523 on JAKi, 23 391 on TNFi and 10 999 
on OMA (table 1). Patients were predominantly women (79%) 
and seropositive (77%), 57.3 years old on average, with a mean 
disease duration of 12.7 years. Most of the patients on JAKi were 
treated with baricitinib (43%), followed by tofacitinib (40%), 
upadacitinib (15%) and filgotinib (2%). According to routine 
clinical practice in the participating countries, patients starting 
a TNFi had shorter disease durations and were more often on 

their first second-line therapy and less often on monotherapy 
compared with non-TNFi treatments. Non-TNFi treatments 
were more often on third-line (or more) therapy, and presented 
higher counts for some comorbidities, indicating a more refrac-
tory disease.

Treatment discontinuation due to AE
During a mean treatment follow-up of 1.9 (SD: 1.6) years, and 
a mean patient follow-up of 2.9 (SD: 1.9) years, 899 JAKi treat-
ments, 1387 TNFi treatments and 870 OMA treatments were 
discontinued for an AE (table 2). The crude incidence rate of 
treatment discontinuation for AEs was 4.3 with JAKi, 3.3 with 
TNFi and 4.4 with OMA per 100 patient-years of treatment. 
Crude incidence rates and cause-specific HRs for competing 
events can be found in the online supplemental table S8. Among 
patients who stopped their treatment, 47% did so for ineffec-
tiveness or other reasons.

The unadjusted cumulative incidence function (figure 1) showed 
higher treatment discontinuations for AEs with JAKi compared 
with TNFi, but lower compared with bDMARDs-OMA. The 
adjusted cause-specific HR (csHR) of treatment discontinuation 
for AEs was higher for OMA versus JAKi (csHR 1.11, 95% CI 
1.01 to 1.23) and not statistically different for TNFi versus JAKi 
(csHR 1.00, 95% CI 0.92 to 1.10) (table  2). The significantly 
higher rate of treatment discontinuations for OMA compared 
with JAKi is mainly driven by anti-interleukin (IL)-6 medica-
tions, whereas abatacept patients have lower treatment discon-
tinuation rates (online supplemental table S7). CsHR for the 
main analysis and subgroup analysis are shown in figure 2.

The sensitivity analysis using Fine-Gray approach instead of 
cause-specific Cox demonstrated a similar trend for OMA versus 
JAKi, although the risk of discontinuation for AEs did not reach 
statistical significance (subdistribution HR (sHR) 1.08, 95% CI 
0.98 to 1.19). No significant difference was found for TNFi 
versus JAKi (sHR 0.98, 95% CI 0.87 to 1.09) in the discontinu-
ation for AEs. Adjusting for countries did not change the csHRs.

Subgroup analyses
RCT-cohorts
The ‘RCT-duplicate cohort’ represented 36% of all treatment 
courses (n=17 146), and crude incidence rates of treatment 
discontinuations for AEs were comparable to the overall cohort 
(4.2, 3.2 and 4.5 per 100 patient-years for JAKi, TNFi and 
OMA, respectively). The results were almost similar to the full 
cohort (table 3), with a higher csHR for OMA versus JAKi (csHR 
1.19, 95% CI 1.03 to 1.39) and no significant differences for 
TNFi versus JAKi (csHR 0.99, 95% CI 0.86 to 1.14).

In the ‘RCT-high CVD risk cohort’, the incidence rate of treat-
ment discontinuations for AEs was higher (5.3, 3.4 and 4.9 per 
100 patient-years for JAKi, TNFi and OMA, respectively). We 
no longer found a significant difference in the cause-specific 
hazard rate of discontinuation for AE between OMA versus JAKi 
(csHR 1.01, 95% CI 0.82 to 1.25), but the hazard was lower for 
TNFi versus JAKi (csHR 0.79, 95% CI 0.65 to 0.97).

Separate comparison of tofacitinib, baricitinib and other JAKis
Baseline characteristics of JAKi treatments indicated a more 
refractory disease for patients on baricitinib and other types of 
JAKi than patients on tofacitinib (online supplemental table S1).

When exploring effect modification in the overall cohort 
by the type of JAKi, specifically for tofacitinib and baricitinib 
(table 4), we found some suggestions for an effect modification 
by type of JAKi. The hazard rate of discontinuation for AE for 

Table 2  Discontinuation for adverse events among JAKi, TNFi and 
OMA patients

JAKi TNFi OMA

Number of treatments 12 523 23 391 10 999

Mean treatment 
duration, years (SD)

1.7 (1.4) 1.8 (1.6) 1.8 (1.7)

Number of 
discontinuations for 
adverse event

899 1387 870

Cause-specific HR

 � Unadjusted (95% CI) Reference 0.80 (0.73 to 0.87)* 1.10 (1.00 to 1.21)

 � Adjusted (95% CI) Reference 1.00 (0.92 to 1.10) 1.11 (1.01 to 1.23)*

Fine-Gray 
subdistribution HR

 � Unadjusted (95% CI) Reference 0.78 (0.72 to 0.85)* 1.07 (0.98 to 1.18)

 � Adjusted (95% CI) Reference 0.98 (0.87 to 1.09) 1.08 (0.98 to 1.19)

*P-value ≤ 0.05
JAKi, Janus kinase inhibitors ; OMA, other modes of action ; SD, standard deviation; 
TNFi, tumour necrosis factor inhibitors.

Figure 1  Crude cumulative incidence of stopping for adverse events. 
JAKi, Janus kinase inhibitors; OMA, biological disease-modifying 
rheumatic drugs with other modes of action; TNFi, tumour necrosis 
factor inhibitors
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TNFi was significantly lower compared with tofacitinib (csHR 
0.81, 95% CI 0.71 to 0.90), a significant difference which was 
inversed when comparing TNFi to baricitinib (csHR 1.15, 
95% CI 1.01 to 1.30) and other types of JAKi (csHR 1.26, 
95% CI 1.02 to 1.55) (online supplemental table S2). Ninety per 
cent of patients on baricitinib received the 4 mg dose. Similar 
trends were found in the ‘RCT-duplicate cohort’ and the ‘RCT-
high CVD risk cohort’ (online supplemental tables S3 and S4). 
Results remained similar when looking at the time period before 
ORAL-surveillance results were published (online supplemental 
table S5).

DISCUSSION
In this large international collaborative study, we did not find 
an increased incidence of treatment discontinuation due to AEs 
with JAKi compared with other biological DMARDs in the 

overall cohort. After adjusting for potential confounders, the 
incidence and rate of treatment discontinuation for AEs were 
similar for TNFi versus JAKi, and the range of the CI supports 
the idea of very similar rates of stopping for AE. The rates of 
treatment discontinuation for AE tended to be higher with OMA 
versus JAKi, a difference mainly driven by anti-IL-6 medications. 
When selecting patients at increased risk for AEs, similar to the 
inclusion criteria of the ORAL-surveillance trial,4 the incidence 
of treatment discontinuation for AEs was higher, but the rela-
tive effect sizes between the different treatment groups were 
similar to the overall group. However, the incidence and the rate 
of discontinuation for AEs of patients on JAKi was increased 
compared with TNFi in the ‘RCT – high CVD risk cohort’ of 
patients aged 65 years and older. When exploring the possibility 
of a differential effect between the different types of JAKi, we 
found a higher rate of discontinuation for AEs with tofacitinib 

Figure 2  Adjusted cause-specific HRs (csHR) of stopping for AEs for TNFi and OMA against reference JAKi, in the overall cohort and in the different 
subgroups. AE, adverse event; csHR, cause-specific HR; JAKi, Janus kinase inhibitors; OMA, biological disease-modifying rheumatic drugs with other 
modes of action; RCT, randomised controlled trial; TNFi, tumour necrosis factor inhibitors.

Table 3  Discontinuation for adverse events among JAKi, TNFi and OMA patients, in the RCT-duplicate cohort and in the RCT—high CVD risk 
cohort (aged ≥65 years with ≥1 cardiovascular risk factor)

RCT-duplicate cohort RCT-high CVD risk cohort

JAKi TNFi OMA JAKi TNFi OMA

Number of treatments 4810 8267 4069 2087 3686 1907

Mean treatment duration, years (SD) 1.8 (1.4) 1.9 (1.5) 1.9 (1.7) 1.8 (1.4) 1.9 (1.5) 1.8 (1.6)

Number of discontinuations for adverse 
event

364 517 351 193 240 173

Cause-specific HR

 � Unadjusted (95% CI) Reference 0.81 (0.71 to 0.93)* 1.15 (0.99 to 1.33) Reference 0.67 (0.56 to 0.82)* 0.98 (0.79 to 1.20)

 � Adjusted (95% CI) Reference 0.99 (0.86 to 1.14) 1.19 (1.03 to 1.39)* Reference 0.79 (0.65 to 0.97)* 1.01 (0.82 to 1.25)

Fine-Gray subdistribution HR

 � Unadjusted (95% CI) Reference 0.78 (0.68 to 0.89)* 1.11 (0.95 to 1.28) Reference 0.65 (0.54 to 0.79)* 0.95 (0.77 to 1.17)

 � Adjusted (95% CI) Reference 0.93 (0.78 to 1.11) 1.23 (1.01 to 1.50)* Reference 0.72 (0.56 to 0.93)* 0.97 (0.73 to 1.29)

*P-value ≤ 0.05
CVD, cardiovascular disease; JAKi, Janus kinase inhibitors ; OMA, other modes of action ; RCT, randomised controlled trial; TNFi, tumour necrosis factor inhibitors.
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compared with TNFi in the overall cohort and in the ‘RCT-
high CVD risk cohort’, a difference that we did not see with the 
other JAKi. The apparent signal of an elevated rate of treatment 
discontinuations for AEs with tofacitinib was also increased in 
the ‘RCT-high CVD risk cohort’.

There are several possible explanations for the discrep-
ancy between available observational studies and the ORAL-
surveillance trial. First, it is paramount to highlight that our 
study aims to address a distinct research question. While ORAL-
surveillance specifically targets certain AEs, our study is aimed 
at assessing treatment tolerability. This broader scope encom-
passes a range of patient experiences, from nuanced feelings of 
‘not feeling very well’ to severe AEs. Consequently, our primary 
outcome, discontinuation due to AEs, captures a more subjective 
spectrum of patient reactions than ORAL-surveillance. Second, 
although we used discontinuation for AEs as our primary 
outcome, there is always the possibility that the decisions to 
discontinue therapy is also influenced by other reasons, such as 
insufficient effectiveness, even though the recorded reason for 
discontinuation was an AE. Finally, it is possible that the inci-
dence of AEs is only increased in older patients with specific risk 
factors and not in the overall population. This last explanation 
is supported by the result of the sensitivity analysis including 
only patients >65 years and with at least one cardiovascular risk 
factor. Subgroup analyses of the ORAL surveillance study also 
suggested similar differential safety results in high-risk groups, 
such as a history of arteriosclerosis,10 or a history of tobacco 
smoking.11

It is currently unknown whether the safety signals observed 
in the ORAL-surveillance study with tofacitinib represent a class 
effect of the JAKi group or a drug-specific effect of this partic-
ular drug. We explored a potential effect modification by type 
of JAKi and examined tofacitinib, baricitinib and other JAKi 
separately. Our findings indicate that patients taking tofacitinib 
were more likely to discontinue treatment due to AEs compared 
with those taking TNFi. This was not observed with other JAKi, 
although caution is needed due to limited data on filgotinib 
and upadacitinib. These results may hint at differences in safety 
profiles between tofacitinib and other JAKi but should not be 
considered definitive evidence against a JAKi class-effect. Recent 
translational research suggested that individual JAKi agents 
differ in their biological effects on specific immune cells, such 
as the natural killer cell activation.12 A recent study from the 
Swedish ARTIS register13 did not find any overall differences 
in discontinuation for AEs between the JAKis tofacitinib and 
baricitinib and other bDMARDs. However, the study’s sample 

size was limited, with only 170 cases of discontinuation resulting 
from AEs (114 with baricitinib and 56 with tofacitinib), making 
it challenging to detect differences if they exist. Subjective 
factors such as patients’ tolerability for AEs can play a significant 
role in determining treatment discontinuation rates for a partic-
ular medication. AEs can vary in severity, and some patients and 
physicians may be more willing to tolerate mild or moderate AEs 
if they perceive that the benefits of the medication outweigh the 
risks, which may have been less the case for tofacitinib than the 
other JAKi recently, although we should point out that the data 
collection occurred mostly before the publication of the ORAL-
surveillance trial, and results from the analysis did not change 
when considering data before ORAL-surveillance. The avail-
ability of alternative treatments and their accessibility may also 
vary from country-to-country affecting the decision to change or 
not the ongoing treatment.

The HR using the Fine-Gray model used for a sensitivity 
analysis was overall not different from the cause specific Cox 
hazard model used in the main analysis. In the Fine-Gray model, 
the cumulative incidence of treatment discontinuation for AEs 
depends on the hazards of the competing causes, such as ineffec-
tiveness. As there is an increased cause-specific hazard rate for 
ineffectiveness for TNFi compared with JAKi, the HR for stop 
for AEs with the Fine-Gray model is less than we would expect 
if the exposure was not associated with ineffectiveness, and so is 
smaller than with the cause-specific Cox model.

One of the strengths of this study is the use of several registers 
from different countries with a large sample size and the possi-
bility to adjust for many covariates, including disease activity 
and disease and treatment characteristics. In contrast with claims 
database, disease and treatment registers are also able to incor-
porate clinical information such as disease activity, function and 
smoking status. We also used discontinuation for AEs, which is 
an outcome that is consistently reported among registers and 
includes not only safety, but also the patients’ perceived toler-
ability. Ineffectiveness being the most common reason for drug 
discontinuation,5 accounting for it through a competing risk 
approach reduces the risk of bias.

The main limitation is the lack of details on the type and serious-
ness of AEs leading to discontinuation, as this information cannot 
always be simply linked to the discontinuation of the treatment 
and is not as consistently reported among the registers. While our 
results provide an overview of tolerability across treatment groups, 
the exact nature and severity of AEs leading to discontinuation 
remains an area that requires further investigation. This absence 
of details means clinicians must exercise caution when interpreting 

Table 4  Discontinuation for adverse events for tofacitinib and baricitinib, against TNFi and OMA patients

Tofacitinib Baricitinib

Tofacitinib TNFi OMA Baricitinib TNFi OMA

Number of treatments 5011 23 391 10 999 5379 23 391 10 999

Mean treatment duration, years (SD) 1.9 (1.7) 1.8 (1.6) 1.8 (1.7) 1.7 (1.3) 1.8 (1.6) 1.8 (1.7)

Number of discontinuations for 
adverse event

437 1387 870 358 1387 870

Cause-specific HR  �

 � Unadjusted (95% CI) Reference 0.70 (0.63 to 0.78)* 0.96 (0.86 to 1.08) Reference 0.88 (0.79 to 0.99)* 1.21 (1.07 to 1.37)*

 � Adjusted (95% CI) Reference 0.81 (0.71 to 0.90)* 0.91 (0.81 to 1.03) Reference 1.15 (1.01 to 1.30)* 1.30 (1.14 to 1.48)*

Fine-Gray subdistribution HR  �

 � Unadjusted (95% CI) Reference 0.68 (0.61 to 0.76)* 0.93 (0.83 to 1.05) Reference 0.86 (0.76 to 0.96)* 1.17 (1.04 to 1.33)*

 � Adjusted (95% CI) Reference 0.81 (0.70 to 0.93)* 0.96 (0.81 to 1.11) Reference 1.02 (0.91 to 1.15) 1.30 (1.10 to 1.55)*

*P-value ≤ 0.05
OMA, other modes of action ; TNFi, tumour necrosis factor inhibitors.
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these findings in terms of specific safety concerns, such as cardio-
vascular events or serious infections. Furthermore, drug discontinu-
ation is inherently complex and blends clinical, patient-specific and 
sometimes socioeconomic variables. Our research highlights some 
elements, but a comprehensive exploration remains essential for 
future studies. A second limitation is the absence of randomisation 
between treatment groups, although we tried to emulate as much 
as possible a trial, by adjusting for relevant confounding factors, 
including a wide range of comorbidities known to play a role in the 
occurrence of AEs, including patients from the start of their treat-
ment, selecting a comparable population, and having a well-defined 
intervention, follow-up period and outcome. We did not prespecify 
any direct comparison between OMA and TNFi, so it is not possible 
to determine if, in addition to having comparable or potentially infe-
rior outcomes to JAKi, OMA could lead to higher discontinuation 
rates due to AEs when compared with TNFis. Missing data can also 
present a significant concern, but it was addressed with multiple 
imputation. The follow-up period is relatively short and may limit 
our ability to detect long-term AEs or late-onset discontinuations. 
Finally, misclassification of the cause for drug discontinuation can 
be a concern. In interpreting our findings, it is essential to acknowl-
edge the potential for physician bias in attributing the reason for 
drug discontinuation. Physicians might be influenced by pre-existing 
clinical experiences and knowledge, possibly leading to differential 
reporting across treatments.

In conclusion, in this international cohort of patients with RA, 
patients on JAKi did not demonstrate higher rates of discontinuation 
for AEs compared with patients on TNFi or bDMARD-OMA in the 
overall population. However, differences were observed in specific 
subgroup of patients with older age and cardiovascular risk factors or 
with different JAKi molecules, with a higher risk of discontinuation 
of AEs among those with cardiovascular risk factors and older age 
and with tofacitinib compared with TNFi but not the other JAKi. 
Treatment discontinuation for AEs comprises a wide range of AEs 
and includes both the patient perceived intolerability and the physi-
cian described safety issues. Our findings suggest that tolerability 
might differ depending on the subpopulation and possibly the type 
of JAKi. Further studies are warranted to assess which antirheumatic 
treatment fits best for which subgroups of patients and if the differ-
ences in tolerability by type of JAKi suggested by this study are asso-
ciated with true differences in safety profile when looking at specific 
AEs. The conclusions drawn are specific to RA and merit further 
exploration within the context of other rheumatic and musculoskel-
etal diseases.
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