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Patient characteristics influence the choice of 
biological drug in RA, and will make non-TNFi 
biologics appear more harmful than TNFi biologics
Thomas Frisell,1 Eva Baecklund,2 Karin Bengtsson,3 Daniela Di Giuseppe,1 
Helena Forsblad-d’Elia,4 Johan Askling,1,5 on behalf of the ARTIS Study group

Abstract
Objectives  With the wide range of biological disease-
modifying anti-rheumatic drugs (bDMARDs) available for 
treating rheumatoid arthritis (RA), and limited evidence 
to guide the choice for individual patients, we wished 
to evaluate whether patient characteristics influence the 
choice of bDMARD in clinical practice, and to quantify 
the extent to which this would bias direct comparisons of 
treatment outcome.
Methods R egister-based study of all Swedish patients 
with RA initiating necrosis factor inhibitor (TNFi), 
rituximab, abatacept or tocilizumab in 2011–2015 
as their first bDMARD (n=6481), or after switch from 
TNFi as first bDMARD (n=2829). Group differences 
in demographics, clinical characteristics and medical 
history were assessed in multivariable regression models. 
Predicted differences in safety and treatment outcomes 
were calculated as a function of patient characteristics, 
through regression modelling based on observed 
outcomes among patients with RA starting bDMARDs 
2006–2010.
Results P atients starting non-TNFi were older than 
those starting TNFi, had lower socioeconomic status, 
higher disease activity and higher burden of diseases 
including malignancy, serious infections and diabetes. 
Differences were most pronounced at first bDMARD 
initiation. These factors were linked to treatment 
outcome independent of therapy, yielding worse 
apparent safety and effectiveness for non-TNFi biologics, 
most extreme for rituximab. Standardising to the age/
sex distribution of the TNFi group reduced differences 
considerably.
Conclusions T here was significant channelling of 
older and less healthy patients with RA to non-TNFi 
bDMARDs, in particular as first bDMARD. Whether this 
channelling represents a maximised benefit/risk ratio is 
unclear. Unless differences in age, medical history and 
disease activity are accounted for, they will substantially 
confound non-randomised comparative studies of 
available bDMARDs’ safety and effectiveness.

Background
Following a rapid development over the past two 
decades, a wide range of biological disease-mod-
ifying anti-rheumatic drugs (bDMARDs) are 
currently available for the treatment of rheuma-
toid arthritis (RA). In many countries, Sweden 
included, RA treatment guidelines have expanded 
the recommended options for first bDMARD in 
recent years, from necrosis factor inhibitor (TNFi) 

drugs exclusively to include abatacept, tocilizumab 
and rituximab,1–4 ranking the drugs as compa-
rable in overall safety and efficacy. For historical 
reasons, TNFi drugs remain the most common 
choice as first bDMARD, but many patients will 
switch from their initial bDMARD,5 and similar 
to the first, the choice of the next bDMARD (eg, 
switching to another TNFi or to another mode of 
action) is seldom strictly regulated. In clinical prac-
tice, perceived or established differences between 
bDMARD options lead to a non-random alloca-
tion of treatment. Although many clinicians may 
be aware of the existence of such channelling, its 
magnitude (ie, how different treatment outcomes it 
will give rise to) is seldom quantified, yet essential 
for a correct evaluation of the drugs’ relative effec-
tiveness and safety.6 7 

In all situations with an element of prefer-
ence-guided choice of therapy, it is important to 
monitor which patient gets which therapy for at least 
two reasons. First, if physicians’ show a preference 
for a specific drug for certain patients, it should be 
a research priority to tell whether this is motivated 
by an increased tolerability or efficacy in this group, 
or merely a misconception about the drug’s (side) 
effects, potentially leading to inequities in care.8 
Second, non-random choice of therapy will hamper 
studies of RA therapies by introducing confounding 
by indication, which occurs when factors associated 
with the choice of therapy are also predictors of the 
studied outcome, and is generally considered the 
major limitation of non-randomised comparisons of 
therapies.9 The case of bDMARDs in RA illustrates 
both of these needs.

Thus, the objective of this paper is twofold. First, 
to describe baseline patient characteristics at initia-
tion of different bDMARDs at two clinically distinct 
and common time points: (1) at first bDMARD 
initiation, (2) at switch to a second bDMARD after 
having used a TNFi as first bDMARD. Second, to 
estimate the potential of the observed channelling 
to confound comparative safety and effectiveness 
studies in RA.

Methods
Data on clinical characteristics, demographics and 
medical history among all patients with RA in 
Sweden who initiated a first or second bDMARD 
therapy during 2011–2015 were identified by 
linking the Swedish Rheumatology Quality register 
(SRQ) to nationwide Swedish healthcare registers.
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Data sources
The database used for this study has been described previ-
ously.10 11 Briefly, the SRQ is a clinical register with longitudinal 
data on disease activity and treatment at each rheumatology 
visit,12 with a national coverage for bDMARD treatment in RA 
of 95%.13 The National Patient Register provided all diagnoses 
set in inpatient and non-primary outpatient visits; validation 
against medical files has found a high positive predictive value 
(85%–95%) for diagnoses in inpatient care.14 15 The Prescribed 
Drug Register provided all dispensed prescriptions in Sweden 
since July 2005; the register has virtually complete coverage.16 
The Swedish Cancer Register contains clinical data on all cancers 
since 1958; estimated coverage is greater than 95%.17 Registers 
on communicable diseases provided dates for verified tuber-
culosis, hepatitis B and C. Socioeconomic data were available 
through census registers.

Covariates
We considered an inclusive list of baseline characteristics to 
capture factors that we a priori    considered may influence 
choice of therapy, safety or treatment outcome. Variables 
included sociodemographic background (highest education, 
country of birth), RA-specific clinical characteristics (rheuma-
toid factor (RF), disease duration, Health Assessment Question-
naire - Disability Index (HAQ-DI), Disease Activity Score - 28 
joints (DAS28) with components, visual analogue scale  (VAS) 
pain), concomitant treatment with non-steroidal anti-inflam-
matory drugs (NSAIDs,) glucocorticosteroids, conventional 
synthetic DMARDs and medical history. Disease activity and 
current therapy was extracted from the visit in the SRQ with 
valid data on each variable closest to treatment start (within −90 
to +14 days, chosen to increase data availability, while avoiding 
values influenced by the treatment effect). Medical history was 
measured as having been diagnosed with either of a range of 
specific conditions (definitions in online supplementary table 
s1), within 5 years before treatment start, except for serious 
infections (defined as ‘recent’ within 1 year, and ‘non-recent’ 
within 1 to 5 years) and malignancy (‘recent’ within 5 years, and 
‘non-recent’ more than 5 years earlier). Analysis of individual 
conditions was preferred over a combined comorbidity score 
since the latter would mask disease-specific associations and 
increase risk for residual confounding.18 We used three contin-
uous measures intended to capture patients’ general health: 
(1) number of days hospitalised, (2) days of lost work due to 
sick leave or disability pension (only for those aged 25–65 years) 
and (3) total healthcare costs. Healthcare costs were calculated 
by summing costs for dispensed drugs and visits in inpatient and 
non-primary outpatient care, weighted by disease-related group 
with annual national tariffs, inflation corrected to 2012.

Statistics
To assess differences in patient characteristics across biologics, 
we tabulated means and proportions of baseline covariates, with 
adjusted differences for each non-TNFi bDMARD compared 
with TNFi, modelled in multivariable linear regression models 
with bootstrapped CIs.19 20 The main model was adjusted for 
sex, age and geographic region, and a supplemental model 
further adjusted for country of birth, education level, RF, disease 
duration, ertythrocyte sedimentation rate (ESR), DAS28calcu-
lated with C-reactive protein (DAS28-CRP), recent infections, 
recent malignancy, joint surgery, chronic lung disease and acute 
coronary syndrome. The choice of covariates in model 2 was 
based on observed differences and availability of data.

Therapy after switch from TNFi was defined as the first 
bDMARD therapy started within 1 year of discontinuing an 
initial TNFi as the first ever bDMARD. The main analysis 
focused on the difference between abatacept, rituximab, tocili-
zumab  and  the class of TNFi (adalimumab, certolizumab pegol, 
etanercept, infliximab and golimumab). Supplementary analyses 
were performed comparing individual TNFi drugs.

The expected impact of confounding was assessed through a 
series of prediction models. Logistic regressions were used to 
estimate associations of patient characteristics and treatment 
outcomes among all individuals with RA starting a bDMARD 
(to maximise cohort size and precision, we included up to third 
bDMARD) in the years 2006–2010 (immediately prior to our 
study period). We defined safety outcomes as the proportions 
experiencing the following events within 5 years of starting 
therapy: (1) death, (2) serious infection, (3) major acute cardio-
vascular event (MACE), (4) non-benign malignancy (definitions 
in supplementary table s2). Similarly, we defined treatment 
effectiveness outcomes as the proportion: (1) discontinuing 
therapy before 1 year and (2) remaining on therapy and having 
reached good European League Against Rheumatism (EULAR) 
response after 1 year. Separate models were created for each 
outcome using the full list of covariates. To allow some devi-
ation from linearity, continuous variables were entered as 
second-degree polynomials; the only included interaction was 
between age and sex. Line of therapy was included as a binary 
variable (biologics naive vs not). Work loss was excluded from 
model building, since it is restricted to those of working age. 
The coefficients from the final models were used to calculate 
the predicted probability of each outcome, by treatment, in our 
main cohort. Since specific bDMARDs were not included in the 
prediction models, these predicted probabilities will reflect the 
proportions expected only from baseline characteristics, aver-
aged across all bDMARDs. To further assess how much of the 
predicted difference between treatments would be removed by 
adjustment for age and sex rather than by other patient charac-
teristics (eg, medical history), we standardised each treatment 
group to the age (in 10-year categories) and sex distribution in 
the largest group (TNFi as first bDMARD).

Linear regression with bootstrapped CIs was made using the 
boot  package in R V.3.3.1. SAS V.9.4 was used for all other 
analyses.

Results
Patient characteristics at start of first bDMARD
We identified 6481 patients with RA starting a first bDMARD 
between 1 January 2011 and 31 December 2015. Most started 
a TNFi (n=5307, 82%), with all available TNFi in common 
use, ranging from etanercept (n=1502, 28% of all TNFi) to 
golimumab (n=745, 14%). The most common non-TNFi was 
rituximab (n=655, 10% of all first bDMARD). Demographical 
and clinical characteristics are shown in table  1. Initiators of 
non-TNFi therapy were older and less well educated than those 
starting a TNFi, with largest difference for rituximab. Compared 
with those starting TNFi, rituximab  initiators were also more 
often seropositive, had longer disease duration and slightly 
higher ESR. Abatacept initiators were similar to the TNFi group, 
but had higher ESR. Tocilizumab initiators were most extreme in 
terms of disease activity, with significantly higher ESR and CRP, 
and borderline higher tender joint counts and HAQ. Initiators of 
non-TNFis had lower use of concomitant methotrexate.

There were substantial differences in baseline medical history, 
with those starting rituximab or abatacept more often having 

https://dx.doi.org/10.1136/annrheumdis-2017-212395
https://dx.doi.org/10.1136/annrheumdis-2017-212395
https://dx.doi.org/10.1136/annrheumdis-2017-212395
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a history of the assessed diseases, and having consumed more 
healthcare resources before treatment start (table 1 and figure 1). 
Adjusting for age, sex and geographical region decreased these 
differences, but most of the associations remained. The same 
was not seen for tocilizumab, where baseline medical history was 
more similar to the TNFi group. Of particular note, rituximab 
had a higher proportion with recent (within 5 years) or non-re-
cent (more than 5 years before) malignancy at treatment start 
(8.1% with recent malignancy, compared with 1.4% on TNFi) 
(figure 1). Due to low numbers, it was not possible to assess a 
difference in history of tuberculosis (n=9 patients had tubercu-
losis before starting first bDMARD), hepatitis B (n<5), hepatitis 
C (n=6) or multiple sclerosis/demyelinating events (n=14). For 
brevity, these conditions and other inflammatory conditions are 
presented in online supplementary table s3-s5.

In sensitivity analyses, further adjustment for demographics, 
disease activity and medical history did not materially alter the 
observed pattern of differences in baseline characteristics (online 
supplementary table s3). Comparisons of individual TNFis 

revealed few noteworthy differences (online supplementary 
table s4), but those starting infliximab were slightly older and 
had slightly higher disease activity compared with the others, 
while those starting etanercept more often were female, and had 
accrued higher healthcare costs.

Patient characteristics at switch from first TNFi
We identified 2829 patients with RA who initiated a second 
ever bDMARD within 1 year of discontinuing a first TNFi. (For 
reference, during the same period, 1144 patients discontinued 
a first TNFi without starting a bDMARD within 1 year). It 
was common to start a second TNFi (n=1846, 65%), regard-
less of recorded reason for discontinuing the first TNFi. The  
switch cohort was more homogenous than the first bDMARD 
cohort, with overall smaller differences across therapies (table 2 
and figure  1). Patients starting rituximab and abatacept were 
older than those starting a TNFi, and had a higher proportion 
with recent serious infections. Those starting rituximab had a 

Figure 1  History of disease at treatment start of bDMARD therapy among all patients with rheumatoid arthritis in the SRQ, 2011–2015. Differences 
in proportion (with 95% CIs) are with reference to TNFi, and adjusted for age, sex and geographical region. bDMARD, biological disease-modifying 
anti-rheumatic drug; SRQ, Swedish Rheumatology Quality register; SSRI, selective serotonin reuptake inhibitor; TNFi, tumour necrosis factor inhibitor. 

https://dx.doi.org/10.1136/annrheumdis-2017-212395
https://dx.doi.org/10.1136/annrheumdis-2017-212395
https://dx.doi.org/10.1136/annrheumdis-2017-212395
https://dx.doi.org/10.1136/annrheumdis-2017-212395
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higher proportion with recent malignancy and with seroposi-
tive RA. Unlike the channelling at first bDMARD, all non-TNFi 
groups had higher disease activity at switch than the TNFi group. 
Tocilizumab was more common among those who discontinued 
the first TNFi due to lack of effect; abatacept was more common 
among those discontinuing due to adverse events.

In sensitivity analyses of specific TNFis, individual drugs 
were overall very similar, although several differences reached 
nominal significance (online supplementary table s5). Inflix-
imab initiators had lower average education (38% had 9 years or 
less, vs 20% in other groups), more work loss, and less psoriasis/
psoriatic arthritis (PsA). There was also a significant difference in 
the proportion female, ranging from 69% for infliximab to 81% 
for golimumab. Those starting etanercept had accrued lower  
healthcare costs.

Expected differences in safety and effectiveness due to 
confounding by indication
Modelling using observed outcomes of patients starting 
bDMARDs in 2006–2010 indicated that several of the factors 
associated with choice of therapy were also significant predic-
tors of safety and treatment outcomes (associations in online 
supplementary table s6). Age and sex were strong predictors of 
all outcomes except remaining on drug less than 1 year. Compo-
nents of baseline disease activity were predictive of all outcomes, 
although with varying magnitude (HAQ was associated with 
risk of MACE; DAS28 and its components with achieving good 
EULAR response). Concomitant therapy at baseline was also 
a predictor of most outcomes, for  example,glucocorticoids at 
baseline were predictive of adverse events and decreased propor-
tion with good EULAR response. Medical history also predicted 
treatment outcomes, for  example, a history of infection or 
cardiovascular disease predicted future infections and cardiovas-
cular disease, while history of malignancy significantly predicted 
drug retention and (weakly) new onset of malignancy.

Taken together, the observed baseline differences led to 
substantial differences in the predicted risk of all-cause mortality, 
MACE and serious infections; smaller differences in risk for 
malignancy and for achieving EULAR good response; and virtu-
ally no expected differences in 1-year drug survival (table  3). 
In summary, a crude comparison of the non-TNFi drugs with 
the TNFi group would be particularly biased against rituximab 
and abatacept regarding both safety and EULAR response. The 

predicted bias was much less at switch from first TNFi, reflecting 
the greater similarity in patient groups.

Age and sex  standardisation greatly reduced predicted bias, 
in particular for safety outcomes (table 3). The expected risks 
were still inflated for all safety outcomes except malignancies, 
however, and this standardisation did not reduce the biased 
difference in EULAR response, reflecting that age was not a 
strong predictor of that outcome, and that the differences in sex 
were minor between drugs.

Discussion
In this large, nationwide study of contemporary Swedish patients 
with RA, we found evidence of substantial differences in baseline 
characteristics among patients assigned to different bDMARDs. 
Many predictors of treatment assignment were also predictors 
of adverse treatment outcomes, and in quantifying the magni-
tude of this, we showed that a direct comparison across thera-
pies would not give accurate estimates of the treatments’ relative 
effect, but would be biased in favour of TNFi.

Those not starting ‘standard’ TNFi therapy were older, had 
lower socioeconomic status and had a higher burden of other 
diseases. There was similar, although slighter, channelling at 
switch from a first ever TNFi, where a higher RA disease activity 
was also predictive of receiving a non-TNFi. While there were 
limited differences between those starting individual TNFi, 
channelling to and between non-TNFi bDMARD was substan-
tial. Rituximab  initiators were oldest, dominantly RF-positive 
and had the highest burden of other diseases (in particular malig-
nancy), while those starting tocilizumab differed less from those 
starting TNFi in terms of medical history, but had significantly 
higher disease activity.

These differences are partly expected based on the tentative 
recommendations in favour of specific drug choice for some risk 
groups, where for example, American College of Rheumatology 
(ACR) guidelines have listed ‘very low’ evidence to support pref-
erence of rituximab over TNFi among patients with a history of 
malignancy, and of abatacept over TNFi among patients with 
serious infections, and ‘moderate to very low’ evidence to prefer 
non-TNFi among patients with congestive heart disease.1 2 It 
seems clear that these tentative recommendations have been 
followed for some, but not most, patients.

By modelling the expected risk for several treatment 
outcomes conferred by observed patient characteristics, we 

Table 3  Potential for confounding by indication; predicted percentage with adverse events within 5 years, and treatment outcome after 1 year, 
based on observed baseline characteristics

Cohort All-cause mortality Malignancy MACE Serious infection Drug survival <1 year
Good EULAR response 
at 1 year

First bDMARD Crude STD Crude STD Crude STD Crude STD Crude STD Crude STD

 � TNFi 4.8 – 5.6 – 5.4 – 14.4 – 30.3 – 31.0 – 

 � Rituximab 13.3 7.0 8.8 6.1 10.0 6.1 24.2 17.7 29.4 28.9 25.3 23.2

 � Abatacept 11.9 8.1 7.0 5.8 9.1 6.9 21.3 18.1 31.2 31.1 27.9 29.2

 � Tocilizumab 8.8 7.1 6.1 5.4 7.1 6.1 17.9 15.9 30.7 30.9 30.3 31.6

Switch from TNFi

 � TNFi 5.3 5.3 4.8 4.7 6.1 6.1 16.9 16.7 36.2 36.1 17.6 17.6

 � Rituximab 8.1 6.3 5.7 4.9 7.6 6.3 21.2 19.0 35.1 34.8 18.2 19.1

 � Abatacept 7.3 6.8 5.3 4.8 7.0 6.9 19.5 18.2 37.9 37.8 18.0 18.3

 � Tocilizumab 6.8 6.4 5.1 5.0 6.8 6.4 18.1 17.6 37.1 37.7 18.3 18.2

Predicted observed percentage (crude) and age-sex standardised to TNFi as first bDMARD (STD).
bDMARD, biological disease-modifying anti-rheumatic drug; EULAR, European League Against Rheumatism; MACE, major acute cardiovascular event; TNFi,  tumour necrosis 
factor inhibitor.
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showed that even if there were no true differences in drug 
effect, confounding by indication will make the non-TNFi 
drugs appear less safe and effective than the TNFi as first 
bDMARD. For many of the perceived differences, a simple 
adjustment for age and sex reduced this confounding dramat-
ically. Residual confounding is, however, expected to give 
higher rates of adverse events and less treatment response, 
such that comparisons should be adjusted for medical history 
and disease activity when possible. As expected, the predicted 
bias was less when studying those switching from an initial 
TNFi, reflecting the reduced patient heterogeneity in this 
specific clinical situation.

We believe that the predictive modelling approach is helpful 
in combining the multitude of observed baseline differences 
in a metric comparable across cohorts, but several limitations 
should be noted. The models were based on historical data, 
and will be incorrect if the strength of association with each 
risk factor has changed over calendar time. The models were 
also limited by the covariates we had available, and we lacked 
data on for instance body mass index and smoking. Unless 
some unknown predictors work in the opposite direction, it 
is likely that we underestimate the predicted bias. The predic-
tion models were intended as a convenient way of illustrating 
the risk of confounding by indication, not as the best possible 
prediction model for these outcomes. For this reason, we 
used a simple model building strategy, and did not perform 
cross-validation to assess the models’ general predictive value 
or construct confidence bounds on the predictions. In other 
limitations, it should be noted that we made a large number 
of statistical comparisons and present adjusted differences 
between groups with standard CIs; several significant differ-
ences are likely to reflect false positives. Finally, these data are 
by their nature relevant to the Swedish clinical setting, where 
the physician is free to prescribe any drug of their choosing 
and the state (single payer) has made recommendations (but 
not restrictions) based on therapy cost. The relative costs of 
therapy and payer  restrictions may vary by country. There-
fore, although the pattern of use (preferentially TNFi as first 
biologic) is commonplace and the Swedish national guidelines 
are similar to the EULAR and ACR guidelines, the generalis-
ability to other countries may vary.

This study has several strengths. Through the Swedish 
nationwide registers we were able to describe patient 
medical history and other characteristics using prospec-
tively collected data, avoiding the risk for recall bias, and 
with a completeness that would otherwise have been diffi-
cult. We could also include the entire Swedish population, 
avoiding the risk of selection bias. Our main limitation is 
the lack of data on the physician’s and patient’s reasoning 
about the choice of treatment, which may among other 
factors have been influenced by the route and frequency of 
administration.

In conclusion, we found significant channelling of older 
and less healthy patients with RA to non-TNFi bDMARDs, 
both as first bDMARD and at switch from a first TNFi. Future 
studies should examine whether this channelling is medically 
justified or, paradoxically, act to reduce the overall effective-
ness and safety of bDMARD therapy. We also demonstrated 
the extent to which this channelling will compromise the 
safety and effectiveness profile of individual bDMARDs. 
Unless differences in age, medical history, and RA disease 
activity are taken into account in studies of the relative safety 
and effectiveness of bDMARDs, most results will be severely 
confounded.
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