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ABSTRACT
Background JAK- inhibitors (JAKi), recently approved in 
rheumatoid arthritis (RA), have changed the landscape 
of treatment choices. We aimed to compare the 
effectiveness of four current second- line therapies of RA 
with different modes of action, since JAKi approval, in an 
international collaboration of 19 registers.
Methods In this observational cohort study, patients 
initiating tumour necrosis factor inhibitors (TNFi), 
interleukin- 6 inhibitors (IL- 6i), abatacept (ABA) or 
JAKi were included. We compared the effectiveness of 
these treatments in terms of drug discontinuation and 
Clinical Disease Activity Index (CDAI) response rates at 
1 year. Analyses were adjusted for patient, disease and 
treatment characteristics, including lines of therapy and 
accounted for competing risk.
Results We included 31 846 treatment courses: 17 522 
TNFi, 2775 ABA, 3863 IL- 6i and 7686 JAKi. Adjusted 
analyses of overall discontinuation were similar across all 
treatments. The main single reason of stopping treatment 
was ineffectiveness. Compared with TNFi, JAKi were less 
often discontinued for ineffectiveness (adjusted HR (aHR) 
0.75, 95% CI 0.67 to 0.83), as was IL- 6i (aHR 0.76, 95% 
CI 0.67 to 0.85) and more often for adverse events (aHR 
1.16, 95% CI 1.03 to 1.33). Adjusted CDAI response 
rates at 1 year were similar between TNFi, JAKi and IL- 6i 
and slightly lower for ABA.
Conclusion The adjusted overall drug discontinuation 
and 1 year response rates of JAKi and IL- 6i were similar 
to those observed with TNFi. Compared with TNFi, JAKi 
were more often discontinued for adverse events and 
less for ineffectiveness, as were IL- 6i.

INTRODUCTION
Since the development of tumour necrosis factor- 
inhibitors (TNFi) in the nineties, treatment 
options for rheumatoid arthritis (RA) have greatly 
increased with the emergence of other classes of 

biological disease- modifying antirheumatic drugs 
(bDMARDs), such as interleukin- 6 inhibitors (IL- 
6i) and abatacept (ABA), and more recently the 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ For patients with rheumatoid arthritis with 
an inadequate response or contraindications 
for conventional synthetic disease- modifying 
antirheumatic drugs (DMARDs), several 
second- line therapy options exist from which 
rheumatologists and patients can choose.

 ⇒ Only a limited number of small studies have 
evaluated the effectiveness of targeted- 
synthetic DMARDs and biological DMARDs in 
the real world.

WHAT THIS STUDY ADDS
 ⇒ This large comparative effectiveness analysis, 
involving 19 registers and over 30 000 
treatment courses, is the first to evaluate real 
life effectiveness and safety outcomes among 
four common available treatment alternatives 
and found similar discontinuation rates and 
Clinical Disease Activity Index response, 
although discontinuation reasons tended 
to differ between treatments, with more 
discontinuation for safety with JAK- inhibitors, 
but less for effectiveness.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Considering similar effectiveness among these 
treatments, this study calls for the evaluation 
of other outcomes that could influence 
treatment choice, such as patient- reported 
outcomes, comorbidities, tolerability, safety or 
cost- effectiveness.
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targeted- synthetic DMARDs (tsDMARDs), with Janus kinase 
inhibitors (JAKi).1–9 While all bDMARDs and tsDMARDs have 
demonstrated efficacy in randomised controlled trials,1–9 these 
results are not always relevant to ‘real- world patients’, because 
of very restrictive inclusion criteria, numerous exclusion criteria 
and limited follow- up.10 In addition, bearing in mind the number 
of current options available, head- to- head trials including 
several of the alternative treatment options would be imprac-
tical to realise. However, considering the number of available 
treatment options for second- line therapy in RA, a representa-
tive estimation of their relative effectiveness in the real world 
would be useful to help patients and rheumatologists to choose 
an appropriate treatment. Registers provide a unique oppor-
tunity to compare available treatment options and understand 
the effectiveness of these therapies in clinical situations, which 
is becoming even more important as we move towards person-
alised clinical care. The objective of this study was thus to eval-
uate and compare the real- world effectiveness of four different 
second- line therapies namely TNFi, ABA, IL- 6i and JAKi.

METHODS
Patient sample
The JAK- pot collaboration is an investigator- initiated obser-
vational study, which aims to evaluate clinical aspects of 
bDMARDs and tsDMARDs in RA. Patients were included since 
JAKi were commercially available in each country (earliest 
being 2013 for Switzerland and Russia) until March 2021. To 
avoid confounding by time- trends, we excluded patients who 
initiated treatment of interests (bDMARDs or JAKi) before 
JAKi were commercially available in each country. Patients 
with a clinical diagnosis of RA and starting treatment with a 
JAKi (baricitinib, tofacitinib or upadacitinib at that time), a 
TNFi, ABA or an IL- 6i during the study period, were included 
from the following registers: ATTRA from the Czech Republic, 
ARBITER from Russia, BIOBADASER from Spain, BIOREG 
from Austria,  biorx. si from Slovenia, BSRBR- RA from the 
UK, DANBIO from Denmark, GISEA from Italy, I- RE-
CORD 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, 
TARDIS from Belgium, TURKBIO from Turkey. ARBITER,  
biorx. si, BSRBR- RA and RABBIT did not contribute ABA treat-
ment courses, and RABBIT did not contribute IL- 6i treatment 
courses. All registers contributed individual treatment course- 
level data (eg, non- aggregated) to this collaborative analysis, 
except DANBIO and TARDIS that provided only aggregated 
data and results of analyses. Filgotinib was not included 
because it was not marketed during most of the study period 
in participating registers. Rituximab was also not included as 
discontinuation is often difficult to assess.

Time point definitions and treatment groups
Baseline was defined as the initiation date of each of the treat-
ment courses under investigation. Each treatment course was 
operationally defined as the period between drug initiation to 
treatment discontinuation, the switch to another treatment, the 
end of participation in the register, or the end of the study period 
(March 2021), whichever came first. Durations between visits 
depend on the register design and national recommendations on 
frequency of clinical contact, but most registers usually include 
at least an annual visit.

Exposure of interest
The exposure of interest was the type of treatment (TNFi, ABA, 
IL- 6i or JAKi).

Study outcomes
The primary outcome of effectiveness was treatment discon-
tinuation, which was evaluated in all registers. As secondary 
outcomes of effectiveness, we evaluated (1) reasons for discon-
tinuation by treatment and (2) treatment response using the 
Clinical Disease Activity Index (CDAI) defined as reaching low 
disease activity (LDA, CDAI ≤10) and remission (CDAI ≤2.8) 
at 12 months.11 12 We used CDAI as disease activity measure as 
it does not include acute phase reactants and is less skewed by 
agents having a strong effect on acute phase reactants, such as 
IL- 6i and probably JAKi.

Covariates of interests
For multivariable adjustments, we chose baseline covariates 
considered a priori as potential confounding factors according to 
clinical knowledge and current literature.13 We included gender, 
age, disease duration, seropositivity, number of previously used 
bDMARDs/tsDMARDs (0, 1, 2, ≥3), concomitant conventional 
synthetic DMARDs (csDMARDs) treatment (none; metho-
trexate; other csDMARDs without methotrexate; methotrexate 
and at least one other csDMARDs), concomitant glucocorticoids 
(presence/absence), tobacco smoking, functional status (Health 
Assessment Questionnaire Disability Index -HAQ- DI), CDAI (or 
Disease Activity Score on 28 joints - DAS28 - if CDAI was not 
available), C reactive protein (CRP) and year of treatment initi-
ation. For seropositivity, patients were classified as being sero-
positive if rheumatoid factor (RF) and/or anticyclic citrullinated 
peptide antibodies (ACPA) were positive, negative if both were 
negative, and missing if one was missing and the other was nega-
tive, to limit misclassification. In BSRBR- RA, only RF was avail-
able and seropositivity was defined as positive if RF was positive, 
negative if RF was negative, and missing if RF was missing. In 
the TARDIS register, concomitant csDMARDs treatment, HAQ, 
CDAI and seropositivity were not available, and DAS28 was used 
for adjustment for disease activity. Other sporadically missing 
data by registers are shown in online supplemental table 1.

Statistical methods
We performed analyses and reported results according to the 
Strengthening the Reporting of Observational Studies in Epide-
miology guidelines and the European Alliance of Associations 
for Rheumatology points to consider on comparative effective-
ness research.14 15

We analysed baseline characteristics using standard descrip-
tive statistics and indicated number of patients with valid 
values. Since two of the registers could only provide aggregated 
results due to local regulations with respect to cross border data 
sharing, all adjusted analyses were performed within each indi-
vidual register and combined using random- effect meta- analysis 
methods, which also allowed to account for possible heteroge-
neity between registers. Heterogeneity was evaluated using I2. 
Several treatment courses from a single patient could be included 
if the patient had been treated by more than one second line 
treatment during the follow- up period. Thus, we added a cluster 
term for the patient identity, thereby allowing the estimation 
of robust SEs, in a manner similar to generalised estimating 
equation models. The investigators of the two registers that did 
not provide individual treatment course- level data, received a 
detailed description of the analyses, as well as the code used for 
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the analyses (in R programming language), and replicated these 
analyses as closely as possible.

Main outcome
For the primary outcome (drug retention), we used Kaplan- 
Meier and Cox models. The Cox models were adjusted for all 
the baseline covariates as described above. TNFi was used as 
the comparison group, comprising the most treatment courses. 
Missing covariates were imputed using multiple imputations 
with chained equations (50 samples, predictive mean matching 
algorithm, see supplementary methods). A cluster term was 
added for the patient identity, as each patient could provide 
information for each treatment arm. As a sensitivity analysis, 
we excluded TARDIS, as some covariates were not available for 
adjustment in this register.

Secondary outcomes
For the secondary outcomes, only registers with individual 
treatment course- level data (non- aggregated) were included (17 
registers, online supplemental figure 1).

For the analysis of discontinuation reasons, we used a Fine- 
Gray model for adverse events, considering lack of effective-
ness and other reasons of discontinuation as competing risks. 

To avoid overadjustment, and as this was a secondary analysis, 
we pooled the registers and adjusted for fewer a priori selected 
baseline variables than for the main outcome namely: gender, 
age, disease duration, seropositivity, previous treatment with a 
b/tsDMARD as a binary variable (presence/absence), CRP, CDAI 
and presence of a concomitant treatment with csDMARDs as 
a binary variable (presence/absence) with a strata term for the 
country and the year of treatment initiation. Missing covariates 
were imputed using multiple imputations.

For the other secondary outcome (CDAI treatment response 
at 1 year), we additionally excluded BSRBR- RA, I- RECORD, 
RRBR and TURKBIO registers, as information on CDAI was 
not available for follow- up visits (online supplemental figure 
1). When no CDAI assessments were present at 1 year at the 
individual level, the means of their values within a±1.5 months 
window were used. Values that were still missing for patients on 
drug after 12 months were imputed using the nearest available 
neighbour, as advised by a recent simulation study.16 We esti-
mated the proportions of patients reaching remission or LDA by 
treatment group using a method correcting for attrition (patients 
lost to follow- up or stopping treatment), and adjusting for 
confounders (confounder- adjusted response rate with attrition 
correction).17 Briefly, this method discards values of CDAI at 12 

Table 1 Characteristics of the patients at the start of their 20 837 treatment courses (17 registers, individual treatment course- level data)

TNFi ABA IL- 6i JAKi

N valid Value N valid Value N valid Value N valid Value

N   11 376 1877 2517 5067

N visits (median (IQR))   2 (1–4) 2 (1–4) 2 (1–4) 2 (1–3)

Total patient- years   18 072 2589 3508 4218

Treatment duration, years (median (IQR)) 11 376   0.9 (0.4, 1.9) 1877 0.8 (0.4, 1.9) 2517 0.9 (0.3, 1.9) 5067 0.6 (0.2, 1.1)

Age, years (mean (SD)) 11 353   55.6 (13.3) 1873 59.6 (12.5) 2514 57.1 (12.8) 5067 58.2 (12.5)

Gender (female) (%) 11 354   8699 (76.6) 1874 1469 (78.4) 2516 1977 (78.6) 5066 4108 (81.1)

Disease duration, years (mean (SD)) 10 771   9.2 (8.5) 1820 11.1 (9.3) 2429 11.2 (9.0) 4939 11.8 (9.2)

Seropositivity (RF and/or ACPA), (%) 9396   7419 (79.0) 1575 1304 (82.8) 2103 1723 (81.9) 4271 3471 (81.3)

No of previous b/tsDMARDs (%) 11 146   1811 2456 4922

  0   6538 (58.7) 685 (37.8) 783 (31.9) 1556 (31.6)

  1   2119 (19.0) 469 (25.9) 730 (29.7) 1010 (20.5)

  2   1409 (12.6) 322 (17.8) 517 (21.1) 872 (17.7)

  ≥3   1080 (9.7) 335 (18.5) 426 (17.3) 1484 (30.2)

Concomitant csDMARDs (%) 11 376   1877 2517 5067

  None   3397 (29.9) 600 (32.0) 712 (28.3) 1694 (33.4)

  MTX   4257 (37.4) 213 (11.3) 238 (9.5) 426 (8.4)

  MTX associated with other than MTX   1611 (14.2) 601 (32.0) 1070 (42.5) 2064 (40.7)

  Other than MTX   2111 (18.6) 463 (24.7) 497 (19.7) 883 (17.4)

GC (yes/no) 10 449   4213 (40.3) 1643 829 (50.5) 2211 1076 (48.7) 4760 2293 (48.2)

GC dose (median (IQR)) 3386   5.0 (4.0, 7.5) 720 5.0 (5.0, 10.0) 912 5.0 (5.0, 10.0) 2074 5.0 (4.0, 7.5)

CRP (mg/L) (mean (SD)) 7842   11.8 (23.6) 1269 13.8 (22.2) 1818 16.3 (27.4) 3849 13.9 (25.4)

CDAI (mean (SD)) 4002   20.7 (12.7) 833 21.8 (12.3) 969 22.8 (13.2) 2358 23.7 (13.3)

DAS28 (mean (SD)) 4176   4.4 (1.5) 839 4.5 (1.5) 1029 4.8 (1.5) 2461 4.8 (1.5)

HAQ (mean (SD)) 3660   1.0 (0.7) 674 1.1 (0.7) 976 1.1 (0.7) 1741 1.2 (0.7)

Smoking (%) 8271   1202 1737 3177

  Current   1642 (19.9) 223 (18.6) 288 (16.6) 644 (20.3)

  Never   4927 (59.6) 834 (69.4) 1192 (68.6) 1976 (62.2)

  Past   1702 (20.6) 145 (12.1) 257 (14.8) 557 (17.5)

Body mass index kg/m2 (mean (SD) 7181   27.0 (5.7) 1097 27.2 (5.7) 1389 26.9 (5.5) 3218 27.1 (5.6)

Any comorbidity, % 7772   3306 (42.5) 1571 793 (51.2) 2032 926 (45.6) 4336 2158 (49.8)

ABA, abatacept; ACPA, anticitrullinated protein antibody; bDMARDs, biological disease- modifying antirheumatic drugs; CDAI, Clinical Disease Activity Index; CRP, C reactive 
protein; csDMARDs, conventional DMARDs; DAS28, Disease Activity Score on 28 joints; GC, glucocorticoids; HAQ, Health Assessment Questionnaire; IL- 6i, Interleukin 6 inhibitors; 
JAKi, Janus kinase inhibitors; MTX, methotrexate; RF, rheumatoid factor; RF, rheumatoid factor; TNFi, tumor necrosis alpha inhibitors; tsDMARDs, targeted synthetic DMARDs.
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months for treatment courses discontinued before 12 months, 
due to potential influence of new, subsequent treatments. It then 
uses multiple imputation with chained equations to estimate 
the difference of CDAI remission or LDA between treatments, 
adjusting for covariates. These covariates include those used 
for the discontinuation model but also the reason for treatment 
discontinuation (ineffectiveness, adverse events, other reasons). 
When using this method, the adjusted response rates correspond 
to the response rates that the whole population would have had 
if all had been treated with the treatment of interest. We also 
calculated adjusted difference in response rates using TNFi as 
comparator.

RESULTS
We included a total of 31 846 treatment courses: 17,522 TNFi, 
2775 ABA, 3863 IL6- i and 7,686 JAKi. Two registers provided 
only aggregated data, while the rest of the 17 registers provided 
individual treatment course- level data, for a total of 20 837 
treatment courses (table 1). In these 17 registers, patients were 
on average 56.8 years old, with a mean disease duration of 
10.2 years, mostly seropositive (80%), female (78%) and with 
moderate disease activity at treatment initiation. Forty- one per 
cent of the JAKi treatment- courses were baricitinib and 59% 
tofacitinib. There were no patients included during the study 
period with upadacitinib. Overall baseline characteristics were 
similar between registers (online supplemental table 1). Patients 
starting TNFi were younger, had a shorter disease duration, less 
previous b/tsDMARD experience, and were less often on mono-
therapy. JAKi and IL- 6i were more often given as monotherapy, 
and JAKi were more often prescribed after several treatment 
failures. Treatment groups were comparable for gender, seropos-
itivity and disease activity.

Treatment retention
Crude median drug retention for registers with individual treat-
ment course- level data was 1.68 years (IQR 1.62–1.74) for 
TNFi, 1.58 years (IQR 1.48–1.73) for ABA, 1.88 years (IQR 
1.76 to 2.02) for IL- 6i and 1.19 (IQR 1.10–1.26) years for JAKi. 
Crude HR of discontinuation for ABA compared with TNFi was 
1.16 (95% CI 0.97 to 1.39), 1.05 (95% CI 0.91 to 1.21) for 
IL6- i and 1.48 (95% CI 1.20 to 1.83) for JAKi. When adjusting 
for confounding factors, we no longer found any significant 
difference in the adjusted HRs (aHR) for discontinuation for 
ABA (aHR 0.96, 95% CI 0.86 to 1.07), IL- 6i (0.91, 95% CI 0.82 
to 1.01) and JAKi (1.00, 95% CI 0.83 to 1.22), compared with 
TNFi (figure 1). In the sensitivity analysis excluding TARDIS, 
aHR for discontinuation were not significantly different for 
ABA (0.94, 95% CI 0.84 to 1.06) and JAKi 0.96 (95% CI 0.82 
to 1.12) compared with TNFi but tended to be slightly lower 
for IL- 6i (0.89, 95% CI 0.81 to 0.98). The adjusted hazard 
of JAKi discontinuation compared with TNFi was heteroge-
neously distributed across the countries (figure 2, I2=92.7%). 
We obtained less discrepant results for IL- 6i vs TNFi (I2=64.1%) 
and ABA vs TNFi (I2=58.4%).

Discontinuation reasons
In the 17 registers with individual treatment course- level data, 
the main unique reason of stopping treatment was rather inef-
fectiveness than adverse events, and the order was similar for all 
treatments. Sixty- two per cent of treatment- courses specified the 
reason of discontinuation. When analysing the reason for discon-
tinuation by treatment, no differences existed between ABA and 
TNFi for any of the discontinuation reason, while IL- 6i (aHR 

0.76, 95% CI 0.67 to 0.85) and JAKi (aHR 0.75, 95% CI 0.67 
to 0.83) were less frequently discontinued for ineffectiveness 
compared with TNFi (online supplemental figure 2), but tended 
to be discontinued more often for adverse events (JAKi aHR 
1.16, 95% CI 1.03 to 1.33; IL- 6i: 1.09, 95% CI 0.85 to 1.03). 
Female gender (aHR 1.22, 95% CI 1.08 to 1.38) increased the 
hazard of discontinuation for adverse events, but not for inef-
fectiveness or for other reasons. Age also increased the hazard 
of discontinuation for adverse events (aHR 1.01, 95% CI 1.01 
to 1.02 per additional year of age), but decreased the hazard of 
discontinuation for ineffectiveness and other reasons.

Response rates
In the 13 registers with individual treatment course- level data 
and available CDAI information during follow- up (8,404 TNFi, 
1523 ABA, 1843 IL- 6i, 3,925 JAKi), the overall adjusted 1 year 
response rates was generally similar (figures 3 and 4). The 
adjusted response rates were slightly lower for ABA (50% for 
LDA and 12% for remission, figures 3 and 4) compared with the 
other groups (54% LDA and 16% remission for TNFi, 55% and 
16% for IL- 6i and 56% and 15% for JAKi), and the difference 
reached significance when comparing the proportion of patients 
on ABA to TNFi for remission (difference in LDA −3.9%, 
95% CI −8.9 to −1.1%; difference in remission −4.6%, 95% CI 
−6.7 to −1.3%). No significant differences existed in response 
rates at 1 year between JAKi, IL- 6i and TNFi (difference in LDA 
0.9, 95% CI −2.8 to 4.7% for IL- 6i vs TNFi; −0.9%, 95% CI 
−2.8 to 4.6% for JAKi vs TNFi; difference in remission 0.3%, 
95% CI −2.4 to 3.0% and −1.8%, 95% CI −4.4 to 1.0%).

DISCUSSION
In this large international collective of registers, we found 
similar overall drug retention rates between treatment groups. 
Compared with TNFi, IL- 6i and JAKi were less frequently 
discontinued for ineffectiveness, while JAKi and IL- 6i tend to 

Figure 1 Multivariable Cox model of drug discontinuation in patients 
from 16 registers with individual treatment course- level data. Analysis 
was adjusted for age, gender, disease duration, seropositivity, number 
of previous treatments, concomitant treatment with csDMARDs, 
concomitant treatment with glucocorticoids, CRP, HAQ, CDAI, 
comorbidities, smoking and BMI, and stratified by country and year 
of treatment initiation. ABA, abatacept; BMI, body mass index; CDAI, 
Clinical Disease Activity Index; CRP, C reactive protein; csDMARDs, 
conventional synthetic disease- modifying anti- rheumatic drugs; HAQ, 
Health Assessment Questionnaire; JAKi, Janus kinase inhibitors.
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be more frequently discontinued for adverse events, further-
more, disease activity, adjusted for confounders and treatment 
discontinuation, was similar. More than half of patients with RA 
reached LDA state at 1 year and one out of seven, remission.

In this study, we compared the effectiveness of four classes 
of second- line treatment for RA with different mechanisms of 
action, including JAKi. JAKi are the latest class of advanced ther-
apies and have the advantage of oral administration. Various 
randomised controlled trials have demonstrated JAKi being more 
efficacious than methotrexate, and non- inferior or even better 
on some outcomes than certain bDMARDs.9 10 18 Beyond their 
proven efficacy, safety issues have raised questions on the impact 
these drugs would have on the management of patients with RA 
in routine care.19 Contrasting with the short duration and the 
relatively limited number of patients included in randomised 
controlled trials, our study, conducted on a large sample of 
patients seen in daily clinical practice, enables to better appraise 
the persistence of therapy, a composite endpoint incorporating 
clinical effectiveness and safety, in comparing TNFi vs JAKi, ABA 
or IL- 6i. We found a similar retention rate between these four 
treatment groups. These results are in line with recent evidence 
from a couple of smaller observational studies.10 Recently, data 

from the Swiss RA register found in a real- world setting that the 
persistence on tofacitinib did not differ from ABA or IL- 6i, and 
was slightly better than TNFi.20 Like in this study, TNFi was 
discontinued more often for ineffectiveness and less for safety 
reasons compared with JAKi and treatment with other modes of 
action (including IL- 6i).

The retention rates were heterogeneous among the partic-
ipating countries, possibly reflecting national differences in 
physician’s treatment choices and prescribing patterns. An inves-
tigation of national treatment guidelines or access to second line 
therapies, which could explain some of the national discrep-
ancies, did not identify specific differences in access, eligibility 
criteria or prescription patterns among participating countries.21 
Other researchers have described the wide variability of drug 
retention among countries and found that it is in general not 
related to disparities in patient or disease characteristics, but 
to differences in health systems or surrogates thereof, such as 
national gross domestic product per capita.22 To avoid biasing 
or wrongly assuming overly precise estimates, all main analyses 
reported herein were meta- analysed using random effect. The 
main single reason for discontinuation was ineffectiveness for all 
treatments, but JAKi tended to be discontinued more frequently 

Figure 2 HR of discontinuation compared with TNF- inhibitors by country and treatment. Adjusted for age, gender, disease duration, seropositivity, 
number of previous treatments, concomitant treatment with csDMARDs, concomitant treatment with glucocorticoids, CRP, HAQ, CDAI, comorbidities, 
smoking and BMI, and stratified by country and year of treatment initiation. All countries HR combined using a meta- analysis with random effect. 
AU, Austria; BE, Belgium; CA, Canada; CH, Switzerland; CZ, Czech Republic; DE: Germany, DK, Denmark; ES, Spain; FI, Finland; IL, Israel, IT, Italy; NL, 
Netherlands, NO, Norway, PT, Portugal, RO, Romania; RU, Russia; SI, Slovenia; TR, Turkey. DE, SI, RU and UK do not have or provide data on ABA. DE 
did not provide data on IL- 6i. Due to lack of information on these variables, BE did not adjust for concomitant treatment with csDMARDs, concomitant 
treatment with glucocorticoids, HAQ, CDAI, smoking, BMI, comorbidities and seropositivity and adjusted for DAS28. HR for RU is out of bound: 5.0 
(95% CI 1.0 to 22.9) for IL6- i, 3.7 (1.2 to 11.4) for JAKi. HR for nl is out of bound: 4.0 (95% CI 1.6 to 10.0) for JAKi. ABA, abatacept; BMI, body mass 
index; CDAI, Clinical Disease Activity Index; CRP, C reactive protein; csDMARDs, conventional synthetic disease- modifying antirheumatic drugs; HAQ, 
Health Assessment Questionnaire; IL6i, interleukin 6 inhibitors; JAKi, Janus kinase inhibitors.
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for adverse events and less for ineffectiveness compared with 
TNFi, although the effect size was small. It is possible that less 
experience in the treatment with JAKis and differences in the 
perceived or factual utility and safety of JAKi, in particular 
considering the warnings of medicine agencies, could contribute 
to this finding. However, most of our observations predate these 
communications and the publication of the results of the ORAL 
surveillance study.19 To what extent this phenomenon mirrored 
a real ‘biological’ behaviour of JAKi remains to be further 
investigated.

Our study has some limitations. First, treatment was not 
randomly assigned opening the possibility for confounding. 
Though we used robust methods and statistical techniques to 
draw causal inferences from observational data, there is certainly 
some residual and/or unmeasured confounding, which could 

change the estimated associations. Nevertheless, only observa-
tional studies with large sample size can detect small effect sizes 
for safety concerns23 24 and the adjustment was relatively compre-
hensive, except for a low granularity on type of comorbidities. 
Second, use of meta- analysis to combine national estimates limits 
the evaluation of the factors associated with effectiveness. Third, 
we did not fully evaluate safety in this study, though it was one 
of the reasons for discontinuation, as we do not currently have 
details on the specific adverse events that led to discontinuation 
nor their severity in this dataset. Indeed, as for all observational 
register studies, detailed quality check of the recorded adverse 
events and careful consideration of potential confounders for 
each adverse event will be necessary to produce trustworthy 
results. Moreover, for several treatment courses, discontinua-
tion reasons other than ineffectiveness or adverse events were 

Figure 3 Adjusted CDAI low disease activity rates at 12 months for the 14 registers with individual treatment course- level data and CDAI 
information during follow- up (A) by treatment meta- analysed for all countries (B) by country and treatment. analysis was adjusted for age, gender, 
disease duration, seropositivity, number of previous treatments, concomitant treatment with csDMARDs, concomitant treatment with glucocorticoids, 
CRP, HAQ, CDAI at baseline, comorbidities, smoking and BMI. DE, SI and RU do not have or provide data on ABA. DE did not provide data on IL6i. 
All countries rates are combined using a meta- analysis with random effect. TNFi: TNF inhibitors, ABA: abatacept, IL6i: IL6 inhibitors, JAKi: Janus 
kinase inhibitors, ∆ ABA vs TNFi: difference in the response rate between abatacept and TNF inhibitors, ∆ IL6i vs TNFi: difference in the response rate 
between IL6 inhibitors and TNF inhibitors, ∆ JAKi vs TNFi: difference in the response rate between JAK inhibitors and TNF inhibitors. AU: Austria, CA: 
Canada, CH: Switzerland, CZ: Czech Republic, DE: Deutschland, ES: Spain, FI: Finland, IT: Italy, NL: Netherlands, no: Norway, Pt: Portugal, Ro: Romania, 
RU: Russia, SI: Slovenia. BMI, body mass index; CDAI, Clinical Disease Activity Index; CRP, C reactive protein; csDMARDs, conventional synthetic 
disease- modifying anti- rheumatic drugs; HAQ, Health Assessment Questionnaire.
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recorded, without more granularity to explore, as the catego-
ries chosen had to match all the registers; for several treatment 
courses, no reasons of stopping were recorded, and they could 
not be evaluated for this outcome. Finally, we grouped all JAKi 
agents into one category and did not explore potential differ-
ences in effectiveness among them. It is possible that individual 
JAKi have different effectiveness and safety profiles.

The strength of our study relies on the availability of the data 
of the largest collaborative international effort to date aiming 
at providing information on the real- world management of 
patients with RA in different countries. The clinical relevance 
of these results should therefore not be undermined by issues of 
low generalisability, as occurs in randomised controlled trials. 
Moreover, we provide an evaluation and a comparison of the 

effectiveness across different routinely prescribed alternative 
drugs.

In conclusion, our results support the use of these four treat-
ments for treating patients with RA in ‘real- world’ clinical care, 
underscoring their similar effectiveness, as assessed by reten-
tion and response rates, which were comparable. However, we 
found an increased discontinuation of JAKi for safety reasons 
compared with TNFi, which could be due to a combination of 
real differences in safety profile and heightened concerns from 
physicians and patients, causing them potentially to be more 
careful with this newer treatment.
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