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Effect of Comedication With Conventional Synthetic
Disease-Modifying Antirheumatic Drugs on Retention
of Tumor Necrosis Factor Inhibitors in Patients
With Spondyloarthritis
A Prospective Cohort Study
3
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Objective. To evaluate whether use of comedication
with conventional synthetic disease-modifying antirheumatic drugs (csDMARDs) influences the retention of
tumor necrosis factor inhibitors (TNFi) in patients with
spondyloarthritis (SpA).
Methods. Patients with SpA from the Rheumatic
Diseases Portuguese Register who started treatment
with their first TNFi between 2001 and 2014 were included in this study. Cox regression analysis was used
to estimate the effect of comedication with csDMARDs
on TNFi retention in 2 types of models: a model in
which baseline (time-fixed) variables were included, and
a second model incorporating time-varying variables,
including sociodemographic features, measures of disease

activity, measures of physical function, and cotreatment
with other drugs (nonsteroidal antiinflammatory drugs
and oral steroids). To control for possible confounding
by indication, the effect of csDMARD comedication on
TNFi retention was also tested after adjustment for the
treatment propensity score.
Results. In total, 954 patients were included in
the study, of whom 289 (30.3%) discontinued treatment
with their first TNFi after a median follow-up time of
2.5 years (range 0.08–13 years). Inefficacy was the most
common reason for TNFi discontinuation (55.7% of
patients). In the multivariable analyses, comedication
with csDMARDs had no measurable effect on TNFi
retention, neither in the baseline model (hazard ratio
[HR] 0.83, 95% confidence interval [95% CI] 0.59–1.16)
nor during follow-up in the model adjusted for timevarying covariates (HR 1.07, 95% CI 0.68–1.68). The
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effect of csDMARD comedication remained nonsignificant after propensity score adjustment.
Conclusion. Comedication with csDMARDs does
not prolong TNFi retention in patients with SpA in clinical practice, suggesting that there is no benefit conferred by the concomitant use of these drugs.
In the last decade, treatment of patients with
spondyloarthritis (SpA) with tumor necrosis factor
inhibitors (TNFi) has been found to have good efficacy
in several randomized controlled trials (RCTs) (1).
However, in 20–40% of patients with SpA, the disease
either fails to respond to treatment or responds inadequately (2). Since TNFi are expensive and not without
risks, identifying a therapy (comedication) as well as
patient- and disease-related features associated with
improved outcomes is highly relevant. Data from RCTs
have been used for this purpose (3–5), but the results
from clinical trials are difficult to translate into daily
practice. In addition, the limited duration of clinical trials precludes conclusions on long-term outcomes, and
observational cohorts comprising “real world” patients
followed up for longer periods of time may yield more
valuable information that is helpful to clinicians.
The length of time during which a patient
remains on therapy (referred to as TNFi retention) has
been commonly used as a proxy for effectiveness in
observational research (6,7). Studies of the effects of
comedication with conventional synthetic diseasemodifying antirheumatic drugs (csDMARDs) on TNFi
retention have been reportedly inconclusive. Some studies
have not shown any added benefit (8–10), whereas
another recent study showed that TNFi retention was
improved by csDMARD comedication (11). Obviously,
results from observational studies may easily lead to spurious conclusions (12). Among other limitations, observational studies are sensitive to confounding by indication
(13). Adjustment for the treatment propensity score is
one of the methods to handle this form of selection bias
(14), but this type of confounding was not addressed
appropriately in the above-mentioned studies.
In addition, other potential predictors of TNFi
discontinuation include patient- and disease-related features. However, data on these predictors in patients
with SpA are still scarce, and previous studies have evaluated baseline features only (8,10,15–18). Some of these
features, such as disease activity, may fluctuate over
time, which is likely attributable to the effects of TNFi
treatment, so that their prognostic value, fixed at baseline, may change accordingly with elapsed time. This is
particularly relevant in settings where patients may
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continue treatment with the same drug for several years,
a frequent practice in patients with SpA (9,19,20).
In this study, we addressed whether comedication
with csDMARDs increases TNFi retention in patients
with SpA being treated with their first TNFi. In addition,
we investigated which patient- and disease-related factors
would determine the discontinuation of TNFi in clinical
practice. Factors that inherently fluctuate over time (timevarying covariates) were considered in the analysis in
order to obtain the best estimates for prediction.
PATIENTS AND METHODS
Study design and data source. This was a multicenter, prospective, open-cohort study using data from the Rheumatic Diseases Portuguese Register (known as Reuma.pt).
Reuma.pt is a nationwide clinical register that was established
and is managed by the Portuguese Society of Rheumatology,
in which data from patients with various rheumatic diseases
are recorded by their treating rheumatologists, using standardized protocols in daily practice. A detailed report describing
the design of Reuma.pt and its data management procedures
has been published elsewhere (21). Reuma.pt was approved by
the National Data Protection Board and by the local Ethics
Committees. Patients provided their informed consent prior to
inclusion in the study.
In this cohort, we included biologics-naive adult patients (ages $18 years) diagnosed as having SpA (excluding
psoriatic arthritis) by their treating rheumatologist. All patients received their first TNFi (adalimumab, etanercept,
golimumab, or infliximab) between 2001 and 2014. The baseline study visit corresponds to the start date of the first TNFi.
Patients were then reassessed after 3 months of therapy, after
6 months of therapy, and thereafter every 6 months, with
clinical data being recorded for each patient by the treating
rheumatologist. For the current study, a dedicated team of
researchers from each participating center was assigned to
compare information on a core set of sociodemographic and
clinical variables between the central database and the medical
records, in order to complete missing information whenever
possible. This data quality assessment strategy has been
proven to decrease the risk of information bias (22).
Outcome and definition of exposure period. The
main outcome of this study was time to first TNFi discontinuation. The exposure period (drug survival) comprised the time
between the first TNFi administration and therapy discontinuation (or censoring), as well as the time period representing
twice the half-life of the drug (3 days for etanercept, 9 days for
infliximab, 14 days for adalimumab, and 14 days for golimumab). Cases in which patients suspended therapy but
resumed the same TNFi (regardless of the time interval) were
not considered discontinuations; however, this time was
discounted from the exposure period. This was done in
order to disregard temporary treatment pauses due to clinical
reasons (e.g., infections, surgery, or pregnancy).
In order to capture adverse events occurring early in
the treatment course, no minimum follow-up time was
required for inclusion. Patients who did not discontinue

EFFECTS OF csDMARDs ON TNFi RETENTION IN SpA

therapy were censored at the date of the last available visit or
at the date of database extraction (February 5, 2015).
The date of discontinuation and reason for discontinuation of a TNFi (inefficacy, adverse event, or other) were recorded by the rheumatologist. Primary and secondary
treatment failures were defined a posteriori (assessed after 3
months of therapy) according to the Ankylosing Spondylitis
Disease Activity Score (ASDAS) showing clinically important
improvement (defined as a decrease from baseline of $1.1)
(23). A patient was classified in the primary failure group if a
treatment response at 3 months was not achieved, and in the
secondary failure group if a treatment response at 3 months
was achieved but any time was lost during the follow-up.
Clinical assessments. Clinical data included the following variables: 1) baseline sociodemographic features, including age, disease duration, sex, years of formal education,
and smoking status; 2) disease activity as assessed by the
ASDAS using the C-reactive protein (CRP) level, the Bath
Ankylosing Spondylitis Disease Activity Index (BASDAI)
(24), the patient’s global assessment of disease activity using a
0–100-mm visual analog scale (VAS), and the patient’s assessment of pain using a 0–100-mm VAS; 3) functional status as
assessed by the Bath Ankylosing Spondylitis Functional Index
(BASFI) (25); 4) number of painful joints (range 0–73) and
number of swollen joints (range 0–75) at physical examination;
5) laboratory assessments, including measurement of the CRP
level (in mg/dl) and erythrocyte sedimentation rate (in mm/
hour); and 6) current medications, including the specific
TNFi, comedication with csDMARDs, oral steroids, and nonsteroidal antiinflammatory drugs (NSAIDs). Except for the
sociodemographic features, variables were collected at all visits.
Patients were divided into 5 categories according to
the pattern of csDMARD use, as follows: 1) patients starting
csDMARDs and the TNFi simultaneously; 2) patients stopping csDMARDs when starting the TNFi; 3) patients starting
csDMARDs after the start of the TNFi; 4) patients continuing
csDMARDs when the TNFi was started; and 5) patients who
never received csDMARDs (neither before nor after starting
the TNFi).
Statistical analysis. TNFi retention was assessed
using Kaplan-Meier survival analysis. With this method, we
estimated the annual rate of TNFi discontinuation. Using the
log rank test, Kaplan-Meier estimates were compared between
patients discontinuing the TNFi due to inefficacy and those
discontinuing due to adverse events, and between those receiving and those not receiving csDMARD comedication. Time to
discontinuation was also assessed separately for patients
starting the TNFi before 2007 and those starting after 2007.
This year was chosen to assess the effect of the availability of
more than 2 types of TNFi on drug discontinuation (26).
Multivariable Cox proportional hazard regression was
used to ascertain the association between csDMARD
comedication and TNFi retention at baseline and as a timevarying covariate in separate models. Patient- and diseaserelated covariates were included in the multivariable models if
they were considered potentially meaningful in the univariable
analysis (at a significance level of P , 0.20) or if they were considered clinically relevant. Clinically relevant covariates were
selected a priori, and these included age, sex, year of TNFi
start (before or after 2007), other concomitant medications
(oral steroids [yes versus no] and NSAIDs [yes versus no]),
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pattern of csDMARD use (n 5 5), and specific TNFi (n 5 4).
A variable was kept in the final model if it was deemed statistically significant (at P , 0.05) or if it was a confounder of the
association of interest (change in beta coefficient .25%). If 2
variables, which were considered to be collinear under clinical
reasoning, were found to be significant separately, 2 final models were built. The Efron method was used to handle tied discontinuations (27).
Sensitivity analysis. To control for possible confounding by indication, the effect of csDMARDs on TNFi discontinuation was also assessed after propensity score
adjustment. In this study, the propensity score was defined as
the conditional probability of being assigned cotreatment with
csDMARDs (in addition to the TNFi) given a set of observed
baseline variables. This method is used in observational studies
to balance covariates between 2 treatment groups (14). Age, the
BASFI, the ASDAS, the number of swollen joints, sex, and
year of TNFi start were selected, based on content knowledge,
to estimate the propensity score, using multivariable probit
regression with csDMARD treatment as the dependent variable
(also using cotreatment with methotrexate or sulfasalazine
as the dependent variable in separate models) (for details on
the propensity score estimation, see Supplementary Methods,
Supplementary Tables 1–9, and Supplementary Figures 1–6,
available on the Arthritis & Rheumatology web site at http://
onlinelibrary.wiley.com/doi/10.1002/art.39772/abstract). Finally,
through Cox regression, we obtained a propensity score–
adjusted estimate of the effect of csDMARD comedication on
TNFi discontinuation. All data analyses were performed using
Stata software version 12.1 (StataCorp).

RESULTS
Baseline characteristics of the patients. In total,
954 patients diagnosed as having SpA by their treating
rheumatologist from 44 centers were included. Table 1
shows the baseline characteristics of the patients who
discontinued their TNFi and those who remained on
treatment with their TNFi, as well as patients who
received csDMARD comedication and those who did
not receive csDMARDs. A large proportion of patients
were treated with csDMARDs at baseline (389 [41%] of
954). Patients with peripheral arthritis were more likely
to receive csDMARDs than were patients without
peripheral arthritis (137 [68.2%] of 201 versus 144
[37.9%] of 380). Sulfasalazine was the most common
csDMARD administered (165 [42.4%] of 389 patients),
followed by methotrexate (119 [30.6%] of 389 patients),
while 87 patients (22.4%) were taking both drugs and 18
patients (4.6%) were taking another csDMARD. Compared to those not receiving csDMARDs, those receiving
csDMARDs had higher mean CRP levels, had higher
numbers of tender and swollen joints, and were more
likely to be cotreated with oral steroids and NSAIDs
(Table 1).
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Table 1. Baseline characteristics of the patients discontinuing or not discontinuing TNFi and those receiving or not receiving csDMARD
comedication during the follow-up*

Age at disease onset, mean 6 SD years (n 5 822)
Disease duration, mean 6 SD years (n 5 822)
Age, mean 6 SD years
Male sex, no. (%)
Years of formal education, mean 6 SD
Current smoker, no. (%)
Number of painful joints (range 0–75), mean 6 SD (n 5 603)
Number of swollen joints (range 0–72), mean 6 SD (n 5 581)
At least 1 swollen joint, no. (%) (n 5 581)
ESR, mean 6 SD mm/hour (n 5 614)
CRP, mean 6 SD mg/dl (n 5 613)
Patient’s global assessment of disease
activity on VAS (scale 0–100), mean 6 SD (n 5 616)
Patient’s pain assessment on VAS (scale 0–100),
mean 6 SD (n 5 585)
BASDAI (scale 0–10), mean 6 SD (n 5 633)
ASDAS
Continuous score, mean 6 SD (n 5 560)
High or very high disease activity, no. (%) (n 5 560)
BASFI (scale 0–10), mean 6 SD (n 5 564)
TNFi, no. (%)
Adalimumab
Etanercept
Golimumab
Infliximab
Any csDMARD, no. (%)
Oral steroids, no. (%)
NSAIDs, no. (%)

Patients with
TNFi
discontinuation
(n 5 289)

Patients without
TNFi
discontinuation
(n 5 665)

Patients with
any csDMARD
comedication
(n 5 389)†

Patients without
csDMARD
comedication
(n 5 565)

27.6 6 11.1
13.7 6 10.6
41.0 6 11.7
158 (54.7)
10.5 6 4.7
71 (29.8)
4.5 6 7.5
1.0 6 2.0
63 (34.8)
34.2 6 25.4
2.4 6 3.4
65.7 6 22.9

27.8 6 11.2
13.6 6 10.3
41.9 6 12.2
411 (61.8)
10.0 6 4.3
134 (26.4)
3.6 6 6.0
1.2 6 2.2
138 (34.5)
34.9 6 26.3
2.5 6 3.3
63.4 6 24.2

28.8 6 11.3
13.5 6 10.4
42.5 6 12.7
216 (55.5)
10.0 6 4.5
79 (23.9)
5.5 6 8.1
1.7 6 2.6
137 (48.8)
36.6 6 26.5
2.8 6 3.4
63.2 6 24.8

27.1 6 11.0
13.8 6 10.4
41.0 6 11.6
353 (62.5)
10.4 6 4.4
126 (30.4)
2.4 6 4.2
0.6 6 1.5
64 (21.3)
33.0 6 25.4
2.1 6 3.2
65.0 6 22.9

60.9 6 23.5

57.8 6 26.7

57.2 6 27.1

60.2 6 24.5

6.3 6 1.8

5.9 6 1.9

6.1 6 2.0

6.0 6 1.8

3.8 6 1.0
177 (97.3)
5.9 6 2.3

3.7 6 0.9
365 (96.6)
5.5 6 2.5

3.8 6 0.99
253 (95.8)
5.5 6 2.5

3.7 6 0.90
289 (97.6)
5.8 6 2.3

80 (27.7)
69 (23.9)
27 (9.3)
113 (39.1)
121 (41.9)
65 (22.5)
119 (41.2)

205
211
105
144
268
109
223

115 (29.6)
117 (30.1)
102 (26.2)
55 (14.1)
NA
126 (32.4)
167 (42.9)

174 (30.1)
163 (28.9)
155 (27.4)
77 (13.6)
NA
48 (8.5)
175 (31.0)

(30.8)
(31.7)
(15.8)
(21.7)
(40.3)
(16.4)
(33.5)

* TNFi 5 tumor necrosis factor inhibitors; csDMARD 5 conventional synthetic disease-modifying antirheumatic drug; ESR 5 erythrocyte sedimentation rate; CRP 5 C-reactive protein; VAS 5 visual analog scale; BASDAI 5 Bath Ankylosing Spondylitis Disease Activity Index;
ASDAS 5 Ankylosing Spondylitis Disease Activity Score; BASFI 5 Bath Ankylosing Spondylitis Functional Index; NA 5 not applicable;
NSAIDs 5 nonsteroidal antiinflammatory drugs.
† Methotrexate alone, n 5 119; sulfasalazine alone, n 5 165; sulfasalazine and methotrexate, n 5 87; other, n 5 18.

Reason for TNFi discontinuation and unadjusted drug survival. Of the 954 patients, 289 (30.3%)
discontinued their first TNFi after a median follow-up
time of 2.5 years (range 0.08–13 years). The annual discontinuation rate was 9.7% (95% confidence interval
[95% CI] 8.6–10.9%), with a probability of maintaining
the same TNFi after 1 year, 2 years, and 5 years of
81.5%, 76.3%, and 62.8%, respectively (Figure 1A).
As shown in Table 2, inefficacy was the most
common reason for TNFi discontinuation (55.7% of
patients), followed by adverse events (31.1% of
patients). Allergic reactions and infections were the
leading reasons for discontinuation due to adverse
events (9.0% and 8.7%, respectively), but these were
relatively uncommon when considering all reasons for
discontinuation.
The annual rate of TNFi discontinuation was not significantly different between patients receiving csDMARDs
at baseline and those not receiving csDMARDs.

Specifically, between patients receiving csDMARD
comedication and those not receiving csDMARD
comedication, no significant differences were observed
with regard to the rate of discontinuation due to any reason (9.9% versus 9.5%; P 5 0.79), rate of discontinuation
due to inefficacy (52.5% versus 49.1%; P 5 0.62), or rate
of discontinuation due to an adverse event (75.0% versus
67.3%; P 5 0.76).
Baseline and time-varying predictors of TNFi
discontinuation. Table 3 shows the multivariable models in which we tested the baseline and time-varying predictors of TNFi discontinuation. Comedication with
csDMARDs had no effect on the rate of TNFi discontinuation, neither at baseline (hazard ratio [HR] 0.83,
95% CI 0.59–1.16) nor during follow-up in the model
assessing it as a time-varying covariate (HR 1.07, 95%
CI 0.68–1.68). In a subgroup analysis, we found that
patients receiving methotrexate were significantly less
likely to discontinue their first TNFi as compared to
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0.52–1.45). The effect of sulfasalazine on TNFi discontinuation was found to be nonsignificant, both in the
baseline model (HR 1.00, 95% CI 0.73–1.40) and in the
model with time-varying variables (HR 0.95, 95% CI
0.59–1.52).
In the baseline model with fixed covariates, an
elevated CRP level was associated with TNFi retention
(HR 0.62, 95% CI 0.46–0.84), and starting treatment
with the TNFi after 2007 was associated with TNFi discontinuation (HR 1.81, 95% CI 1.19–2.75). Patients taking adalimumab and those taking etanercept had longer
TNFi retention as compared to those taking infliximab
(HR 0.65, 95% CI 0.45–0.95 and HR 0.55, 95% CI 0.38–
0.80, respectively). We found no statistically significant
interaction between csDMARD use at baseline and use
of any of the different TNFi (P 5 0.86), nor was there
any statistically significant interaction between
csDMARD use and the presence of peripheral arthritis,
when the latter was defined as having at least 1 swollen
joint (P 5 0.54), at least 1 painful joint (P 5 0.16), or
both (P 5 0.43). These interactions were also not significant when considering separately those patients taking
methotrexate and those taking sulfasalazine (data not
shown).

Table 2. Reasons for discontinuation of the first TNFi in patients
with spondyloarthritis*
Inefficacy
Primary failure†
Secondary failure†
Adverse event
Allergy
Infection‡
Malignancy§
Liver dysfunction (except viral hepatitis)
Psoriasis
Hematologic disorders
Pulmonary diseases except infection¶
Not specified
Other adverse event
Other reason
Unknown reason
Total no. with TNFi discontinuation
Figure 1. Unadjusted probability of maintaining treatment (drug
survival) with the first tumor necrosis factor inhibitor (TNFi) in
patients with spondyloarthritis. Drug survival over the follow-up
period was assessed in all patients (A) and between patients who
received conventional synthetic disease-modifying antirheumatic
drugs (csDMARDs) and those who did not receive csDMARDs,
adjusted for the baseline multivariable model without propensity
score (PS) adjustment (B) or with propensity score adjustment (C).
adHR 5 adjusted hazard ratio; 95% CI 5 95% confidence interval.

those not receiving this drug, as determined in the baseline model (HR 0.60, 95% CI 0.41–0.89) but not in the
model with time-varying covariates (HR 0.87, 95% CI

161 (55.7)
50 (17.3)
36 (12.5)
90 (31.1)
26 (9.0)
25 (8.7)
5 (1.7)
5 (1.7)
4 (1.4)
3 (1.0)
2 (0.7)
12 (4.2)
8 (2.8)
27 (9.3)
11 (3.8)
289

* Values are the number (%) of patients (total cohort n 5 954).
TNFi 5 tumor necrosis factor inhibitor.
† Defined according to the Ankylosing Spondylitis Disease Activity
Score showing clinically important improvement (a decrease from
baseline of $1.1) at 3 months compared to baseline. A patient was
classified in the primary failure group if a treatment response at 3
months was not achieved, and in the secondary failure group if a
treatment response at 3 months was achieved but then was lost at
any time during the follow-up before discontinuation. For 75
patients, who discontinued because of inefficacy as determined by
the rheumatologist, no information regarding disease activity at 3
months was available.
‡ Includes 4 cases of active tuberculosis.
§ One case of prostate cancer, 1 case of carcinoid, 2 cases of breast
cancer, and 1 case of endometrium carcinoma.
¶ Two cases of interstitial pneumonia.
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Table 3. Baseline and time-varying determinants of first TNFi discontinuation as determined in multivariable Cox regression analyses*

Age at baseline (,40 years vs. $40 years)
Sex (male vs. female)
Years of formal education
TNFi start year (at or after 2007 vs. before 2007)
Elevated CRP level (relative to ,0.5 mg/dl)
BASDAI score (scale 0–10)
ASDAS (scale 0–10)
Any csDMARD (relative to no csDMARDs)
TNFi (relative to infliximab)
Adalimumab
Etanercept
Golimumab

Baseline model,
HR (95% CI)
(n 5 613)

Time-varying model,
HR (95% CI)
(n 5 470)

0.57 (0.18–1.78)†
0.76 (0.57–1.02)†
§
1.81 (1.19–2.75)
0.62 (0.46–0.84)
§
#
0.83 (0.59–1.16)†

‡
0.62 (0.34–1.11)†
1.05 (1.01–1.10)
2.11 (1.19–3.71)
¶
¶
2.09 (1.78–2.45)
1.07 (0.68–1.68)†

0.65 (0.45–0.95)
0.55 (0.38–0.80)
0.78 (0.46–1.33)

0.83 (0.50–1.40)†
0.61 (0.36–1.02)†
0.95 (0.41–2.25)†

* Both models were adjusted for the pattern of conventional synthetic disease-modifying anitrheumatic
drug (csDMARD) use (never, continued, stopped at beginning of tumor necrosis factor inhibitor
[TNFi] treatment, began with TNFi treatment, began after TNFi treatment) and use of nonsteroidal
antiinflammatory drugs and oral steroids. HR 5 hazard ratio; 95% CI 5 95% confidence interval;
CRP 5 C-reactive protein; BASDAI 5 Bath Ankylosing Spondylitis Disease Activity Index; ASDAS 5
Ankylosing Spondylitis Disease Activity Score.
† Forced entry in the final model due to clinical relevance.
‡ Not included in the multivariable analysis to avoid overfitting the model (time variable also included).
Other variables that were tested in the univariable analysis and not selected for the multivariable analysis (P $ 0.20 in the univariable model) were age at disease onset, disease duration, and smoking status.
§ Not selected during multivariable analysis (P $ 0.05). Other variables not selected in the multivariable
analysis were the erythrocyte sedimentation rate, number of swollen joints, number of tender joints,
patient’s global assessment of disease activity on visual analog scale (VAS), patient’s assessment of
pain on VAS, and the Bath Ankylosing Spondylitis Functional Index.
¶ Not included because of collinearity.
# Not included in the multivariable model (P $ 0.20 in the univariable model).

In the model with time-varying covariates during
follow-up, an association with TNFi discontinuation was
found in patients with more years of formal education
(HR 1.05, 95% CI 1.01–1.10), those who started treatment with the TNFi after 2007 (HR 2.11, 95% CI 1.19–
3.71), and those with a high ASDAS during follow-up
(HR 2.09, 95% CI 1.78–2.45). In addition, in a separate
model, a high BASDAI (HR 1.26, 95% CI 1.16–1.37)
and elevated CRP levels (HR 2.41, 95% CI 1.64–3.55)
were also independent time-varying determinants of
TNFi discontinuation. We found a trend toward longer

TNFi retention in men as compared to women, both in
the baseline model (HR 0.76, 95% CI 0.57–1.02) and in
the model with time-varying covariates (HR 0.62, 95%
CI 0.34–1.11).
Results of sensitivity analysis. In models adjusted for the treatment propensity score, the treatment
effect of csDMARD comedication on TNFi retention
remained statistically nonsignificant, both in the baseline model (HR 0.81, 95% CI 0.55–1.22) (Table 4 and
Figures 1B and C) and in the time-varying model (HR
0.99, 95% CI 0.57–1.74). Similarly, the significant effect

Table 4. Effect of csDMARD comedication on TNFi discontinuation at baseline and as a timevarying covariate, without and with propensity score adjustment*

Without propensity score adjustment†
With propensity score adjustment‡

Baseline model,
HR (95% CI)

Time-varying model,
HR (95% CI)

0.83 (0.59–1.16)
0.81 (0.55–1.22)

1.07 (0.68–1.68)
0.99 (0.57–1.74)

* Values are the hazard ratio (HR) with 95% confidence interval (95% CI) for discontinuation of
tumor necrosis factor inhibitors (TNFi) in patients receiving any conventional synthetic diseasemodifying antirheumatic drugs (csDMARDs) relative to those not receiving any csDMARDs.
† For the full models, see Table 3.
‡ Same baseline model and model with time-varying covariates as in Table 3, as well as the propensity
score added as a covariate.
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of methotrexate in the baseline model was lost after propensity score adjustment (HR 0.73, 95% CI 0.48–1.09)
and remained nonsignificant in the model with timevarying variables (HR 1.03, 95% CI 0.55–1.91). Furthermore, the effect of sulfasalazine remained nonsignificant after propensity score adjustment in both models
(HR 0.98, 95% CI 0.67–1.44 in the baseline model and
HR 0.94, 95% CI 0.53–1.65 in the time-varying model).
DISCUSSION
In this nationwide prospective, observational
study of patients with SpA, we demonstrate a high rate
of long-term TNFi retention (63% of patients after 5
years), which may reflect an overall acceptable effectiveness in daily practice. Importantly, comedication with
csDMARDs did not have a measurable effect on TNFi
retention, neither in the prediction analysis (with baseline and time-varying covariates) nor in the dedicated
propensity-adjusted analysis with a focus on confounding by indication.
Drug retention is a complex outcome measure
that captures not only benefits but also potentially
harmful effects of the treatment (e.g., adverse events,
unacceptable costs, and lack or loss of efficacy) and is
commonly used in observational research to assess the
effectiveness of a drug in real world settings (6).
Although highly relevant to clinical practice, the effect
of csDMARD comedication on TNFi retention in
patients with SpA has rarely been tested, and previous
studies have yielded contradictory results; while some
investigators have failed to find a benefit (8–10), others
have demonstrated beneficial effects (11). However, the
well-known methodologic challenges of observational
research justify cautious interpretations of these reports,
in which incomplete or fallible analyses may have led to
spurious conclusions (12). With these challenges in
mind, we sought to confirm whether csDMARDs prolong TNFi retention in patients with SpA in clinical
practice.
In the current study, we assessed the association
between csDMARD comedication and TNFi retention
after adjusting for a comprehensive set of potential
patient- and disease-related confounders. Moreover,
unlike previous studies, besides controlling for baseline
covariates, we also estimated the treatment effect of
csDMARDs as a time-varying variable, in models
adjusted for covariates that change over time (e.g., 6monthly repeated measures of disease activity). While
the baseline model provides the prognostic effect of
these features at the start of therapy, the model with
time-varying variables accounts for their dynamic
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changes and how these variations influence TNFi retention after treatment start. In this prediction analysis, no
effect of comedication with csDMARDs, neither at
baseline nor during therapy, was observed. On the contrary, high disease activity had significant, but opposite,
effects between baseline (TNFi retention) and followup (TNFi discontinuation). These seemingly discrepant
results truly reflect different domains; that is, whereas at
baseline, high disease activity is prognostic for a higher
treatment response and, thus, may favor TNFi retention, during follow-up, time-varying disease activity
measures are indicators of treatment failure (physicians
tend to stop the TNFi treatment in patients with persistently high disease activity). Therefore, it is important to
adjust for repeated measures of disease activity, as well
as other time-varying covariates, to best estimate the
treatment effect of csDMARDs, rather than to consider
only the baseline values (as has been done thus far).
Despite this comprehensive set of adjustments,
the nonsignificant effect of csDMARDs on TNFi retention
estimated in the prediction analysis may still be blurred
by selection bias, in particular by a specific type of selection bias, appropriately labeled confounding by indication (or channeling bias) (13,28). Unlike in RCTs, in
which random treatment allocation ensures that differences in outcomes between the treated and untreated
patients are not affected (or confounded) by the patients’
characteristics prior to treatment (14), in our study (as in
any observational study), the patient’s baseline characteristics are expected to have an effect. In fact, rheumatologists may have preferentially prescribed csDMARDs
to patients with more active/severe disease (as suggested
by the higher CRP levels and higher numbers of tender
and swollen joints at baseline among those taking
csDMARDs). By definition, a confounding factor (such
as disease activity) is associated with both the exposure
(csDMARDs) and the outcome (TNFi discontinuation).
Therefore, the effect of csDMARDs on TNFi retention
may represent a mixing of effects that is driven by prognostic dissimilarities between csDMARD users and
nonusers, thus hindering a direct assessment of the true
treatment effect (29).
Although it has been shown that confounding by
indication cannot be appropriately handled by simple
covariate adjustment, propensity score adjustment can
effectively control for this type of selection bias (14). To
our knowledge, this is the first study to evaluate the propensity score–adjusted effect of csDMARDs on TNFi
retention in patients with SpA. With propensity score
adjustment, variables that affect treatment assignment,
such as the presence of peripheral arthritis, were
balanced between csDMARD users and nonusers
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(pseudo-randomization). Our results indicate that TNFi
retention was still independent of the use of csDMARD
comedication, even after the analyses were controlled
for confounding by indication, by considering patients
receiving any csDMARD and also considering separately those patients receiving either methotrexate or
sulfasalazine.
The longer TNFi retention among patients receiving etanercept and those receiving adalimumab as compared to those receiving infliximab may also be affected
by confounding by indication. Thus, our results pertaining to differences between the various TNFi retention
rates must be carefully interpreted. The current study did
not aim to address this question and, unlike the effect of
csDMARDs on TNFi retention, confounding by indication was not corrected for this association.
In addition to measures of disease activity (the
ASDAS, CRP level, and BASDAI) and a modest effect
of education, no other patient- and disease-related features (neither time-fixed nor time-varying) were found
to be predictors of TNFi retention. Although previous
studies have also identified other predictors of TNFi
retention, such as younger age and male sex, these variables were not consistently significant across the studies
(8,10,15–18). This shows that we are not yet able to
identify those patients who will most likely benefit from
TNFi therapy. More research on additional biomarkers
with prognostic value is warranted (30).
Our study has several strengths, but also limitations. This was a large nationwide study performed in a
real world setting, rendering its results easy to translate
into daily practice. Moreover, we utilized the most comprehensive set of adjustments yet performed to handle
confounding of the effect of csDMARDs on TNFi
retention, including, to the extent possible, confounding
by indication. However, the possibility of residual confounding from unmeasured variables can never be completely ruled out. In addition, we have also addressed
information bias by completing the information in the
central database with data from local medical records.
Even so, missing data on features of the patients with
SpA precluded assessment of the patients’ disease classification status according to the ASAS SpA criteria.
However, cases of SpA were defined on the basis of the
treating rheumatologist’s diagnosis, which is commonly
done in registry studies to best reflect clinical practice.
In conclusion, after adjustment for potential
time-fixed and time-varying confounders and controlling
for confounding by indication, csDMARD comedication
did not protect against discontinuation of the first TNFi
in patients with SpA in clinical practice. Our results
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suggest that there is no added benefit from concomitant
use of these drugs in patients with SpA.
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