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necrosis factor agents, biologics with an
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tofacitinib in an observational cohort of
patients with rheumatoid arthritis in
Switzerland
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ABSTRACT
Background Multiple biologic and targeted synthetic
disease-modifying rheumatic drugs (b/tsDMARDs) are
approved for the management of rheumatoid arthritis (RA),
including TNF inhibitors (TNFi), bDMARDs with other modes
of action (bDMARD-OMA) and Janus kinase inhibitors (JAKi).
Combination of b/tsDMARDs with conventional synthetic
DMARDs (csDMARDs) is recommended, yet monotherapy is
common in practice.
Objective To compare drug maintenance and clinical
effectiveness of three alternative treatment options for RA
management.
Methods This observational cohort study was nested within
the Swiss RA Registry. TNFi, bDMARD-OMA (abatacept or anti-
IL6 agents) or the JAKi tofacitinib (Tofa) initiated in adult RA
patients were included. The primary outcome was overall drug
retention. We further analysed secondary effectiveness
outcomes and whether concomitant csDMARDs modified
effectiveness, adjusting for potential confounding factors.
Results 4023 treatment courses of 2600 patients were
included, 1862 on TNFi, 1355 on bDMARD-OMA and 806 on
Tofa. TNFi was more frequently used as a first b/tsDMARDs, at
a younger age and with shorter disease duration. Overall drug
maintenance was significantly lower with TNFi compared with
Tofa [HR 1.29 (95% CI 1.14 to 1.47)], but similar between
bDMARD-OMA and Tofa [HR 1.09 (95% CI 0.96 to 1.24)]. TNFi
maintenance was decreased when prescribed without
concomitant csDMARDs [HR: 1.27 (95% CI 1.08 to 1.49)],
while no difference was observed for bDMARD-OMA or Tofa
maintenance with respect to concomitant csDMARDs.
Conclusion Tofa drug maintenance was comparable with
bDMARDs-OMA and somewhat higher than TNFi.
Concomitant csDMARDs appear to be required for optimal
effectiveness of TNFi, but not for bDMARD-OMA or Tofa.

BACKGROUND
In the past decades, the management of rheu-
matoid arthritis (RA) has been revolutionised

by new antirheumatic therapies (DMARDs)
and by new treatment paradigms, such as the
‘treat to target’ model or the timely initiation
of DMARDs in early disease. Among the
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Key messages

What is already known about this subject?
► Only a few of available biologic and targeted

synthetic disease-modifying rheumatic drugs (b/
tsDMARDs) in RA have been compared directly in
trials and the ‘real- world’ effectiveness of the newer
Janus kinase inhibitor (JAKi) class compared with
the established bDMARDs is still largely unknown.

What does this study add?
► The effectiveness of three alternative treatment

options for RA, including a JAKi, was compared in
a large observational, population-based cohort. The
overall drug maintenance for tofacitinib (Tofa) was
significantly higher than for TNF inhibitors (TNFi) and
similar to biologics with another mode of action
(bDMARDs-OMA).

► Concomitant therapy with conventional synthetic
antirheumatic agents (csDMARDs) did not improve
the drug -maintenance of bDMARD-OMA or of Tofa,
while TNFi appeared to require comedication with
csDMARDs for optimal treatment results.

How might this impact on clinical practice or
future developments?
► Our results confirm that JAKi, represented here by

Tofa, are a valuable alternative to available
treatment options in RA, with good ‘real-world’
effectiveness outcomes. Our results also suggest
that the relative benefit of concomitant csDMARDs
varies according to the type of b/tsDMARD.
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DMARDs, TNF inhibitors (TNFi) first became available in
the late 1990s, followed by biologic DMARDs
(bDMARDs) with other modes of action (bDMARD-
OMA) such as rituximab, tocilizumab and abatacept dur-
ing the last decade. More recently, Janus kinase inhibitors
(JAKi), such as tofacitinib (Tofa) or baricitinib, were
approved for the treatment of moderate-to-severe RA
patients having failed methotrexate (MTX). Rheumatol-
ogists and their RA patients need to choose between
DMARDs licensed with similar indications, including
a number of TNFi, several bDMARD-OMA and JAKi. In
the management of RA, this has created a unique situa-
tion of a relative abundance of targeted therapies for
a limited market segment. Unfortunately, no reliable pre-
dictors enable to select a specific therapy for a particular
patient, leaving the treating physician with few clues for
rational choice of the therapy most likely to succeed for
a given patient.
Evidence-based treatment decisions involve compari-

sons of available therapies. Only a couple of randomised
trials have compared two of the available treatment
options directly and few observational studies have com-
pared simultaneously all alternative therapeutic options,
including the newer JAKi class. Registries provide
a unique opportunity to explore the clinical effectiveness
of therapies in specific clinical situations and distinct
patient subgroups, which is becoming more important
as we move towards more personalised clinical care.
Observational research has demonstrated that seroposi-
tive RA patients are more likely to respond well to ritux-
imab or to abatacept.1 Furthermore, analyses of RA
registries have suggested that the benefit of concomitant
conventional synthetic antirheumatic agents
(csDMARDs), such as MTX, may differ among targeted
therapies.2 3 In randomised trials, TNFi have generally
demonstrated better efficacy together with concomitant
MTX or other conventional DMARDs, while tocilizumab
or JAKi have not displayed such a strong benefit from
cotherapy.4

The aim of this study was to compare the drug main-
tenance and the real-world effectiveness of three alterna-
tive treatment options, licensed with a similar indication,
namely TNFi, bDMARD-OMA and Tofa, using data from
a Swiss Registry. We further aimed to examine whether
the effectiveness of these agents was modified by conco-
mitant csDMARD therapy.

PATIENTS AND METHODS
Study design and population
We performed this nested cohort study within
a prospective, longitudinal registry of patients with RA,
the Swiss Clinical Quality Management in Rheumatoid
Arthritis (SCQM-RA). The SCQM-RA-cohort can be con-
sidered a true population-based sample in terms of tar-
geted antirheumatic therapies. No binding treatment
guidelines exist in Switzerland, and access to these thera-
pies is relatively liberal. More than half of the patients are

enrolled in the SCQM by rheumatologists in private prac-
tice, reflecting the heavily practice-based medical system
for rheumatologic care of the country. The registry has
been described in detail elsewhere.5 Briefly, patients are
enrolled and followed-up one to four times yearly by their
treating rheumatologist. The clinical information is col-
lected by the treating rheumatologist and the patient,
including disease activity, safety outcomes, medication
use and patient-reported outcomes. The SCQM Register
has been approved by a national review board, and all
participants gave informed consent before enrolment, in
accordance with the Declaration of Helsinki.

Exposure of interest
The primary exposure of interest for this analysis was the
type of b/tsDMARD used, namely TNFi, bDMARD-OMA
or JAKi. The TNFi group included patients initiating any
of the following agents: adalimumab, certolizumab pegol,
etanercept, golimumab or infliximab, including available
biosimilars of some of these TNFi. The OMA-bDMARD
group included patients initiating abatacept, sarilumab
or tocilizumab. We excluded a priori from this analysis
patients starting rituximab, because of the difficulty to
define treatment discontinuation with this agent in an
observational setting. The oral JAKi tofacitinib (Tofa)
was licensed in Switzerland in 2013 for the treatment of
moderate-to-severe RA patients having failed MTX. Bar-
icitinib, a second JAK-inhibitor, was approved in Switzer-
land only in September 2017, resulting in insufficient
data for this agent to reliably analyse its effect at the
time of this analysis. Thus, we decided to focus on Tofa
for the JAKi group.
We planned to analyse effect modification by concomi-

tant csDMARDs, in order to explore whether the relative
effectiveness of TNFi, bDMARD-OMA or Tofa is altered
by concomitant csDMARDs. B/tsDMARDwas categorised
as combination therapy (COMBO) if a csDMARD was
ongoing at or started within 30 days of the treatment
initiation. Combination therapy could be with MTX,
leflunomide, sulfasalazin, azathioprine and hydroxy-
chloroquine, alone or in combination. If the b/tsDMARD
was started in the absence of a csDMARD, it was cate-
gorised as monotherapy (MONO).

Study outcomes
The primary outcome of this study was the overall drug
maintenance (‘drug survival’ or ‘drug retention rate’).
Drug maintenance integrates both the effectiveness and
the tolerance of a drug and is reliably assessed in observa-
tional registries, such as the SCQM. We defined ‘time on
drug’ as the period between treatment initiation and
treatment discontinuation, plus one dispensation inter-
val. For treatments without an observed stop, drug main-
tenance was censored at the last database entry of the
patient. More detail is supplied in the supplemental mate
rial file.
Secondary outcomes were response rates of patients in

terms of reaching low disease activity (LDA) based on the
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Clinical Disease Activity Index (CDAI≤10) at 1 year. CDAI
remission was a rare outcome in this patient population
with longstanding disease and was not analysed. We
decided a priori to assess disease activity using the CDAI
instead of the DAS28 to avoid an assessment bias in favour
of medications with a strong impact on acute-phase
reactants.

Confounding, bias and covariates
To minimise the risk of bias by calendar year, we
restricted the sample to adult patients (+18 years) starting
a new treatment during a period when all three DMARD
groups were available in Switzerland. Tofa was approved
in Switzerland in August 2013, so we restricted the analysis
to all b/tsDMARDs started in the period between
August 2013 and September 2019. A dichotomous vari-
able was included in the models to distinguish between
the calendar time before and after the launch of
the second JAKi, as the availability of a new therapy
could have impacted drug maintenance of the other
therapies. Another major predictor of treatment reten-
tion is line of therapy, which is likely to differ between
drug groups. To address this, we planned a priori to
adjust the analysis by line of therapy: Bio-naive patients,
a single prior b/tsDMARD failure, two prior b/tsDMARD
failures or three or more prior b/tsDMARD failures.
The analysis was further adjusted for potential baseline

confounders, including various disease characteristics,
namely disease activity (DAS28), disease duration, sero-
positivity (RF or ACPA) and patient characteristics,
namely sex, age, tobacco smoking and body mass index
(BMI). Baseline was defined as the date of treatment
initiation (first dose) for each treatment course (TC).
More detail is supplied in the supplemental material file.

Statistical analysis
Baseline disease and patient characteristics were com-
pared between patients starting TNFi, bDMARD-OMA
or Tofa therapies, using descriptive statistics. We per-
formed two-sided statistical tests at the 5% significance
level including χ2 for categorical and Mann-Whitney
U tests for continuous variables.
We used Kaplan-Meier plots to examine drug retention

and Cox proportional hazard models to analyse the hazard
for treatment discontinuation. The covariates used for the
multivariable adjustment are described above. To deter-
mine if concomitant csDMARD therapy has a differential
impact on the treatment b/tsDMARD groups of interest
(TNFi, bDMARD-OMA, Tofa), we included an interaction
term between drug type and cotherapy. In order to analyse
specific reasons for discontinuation (ie, ineffectiveness and
adverse events), we used a competing risk regression per-
forming a cumulative incidence function, using the same
adjustment variables. We had insufficient information and
too few events to examine specific adverse events by drug.
Response was evaluated by analysing the percentage of

treatment courses where a low CDAI (≤10) was reached
1 year (±3 months) after treatment initiation. In this

analysis, we only included TCs that were started at least
1 year before database closure of the 31st of September 2019
and followed up for at least 1 year (last visit in the registry at
least 1 year after treatment start). Treatments that were
discontinued before 1 year or had a CDAI above 10 were
considered non-responders.6 In a substantial proportion of
TCs, a follow-up assessment of disease activity at 1 year was
missing (~69%). We, therefore, used a mixed-effects model
to predict the CDAI at 1 year when missing, based on the
other available CDAI assessments, adjusting for potential
confounders described above. We used a multivariable
adjusted logistic regression model to analyse the likelihood
of reaching CDAI LDA state at 1 year and derive ORs in the
different treatment groups of interest.
We applied multiple imputation with chained equations

to account for missing baseline covariate data. We used 75
datasets with 30 iterations each for imputation. Conver-
gence of imputations was assessed by visual inspection of
the mean and variance changes by iteration and dataset.
The models were fitted to each dataset, and results were
combined using Rubin’s rule.7 More details about the sta-
tistical methods used are available in an online supplement.

RESULTS
A total of 4023 TCs were initiated during the study period in
2600 patients; 806 initiated Tofa, 1862 TNFi and 1355
a bDMARD-OMA (table 1). A detailed description of the
number of patients included and excluded at the different
steps of data preparation is available in the supplementary
material (Table S2). Some differences in disease and treat-
ment characteristics existed between the three treatment
groups, in particular, TNFi tended to be usedmore often as
a first or second b/tsDMARD, resulting on average in
younger patients with shorter disease durations (table 1).
MTX was by far the most commonly prescribed csDMARD
in combination with second-line therapies (>90% of combi-
nation therapies were with MTX), without relevant differ-
ences in the relative proportion of MTX between the
groups. However, the proportion of patients taking their
b/tsDMARD as monotherapy varied significantly between
TNFi (29% of MONO), bDMARD-OMA (41% of MONO)
and Tofa (47% of MONO) (p<0.001). The proportion and
the type of concomitant csDMARDs did not vary consider-
ably over the first year of therapy, andmost patients starting
as COMBO stayed on concomitant csDMARDs at 1 year
(91%, 86% and 81%, respectively, for TNFi, bDMARD-
OMA, andTofa, respectively), and conversely,most patients
starting as MONO remained without concomitant
csDMARDs at 1 year (89%, 92% and 94%, respectively).

Drug retention
Of the 4023 TCs, 2103 treatment discontinuations were
reported during a median follow-up time of 3 years (IQR
2 to 6). The crude overall drug retention differed between
the three drug groups (p=0.012, log-rank test). Themedian
drug maintenance was 17 months (IQR 15 to 18) for TNFi,
19 months (IQR 17 to 22) for bDMARD-OMA and
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25 months (IQR 19 to 30) for Tofa. After adjusting for
potential confounding factors, we found a higher hazard
of drug discontinuation with TNFi compared with Tofa
[HR 1.29 (95% CI 1.14 to 1.47)], though no significant
difference was observed between bDMARD-OMA and
Tofa [HR 1.09 (95% CI 0.96 to 1.24)] (figure 1A). Other
variables significantly associated with drug discontinuation
were a higher number of previous bDMARDs, shorter dis-
ease duration, higher BMI values and more recent treat-
ment initiations (Supplementary table S3). Drug
maintenance significantly decreased over calendar time
for all three b/tsDMARDs (p<0.001). The decrease in
drug maintenance was most pronounced for TOFA in
recent years, in particular since the launch of a competitor
JAK inhibitor [HR 1.71 (95% CI 1.28 to 2.28)].
We further analysed the specific reasons for treatment

discontinuation, based on the justification for stopping the
therapy given by the treating rheumatologist. The most
common reason for stopping therapy was insufficient effec-
tiveness (57%, 50%and46%, forTNFi, bDMARD-OMAand
Tofa, respectively), followed by intolerance or adverse
events (19%, 22% and 30%, for TNFi, bDMARD-OMA and
Tofa, respectively). Using a competing risk analysis, we
observed an approximately 50% increased risk of disconti-
nuations due to ineffectiveness for TNFi compared with
Tofa ([HR: 1.59 (95% CI 1.33 to 1.89)] and a slightly

numerically increased risk for OMA-bDMARD compared
with Tofa [HR: 1.19 (95% CI 0.99 to 1.43), figure 1B]. In
contrast, the risk of discontinuation due to intolerance or
adverse events was lower with TNFi or bDMARD-OMA com-
pared with Tofa [HR: 0.76 (95% CI 0.59 to 0.98) and HR:
0.74 (95% CI 0.58 to 0.96, respectively)] (figure 1C).
We further examined the impact of combination therapy

with csDMARDs (COMBO) on drug-maintenance. In the
multivariable adjustedmodel, TNFi maintenance was signifi-
cantly decreased inMONO[HR:1.27 (95%CI1.08 to1.49)],
but bDMARD-OMA and Tofa maintenance was not signifi-
cantly different in MONO compared with COMBI therapy
[HR: 1.03 (95% CI 0.89 to 1.20) and 1.11 (95% CI 0.91 to
1.35) respectively] (Figure 2). The fullmultivariablemodel is
available as an online supplement (Table S4).
We assessed the robustness of our results by performing

the same analyses as a ‘complete case’ analysis (TCs with
complete baseline covariate data), which produced qua-
litatively similar results (Supplementary figures 3 and 4).

Secondary outcome: response rates at 1 year
In patients with a minimum follow-up time of 12 months,
we analysed treatment response rates at 1 year (±3
months). Three thousand one hundred twenty-two TCs
were available for analysis (1455 TNFi, 1032 bDMARD-
OMA, 635 Tofa). We considered patients who had

Table 1 Baseline disease and treatment characteristics

TNFi (n=1847) OMA (n=1338) Tofa (n=793) P value

Type or dosage of DMARD Adalimumab (447)
Etanercept (515)
Golimumab (455)
Certolizumab (256)
Infliximab (174)

Abatacept (600)
Sarilumab (10)
Tocilizumab (728)

Tofacitinib ≤5 mg bd (761)
Tofacitinib >5-10 mg bid (27)

Age (years), mean (SE) 54 (14) 58 (13) 59 (13) <0.001

Female sex, % (n=1376) 77 (n=1024) 80 (n=636) 0.007

BMI (kg/m2), mean (SE) 26 (5) (n=1640) 27 (5) (n=1197) 27 (5) (n=679) 0.003

Tobacco smoking current (%) 25 (n=1644) 22 (n=1227) 23 (n=717) 0.24

Seropositivity, % (N) 69 (n=1243) 78 (n=1020) 72(n=771) <0.001

Disease duration (years), mean (SE) 9 (9) (n=1787) 11 (10) (n=1291) 12 (10) (n=773) <0.001

DAS28 at baseline, mean (SE) 3.6 (1.2) (n=585) 3.7 (1.2) (n=828) 3.7 (1.2) (n=406) 0.057

CDAI at baseline, mean (SE) 19 (11) (n=563) 21 (12) (n=366) 21 (12) (n=246) 0.10

Prior bDMARD use* <0.001

► None (%) (=Bio-naive) [%]
► 1 prior bDMARDs (%)
► 2 prior bDMARDs (%)
► ≥3 prior bDMARDs (%)

56
24
10
10

31
29
22
18

26
22
20
32

Concomitant csDMARDs at
baseline*

<0.001

► None (%) (=MONO)
► COMBO including MTX (%)
► COMBO with csDMARDs (%)

29
64
6

41
53
6

47
48
20

Disease and treatment characteristics at treatment initiation for the different antirheumatic therapy groups. When missing baseline covariates
existed, we provide the total number of treatment courses with available data per variable.
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stopped their therapy within the first year as non-
responders and analysed the proportion of patients in
CDAI-LDA at 12 months.6 LDA was achieved in 40% of
TNFi users, 46% of bDMARD-OMA users and 40% of
Tofa users. The likelihood of reaching LDA at 12 months
was not significantly different between the three b/
tsDMARDs [OR for reaching LDA with TNFi vs Tofa:
0.90 (95% CI 0.68 to 1.18) and OR with bDMARD-OMA
vs Tofa: 0.83 (95% CI 0.62 to 1.11)]. We found no evi-
dence for effect modification by concomitant csDMARD
use and the likelihood of reaching LDA with these b/
tsDMARDs [TNFi: OR-MONO vs COMBO: 1.04 (95% CI 0.76
to 1.40); bDMARDs-OMA: OR-MONO vs COMBO: 1.12 (95%
CI 0.80 to 1.57); Tofa: OR-MONO vs COMBO: 1.04 (95% CI
0.69 to 1.57)].

DISCUSSION
This observational study revealed generally limited over-
all drug maintenance for all b/tsDMARD treatment
options in RA, which is explained by the patient mix
and a fairly liberal access to b/tsDMARDs in Switzerland,
favouring rapid treatment switching. Tofa displayed
a somewhat higher overall drug maintenance compared
with TNFi. Tofa users appeared to have increased discon-
tinuation for intolerance reasons, which was offset by
lower discontinuation for ineffectiveness compared with
bDMARDs. Interestingly, concomitant therapy with
csDMARDs did not improve the drug maintenance or
the effectiveness of bDMARD-OMA or of Tofa, while

A: Overalldrugdiscontinuation B: Drug discontinuation due to 

     ineffectiveness

C: Drug discontinuation due to

     intolerance

Figure 1 Drugdiscontinuation for any reason in patientswithRAonTNFi, bDMARD-OMAandTofa. TNFi=TNF inhibitors. OMA=bDMARDs
withothermodesof action (abatacept andanti–IL6 receptor), Tofa=Tofacitinib. Adjusted survival curvesbasedon4023 treatment courseswith
2103events, representing theaveragepatient in theSCQMpopulation:a femaleseropositive,non-smokingpatientswithonepriorb/tsDMARD,
a female seropositive, non-smokingpatientwith oneprior b/tsDMARD,meanageof 57, diseaseduration of 10.5 years, baselineDAS28of 3.7,
BMI of 26,who initiated her treatment before the launch of a second JAKi. (A) Themedian (95%CI) drugmaintenance in years for the selected
combination of covariateswas: Tofa: 1.86 (1.52 to 2.3), OMA: 1.69 (1.48 to 2.1) and TNF: 1.32 (1.15 to 1.6) years. Themultiple adjustedHRs of
drug discontinuationwas:HROMA versus Tofa=1.09 (0.97 to 1.24), HRTNF versus Tofa=1.29 (1.14 to1.47). The overall p-value for treatment effectwas
<0.001. Tofa 397 events, OMA bDMARD 689 events and TNFi 1017 events. (B) Themultiple adjusted HRs of drug discontinuation due to
ineffectivenesswas:HRTNF versus Tofa=1.59 (1.33 to 1.89) andHROMA versus Tofa=1.19 (0.99 to 1.43). Tofa 183 events,OMAbDMARD347 events
andTNFi 580 events. (C) Themultiple adjustedHRsof drug discontinuation due to intolerance and adverse eventswas:HROMA versus Tofa=0.74
(0.58 to 0.96), HRTNF versus Tofa=0.76 (0.59 to 0.98). Tofa 126events,OMAbDMARD191 events andTNFi 199 events. Thedifference in the total
of eventsofpanelAand thesumofeventsdue to insufficienteffectivenessorsafety frompanelsBandC isdue todiscontinuationeventsdue to
‘other’ reasons, which are not represented.

Overall drug maintenance with- and without- concomitant csDMARDs

Figure 2 TNFi=TNF inhibitors.OMA=biologicwith othermodes of
action (abatacept and anti-IL-6 receptor), Tofa=tofacitinib. Adjusted
survival curves based on 4023 treatment courses with 2103 events,
representing the average patient in the SCQMpopulation: a female
seropositive, non-smoking patients with one prior b/tsDMARD,
mean age of 57, disease duration of 10.5 years, baseline DAS28 of
3.7, BMI of 26, who initiated her treatment before the launch of
a second JAKi. Themedian (95%CI) retention time in years for this
selected combination of covariates was: For TNFi: HR-MONO: 1.27
(1.08 to 1.49); for bDMARDs-OMA:HR-MONO versus COMBO: 1.03 (0.89
to 1.20); for Tofa 1.11 (0.91 to 1.35), respectively.
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TNFi appeared to require comedication with csDMARDs
for optimal treatment results.
Rational therapeutic decisions live on comparisons of

available treatment options. Recent years have seen an
increasing number of head-to-head trials of two com-
peting treatment options. Abatacept demonstrated
similar efficacy as adalimumab in association with
MTX,8 tocilizumab as monotherapy has demonstrated
superior efficacy to adalimumab as monotherapy,9 JAK
inhibitors demonstrated overall similar or marginally
better efficacy than adalimumab in combination with
MTX.10–12 A network meta-analysis combining all avail-
able randomised trials concluded that the JAKi Tofa
had similar efficacy and discontinuation rates due to
adverse events as bDMARDs.13 Few observational stu-
dies have compared directly the effectiveness of alter-
native therapeutic options, including the newer JAKi
class in RA. An analysis of a US claims database found
similar effectiveness rates for tofacitinib and non-TNF
biologics.14 However, this analysis did not have access
to disease activity outcomes and imputed effectiveness
from administrative databases. Our results suggest that
the overall drug maintenance of Tofa and bDMARDs-
OMA is roughly comparable, while both are somewhat
better the TNFi. When comparing the findings of this
study with others, it is important to keep in mind that
the analyses are representative for the average study
population of this study sample, and may vary in dif-
ferent populations. We have explored specific sub-
groups, but found no evidence for effect modification
by line of therapy or concomitant csDMARD use.
When examining the broad categories of reasons for

drug discontinuation, Tofa displayed less discontinua-
tions for ineffectiveness than the two other groups of
bDMARDs, however, more for intolerance or adverse
events than the two other groups of bDMARDs.
A detailed analysis of the specific reasons for treatment
discontinuation is needed to fully understand this poten-
tial difference, for which data are currently not available.
Some differences are likely related to the modes of
administration, namely between parenterally adminis-
tered bDMARDs and orally administered JAKi.
A significant proportion of bDMARDs are administered
by nurses, which allows for regular discussion with
a health professional and reassurance, which may
increase adherence and mitigate treatment discontinua-
tions for minor intolerability issues. Indeed, some obser-
vational analyses have suggested significantly higher
patient adherence with bDMARDs compared with orally
administered JAKi.14 Comparative research has not
found differences in the rates of severe adverse events
between JAK inhibitors and TNFi, with the exception of
herpes zoster infections.10 13–15

Our results suggest a differential impact of combination
therapy with csDMARDs with b/tsDMARDs. Concomitant use
of csDMARDs is currently recommended in treatment guide-
lines for the management of RA for all targeted therapies.16

However, the literature suggests that the relative benefit of

comedication with csDMARDs may vary according to the type
of therapy. While randomised controlled studies with TNFi
have generally demonstrated superiority over MTX only in
combination with MTX, this has not been the case with tocili-
zumab or JAKi.9 17 18 An analysis from the US-based registry
CORRONA suggested that the effectiveness of Tofa was not
significantly decreased in monotherapy, as it was the case for
TNFi [15]. In this study, drug maintenance was unaffected by
concomitant csDMARDs with OMA-DMARDs and with Tofa,
while TNFi seemed to be less effective when given in mono-
therapy. While we need to acknowledge that part of this effect
maybe attributed tounmeasured confounding, webelieve that
the relative effect of unmeasured confounding is unlikely to
differbetween thedifferentgroupsof therapies.Toaccount for
the potential confounding effect of an increasing number of
available therapeutic alternatives, we adjusted the analysis for
calendar time. While we could confirm a trend for decreasing
drug maintenance over time with all b/tsDMARDs, we
observed a steeper decrease in overall drug maintenance for
Tofa after baricitinib became available, suggesting some switch-
ing among JAKi, probably for non-medical reasons.
This study has limitations. Missing data and incomplete fol-

low-up is an issue in most registries; however, our primary out-
come, drug retention, is a fairly robust outcome in this setting.
All analyses were performed both with and without multiple
imputations formissing baseline covariates. The results of com-
plete case analysis (Figure S4). yielded results consistent with
analyses using multiple imputations and did not change the
interpretations, suggesting thatmissingdata points did not bias
our results. Our effectiveness analysis at 1 year is limited by
a reduced proportion of patients having an available disease
activity assessment (CDAI) around 1 year. We used prediction
(mixed-effectsmodels) to attempt to recover themissing infor-
mation; however, the response rates at 1 year need to be inter-
preted with caution. As with all non-randomised studies,
confounding by indication may occur if the choice of
a particular drug is linked to the outcome. To limit the risk of
confounding by indication, we restricted the analysis to a time
period when all treatment options were available, and adjusted
the analysis by line of therapy andother potential confounding
factors.Nevertheless, observational studiesmay be confounded
byunmeasured factors. The strengthof this observational study
relies on the wide variety of RA patients, representative of the
‘real world’ and the statistical power stemming froma relatively
large number of patients.
In order to help clinicians and their patients to choose

among the ever-increasing armentariumof second-line anti-
rheumatic therapies and pick the treatment most likely to
provide benefit in their particular situation, more compara-
tive effectiveness research in large observational registries
are useful. The results of this study suggest that ‘real-world’
drugmaintenance and effectiveness of available therapeutic
options for second-line or third-line treatment of RA are
generally comparable. The newer class of JAKi, represented
in this analysis by Tofa, had somewhat increased overall
drug maintenance compared with TNFi and similar effec-
tiveness to other bDMARDs, suggesting that Tofa is
a valuable alternative to available treatment options in RA.
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Our results also suggest that the relative benefit of conco-
mitant csDMARDs varies according to the type of targeted
DMARDs, with mainly TNFi requiring combination with
csDMARDs for optimal responses.
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