
Original article

Comparative effectiveness of abatacept, rituximab,
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Abstract

Objectives. Current guidelines rank abatacept, rituximab, tocilizumab and TNF-inhibitors (TNFi) as having equal

effectiveness for the treatment of RA, at least as second line therapies. These recommendations are mainly based on

meta-analysis of randomized controlled trials, with few direct drug�drug comparisons. Our objective was to compare the

real-world absolute and relative effectiveness among RA patients starting any of the available biologic DMARDs

(bDMARDs).

Methods. We used the Swedish Rheumatology Register to identify patients with RA initiating TNFi, rituximab, abatacept or

tocilizumab in 2010�2016 as first bDMARD (n = 9333), or after switch from TNFi as first bDMARD (n = 3941). National Swedish

registers provided additional covariates and censoring events. Effectiveness was assessed 3 and 12 months after treatment

start, as the proportion remaining on therapy and with EULAR Good Response, HAQ improvement>0.2, zero swollen/tender

joints and CDAI remission. Adjusted differences were estimated with multivariable linear regression.

Results. Patients starting non-TNFi (vs TNFi) as first bDMARD had a higher proportion remaining on drug and reaching

most response outcomes as first bDMARD (1-year EULAR Good Response/HAQ improvement: TNFi 24.9/25.4%, ritux-

imab 28.6/37.2%, abatacept 31.9/33.7%, tocilizumab 50.9/43.1%). After switch from a first TNFi, rituximab and tocili-

zumab, but not abatacept, were associated with significantly better response measures than TNFi (1-year EULAR Good

Response/HAQ improvement: TNFi 11.6/16.1%, rituximab 24.8/33.2%, abatacept 13.1/17.5%, tocilizumab 34.1/29.4%).

Differences remained significant after adjusting for potential confounders.

Conclusion. Treatment outcomes among RA patients treated in Swedish clinical practice are in line with a superior

effectiveness of non-TNFi bDMARDs, in particular tocilizumab and rituximab, compared with TNFi.

Key words: rheumatoid arthritis, effectiveness, treatment outcome, biologics, anti-TNF, rituximab, abatacept,
tocilizumab

Rheumatology key messages

. In Swedish clinical practice, receiving non-TNFi (vs TNFi) biologics predicted better treatment response in RA.

. Observed response was highest for tocilizumab and rituximab, both as first and second biologic.

. Better treatment outcome was found despite channelling of more severe patients to non-TNFi biologics.

Introduction

Recent EULAR and ACR treatment guidelines for RA have

expanded the options for first targeted synthetic or bio-

logic DMARD (bDMARD). Besides TNF-inhibitors (TNFi),

recommendations now include abatacept, tocilizumab,

rituximab and Janus Kinase-inhibitors, ranking them as

comparable in overall safety and efficacy [1�4]. Similarly,

in the choice of a second bDMARD, following failure of a

first, both TNF-inhibition and other modes of action are

currently considered viable alternatives, in principle re-

gardless of the reason for discontinuation [2, 3].
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Although several randomized controlled trials (RCTs)

have included head-to-head comparisons of bDMARDs

with different modes of action [5�9], they have been lim-

ited by small sample sizes, and have targeted narrow

treatment situations (e.g. monotherapy, without metho-

trexate [5]). Thus, current treatment guidelines mostly

rely on evidence from cross-RCT meta-analyses, where

recent Cochrane reviews found no significant difference

in efficacy or safety between the groups of TNFi vs non-

TNFi bDMARDs, either as first bDMARD [10] or after

bDMARD failure [11]. This may, however, reflect the re-

stricted treatment context of RCTs, a lack of power to

detect clinically relevant differences, or inability to ac-

count for study heterogeneity.

To fill the evidence gaps, several observational studies

have compared treatment outcomes in patients with RA

treated with specific bDMARDs in clinical practice. Such

studies have indicated a better response among patients

starting rituximab vs TNFi after initial TNFi-failure [12�17],

but there is a lack of data on rituximab in first line use.

Other studies have reported a greater effect of tocilizumab

compared with TNFi both as first bDMARD and after pre-

vious TNFi use, when measured with the 28 joint count

DAS (DAS28) [18, 19]. It has been suggested that this

overestimates the relative effect of tocilizumab, however,

because it targets the IL-6 receptor, and DAS28 incorp-

orates the acute phase reactants CRP or ESR, which are

under direct influence of IL-6 [20]. Indeed, results have

been more inconsistent for response measures that do

not incorporate ESR/CRP levels [20�23], and replication

studies are needed. Data for abatacept is limited, possibly

suggesting a better drug survival than TNFi [24], but simi-

lar clinical response after failure of a first TNFi [25].

Comparative effectiveness studies of non-TNFi biologics

in RA have often been fairly small, had limited ability to

adjust for confounding, and tested a limited set of re-

sponse measures. Although the clinical reality is a

choice between multiple options, most studies, whether

observational or randomized, have only compared a

single drug pair, and differences in study design and out-

come measures make it difficult to extrapolate results

across studies.

The objective of this study was therefore to compare

treatment outcomes among RA patients treated with any

of the available bDMARDs, according to current clinical

practice in Sweden during the most recent years. We con-

sider two points of clinical decision-making: first bDMARD

initiation and switch to a second bDMARD after failure of

an initial TNFi. To extend previous studies, we use a large

non-selected sample, all bDMARDs approved for clinical

use, and present a range of response measures to avoid

bias in favour of any specific drug.

Methods

This cohort study used prospectively collected data on all

patients with RA in Sweden who initiated a first or second

ever bDMARD therapy during 2010�2016, as recorded in

the Swedish Rheumatology Quality register (SRQ) with

follow-up data available until 31 January 2018.

Covariates and censoring events were added by linking

to nationwide Swedish registers. Ethical approval was

granted by the Regional Ethical Review Board in

Stockholm, waiving the requirement for individual in-

formed consent (DNR: 2016/1986�32).

Data sources

The study database has been described previously [26,

27]. The SRQ is a clinical register with longitudinal data

collected at rheumatology visits [28], and an estimated

national coverage of bDMARD treatment in RA above

90% [29]. Swedish health care registers provided data

on dispensed drugs (the Prescribed Drug Register, cover-

age virtually complete) [30], all diagnoses recorded in in-

patient and non-primary outpatient visits (the Patient

Register, positive predictive value 85�95% for diagnoses

in inpatient care) [31, 32], and malignancies (the Cancer

Register, mandatory registration of morphologically veri-

fied malignancies, coverage >95%) [33]. Statistics

Sweden’s census and taxation registers provided demo-

graphic data.

Cohorts

Cohorts were defined by start of therapy between 1

January 2010 and 31 December 2016. Patients were

included if they were recorded in the SRQ with a diagnosis

of RA and started their first ever bDMARD, and/or if they

started a second ever bDMARD within one year of dis-

continuing a TNFi (adalimumab, certolizumab pegol, eta-

nercept, golimumab, infliximab) used as first ever

bDMARD (‘switch from TNFi’).

Treatment response

Treatment response was evaluated at 3 months (visit clo-

sest to 90 days, between 60 and 183 days) and at 1 year

(visit closest to 365, between 275 and 455 days) after

treatment initiation. Drug survival was assessed through-

out the available follow-up. Because treatment switch is

an integral part of the treat-to-target paradigm, restricting

the study to those remaining on therapy at 1 year would

imply an exclusion of patients responding poorly to their

assigned therapy. For this reason, response measures

were defined as combined end points: the proportion re-

maining on therapy and with good EULAR response, HAQ

improvement >0.2, zero swollen or tender joints (28-joint

count) and CDAI remission, defined as CDAI42.8 [13,

34]. Until recently, the SRQ collected physician’s global

health measure on a 0�4 Likert-type scale instead of the

common 0�10 visual analogue scale; these values were

multiplied by 2.5 for the CDAI summation.

Date of treatment discontinuation is recorded in the

SRQ by the treating rheumatologist. If earlier than a re-

corded stop, start of another bDMARD was counted as

discontinuation. Switch between originator and biosimilar

(same compound) was not considered discontinuation.

Patients discontinuing therapy due to remission were con-

sidered on therapy until the start of another bDMARD.

Censoring events were death, emigration from Sweden

and discontinuation due to pregnancy.
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Covariates

Covariate selection was informed by a parallel study of

channelling to therapy [35]. Briefly, a comprehensive list

of clinical, sociodemographic and general health covari-

ates were tested as predictors for treatment assignment,

and drug survival and treatment response. The previous

study suggested limited potential for confounding from

the assessed covariates, but variables were included in

the present study if they differed significantly between

treatments or were significant predictors of response,

with further variables added based on expert opinion.

Thus multivariate models were adjusted for age, sex, geo-

graphical region, year of treatment start, education level,

history of serious infection, recent and non-recent malig-

nancy, diabetes, chronic obstructive lung disease, heart

failure, stroke, quintile of days hospitalized and total

health care costs, baseline use of methotrexate and cor-

ticosteroids, disease duration, RF, DAS28, HAQ disability

index, visual analogue scale pain and CRP. Continuous

covariates were modelled with linear and quadratic

terms. Medical history variables were assessed during

the five years just before treatment start, except history

of serious infections (one year before start) and of non-

recent malignancy (more than five years before).

Statistics

Differences in proportions, adjusted for observed baseline

differences, were estimated using linear regression

models with Huber�White (robust) standard errors [36].

Survival on drug during the first five years was estimated

with Kaplan�Meier plots. Multiple imputation for missing

outcome and covariate data were performed to ensure

that results were not biased by non-random missingness

linked to measured variables. Imputation models included

each outcome and all other covariates parametrized as in

analysis models, and additionally history of acute coron-

ary syndrome, SLE and IBD, as these were identified as

predictors of missing response. Imputed datasets (n = 25)

were constructed using fully conditional specifications in

SAS version 9.4 TS1M4.

Sensitivity analyses

To assess the sensitivity to our definition of treatment

discontinuation, we also compared the time to starting

another bDMARD. To supplement the imputation

models, we performed a complete-case analysis (i.e. re-

stricting each analysis to patients with complete data on

necessary covariates), and two extreme imputations: as-

signing all patients lacking return visits in the evaluation

window as good, and poor response, respectively.

Further, we estimated response at 1 year, regardless of

which therapy patients were on at that point (an inten-

tion-to-treat like approach). Finally, main analyses were

also made using only etanercept as reference, as etaner-

cept has been associated with better drug survival than

other TNFi [37].

Results

The study population included 9333 patients with RA

starting a first ever bDMARD, and 3941 starting a

bDMARD after having used a TNFi as first bDMARD.

Receiving one of the TNFis was most common both as

first bDMARD (83%) and at switch from a first TNFi (65%),

followed by rituximab (10% and 13%) (Table 1). All avail-

able TNFis were in use, but etanercept was most

common, 36% of all TNFi as first bDMARD and 39% at

switch.

Patients starting TNFi compared with non-TNFi were

younger, more well educated, had lower disease activity,

and had less often had other medical conditions before

treatment start. The largest differences in demographic

and medical history variables were in comparison with

those starting rituximab, who were more often seroposi-

tive and had longer disease duration. Abatacept-initiators

were more similar to the TNFi-group overall, while tocili-

zumab-initiators were most extreme in terms of disease

activity but more similar to the TNFi-group in demograph-

ics and medical history. At switch from TNFi, cohort dif-

ferences were smaller, but followed the same pattern.

Treatment outcome: first bDMARD

Few patients (<10%) discontinued therapy before

3 months, but by 1 year 30% had discontinued TNFi; sig-

nificantly more than among the non-TNFi treated (Table 2).

Sequential adjustment for potential confounders revealed

no major impact of any individual covariate, and the final

adjusted difference in proportion remaining on drug was

similar to the crude comparison: �20 percentage points

(pp.) higher on rituximab, and �10 pp. higher on abata-

cept and tocilizumab, compared with TNFi. Kaplan�Meier

curves suggested that rituximab drug survival remained

higher throughout the first five years of therapy, while

the drug survival of abatacept coincided with that of

TNFi after 2 years and tocilizumab had drug survival inter-

mediate to TNFi and rituximab (Fig. 1A). The increased

discontinuation of TNFis was mostly due to more treat-

ment stops with recorded reason ‘lack of effect’

(Fig. 1B�D).

Clinical response was significantly better for tocilizumab

compared with TNFi after 12 months, for all outcome

measures, although the difference was markedly higher

for DAS28-based measures (27�28 pp.) than for HAQ im-

provement (17 pp.) and CDAI or joint count remission (12

pp.). The difference vs TNFi was smaller but similar at

3 months. Differences were less pronounced at 3 months

for rituximab and abatacept, but after 1 year, both groups

had better EULAR response and HAQ improvement than

the TNFi-group, abatacept also had more joint and CDAI

remission. The difference vs TNFi was similar among pa-

tients remaining on each therapy at 1 year, if overall some-

what attenuated, with rituximab significantly higher only in

HAQ improvement, and abatacept in DAS28-outcomes

and HAQ improvement (Supplementary Table S1, avail-

able at Rheumatology online).
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FIG. 1 Five year drug survival on first bDMARD in RA

Overall proportion remaining on drug (A), and cumulative proportion discontinuing for specific reasons (B�D), among

Swedish patients with RA initiating treatment during 2010 to 2016. Shaded regions are 95% confidence intervals.

bDMARD: biologic DMARD.

TABLE 2 Treatment outcome among Swedish RA patients starting a first ever bDMARD 2010�2016

TNFi RTX
Diff. vs

TNFi (95% CI) ABA
Diff. vs

TNFi (95% CI) TCZ
Diff. vs

TNFi (95% CI)

n patients 7702 938 376 317
At 3 months

Proportion still on therapy. . . 92.1 96.7 6.3 (4.7, 7.9) 94.4 3.9 (1.4, 6.4) 93.4 2.9 (0.0, 5.7)

and EULAR Good Response 37.8 30.1 �1.3 (�6.6, 3.9) 35.6 2.7 (�3.9, 9.3) 65.1 29.5 (23.5, 35.5)
and DAS28 < 2.6 36.0 26.4 �2.4 (�6.6, 1.8) 27.9 �1.2 (�7.0, 4.6) 57.7 28.9 (22.9, 34.8)

and �HAQ < -0.2 46.1 44.3 2.6 (�2.7, 7.8) 51.2 6.8 (0.7, 12.9) 60.0 10.8 (4.2, 17.3)

and joint count remission 25.4 21.7 �3.1 (�6.8, 0.6) 19.8 �4.3 (�9.4, 0.8) 30.6 7.3 (1.3, 13.2)

and CDAI 4 2.8 17.6 11.0 �4.9 (�8.0, �1.8) 14.2 �0.9 (�5.3, 3.5) 23.5 7.9 (2.7, 13.0)
At 1 year

Proportion still on therapy. . . 69.4 88.3 21.8 (19.1, 24.5) 75.9 9.7 (5.2, 14.2) 76.2 9.7 (4.8, 14.7)

and EULAR Good Response 24.9 28.6 9.8 (5.2, 14.4) 31.9 12.2 (5.1, 19.2) 50.9 27.4 (20.4, 34.3)

and DAS28 < 2.6 25.0 23.1 5.0 (1.2, 8.8) 27.7 9.0 (3.3, 14.8) 48.7 28.0 (21.3, 34.6)
and �HAQ < -0.2 25.4 37.2 16.9 (12.5, 21.2) 33.7 12.5 (6.9, 18.1) 43.1 16.6 (9.9, 23.2)

and joint count remission 20.7 22.4 3.6 (�0.0, 7.2) 23.3 5.1 (0.1, 10.2) 31.5 12.3 (6.7, 18.0)

and CDAI 4 2.8 13.9 12.8 1.6 (�1.6, 4.9) 17.0 5.8 (0.9, 10.7) 24.8 11.8 (6.8, 16.8)

Mean differences are compared with TNFi, in multivariable linear regression adjusted for age, sex, year of treatment start,

geographical region, education level, history of serious infection, malignancy, COPD, diabetes, stroke, heart failure, total days

in hospital and health care costs past five years, baseline use of csDMARDs and corticosteroids, RF, DAS28, HAQ, VAS pain

and CRP. Confidence intervals are based on robust (Huber�White) standard errors. bDMARD: biologic DMARD; TNFi: TNF-
inhibitors; RTX: rituximab; ABA: abatacept; TCZ: tocilizumab; VAS: visual analogue scale; COPD: chronic obstructive lung

disease; DAS28: 28 joint count DAS.
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Treatment outcome: switch from TNFi

Table 3 and Fig. 2 summarize treatment outcomes of

bDMARDs started after a first TNFi. Compared with

when used as first bDMARD, the drug survival was

lower for each drug, but the inter-drug differences were

similar, with TNFi having lowest drug survival followed by

abatacept, tocilizumab and highest drug survival for ritux-

imab. The difference in overall drug survival between aba-

tacept and TNFi seemed more consistent after switch

from TNFi, while recorded stop due to lack of effect was

now very similar between the two groups, and TNFi had a

higher rate of discontinuations due to adverse events

(Figs 1 and 2).

Clinical response was overall lower for each drug com-

pared with when used as first bDMARD. Differences be-

tween rituximab and TNFi were greater than as first

bDMARD, and all reached statistical significance at

1 year, but only HAQ improvement (favoring rituximab)

after 3 months. Abatacept was similar to TNFi at both

time points. Tocilizumab had the highest proportions

with DAS28-based response measures, and similar rate

of HAQ improvement, joint count and CDAI remission as

rituximab; all differences to TNFi were significant except

joint count remission at 3 months. The difference was not

driven solely by their higher drug survival, response was

also better among patients remaining on rituximab or toci-

lizumab vs TNFi after 1 year (Supplementary Table S1,

available at Rheumatology online).

Missing data

Covariate data was virtually complete for demographic

and medical variables derived from national registers,

and for treatment discontinuation dates, but a proportion

of patients lacked data on clinical response. Missingness

at the baseline visit ranged from 5% for joint counts to

16% for DAS28, while 13% of patients lacked a valid

baseline visit, and 39% lacked a recorded visit in the

1-year evaluation time window. The latter missingness re-

flects clinical practice, where timing of return visits vary

greatly.

Our main analyses were based on multiple imputation,

to increase statistical power and reduce potential bias

from restricting the study to patients with valid data.

Complete-case analysis (i.e. analysis excluding subjects

missing relevant covariate data) resulted in lower preci-

sion but very similar results (Supplementary Table S1,

available at Rheumatology online). Extreme imputation,

coding patients without valid return visits as ‘good’ or

‘poor’ response, expectedly led to unrealistically high,

and low, respectively, proportions with response

(Supplementary Table S2, available at Rheumatology

online), but had limited influence on the comparison

across groups. The only noteworthy change was when

coding absence of visits as ‘good response’, which

removed all significant differences between abatacept

and TNFi as first bDMARD.

Sensitivity analyses

Kaplain�Meier curves of time to start of another bDMARD

(instead of time to treatment discontinuation) gave the

same pattern across drugs (Supplementary Fig. S5, avail-

able at Rheumatology online). In intention-to-treat like

analysis, comparing clinical outcomes regardless of

whether patients remained on original therapy after

1 year, all differences between treatment groups were,

TABLE 3 Treatment outcome among Swedish RA patients starting a bDMARD after initial TNFi 2010�2016

TNFi RTX
Diff. vs

TNFi (95% CI) ABA
Diff. vs

TNFi (95% CI) TCZ
Diff. vs

TNFi (95% CI)

n patients 2548 528 408 457
At 3 months

Proportion still on therapy. . . 85.2 93.2 8.4 (5.7, 11.1) 90.7 5.7 (2.5, 9.0) 91.2 7.2 (4.1, 10.2)

and EULAR Good Response 18.3 20.6 0.9 (�4.4, 6.2) 14.2 �3.5 (�8.1, 1.1) 51.1 32.4 (26.7, 38.1)
and DAS28 <2.6 22.0 15.2 �1.5 (�6.3, 3.2) 17.3 0.4 (�4.4, 5.3) 43.3 26.5 (21.3, 31.7)

and �HAQ <�0.2 29.0 40.4 8.3 (2.7, 13.9) 28.8 �1.9 (�7.8, 4.1) 39.4 5.9 (�0.2, 12.1)

and joint count remission 19.2 17.2 0.1 (�4.3, 4.6) 14.6 �1.9 (�6.5, 2.6) 18.8 3.3 (�1.3, 7.8)

and CDAI 4 2.8 10.5 8.0 �0.7 (�4.2, 2.8) 7.6 �0.5 (�4.6, 3.5) 10.7 2.4 (�1.4, 6.1)
At 1 year

Proportion still on therapy. . . 59.2 80.5 21.7 (17.6, 25.8) 65.4 6.6 (1.5, 11.8) 70.3 13.0 (8.3, 17.8)

and EULAR Good Response 11.6 24.8 12.3 (7.4, 17.3) 13.1 2.0 (-2.3, 6.3) 34.1 21.7 (16.6, 26.9)

and DAS28 < 2.6 14.6 20.4 10.4 (6.0, 14.8) 9.7 �1.9 (�5.6, 1.9) 31.3 20.0 (14.4, 25.6)
and �HAQ < -0.2 16.1 33.2 15.0 (9.4, 20.7) 17.5 0.8 (�4.8, 6.3) 29.4 10.4 (5.4, 15.3)

and joint count remission 13.6 23.3 11.2 (7.0, 15.5) 13.1 0.6 (�3.7, 5.0) 20.3 9.0 (4.2, 13.8)

and CDAI 4 2.8 7.3 11.2 5.2 (2.0, 8.5) 5.7 �0.9 (�4.0, 2.1) 13.0 6.9 (2.9, 10.9)

Mean differences are compared with TNFi, in multivariable linear regression adjusted for age, sex, year of treatment start,

geographical region, education level, history of serious infection, malignancy, COPD, diabetes, stroke, heart failure, total days

in hospital and health care costs past five years, baseline use of csDMARDs and corticosteroids, RF, DAS28, HAQ, VAS pain

and CRP. Confidence intervals are based on robust (Huber�White) standard errors. bDMARD: biologic DMARD; TNFi: TNF-
inhibitors; VAS: visual analogue scale; COPD: chronic obstructive lung disease; DAS28: 28 joint count DAS.
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as expected, smaller (Supplementary Table S3, available

at Rheumatology online). The only significant differences

favoured tocilizumab over TNFi as first bDMARD for all

measures, and regarding DAS28-based measures and

CDAI remission after switch from TNFi, and favoured

TNFi over abatacept after switch from TNFi.

Patients starting etanercept had better response than the

combined TNFi-group, but comparing the non-TNFi treated

to etanercept instead of TNFi yielded very similar differences

(Supplementary Table S4, available at Rheumatology online).

Discussion

We compared all Swedish patients with RA who in clinical

practice, 2010�2016, started different bDMARDs and

found that the treatment response appeared better for

patients starting a non-TNFi compared with TNFi as first

bDMARD. This was observed despite a channelling of

older and frailer patients to non-TNFi bDMARDs, which

might be expected to give residual confounding biasing

the results against the same drugs. After switch from a

first TNFi, rituximab and tocilizumab, but not abatacept,

were consistently associated with significantly better drug

survival and response. Differences between treatments

were in general smaller at 3 months than at 1 year.

Although 3 months is a common clinical check point to

evaluate initial response, it may be too early to evaluate

the difference between these therapies where e.g. ritux-

imab initiation may be delayed due to scheduling of infu-

sions and the time until reaching full efficacy may differ

between drugs.

Our findings are largely in line with previous research,

although there are also several inconsistencies. Cochrane

reviews of RCTs conclude no significant difference in ef-

ficacy or safety between (the groups) TNFi and non-TNFi

bDMARDs [10, 11], but divergent results have been re-

ported in meta-analyses focussing on individual drugs.

One report (commissioned by Roche) found that tocilizu-

mab was associated with better efficacy compared with

abatacept, rituximab and TNFi [38], another reported no

significant differences between bDMARDs in combination

with methotrexate as first bDMARD, although in

monotherapy, tocilizumab outperformed TNFi [39]. The

power to detect differences may be low in network

FIG. 2 Five year drug survival on bDMARD after a first TNFi in RA

Overall proportion remaining on drug (A), and cumulative proportion discontinuing for specific reasons (B�D), among

Swedish patients with RA initiating treatment during 2010 to 2016. Shaded regions are 95% confidence intervals.

bDMARD: biologic DMARD; TNFi: TNF-inhibitors.
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meta-analyses, however, and they are susceptible to bias

from heterogeneity in, e.g. inclusion criteria and outcome

definition of the trials included [40]. One of few direct

head-to-head RCTs did find greater effect on DAS28-

based response measures for the group of non-TNFi vs a

second TNFi after TNFi-failure, but was not designed to sep-

arately analyse the individual drugs [9]. The same report did

not find a significant difference in HAQ, however, and toci-

lizumab, with a known effect on ESR/CRP values, made up

48% of their non-TNFi-group, which might raise some con-

cerns about the implication of this finding, although the au-

thors noted that the difference in DAS28 was not

constrained only to acute phase reactants [9].

Considering the individual non-TNFi drugs, a recent

open-label RCT found rituximab non-inferior to TNFi as

first bDMARD, measured as DAS28-improvement

among patients remaining on therapy after 1 year [8].

While not the primary end point, they also found fewer

patients discontinuing rituximab than TNFi, with propor-

tions remaining on drug after 12 months very similar to our

real-world sample, 68% for TNFi and 81% for rituximab. A

small RCT from the Netherlands reported similar efficacy,

but superior cost-effectiveness, for rituximab compared

with abatacept and TNFi, but with three treatment arms

and only a total 139 patients entering the analysis, power

was low to detect clinically relevant differences in effect

[7]. Observational studies after initial TNFi-failure have

supported better response on rituximab vs a second

TNFi, with a range of measures including DAS28, HAQ

and CDAI [12�17]. While replicating these previous find-

ings in a large, independent sample, our data further sug-

gest a better response to rituximab than TNFi when used

as first bDMARD, which was not studied in previous ob-

servational studies. We also note that this difference was

not only in drug survival. At least at switch from a first

TNFi, the patients remaining on therapy at 1 year had

better response measures in the rituximab vs the TNFi-

group. We find this noteworthy as we might have ex-

pected a tendency to keep patients on rituximab despite

a less than ideal response, but this data suggests that this

would only be a partial explanation for the differences be-

tween TNFi and rituximab.

We found similar response to abatacept and TNFi after

an initial TNFi, but superior response when used as first

bDMARD, driven by a higher drug survival. We are only

aware of a few previous studies on the topic, but they also

reported better drug survival for abatacept vs TNFi [24,

25], and the study from the CORRONA register found no

significant difference in clinical response in abatacept vs

TNFi after TNFi-failure [25]. The AMPLE RCT found no

difference between abatacept and adalimumab among

methotrexate non-responders [6]. Higher drug survival

despite similar effectiveness would imply a difference in

other reasons for switching. We saw a lower proportion

stopping abatacept due to adverse events, which may

deserve further investigation.

The bDMARD associated with highest overall response

in our data was tocilizumab. The ADACTA RCT demon-

strated superior efficacy of tocilizumab over the TNFi

adalimumab, but only studied use as monotherapy (i.e.

no concomitant conventional synthetic DMARD) [5].

Observational studies have reported superior effect of toci-

lizumab (vs TNFi) on DAS28-based response measures,

also in combination therapy with conventional synthetic

DMARDs [18, 23, 41]. Tocilizumab targets the IL-6 recep-

tor, however, with a central role in regulating CRP/ESR

levels, and in line with previous studies [20�22], we found

a much weaker effect on non-DAS28-based response

measures. Interestingly, our results did clearly favour toci-

lizumab over TNFi also with alternative response meas-

ures, which is in line with two previous studies assessing

CDAI change at three and six months [18, 22]. In contrast,

a study from the BSRBR found no significant 6-month dif-

ference in HAQ improvement [20], but their sample started

at higher disability, and used intention-to-treat analysis,

which may have attenuated any differences. A recent

report found better drug survival for tocilizumab compared

with TNFi, but equal CDAI low disease activity and remis-

sion on tocilizumab and TNFi at 1 year. The comparison

between CDAI-based response proportions was not ad-

justed for any covariates or patient characteristics, how-

ever, despite substantial channelling where the patients

starting tocilizumab also had higher CDAI at baseline

[21], which seems likely to bias this comparison against

tocilizumab. The same study did adjust for baseline differ-

ences while modelling the continuous change in CDAI over

time, again finding no significant difference between treat-

ment groups, but this analysis was constrained to patients

remaining on therapy, and might thus miss patients stop-

ping therapy due to lack of effect. These studies thus have

limitations that might lead to underestimations of a true

effect difference, but it is uncertain if this is to an extent

necessary to explain the difference across studies. The

potentially greater clinical response to tocilizumab remains

contentious, but our well-powered analysis, able to meas-

ure and adjust for a substantial channelling to therapy,

adds to the growing evidence that drug survival is higher

on tocilizumab than on TNFi [20, 21, 24, 41].

Our study has several strengths and limitations linked to

the data available through nationwide registers. Through

these, we were able to obtain patients’ medical history

and other covariates using data prospectively collected

independently of bDMARD treatment. The SRQ has a

high coverage of bDMARD-treated RA in the Swedish

population, avoiding the risk of selection bias [29].

Health care is publicly funded, and Swedish rheumatolo-

gists, in dialogue with the patient, are free to prescribe the

treatment they expect will benefit the patient the most,

lowering the risk for differential placebo/nocebo effects.

TNFi remains the most common choice for a first and

second bDMARD in RA, however, and the relatively small

proportion treated with non-TNFi bDMARDs underline the

potential for confounding bias, where factors related to

treatment assignment may also be associated with treat-

ment outcome. Although we have previously reported that

factors related to treatment choice were only weak

predictors of EULAR response and drug survival in

this population [35], we adjusted for all identified
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moderate-to-strong predictors of treatment choice, and all

identified predictors of EULAR response and drug survival.

The risk of confounding from unmeasured factors, including

lifestyle factors, BMI and smoking, remains a limitation.

A further limitation relates to rituximab, as this drug is

administered through infusions with long time intervals.

Our main source of information on treatment discontinu-

ation was the physician’s recorded decision to stop treat-

ment, and it is possible that this was interpreted differently

for rituximab vs the other drugs, or only updated at sched-

uled infusions. We note however, that the rituximab also

had the longest time until start of a next bDMARD, which

should not be subject to the same bias.

Finally, the SRQ captures data from visits according to

clinical practice, not according to a pre-defined study/trial

protocol. Therefore, there is substantial variation in the

timing and intensity of return visits after a given treatment

start. This led to high proportions without outcome data,

as they simply had not been to a rheumatologist within the

pre-specified time window, and we employed several sen-

sitivity analyses to test different assumptions about this

missingness. Although our main findings seemed robust

to the missingness, it is not possible to fully evaluate this,

and if for instance the lack of an evaluation visit implies

poor response in one group, but good response in an-

other, this would bias the comparison.

In conclusion, the treatment outcomes observed among

RA patients treated in Swedish clinical practice suggest

an equal, or even superior, effectiveness of non-TNFi

bDMARDs compared with TNFi. This should be weighed

against other existing evidence on their relative effective-

ness and, not analysed in this study, evidence on the

safety and cost-effectiveness of individual bDMARDs.
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Academy, Göteborg, Sweden), C.T. and Elisabet

Lindqvist (Lund University, Malmö/Lund, Sweden),
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