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ABSTRACT 
Objectives  
We aimed to investigate the risk of first primary cancer in patients with rheumatoid arthritis (RA) 

treated with janus kinase inhibitors (JAKi) compared with those who received biologic disease-

modifying anti-rheumatic drugs (bDMARDs) in a real-world setting. 

Methods 
We performed an observational cohort study using the nationwide registers in Denmark. Patients 

with RA aged 18+ years, without a previous cancer diagnosis, and who initiated treatment with 

JAKi or bDMARDs from 1 January 2017 to 31 December 2020 were followed for any cancer (except 

non-melanoma skin cancer). We applied inverse probability of treatment weighting (IPTW) to 

account for covariate differences between treatment groups. IPTW-generated weights were used 

with cause-specific Cox (CSC) models to calculate hazard ratios (HRs) for cancer incidence in JAKi-

treated compared with bDMARD-treated patients with RA. 

Results 
We identified 875 and 4247 RA patients treated with JAKi and bDMARDs, respectively. The JAKi 

group contributed 1315 person years (PYRS) and 19 cancers, the bDMARD group contributed 8597 

PYRS and 111 cancers, with corresponding crude incidence rates per 1000 PYRS of 14.4 and 12.9. 

Comparing the two groups using weighted CSC models, a HR of 1.41 (95%CI 0.76 to 2.37, 95% 

confidence intervals) was seen for JAKi- versus bDMARD-treated patients with RA. 

Conclusion 
JAKi treatment in real-world patients with RA was not associated with a statistically significant 

increased risk of first primary cancer compared with those who received bDMARDs. However, 

several numerically increased risk estimates were detected, and a clinically important excess risk 

of cancer among JAKi recipients cannot be dismissed. 

 

 

Keywords 
Rheumatoid Arthritis, Cancer, Malignancy, Janus Kinase Inhibitors, Biologics, Real-World Evidence  

 

 
Key messages 
- Compared with bDMARDs, JAKi treatment in RA patients was not associated with increased 
cancer risk. 
- Additional studies founded on real-world data investigating JAKI and cancer risk in RA are 
required. 
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INTRODUCTION  

Cancer risk in patients with rheumatoid arthritis (RA) receiving various biologic disease-modifying 

anti-rheumatic drugs (bDMARDs) has been investigated and debated throughout the past 

decades.(1-3) Most recently, attention has turned to the janus kinase inhibitors (JAKi). The first 

approved JAKi for the treatment of RA, tofacitinib, has been available in the United States for 10 

years, while both tofacitinib and baricitinib were not approved by the European Medicines Agency 

(EMA) until 2017.(4) JAKi are classified as targeted synthetic DMARDs and are small molecules able 

to inhibit cytokine signalling pathways, thereby also modulating dysfunctional innate and adaptive 

immune responses intrinsic to RA.(5, 6) While exerting their primary intended effects through a 

plethora of signalling pathways, JAKi also have several unwanted off-target effects of which only 

some are well-established. Concerns regarding the risk of cancer in JAKi-treated patients with RA 

escalated after the release of results from Pfizer’s completed post-marketing randomized clinical 

trial, ORAL Surveillance, in January 2021.(7) The results were later published.(8) The trial, which 

included only patients with RA 50+ years of age with at least one additional cardiovascular risk 

factor, revealed increased risks of major adverse cardiovascular events and cancer — among 

several other reported adverse events — in tofacitinib recipients compared with those who 

received tumour necrosis factor inhibitors (TNFi). Precautionary considerations on JAKi use in high-

risk subsets of patients with RA have since been issued by the US Food and Drug Administration 

(FDA) and by EMA.(9-11)  

     Considering the ongoing concerns about JAKi’s safety profile, we sought to investigate JAKi’s 

safety in terms of cancer risk among patients with RA utilising Danish nationwide high-quality 

registers. 

 

METHODS 

Study design  

We performed an observational cohort study exploring the risk of first primary cancer in patients 

with RA treated with JAKi (tofacitinib and baricitinib) compared with RA patients treated with 

bDMARDs in the period 1 January 2017 to 31 December 2020.  

 

Data sources 

Patients diagnosed with RA were identified in the Danish Rheumatology Quality Register 

(DANBIO), which contains prospectively collected clinical information, start and stop dates for 

treatment with DMARDs, disease activity measures, smoking status, and more.(12, 13) Validity 

and completeness of RA diagnoses in DANBIO have been estimated to be high with a positive 

predictive value (PPV) of 96% and a completeness of 91% covering patients with RA.(13) All cancer 

diagnoses were collected from the Danish Cancer Registry (DCR).(14) Cancer diagnoses registered 

in DCR have been estimated to be highly valid and complete.(15-17) In Denmark, linkage between 

registers is possible on an individual-based level via the unique civil registration number (CPR 

number) from the Danish Civil Registration System (CRS). From CRS information on date of birth, 

sex, migration, and vital status was also collected.(18) Highest obtained education levels were 
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retrieved from the Danish Population Education Register.(19) Information on comorbidities and 

medication including hormone replacement therapy was collected by linkage to the Danish 

National Patient Register (DNPR) and the Danish National Prescription Registry (NPR).(20, 21) 

DNPR contains data comprising diagnosis codes registered at in- or outpatient hospital visits. NPR 

covers information on all redeemed drugs dispensed at Danish pharmacies, which are identifiable 

via coding in accordance with the global Anatomical Therapeutic Chemical classification system 

(ATC). 

 

Study population and exposure 

All patients with RA in DANBIO aged 18 or more and who initiated treatment with either JAKi or 

bDMARDs (index date) from 1 January 2017 to 31 December 2020 were included in the study. 

Patients with a registered cancer prior to the index date were excluded, except for those with 

prior non-melanoma skin cancer (NMSC). 

     The exposure group was composed of patients with RA who initiated any available JAKi in 

Denmark, i.e., tofacitinib or baricitinib, during the study period. Due to its Danish approval late 

2020, no treatment series with upadacitinib were recorded for our study population. 

The comparator group was composed of those who initiated a bDMARD treatment: Interleukin-6 

inhibitors (tocilizumab/sarilumab); B-cell inhibitors via anti-CD20 (rituximab); T-cell co-stimulation 

inhibitors via CTLA-4 (abatacept); all types of TNFi (adalimumab, etanercept, infliximab, 

certolizumab pegol, and golimumab) including both originators and biosimilars. For both groups, 

patients with previous bDMARD treatments were included. 

     

Outcome 

The study’s primary outcome was defined as any primary cancer diagnosis (excluding NMSC) 

according to ICD-10 codes registered in DCR. 

 

Follow-up  

Follow-up started on the date upon first registered treatment with JAKi or bDMARDs after 1 

January 2017. Follow-up was performed in a hierarchical ever-treated design, i.e., ‘once exposed 

always exposed’. However, patients were able to switch from the bDMARD group to the JAKi 

group, mimicking the usual hierarchical treatment pattern for JAKi-treated patients according to 

Danish guidelines. Person years (PYRS) of follow-up and number of cancers were allocated to each 

JAKi and bDMARD group, respectively, by following patients from the index date and until date of: 

Cancer, death, emigration, initiation of JAKi (bDMARD group censoring only), or 31 December 

2020, whichever occurred first. See figure 1. 

 

Statistical methods 

We used inverse probability of treatment weighting (IPTW) to account for covariate differences 

between treatment groups. In all analyses, average treatment effect on the treated (ATT), i.e., the 

JAKi-treated patients with RA in our study, was estimated.(22) In case of missing covariate values, 
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the IPTW model attempted to balance missingness in the constructed weights. The ATT weights 

were assessed by comparing the covariates’ standardized mean difference (SMD) pre and post 

weighting. Differences below 10% were considered negligible. SMD is a useful tool for comparison 

of means across continuous, dichotomous, and multilevel covariates between treatment group, 

regardless of covariates measured in different units.(22) Covariates with SMD > 10% ( 0.1) post 

weighting were added to the weighted cause-specific Cox (CSC) model for adjustment. Death was 

considered a competing risk due to its preclusion of cancer occurrence. We calculated 95% 

bootstrap confidence intervals (95%CI) with 500 iterations for all weighted models.(23)  

     Crude incidence rates (IR) of cancer per 1000 PYRS were calculated and presented for both JAKi 

and bDMARD groups. Based on the IPTW-generated ATT weights and with age as underlying 

timescale, we used CSC proportional hazard regression models to calculate hazard ratios (HRs) for 

cancer incidence in those who had received JAKi treatment compared with bDMARD-treated 

patients. Assessing the robustness of our IPTW-modelling, we constructed three comparative 

unweighted CSC proportional hazard regression models for all estimates. 

     Additionally, for select analyses we estimated and displayed the absolute risk of cancer as a 

function of follow-up time using Aalen-Johansen cumulative incidence functions (CIFs). These were 

performed while considering the competing risk of death and ATT-generated weights. 

     All statistical modelling and analyses were performed in R (version 4.0.3). IPTW-generated ATT 

weights and IPTW-balancing diagnostics were performed via the “TWANG” package.(24) CSC 

proportional hazard regression models were estimated using the “riskRegression” package.(25) 

Aalen-Johansen CIFs were modelled in the “prodlim” package.(26) 

 

Covariates 

The objective of IPTW modelling is to balance the measured covariates between treatment 

groups. That said, not all covariates are of equal importance to balance according to Austin.(22) 

We chose to include only covariates associated with cancer (outcome) or those associated with 

both treatment choice (exposure) and cancer (outcome) in the IPTW model. All covariates were 

selected by the authors’ expert knowledge in the fields of both RA and risk factors for cancer.  

     We chose to include the following comorbidities as covariates: lung disease (prior diagnosis of 

chronic obstructive pulmonary disease, interstitial lung disease, or two redeemed prescriptions for 

inhalers in a two-year period prior to index date); cardiovascular disease (prior diagnosis of venous 

thromboembolism, stroke, ischemic heart disease, or heart failure); and diabetes (prior diagnosis 

of diabetes; or two redeemed prescriptions for antidiabetic drugs in a two-year period prior to 

index date).(27) All of the above comorbidities were identified using coding according to Danish 

well-validated register-based algorithms.(28-31) We also included hormone replacement therapy 

(two redeemed prescriptions in a five-year period prior to index date) and smoking status.(32) 

Both RA itself and the extent of uncontrolled inflammation of RA is related to an increased risk of 

cancer, with lymphoma risk being particularly associated with high RA disease activity.(33, 34) 

Hence, we included information on numerous covariates reflective of RA characteristics at index 

date: disease duration of RA; seropositivity for rheumatoid factors or anti-citrullinated protein 
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antibodies; health assessment questionnaire (HAQ); disease activity score-28 with CRP (DAS28-

CRP); concomitant use of systemic glucocorticoids (one redeemed prescription for prednisolone or 

one intra-muscular administration of prednisolone in a three-month period prior to index date); 

and number of bDMARDs previously received. All these covariates as well as age, sex, and 

education level were considered a mix of important predictors or confounders (or proxies hereof, 

e.g. lung disease as a proxy for smoking).(35, 36) For full information regarding covariates, see 

supplementary table S1.  

 

Subgroup analyses  

The ORAL Surveillance study included only patients with RA aged 50+, and EMA’s 

recommendations on JAKi caution specifically address patients over 65 years as a high-risk group. 

Hence, we stratified the main analysis by age groups 50+ and 65+. Also, analyses stratified by 

length of follow-up (< 1 year and 1+ years) were performed. 

 

Sensitivity analyses  

We performed two so-called ‘on-drug’ analyses. These analyses took both initiation and 

discontinuation dates of treatment into account. In doing so, we allowed for ‘switching’ back and 

forth between JAKi and bDMARD groups, thereby also enabling each patient to potentially 

contribute with multiple treatment initiations (and index dates) to both groups. The two separate 

on-drug analyses were performed by following patients from drug initiation date to the date of 

cancer, death, emigration, 31 December 2020, or drug discontinuation date (+3 months/+ 6 

months), whichever occurred first. By lagging discontinuation dates with 3 months and 6 months, 

respectively, we attempted to consider different definitions of ‘carry-over effects’ with regards to 

cancer and, importantly, the potential for drug discontinuation due to early cancer symptoms. If 

reinitiating the same type of treatment within the 3/6-month windows, uninterrupted by the 

opposite treatment, it was considered the same series of treatment. Cancers registered within the 

3/6-month discontinuation windows and after the start of a drug belonging to the opposite 

treatment group were attributed to both groups. 

     We also performed sensitivity analyses in which we tested the impact of various inclusion 

criteria. First, we enforced a requirement of minimum one prior bDMARD treatment before index 

date to establish more prior-bDMARD-comparable groups of JAKi- and bDMARD-treated patients. 

Secondly, based on EMA’s warning regarding JAKi use in current or past smokers, we performed 

an analysis including only patients who were ‘ever’ smokers. Lastly, we performed two additional 

and separate analyses with the bDMARD group consisting only of patients initiating TNFi and non-

TNFI bDMARDs, respectively, while follow-up was stopped upon switching to the opposite 

bDMARD class. By doing so, we established comparator groups less heterogenous in respect of 

potentially distinct carcinogenic effects of TNFi and non-TNFI bDMARDs, herein also mimicking the 

pure TNFi exposure comparison of ORAL Surveillance. 
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RESULTS 

A total of 4601 unique individuals were included, with JAKi and bDMARD groups consisting of 875 

and 4247 patients, respectively. During follow-up, the JAKi group contributed 1315 PYRS (median 

1.48 years; interquartile range 0.98 to 1.93 years) and 19 cancers, while the bDMARD group 

contributed 8597 PYRS (1.98; 1.11 to 3.09) and 111 cancers. For more information on the 

distribution of specific cancers, see supplementary table S2. 

     All covariates and covariate levels had post-IPTW-weighting SMDs < 10%, and the majority were 

<5%. See table 1. Hence, no covariates were added to the weighted CSC regression model for 

adjustment in the main analysis for JAKi versus bDMARDs. In some subgroup and sensitivity 

analyses a few specific covariates showed post-IPTW-weighting SMDs above 10% (data not shown) 

and were therefore further adjusted for.  

     Crude IRs for JAKi and bDMARD groups were 14.4 and 12.9 per 1000 PYRS, respectively. Looking 

at cancer risk in the JAKi group compared with the bDMARD group, there was a numerically but 

statistically non-significant increased HR of 1.41 (95%CI 0.76 to 2.37) in the IPTW-weighted CSC 

model. Similar estimates were obtained in the three unweighted CSC models. Analyses stratified 

by age and by length of follow-up also displayed numerically increased yet statistically non-

significant HRs, with the biggest difference observed between follow-up < 1 and follow-up 1+ 

years with HRs of 1.54 (95%CI 0.67 to 3.31) and 1.07 (95%CI 0.30 to 2.39). See table 2. 

     None of the sensitivity analyses showed any statistically significant HRs. See table 3 and table 4.  

Notably, the two on-drug analyses attenuated the numeric excess cancer risk among JAKi 

recipients: 0.82 (0.36 to 1.46) and 1.03 (0.49 to 1.74). Along with the main analysis, both on-drug 

analyses’ cumulative incidence of cancer since treatment initiation were presented as Aalen-

Johansen plots. The three CIFs demonstrated absolute risks of cancer that varied notably for both 

JAKi and bDMARD groups according to each distinct type of analysis. For full information on Aalen-

Johansen CIFs, see supplementary figure S1.  

 
DISCUSSION 
In this population-based cohort study on Danish patients with RA, we found a numerically but 

statistically non-significant increase in first primary cancer risk among JAKi recipients compared 

with those who received bDMARDs with a HR of 1.41 (95%CI 0.76 to 2.37).  

     FDA’s and EMA’s precautionary recommendations regarding JAKi use in patients with RA were 

sparked by the ORAL Surveillance study. The RCT included more than 4000 participants, all aged 

50+ and with ≥1 additional risk factor for CVD, and found a HR for cancer of 1.48 (95%CI 1.04 to 

2.09) when comparing JAKi (tofacitinib) recipients with those who received TNFi.(8) The HR for 

cancer was particularly high in patients over 65 years (HR 1.70; 95%CI 1.00 to 2.90), while the 

tofacitinib dosage (5mg vs 10mg) did not seem to alter the estimate. Our study, albeit using 

patients treated with any type of bDMARD as comparators, found an overall HR of 1.41 (95%CI 

0.76 to 2.37) and a HR of 1.37 (95%CI 0.75 to 2.30) in patients aged 50+. We did not find a signal of 

further increase in risk among those aged 65+ (HR 1.34; 95%CI 0.55 to 2.81). In addition to the 

ORAL Surveillance study, other studies based on clinical trials have investigated the risk of cancer 
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associated with various JAKi-treatment regimes.(37-40) None of these studies reported any excess 

cancer risk among patients with RA who received JAKi. 

     Few published register-based observational studies on JAKi and cancer in patients with RA 

currently exist.(41-43) To our knowledge, the present study is the first European study based on 

data from a real-world setting investigating cancer risk associated with JAKi use in patients with 

RA. While the Swedish study by Huss et al. investigated cancer risk associated with bDMARD and 

JAKi treatments, they were unable to evaluate JAKi separately.(41) Two American studies 

presented reassuring results regarding JAKi-treated patients with RA and their risk of cancer.(42, 

43) A safety study on tofacitinib and bDMARDs by Kremer et al. compared cancer occurrence 

between JAKi and bDMARD initiators.(42) In their primary analysis, they found a HR of 1.04 (95%CI 

0.68‐1.61). A large study by Khosrow-Khavar et al. based on American insurance claims data 

investigated first primary cancer risk in tofacitinib compared with TNFi users.(43) They created a 

real-world RA population cohort and a cohort mimicking the eligibility criteria of the ORAL 

Surveillance trial, both of which demonstrated no statistically significant increased cancer risk in 

JAKi users: HR 1.01 (95%CI 0.83 to 1.22) and HR 1.17 (95%CI 0.85 to 1.62), respectively. 

     In our study, the risk of cancer among JAKi-treated patients was higher during the first year of 

follow-up compared with the risk beyond one year of JAKi/bDMARD exposure: HR 1.54 (95%CI 

0.67 to 3.31) versus HR 1.07 (95%CI 0.30 to 2.39). An explanation for this could be protopathic 

bias, also known as reverse causation, where antecedent effects and wide-ranging inflammatory 

symptoms of an undiagnosed or developing cancer have — unknowingly — ‘selected’ these 

patients for JAKi treatment. In our analyses, potential protopathic may have been mitigated by 

lagging time at risk after treatment initiation as performed in the 1+ year of follow-up analysis. 

However, introducing this lag-time period may in the case of JAKi and cancer also falsely diminish 

an actual association. If treatment with JAKi diminishes the host’s immunosurveillance for cancer 

in the later stages of carcinogenesis, JAKi may act as the final straw of immunocompromising 

factors that allow for the development a cancer. As a result, the possible relationship between 

treatment with JAKi and cancer would be detectable even during the early stages of JAKi 

exposure.(44) Either way, the small number of cancers registered in the JAKi group past the first 

year of follow-up makes comparisons between follow-up subgroups sensitive to imprecision. 

     Another important finding from our study is how the choice of follow-up design impacted our 

study’s estimates. The hierarchical ‘once exposed, always exposed’ type of study design has been 

a typical approach in observational studies investigating bDMARDs impact on cancer in patients 

with RA, usually comparing ‘bionaïve’, i.e., never-bDMARD-exposed, with bDMARD-treated 

groups.(2, 45) Our main analysis’ corresponding approach comparing JAKi-naïve-bDMARD-treated 

with JAKi-treated patients showed a numerically increased HR for cancer among the JAKi 

recipients. Interestingly, the excess risk disappeared in the on-drug analyses. However, while the 

on-drug design in many settings is the typical epidemiological choice, the temporal relationship 

between JAKi/bDMARD exposure and cancer in patients with RA is unknown. It is also possible 

that early cancer symptoms in some patients led to discontinuation of treatment and, by 

extension, registrations of cancer diagnoses were not attributed to each respective treatment 
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group in our on-drug analyses. That said, we tried to accommodate for this phenomenon by 

incorporating 3/6-month time-lagged discontinuation dates. 

     When using real-world data on JAKi and bDMARD treatments in patients with RA, one is limited 

to available data and applicable treatment guidelines. Such hierarchical treatment guidelines lead 

to a very high proportion of patients in the JAKi group (82.3%) previously treated with a bDMARD, 

i.e., the comparator, and makes it difficult to separate potential carcinogenic effects of JAKi from 

those of prior bDMARDs. The research question answered in this real-world setting is therefore 

chiefly the cancer risk associated with JAKi after previous bDMARD use compared with bDMARD 

use only. In this context, by incorporating the number of previously received bDMARDs at the 

index date in the IPTW model, we attempted to achieve weighting-induced balance between JAKi 

and bDMARD groups in terms of potential carcinogenic effects from previous bDMARDs. 

Furthermore, the sensitivity analysis with a criterion of minimum one prior bDMARD treatment — 

comparing solely JAKi and bDMARD initiators previously exposed to bDMARDs — showed a risk 

estimate similar to the main analysis’. Another limitation was the relatively short follow-up time 

and low number of incident primary cancers in the JAKi group. Circumscribed by EMA’s approval 

of tofacitinib and baricitinib in 2017, real-world data from DANBIO simply does not currently allow 

for long-term follow-up of patients with RA who received JAKi. The pooling of two different JAKi 

warrants mentioning as well. Each type of JAKi might impact the risk of cancer differently.(5, 6) 

This is further complicated by the arrival of newer JAKi for RA like upadacitinib and filgotinib, 

which might need to be accounted for in future studies. However, for now, FDA’s and EMA’s 

precautionary considerations encompass all types of JAKi due to their similar mechanisms of 

action.  

     Our study also has several strengths. DANBIO serves as an excellent real-world data source with 

high validity and completeness of RA diagnosis and DMARD treatments(12, 13) Additionally, we 

were able to collect well-validated cancer diagnoses as well as numerous covariates on an 

individual-based level. A strength was also the use of IPTW-modelling, where we managed to build 

well-balanced ATT weights that sought to minimize confounding, although unmeasured 

confounding cannot be ruled out. Furthermore, inspired by ORAL Surveillance’s results and 

considering EMA’s special warnings regarding tofacitinib, we assessed the cancer risk in both all 

and certain potential high-risk Danish patients with RA treated with JAKi in routine care.(8, 9) In 

doing so, we tried to mimic the real-world treatment availability by including all bDMARDs (vs only 

TNFi) as the comparator in our main analysis. This may make our results easier to integrate into 

clinical decision making, where it’s typically a treatment choice between JAKi and multiple types of 

bDMARDs. Lastly, despite not allowing for long-term follow-up, the study period ending 31 

December 2020 makes our results less susceptible to both surveillance and selection bias 

compared with data from 2021 onwards. The results from ORAL Surveillance regarding increases 

in cancer risk with JAKi treatment were reported in January 2021, which will likely impact the 

clinicians’ propensity to prescribe JAKi as well as increase their cancer vigilance in those who do 

eventually receive JAKi. Observational studies on JAKi and cancer based on real-world data from 

2021 onwards will have to take this into consideration. 



 10 

     In conclusion, our study demonstrated no statistically significant increased risk of first primary 

cancer in JAKi-treated compared with bDMARD-treated patients with RA. However, the risk 

estimates in many analyses were elevated, and therefore we cannot rule out an excess risk of 

cancer among those who received JAKi. Considering the sparse evidence and the importance of 

the topic, we strongly encourage additional studies founded on real-world data to investigate the 

safety of JAKI in terms of cancer risk in patients with RA. 
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Figure 1. Study population, treatment groups, and follow-up of patients with rheumatoid arthritis  
 

 
 
 
 
 

 
  
  

Notes 
a Information on baseline covariates was collected at the index date in each cohort. The collection window for covariate information could 
span before the time of study start 1 January 2017. See supplementary table S1 for full list of covariates including specified details on 
collection. 
b Patients were allowed to switch from the bDMARD group to the JAKi group upon the date of JAKi treatment (censoring time), but once 
exposed to JAKi treatment that patient would remain in the JAKi group until end of follow-up. 
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Table 1. Pre-weighting baseline characteristics for JAKi- and bDMARD-treated patients with 

rheumatoid arthritis, including standardized mean differences pre and post inverse probability of 

treatment weighting  

 JAKi group 

(N=875) 

bDMARD group 

(N=4247) 

Pre-IPTW 

SMD 

Post-IPTW 

SMD 

Tofacitinib, N 694    

Baricitinib, N 181    

TNFi, N  3691   

Tocilizumab/sarilumab, N  246   

Rituximab, N  207   

Abatacept, N  103   

Female, N (%) 698 (79.8) 3191 (75.1) 0.115 0.033 

Age in years, mean (SD) 57.8 ( 13.05) 57.6 ( 13.83) 0.015 0.025 

Disease duration in years, mean (SD) 10.5 ( 9.09) 10.6 ( 9.66) -0.012 0.007 

  Disease duration missing, N (%) 37 (4.2) 195 (4.6) -0.019 0.006 

Seropositive, N (%) 679 (77.6) 3279 (77.2) 0.009 -0.011 

Smoking ever, N (%) 444 (50.7) 2045(48.2) 0.052 0.012 

Education level, N (%)     

  Low 245 (28.0) 1133 (26.7) 0.029 -0.023 

  Medium 575 (65.7) 2792 (65.7) -0.001 0.02 

  High 38 (4.3) 269 (6.3) -0.098 -0.012 

  Missing 17 (1.9) 53 (1.2) 0.050 0.026 

HAQ, mean (SD) 1.4 ( 0.72) 1.1 ( 0.72) 0.410 0.047 

  HAQ missing, N (%) 119 (13.6)  718 (16.9) -0.096 -0.002 

DAS28-CRP, mean (SD) 4.4 ( 1.19) 3.9 ( 1.40) 0.416 0.054 

  DAS28-CRP missing, N (%) 173 (19.8) 951 (22.4) -0.066 0.002 

Concomitant use of prednisolone, N (%) 277 (31.7) 1211 (28.5) 0.068 0.014 

Hormone replacement therapy, N (%) 132 (15.1) 610 (14.4) 0.020 -0.024 

Lung disease, N (%) 175 (20.0) 654 (15.4) 0.115 0.013 

Cardiovascular disease, N (%) 134 (15.3) 495 (11.7) 0.102 0.032 

Diabetes, N (%)  88 (10.1) 360 (8.5) 0.053 0.028 

Prior bDMARDs, N (%)     

  0 155 (17.7) 2230 (52.5) -0.911 -0.074 

  1 199 (22.7) 1185 (27.9) -0.123 0.009 

  2 198 (22.6) 479 (11.3) 0.271 0.010 

  3 or more 323 (36.9) 353 (8.3) 0.593 0.042 
Abbreviations / Notes 

bDMARDs: biological disease-modifying anti-rheumatic drugs, bDMARD group: comprises Interleukin-6 inhibitors 
(tocilizumab/sarilumab) + anti-CD20 (rituximab) + T-cell co-stimulation inhibitors via CTLA-4 (abatacept) + tumour necrosis factor 
inhibitors (TNFi), N: number of, RA: Rheumatoid arthritis, SD: Standard deviation, Education level according to the International 
Standard Classification of Education but condensed to 3 levels, IPTW: inverse probability of treatment with average treatment 
effect on the treated (ATT) weights, SMD: standardized mean difference, Pre-IPTW SMD: standardized mean difference before 
weighting, Post-IPTW SMD: standardized mean difference after weighting, Missing: no value recorded, Seropositive: seropositivity 
for rheumatoid factors or anti-citrullinated protein antibodies, DAS28-CRP (Disease activity score), HAQ: health assessment 
questionnaire (0–3). 
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Table 2. Number of patients, person years, cancers, crude incidence rates, and hazard ratios for 

cancer by type of analysis, by choice of statistical model, and by groups of JAKi- and bDMARD-

treated patients with rheumatoid arthritis 

 

 
N patients 

 
N PYRS 

N Cancers 
(except NMSC) 

Crude IR (per 
1000 years) 

 
HR (95%CI) 

 
JAKi vs bDMARD (all patients) 

   
 

JAKi group 875 1315 19 14.4  

bDMARD group 4247 8597 111 12.9  

IPTW + CSC a      1.41 (0.76 to 2.37) 

CSC model 1 b     1.17 (0.72 to 1.91) 

CSC model 2 c     1.37 (0.81 to 2.32) 

CSC model 3 d (CC:  
JAKi vs bDMARD) 

645 vs 3072 976 vs 6351 16 vs 81 16.4 vs 12.8 1.50 (0.83 to 2.72) 

      

Age 50+     

JAKi group e 653 - ≥15 18.3  

bDMARD group 3099 6274 103 16.4  

IPTW + CSC      1.37 (0.75 to 2.30) 

CSC model 1     1.19 (0.72 to 1.97) 

CSC model 2     1.40 (0.81 to 2.42) 

CSC model 3 (CC:  
JAKi vs bDMARD) 

483 vs 2230 740 vs 4603 15 vs 78 20.3 vs 16.9 1.47 (0.79 to 2.74) 

      

Age 65+     

JAKi group 268 401 11 27.4  

bDMARD group 1364 2711 65 24.0  

IPTW + CSC      1.34 (0.55 to 2.81) 

CSC model 1     1.20 (0.62 to 2.29) 

CSC model 2     1.25 (0.61 to 2.56) 

CSC model 3 (CC:  
JAKi vs bDMARD) 

189 vs 952 300 vs 1940 9 vs 46 30.0 vs 23.7 1.35 (0.61 to 2.97) 

 
Follow-up < 1 year 

   
 

JAKi group 875 792 13 16.4  

bDMARD group 4247 3752 48 12.8  

IPTW + CSC      1.54 (0.67 to 3.31) 

CSC model 1     1.30 (0.69 to 2.43) 

CSC model 2     1.74 (0.90 to 3.36) 

CSC model 3 (CC:  
JAKi vs bDMARD)  

645 vs 3072 591 vs 2724 11 vs 32 18.6 vs 11.7 1.95 (0.90 to 4.21) 

 
 
Follow-up 1+ year 

   
 

JAKi group 649 523 6 11.5  

bDMARD group 3284 4845 63 13.0  
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IPTW + CSC     1.07 (0.30 to 2.39) 

CSC model 1     0.93 (0.40 to 2.13) 

CSC model 2     0.83 (0.35 to 1.94) 

CSC model 3 (CC:  
JAKi vs bDMARD) 

532 vs 2745 432 vs 4139 5 vs 53 11.6 vs 12.8 0.79 (0.30 to 2.09) 

 
Abbreviations / Notes 
JAKi: janus kinase inhibitors (tofacitinib + baricitinib), bDMARDs: biological disease-modifying anti-rheumatic drugs, bDMARD group: 
comprises Interleukin-6 inhibitors (tocilizumab/sarilumab) + anti-CD20 (rituximab) + T-cell co-stimulation inhibitors via CTLA-4 
(abatacept) + tumour necrosis factor inhibitors, N.: number of, PYRS: person years, IR: incidence rate, HR: hazard ratio, 95%CI: 95% 
confidence intervals, NMSC: non-melanoma skin cancer, IPTW: inverse probability of treatment with average treatment effect on the 
treated (ATT) weights, CSC: cause-specific Cox proportional hazard regression with death as the competing risk, CC: complete case, 
vs: versus. 
a: IPTW-generated ATT weights combined with CSCcox.  
b: CSC model 1 unweighted with age as underlying timescale and adjustment for sex. 
c: CSC model 2 unweighted with age as underlying timescale and adjustment for covariates with no missing information: sex, 
seropositivity, smoking status, concomitant use of prednisolone, hormone replacement therapy, lung disease, cardiovascular disease, 
diabetes, and number of prior bDMARDs. 
d: CSC model 3 unweighted with age as underlying timescale and adjustment for all covariates, i.e., as a complete case analysis, with 
information and estimates on patients included in this specific model explicitly shown.  
e: PYRS and N cancers not shown according to Danish data legislation on indirect anonymisation. 
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Table 3. On-drug analyses: Number of treatment initiations, person years, cancers, crude incidence 
rates, and hazard ratios for cancer by choice of lagged discontinuation date definition (3 months and 
6 months) by choice of statistical model, and by groups of JAKi- and bDMARD-treated patients with 
rheumatoid arthritis 

 

 
N Initiations  

 
N PYRS 

N Cancers 
(except NMSC) 

Crude IR (per 
1000 years) 

 
HR (95%CI) 

 

JAKi vs bDMARD: 3 months 

   
 

JAKi group 899* 993 11 11.1  

bDMARD group 4745 8221 111 13.5  

IPTW + CSC a     0.82 (0.36 to 1.46) 

CSC model 1 b     0.87 (0.47 to 1.61) 

CSC model 2 c     0.89 (0.46 to 1.74) 

CSC model 3 d (CC:  
JAKi vs bDMARD) 

661 vs 3440  727 vs 6032 9 vs 82 12.4 vs 13.6 0.93 (0.44 to 1.95) 

      

JAKi vs bDMARD: 6 months     

JAKi group 889 1073 15 14.0  

bDMARD group 4628 8481 115 13.6  

IPTW + CSC     1.03 (0.49 to 1.74) 

CSC model 1     1.08 (0.65 to 1.80) 

CSC model 2     1.07 (0.63 to 1.82) 

CSC model 3 (CC:  
JAKi vs bDMARD) 

656 vs 3359  789 vs 6243 12 vs 84 15.2 vs 13.5 1.34 (0.69 to 2.62) 

      
Abbreviations / Notes 
JAKi: janus kinase inhibitors (tofacitinib + baricitinib), bDMARDs: biological disease-modifying anti-rheumatic drugs, bDMARD group: 
comprises Interleukin-6 inhibitors (tocilizumab/sarilumab) + anti-CD20 (rituximab) + T-cell co-stimulation inhibitors via CTLA-4 
(abatacept) + tumour necrosis factor inhibitors, N.: number of, PYRS: person years, IR: incidence rate, HR: hazard ratio, 95%CI: 95% 
confidence intervals, NMSC: non-melanoma skin cancer, IPTW: inverse probability of treatment with average treatment effect on the 
treated (ATT) weights, CSC: cause-specific Cox proportional hazard regression with death as the competing risk, CC: complete case, 
vs: versus. 
a: IPTW-generated ATT weights combined with CSCcox.  
b: CSC model 1 unweighted with age as underlying timescale and adjustment for sex. 
c: CSC model 2 unweighted with age as underlying timescale and adjustment for covariates with no missing information: sex, 
seropositivity, smoking status, concomitant use of prednisolone, hormone replacement therapy, lung disease, cardiovascular disease, 
diabetes, and number of prior JAKi/bDMARDs. 
d: CSC model 3 unweighted with age as underlying timescale and adjustment for all covariates, i.e., as a complete case analysis, 
with information and estimates on patients included in this specific model explicitly shown. 
*Each patient could contribute with multiple treatment initiations to both groups. Reinitiating the same treatment within the 3-/6-
month windows, uninterrupted by the opposite treatment, it was considered the same series of treatment.  

 
  



 20 

Table 4. Other sensitivity analyses: Number of patients, person years, cancers, crude incidence rates, 

and hazard ratios for cancer by type of sensitivity analysis, by choice of statistical model, and by 

groups of JAKi- and bDMARD-treated patients with rheumatoid arthritis 

 

 
N patients 

 
N PYRS 

N Cancers 
(except NMSC) 

Crude IR (per 
1000 years) 

 
HR (95%CI) 

 

JAKi vs bDMARD: N prior bDMARDs  1 

   
 

JAKi group 720 1134 16 14.1  

bDMARD group 2017 4683 55 11.7  

IPTW + CSC a     1.53 (0.75 to 2.95) 

CSC model 1 b     1.33 (0.76 to 2.32) 

CSC model 2 c     1.38 (0.77 to 2.49) 

CSC model 3 d (CC:  
JAKi vs bDMARD) 

539 vs 1360 844 vs 3243 14 vs 39 16.6 vs 12.0 1.60 (0.83 to 3.09) 

      

JAKi vs bDMARD: Ever smokers     

JAKi group 444 668 7 10.5  

bDMARD group 2045 4172 66 15.8  

IPTW + CSC     1.15 (0.38 to 2.41) 

CSC model 1     0.74 (0.34 to 1.61) 

CSC model 2     0.93 (0.43 to 2.03) 

CSC model 3 (CC:  
JAKi vs bDMARD) 

323 vs 1491 491 vs 3105 6 vs 52 12.2 vs 16.7 0.87 (0.37 to 2.04) 

      

JAKi vs TNFi e      

JAKi group 875 1315 19 14.4  

TNFi group 3758 7040 92 13.1  

IPTW + CSC      1.19 (0.64 to 2.11) 

CSC model 1      1.12 (0.68 to 1.85) 

CSC model 2      1.25 (0.70 to 2.24) 

CSC model 3 (CC:  
JAKi vs TNFi) 

645 vs 2715 976 vs 5120 16 vs 66 16.4 vs 12.9 1.52 (0.80 to 2.86) 

      

JAKi vs non-TNFi bDMARDs e     

JAKi group 875 1315 19 14.4  

non-TNFi bDMARD group f 864 1557 19 12.2  

IPTW + CSC      1.55 (0.76 to 3.49) 

CSC model 1      1.43 (0.75 to 2.73) 

CSC model 2      1.56 (0.81 to 2.99) 

CSC model 3 (CC:  
JAKi vs non-TNFi) 645 vs 654 976 vs 1221 16 vs 13 16.4 vs 10.6 1.92 (0.92 to 4.00) 

      
Abbreviations / Notes 
JAKi: janus kinase inhibitors (tofacitinib + baricitinib), bDMARDs: biological disease-modifying anti-rheumatic drugs, TNFi: tumour 
necrosis factor inhibitors, bDMARD group: comprises Interleukin-6 inhibitors (tocilizumab/sarilumab) + anti-CD20 (rituximab) 
T-cell co-stimulation inhibitors via CTLA-4 (abatacept) + TNFi, non-TNFi bDMARD group: comprises Interleukin-6 inhibitors 
(tocilizumab/sarilumab) + anti-CD20 (rituximab) + T-cell co-stimulation inhibitors via CTLA-4 (abatacept)  N.: number of, PYRS: person 
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years, IR: incidence rate, HR: hazard ratio, 95%CI: 95% confidence intervals, NMSC: non-melanoma skin cancer, IPTW: inverse 
probability of treatment with average treatment effect on the treated (ATT) weights, CSC: Cause-Specific Cox proportional hazard 
regression with death as the competing risk, CC: complete case, vs: versus. 
a: IPTW-generated ATT weights combined with CSC.  
b: CSC model 1 unweighted with age as underlying timescale and adjustment for sex. 
c: CSC model 2 unweighted with age as underlying timescale and adjustment for covariates with no missing information: sex, 
seropositivity, smoking status, concomitant use of prednisolone, hormone replacement therapy, lung disease, cardiovascular disease, 
diabetes, and number of prior bDMARDs. 
d: CSC model 3 unweighted with age as underlying timescale and adjustment for all covariates, i.e., as a complete case analysis, 
with information and estimates on patients included in this specific model explicitly shown.  
e: The displayed number of TNFi and non-TNFI patients in each group differ from that of the main analysis. The main analysis’ 
bDMARD group comprised only the first bDMARD initiation within our study period, whereas these two sensitivity analyses 
comprised the first TNFi and non-TNFi initiation, respectively, within our study period, hereby allowing for contributions to both 
analyses in case of patients switching bDMARD class. 
f: Counts for each specific type of non-TNFI bDMARD: tocilizumab/sarilumab = 446, rituximab = 255, and abatacept = 163. 

 

 


