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Objective. Tumor necrosis factor (TNF) inhibitors have revolutionized the treatment of severe rheumatoid arthritis (RA),
yet drug discontinuation is common. The aim of this study was to compare treatment retention rates and specific causes
of anti-TNF discontinuation in a population-based RA cohort.
Methods. All patients treated with etanercept, infliximab, or adalimumab within the Swiss Clinical Quality Management
RA cohort between 1997 and 2006 were included in the study. Causes of treatment discontinuation were broadly
categorized as adverse events (AEs) or nontoxic causes, and further subdivided into specific categories. Specific causes of
treatment interruption were analyzed using a Cox proportional hazards model and adjusted for potential confounders.
Results. A total of 2,364 anti-TNF treatment courses met the inclusion criteria. Treatment discontinuation was reported
803 times: 309 with etanercept, 249 with infliximab, and 245 with adalimumab. Drug inefficacy represented the largest
single cause of treatment discontinuation (55.8% of cases). The median time of receiving anti-TNF therapy was 37 months,
but discontinuation rates differed between the 3 anti-TNF agents (P < 0.001), with shorter retention rates for infliximab
(hazard ratio [HR] 1.24, 99% confidence interval [99% CI] 1.01–1.51). The specific causes of treatment discontinuation
revealed an increased risk of AEs with infliximab (HR 1.4, 99% CI 1.003–1.96), mostly due to an increased risk of infusion
or allergic reactions (HR 2.11, 99% CI 1.23–3.62). Other discontinuation causes were equally distributed between the
anti-TNF agents.
Conclusion. In this population, infliximab was associated with higher overall discontinuation rates compared with
etanercept and adalimumab, which is mainly due to an increased risk of infusion or allergic reactions.

INTRODUCTION

The prognosis of rheumatoid arthritis (RA) has improved
over the last few decades due to its prompt recognition, the
systematic introduction of disease-modifying antirheu-
matic drugs (DMARDs) at an early stage of the disease, the

use of DMARD combinations, and the availability of more
effective antirheumatic agents (1–4).

The development of biologic agents during the last de-
cade, in particular tumor necrosis factor (TNF) inhibitors,
represents a major breakthrough for the treatment of severe
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forms of RA (5–8). Similar to most active therapies, highly
effective interventions raise concerns about adverse ef-
fects. Conflicting data have been published on increased
rates of bacterial infections and malignancies associated
with anti-TNF agents (9–13). Available anti-TNF agents
neutralize the TNF in different ways: etanercept is a solu-
ble TNF receptor (humanized protein) acting as a compet-
itive inhibitor, whereas infliximab and adalimumab are
monoclonal antibodies (chimeric [human IgG�/murine Fv]
for infliximab and fully human for adalimumab) (14,15).
Given these differences, distinct safety profiles and effi-
cacy figures might be expected between these agents. Post-
marketing data have suggested an increased risk of reacti-
vation of latent tuberculosis with monoclonal antibodies
compared with soluble receptors (16), and suggested that
certain anti-TNF agents work better in specific chronic
inflammatory diseases than in others (17,18). However, it
remains unclear how the differences affect the long-term
therapeutic effectiveness and overall tolerability of the
agents.

In clinical practice, drug-related side effects, primary
nonresponse, or secondary drug resistance to anti-TNF
agents are common problems (4,19). Comparative analyses
of anti-TNF discontinuation rates have generally found no
difference between available agents (4). However, compar-
ative studies are sparse and have limited followup time
and relatively low numbers of treatment interruptions.
The aims of this population-based cohort study were to 1)
compare the treatment retention rates between etanercept,
infliximab, and adalimumab and 2) compare the specific
causes of treatment discontinuation.

PATIENTS AND METHODS

Study population. We conducted a longitudinal, obser-
vational, population-based cohort study using data from
the Swiss Clinical Quality Management for Rheumatoid
Arthritis (SCQM-RA) registry. The SCQM-RA is a national
program designed by the Swiss Society for Rheumatology
aimed at longitudinally following patients with RA. Pa-
tients are assessed at least yearly for disease activity, ra-
diographic joint damage, function, quality of life, and
other patient characteristics. Information on current treat-
ment, changes in medication, withdrawal, and side effects
are also reported. An estimated 70–80% of all RA patients
from Switzerland receiving biologic agents are included in
the registry (4). Approximately half of the patients come
from private rheumatology practices, 30% come from non-
academic hospital centers, and 20% come from academic
centers. We included all patients in the database treated
with an anti-TNF agent between January 1997 and Decem-
ber 2006. When the reason for anti-TNF discontinuation
was unclear or the dates of initiation or discontinuation
were uncertain in the database, we contacted the treating
physician to ascertain this information. If he or she did not
answer the first request, a second was sent. Currently, no
compelling guidelines or administrative restrictions exist
in Switzerland that would favor the use of one anti-TNF
agent over another or limit dose adjustments of these
agents if needed. One previous study published in the

same population demonstrated a clinically significant
dose escalation for infliximab (4).

Primary outcome. The primary end points of this study
were the time to anti-TNF discontinuation and the specific
causes for drug discontinuation. We first examined the
time until drug discontinuation independently of the rea-
son that led to drug interruption. Drug discontinuation
rates or drug survival rates indicated both the patient’s and
doctor’s satisfaction with the therapy and provided a use-
ful summary measure of the overall treatment effective-
ness and tolerability (20,21). Drug interruption was de-
fined as the discontinuation of the current anti-TNF agent
for more than 6 months. Temporary interruptions (less
than 6 months) were not considered a drug discontinua-
tion. We categorized causes of drug discontinuation into
adverse events (AEs; including acute systemic reactions
consisting of acute infusion or systemic allergic reactions,
dermatologic reactions, infectious complications, malig-
nancies, and other miscellaneous reasons) and nontoxic
causes (including treatment ineffectiveness, patient pref-
erences, desire for pregnancy, and remission). AEs and
other causes of treatment interruption were attributed to
the current anti-TNF agent independently of the previous
biologic agent. In order to minimize reporting bias by
physicians, we chose a priori to consider only AEs severe
enough to cause treatment discontinuation. Physicians
were allowed to cite more than one reason for interrupting
the anti-TNF agent.

The exposure of interest for this analysis was the type of
anti-TNF agent received; therefore, all observations were
categorized as adalimumab, infliximab, or etanercept.

Statistical analysis. Baseline disease characteristics
were compared across the 3 anti-TNF agents. For contin-
uous variables, the significance of differences in mean
values was assessed with a one-way analysis of variance
for normally distributed variables, and with the Kruskal-
Wallis test for non–normally distributed variables. For
binary variables, Pearson’s chi-square test was used to
evaluate the significance of differences in proportions. All
statistical tests were 2-sided and evaluated at the 0.05
significance level. The statistical analysis was performed
with Stata, version 9.2 for Windows (StataCorp, College
Station, TX).

Confounding was a concern in this analysis because the
choice of an anti-TNF agent could be associated with dis-
ease severity or treatment tolerability. Because such an
association would substantially influence drug discontin-
uation and the incidence of AEs, we used multivariate
adjustments to correct for such confounding effects. The
time to discontinuation of anti-TNF agents was analyzed
using a Cox proportional hazards model (22). We then
analyzed the proportion of treatment discontinuations ex-
plained by specific causes. We first examined the numbers
of events by anti-TNF agent and evaluated the statistical
significance of differences in proportions using Pearson’s
chi-square test or Fisher’s exact test, when adequate (un-
adjusted analysis). We then adjusted the model for poten-
tial confounders (adjusted analysis). Survival curves for
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the time to discontinuation (drug survival) or time to event
were produced with the Kaplan-Meier product-limit
method (22).

We identified a priori sex, age, disease duration, base-
line disease activity (Disease Activity Score in 28 joints
[DAS28]), baseline functional disability (Health Assess-
ment Questionnaire [HAQ] score), presence of rheumatoid
factor, concomitant DMARDs (leflunomide, methotrexate
[MTX], or other DMARDs), cotherapy with low-dose glu-
cocorticoids, failure of a previous anti-TNF agent, and year
of anti-TNF agent introduction (before 2001, 2001–2003,
or after 2004) as potential confounding factors and cor-
rected for these in the adjusted model. Pairwise compari-
sons between the 3 treatment groups were planned a pri-
ori, but were considered only if the overall comparison
indicated a significant difference between anti-TNF agents
(P � 0.05). To maintain a Type I error at 5%, pairwise
comparisons and confidence intervals of therapeutic
groups were corrected with Bonferroni adjustment proce-
dure.

RESULTS

The total person-time of receiving anti-TNF agents was
3,867 patient-years. Of the 2,364 anti-TNF treatment
courses, 78% were on a first course; 882 patients received
adalimumab, 887 received etanercept, and 595 received
infliximab. The baseline characteristics were consistent
between the 3 anti-TNF groups (Table 1) except for previ-
ous failure of an anti-TNF agent (lower in patients receiv-
ing etanercept; P � 0.001) and concomitant MTX use
(higher in patients receiving infliximab; P � 0.001). These
differences were expected because etanercept was the first
anti-TNF agent on the market in Switzerland and concom-
itant MTX is generally used in combination with inflix-
imab. A total of 803 anti-TNF discontinuations were re-
ported: 245 for adalimumab, 309 for etanercept, and 249
for infliximab. In �55.8% of the anti-TNF discontinua-

tions (448 of 803), the specific motive for interrupting
therapy was unclear from the database; in 298 of 448 cases,
the motive for anti-TNF discontinuation could be eluci-
dated after contacting the treating rheumatologist, but in
19% of cases (151 of 803: 72 etanercept, 32 adalimumab,
and 47 infliximab) the exact reason remained unclear (pa-
tients lost to followup, no answer from the physician after
several requests). Ultimately, 81% (653 of 803) of the
causes of treatment discontinuation could be retrieved and
included in the analysis.

The baseline characteristics of the patients without a
specific cause of anti-TNF interruption did not differ from
the others and was mainly related to the physician in
charge. Mean � SD age was 53 � 14 years (P � 0.36),
mean � SD disease duration was 10.8 � 9.6 years (P �
0.51), mean � SD baseline DAS28 score was 4.38 � 4.4
(P � 0.88), mean � SD baseline HAQ score was 1.35 � 0.71
(P � 0.61), concomitant MTX use was 46% (P � 0.16),
concomitant leflunomide use was 21% (P � 0.09), and
other DMARD use was 21% (P � 0.7).

The median drug survival time for anti-TNF agents was
37 months (interquartile range [IQR] 13–57). Treatment
discontinuation due to AEs occurred on average after 11
months (IQR 4–19), which is significantly shorter than
nontoxic causes of treatment discontinuation occurring
after 18 months (IQR 6–24; P � 0.001). A statistically
significant difference was noted in the discontinuation
rates between the 3 anti-TNF agents (crude P � 0.04,
adjusted P � 0.001) (Figure 1). Infliximab was associated
with the highest treatment discontinuation rate (crude
hazard ratio [HR] 1.19, 99% confidence interval [99% CI]
0.98–1.45; adjusted HR 1.24, 99% CI 1.01–1.51) (Figure 1).
Time to anti-TNF discontinuation because of an AE was
significantly different between the 3 anti-TNF agents in
disfavor of infliximab (HR 1.4, 99% CI 1.003–1.96; Cox
proportional hazards model P � 0.02) (Figure 2), whereas
no differences existed in treatment discontinuation due to
nontoxic causes (Cox proportional hazards model P �

Table 1. Baseline characteristics of the study population*

Infliximab
(n � 595)

Etanercept
(n � 887)

Adalimumab
(n � 882) P†

Age, years 53 � 13 54 � 14 55 � 13 0.16
Men, % 24 22 21 0.42
Disease duration, years 10 � 9 10 � 9 10 � 9 0.2
Rheumatoid factor positivity, % 77 74 75 0.88
Failure of previous anti-TNF agent, % 23 19 27 � 0.001
DAS28† 4.27 � 1.52 4.23 � 1.53 4.14 � 1.42 0.066
RADAI† 4.29 � 2.14 4.31 � 2.24 4.16 � 2.15 0.37
HAQ score† 1.32 � 0.72 1.25 � 0.76 1.17 � 0.71 0.117
DMARDs, no. (%)‡

Methotrexate 439 (74) 486 (55) 541 (61) � 0.001
Leflunomide 99 (17) 151 (17) 160 (18) 0.765
Other 101 (17) 164 (19) 181 (20) 0.246
No DMARDs 67 (11) 252 (29) 195 (22) � 0.001

Glucocorticoids, no. (%) 312 (52) 460 (52) 439 (49) 0.409

* Values are the mean � SD unless otherwise indicated. Anti-TNF � anti–tumor necrosis factor; DAS28 � 28-joint Disease Activity Score; RADAI �
Rheumatoid Arthritis Disease Activity Index; HAQ � Stanford Health Assessment Questionnaire; DMARDs � disease-modifying antirheumatic drugs.
† One-way analysis of variance of means for continuous variables.
‡ Patients could be receiving �1 concomitant DMARD; therefore, the total could exceed 100%.
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0.38) (Figure 3). Strong confounders of the overall discon-
tinuation rate proved to be previous failure of an anti-TNF
agent and the year of treatment initiation. Median drug
survival was the longest for the first anti-TNF agent (37
months [IQR 13–57]) and decreased with subsequent anti-
TNF agents (21 months [IQR 11–40] for the second anti-
TNF agent, 13 months [IQR 6–29] for the third anti-TNF
agent). Anti-TNF agents started before 2000 had a median
survival time of 43 months compared with 37 months from
2001–2004 and 26 months after 2005. Other significant

predictors for treatment discontinuation included absence
of concomitant glucocorticoids (HR 1.69, 95% confidence
interval [95% CI] 1.46–1.95) and high baseline DAS28
levels (HR 1.09, 95% CI 1.02–1.16). We also found a trend
in favor of a lower risk of discontinuation of anti-TNF
agents in combination with MTX (HR 0.85, 95% CI 0.70–
1.02). After adjusting for these variables in the multivariate
analysis, the relative risk for treatment discontinuation of
adalimumab compared with infliximab was significantly
modified (crude HR 0.87, 99% CI 0.70–1.10; adjusted HR
0.74, 99% CI 0.59–0.92), suggesting that previous failure
of an anti-TNF agent and the year of treatment initiation
particularly affected adalimumab treatment maintenance.
After 1 year of anti-TNF initiation, 78% of the patients
were still receiving infliximab, 82% were receiving etan-
ercept, and 84% were receiving adalimumab. At 2 years,
58% were receiving infliximab, 65% were receiving etan-
ercept, and 66% were receiving adalimumab (Figure 1).

Overall, AEs were responsible for treatment discontinu-
ation in 48.7% of cases (318 of 653): 16% for acute sys-
temic reactions (105 cases), 10% for a dermatologic com-
plication (65 cases), 14% for infections (89 cases), 2% for
malignancies (15 cases), and 24% for other miscellaneous
complications (157 cases, including neurologic, ophthal-
mologic, cardiovascular, pulmonary, gastroenterological,
renal, hematologic, and osteoarticular). Nontoxic causes
were responsible for treatment discontinuation in 61% of
cases (397 of 653). Treatment inefficacy represented the
largest single cause for anti-TNF treatment discontinua-
tion (50% [327 cases]). At the time of treatment interrup-
tion, the mean DAS28 level in this cohort was 4.37 (95%
CI 4.21–4.53) compared with 3.78 (95% CI 3.66–3.90)
for patients with other causes of treatment discontinua-
tion (P � 0.001). Other nontoxic causes included patient

Figure 2. Kaplan-Meier curve for time to anti–tumor necrosis
factor (anti-TNF) agent discontinuation (drug survival) due to
adverse events. The survivor curve was adjusted for rheumatoid
factor positivity, baseline disease activity scores (Disease Activity
Score in 28 joints), baseline levels of functional disability (Health
Assessment Questionnaire), year of treatment initiation, and fail-
ure of previous anti-TNF agents. ADA� adalimumab; INF � in-
fliximab; ETA� etanercept.

Figure 1. Kaplan-Meier curve for time to anti–tumor necrosis
factor (anti-TNF) agent discontinuation (drug survival). All causes
of discontinuation were analyzed together. The survivor curve
was adjusted for rheumatoid factor positivity, baseline disease
activity scores (Disease Activity Score in 28 joints), baseline levels
of functional disability (Health Assessment Questionnaire), year
of treatment initiation, and failure of previous anti-TNF agents.
ADA � adalimumab; INF � infliximab; ETA � etanercept.

Figure 3. Kaplan-Meier curve for time to anti–tumor necrosis
factor (anti-TNF) agent discontinuation (drug survival) due to
nontoxic causes, including ineffectiveness, remission, desire for
pregnancy, and patient preference. The survivor curve was ad-
justed for rheumatoid factor positivity, baseline disease activity
scores (Disease Activity Score in 28 joints), baseline levels of
functional disability (Health Assessment Questionnaire), year of
treatment initiation, and failure of previous anti-TNF agents.
ADA � adalimumab; INF � infliximab; ETA � etanercept.
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preference in 8.8% (58 cases), remission in 33% (22 cases),
and desire for pregnancy in 1.0% (7 cases). Physicians
could motivate anti-TNF discontinuation with more than
one reason, which explains why the total exceeds 100%.

The proportion of overall AEs causing treatment discon-
tinuation did not differ significantly between the 3 anti-
TNF agents (P � 0.093) (Table 2), although slightly more
AEs were reported as a cause for treatment discontinuation

with infliximab (52%) compared with adalimumab and
etanercept (�43% and 49%, respectively). Similar results
were seen when taking into account the time to an AE and
adjusting for differences in baseline risk factors (Table 3),
with an increased overall risk of AEs with infliximab (HR
1.4, 99% CI 1.00–1.96) compared with etanercept and
adalimumab. An analysis of the specific types of AEs re-
vealed significantly more acute systemic reactions with

Table 2. Causes of treatment discontinuation: number of events by anti–tumor necrosis factor agent (unadjusted analysis)

Infliximab, no. (%)
(n � 209)

Etanercept, no. (%)
(n � 237)

Adalimumab, no. (%)
(n � 213) P*

Total person-time receiving
medication, patient years

1,042 1,660 1,165

All adverse events 108 (51.7) 118 (49) 92 (43.2) 0.093
Acute systemic reaction† 50 (23.9) 24 (10) 31 (14.6) � 0.001
Infections 26 (12.4) 41 (17) 22 (10.3) 0.088
Dermatologic disease 16 (7.6) 20 (8.4) 29 (13.6) 0.09
Malignancy 8 (3.8) 5 (2.1) 2 (0.9) 0.12
Death 2 (1.0) 0 2 (0.9) 0.33

Miscellaneous complications 46 (22.1) 54 (22.8) 57 (26.8) 0.78
General‡ 14 (6.7) 13 (5.49) 9 (4.2) 0.46
Neuropsychiatric 15 (7.2) 13 (5.49) 21 (9.9) 0.22
Ophthalmologic 3 (1.4) 7 (2.9) 2 (0.9) 0.29
Ear, nose, throat 2 (1.0) 3 (1.3) 0 0.29
Cardiovascular 7 (3.3) 14 (5.9) 6 (2.8) 0.23
Pulmonary 3 (1.4) 10 (4.21) 5 (2.3) 0.22
Gastroenterological 11 (5.2) 17 (7.2) 16 (7.5) 0.67
Renal disease 4 (1.9) 7 (2.9) 0 0.03
Hematologic 2 (1.0) 4 (1.69) 2 (0.9) 0.75
Osteoarticular 6 (2.9) 4 (1.69) 4 (1.9) 0.63

Nontoxic causes 111 (53) 148 (63) 138 (64.8) 0.11
Ineffectiveness 90 (43) 125 (52) 112 (52.6) 0.17
Desire for pregnancy 3 (1.4) 2 (0.8) 2 (0.9) 0.80
Remission 5 (2.3) 5 (2.1) 12 (5.6) 0.11
Preference 17 (8.1) 23 (9.7) 18 (8.4) 0.90

* Chi-square test or Fisher’s exact test when appropriate.
† Including infusion reactions or systemic allergic reactions.
‡ Including fatigue, headaches, and weight changes.

Table 3. Causes of treatment discontinuation: analysis of the time to event (Cox
proportional hazards model, adjusted analysis)*

Infliximab
(reference)

Etanercept,
HR (95% CI)

Adalimumab,
HR (95% CI) P

All adverse events 1 0.79 (0.55–1.13) 0.67 (0.45–0.97) 0.02
Acute systemic reaction† 1 0.4 (0.21–0.78) 0.56 (0.29–1.09) 0.018
Dermatologic disease 1 0.85 (0.43–1.70) 1.04 (0.54–2.02) 0.81
Infection 1 1.14 (0.68–1.92) 0.56 (0.30–1.04) 0.18
Malignancy 1 0.54 (0.16–1.85) 0.20 (0.37–1.06) 0.12
Miscellaneous 1 0.81 (0.55–1.19) 0.85 (0.58–1.25) 0.55

All nontoxic causes 1 0.90 (0.64–1.26) 0.82 (0.58–1.18) 0.38
Ineffectiveness 1 0.95 (0.71–1.26) 0.82 (0.61–1.11) 0.42
Remission 1 0.85 (0.22–3.3) 1.10 (0.36–3.44) 0.91
Desire for pregnancy 1 0.75 (0.10–5.55) 1.89 (0.24–14.9) 0.95
Preference 1 0.68 (0.37–1.45) 0.85 (0.41–1.77) 0.68

* Cox proportional hazards model analysis, adjusted for sex, age, disease duration, Disease Activity Score
in 28 joints, Stanford Health Assessment Questionnaire, rheumatoid factor, leflunomide, methotrexate,
other disease-modifying antirheumatic drugs, and glucocorticoids. HR � hazard ratio; 95% CI � 95%
confidence interval.
† Including infusion reaction or systemic allergic reaction.
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infliximab (HR 2.11, 99% CI 1.23–3.62; crude P � 0.001,
adjusted P � 0.018). No significant difference between the
3 anti-TNF agents existed for dermatologic AEs (adjusted
P � 0.81), infectious AEs (adjusted P � 0.18), or malig-
nancies (adjusted P � 0.12). The types of infections caus-
ing treatment discontinuation were diverse and included
respiratory tract infections (n � 12, 6 of which were pneu-
monia), urogenital tract infections (n � 8), osteomyelitis
(n � 4), viral infections (n � 2 herpes simplex virus type 1,
n � 1 chickenpox), cutaneous infections (n � 3), gastro-
intestinal infections (n � 3), septicemia (n � 2), ear, nose,
throat infections (n � 2), lymphangitis (n � 2), Pneumo-
cystis jiroveci (n � 2), and other rare infections. Four cases
of mycobacterial infections were reported: 2 with Myco-
bacterium tuberculosis, 1 with Mycobacterium kansasii,
and 1 with Mycobacterium fortuitum, and no mycobacte-
rial infection was associated with etanercept. In certain
cases, the recurrence of infectious AEs (cystitis, respira-
tory tract infections) more than the severity of the disease
was the cause of treatment discontinuation. Fifteen cases
of malignancies led to anti-TNF discontinuation. The
most common malignancies were breast cancer (2 cases
with etanercept and adalimumab), lymphomas (2 cases
with etanercept and adalimumab), and urogenital malig-
nancies (2 cases with etanercept and infliximab).

DISCUSSION

This study demonstrates a statistically significant differ-
ence in discontinuation rates between the 3 anti-TNF
agents with shorter drug retention and an increased risk of
AEs in patients treated with infliximab, mainly due to a
higher risk of infusion and systemic allergic reactions.
Other discontinuation causes were equally distributed
across the 3 anti-TNF agents. Analyses from the British
Biologics Register also suggested a higher discontinuation
rate of infliximab (42%) compared with adalimumab
(30%) and etanercept (29%) during a first course of anti-
TNF agents (23). Brocq et al also found better retention
rates with etanercept (P � 0.0001) and adalimumab (P �
0.01) than with infliximab at 1 year (24). Similarly, Kris-
tensen et al suggested a difference of anti-TNF retention at
5 years between etanercept (65%) and infliximab (36%;
P � 0.001) when combined with MTX (25). However, other
analyses found similar retention rates of the available anti-
TNF agents in RA (26,27). The small number of patients
included in these studies probably explains part of these
discrepancies. In the literature, anti-TNF treatment sur-
vival was shown to be prolonged when combined with
MTX (25,28). Although we found a trend in favor of a
lower risk of anti-TNF discontinuation for anti-TNF agents
in combination with MTX (HR 0.85, 95% CI 0.70–1.02),
this result did not reach statistical significance (P � 0.08).
In addition, we observed that a relevant predictor of treat-
ment interruption was the absence of concomitant use of
glucocorticoids (HR 1.69, 95% CI 1.46–1.95). Although a
decreased risk of infusion reactions with low-dose glu-
cocorticoids has been described in patients receiving in-
fliximab (29), a potential increase of anti-TNF mainte-
nance with low-dose glucocorticoids is of practical

importance but needs to be confirmed in other patient
populations.

The most frequent single cause of anti-TNF discontinu-
ation in our study was treatment inefficacy, which was not
significantly different between the 3 anti-TNF agents.
Whether treatment ineffectiveness or overall AEs is the
primary cause of anti-TNF discontinuation is still debated
in the literature (23,26,30,31). Moreover, we noted that
drug survival was inversely proportional to previous
failure of anti-TNF therapy and later year of treatment
initiation. The inverse association with calendar year of
treatment initiation reflects the greater availability of ther-
apeutic alternatives favoring treatment switches over time
and the increasing proportion of patients starting biologics
after having failed with previous anti-TNF agents (4).
Switching an anti-TNF agent once (from a soluble receptor
to a monoclonal antibody or vice versa) is supported by the
literature (23,32–34), but switching a second time seems
much less effective (32), which is demonstrated in our
study by a very short treatment retention with a third anti-
TNF agent (median retention time 13 months [IQR 6–29]).

Infliximab was associated with a higher discontinuation
rate due to AEs (HR 1.4, 99% CI 1.003–1.96) compared
with adalimumab and etanercept, which was mainly due
to an increased incidence of acute systemic reactions (HR
2.15, 99% CI 1.24–3.7). No differences between anti-TNF
agents were reported with regard to infections, malignan-
cies, and dermatologic complications. Furthermore, no
differences were found in the incidence of other nontoxic
causes of treatment discontinuation (remission, desire for
pregnancy, and patient preference). Baseline characteris-
tics between anti-TNF agents were fairly similar and do
not explain the difference in drug discontinuation or inci-
dence of AEs. Overall, these results suggest that available
anti-TNF agents do not differ in their effectiveness to con-
trol RA, but may differ in their incidence of specific AEs.
In particular, acute systemic reactions more often caused
treatment interruption with infliximab, which could be
related to the structure (chimeric component) and the in-
travenous administration of infliximab.

In the literature, the risk of acute infusion reactions
with infliximab varies considerably (between 0.8% and
8.8% per infusion) and affects between approximately
10% and 23% of patients per year (35–40). Cheifetz et al
distinguished acute infusion reactions occurring within
24 hours and delayed infusion reactions occurring be-
tween 1 and 14 days after therapy (38). Delayed infusion
reactions occur in approximately 2% of patients per year
(38,39) and closely resemble a serum sickness–like reac-
tion. Other studies have concluded that patients with hu-
man antichimeric antibodies are more susceptible to de-
velop acute allergic reactions (41). Moreover, the presence
of positive baseline antinuclear antibodies and the absence
of concomitant use of MTX have also been demonstrated
to increase the risk of infusion reactions (42). Because
etanercept and adalimumab are administered subcutane-
ously, allergic reactions to these 2 agents are more likely to
be categorized as a dermatologic reaction by treating phy-
sicians, which could have created some misclassification.
In a sensitivity analysis, we combined the dermatologic
and acute systemic reaction categories and still found a
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significant hazard for this AE category combined with
infliximab (HR 1.69, 99% CI 1.05–2.72), which suggests
that overall allergic reactions remain a more common
cause of treatment discontinuation for infliximab.

The risk of infection was similar for the 3 medications.
The spectrum of infections reported in this study is similar
to that found in the literature (respiratory tract, skin and
soft tissue, bone and joint, urinary tract infections), al-
though we did not see an increased incidence of skin and
soft tissue infections, which has been suggested in other
studies (11,43). A difference in susceptibility to mycobac-
terial infections between the monoclonal antibodies and
the soluble receptor has also been described (16). A recent
study demonstrated an HR of 10 (95% CI 1.92–52.61) for
the risk of tuberculosis reactivation in patients treated
with monoclonal antibody anti-TNF agents as compared
with those receiving etanercept (44). Although the inci-
dence of mycobacterial infections was too low in our pop-
ulation to demonstrate significant differences between
these agents, we found no mycobacterial infections in the
etanercept group. Furthermore, no significant differences
could be demonstrated in solid or lymphomatous tumors
between the anti-TNF agents. These findings are similar to
those previously published in the literature (27,45). The
doses of anti-TNF agents in patients with a malignancy
were not different from those used in the remainder of the
study population.

In 19% of the treatment discontinuations, the specific
reason for anti-TNF interruption could not be retrieved,
generally due to a lack of response from the physician in
charge. We do not think that this confounds our results
because missing information is primarily related to the
doctor in charge and not to disease characteristics of these
patients. Patients missing the specific cause of treatment
interruption had similar disease and treatment character-
istics to the rest of the population. Because this is an
observational study, there is a potential for selection bias
between treatment groups. However, the baseline charac-
teristics were relatively homogeneous for expected differ-
ences (proportion of previous failures of anti-TNF therapy,
MTX use). Furthermore, glucocorticoid use is a good proxy
for RA disease severity and its prevalence was similar
between the 3 treatment groups. The physician’s personal
preference seemed to be the most prominent factor in the
selection of a particular anti-TNF agent. We adjusted the
analysis for potential confounders (Table 1); however,
we cannot exclude confounding by unmeasured factors.
To our knowledge, this is the first cohort study to directly
compare the specific causes of treatment discontinuation
between the available anti-TNF agents. This is a popula-
tion-based study, which minimizes potential selection
biases and allows adjustment of the analysis for important
confounding factors. The specific causes of treatment dis-
continuation were reported by the physician in charge of
the patient. Inefficacy was the most frequent cause of treat-
ment discontinuation. Inefficacy is not well-defined in the
literature (46) and remains largely physician-dependant.
We did not analyze transitory causes of treatment discon-
tinuation in order to minimize reporting bias, which is
frequent for expected AEs.

In this study, we found a higher discontinuation rate

for patients treated with infliximab than with etanercept
and adalimumab. The shorter treatment retention is pri-
marily explained by a higher risk of infusion reactions
or acute systemic reactions. Furthermore, with similar
rates of treatment discontinuation for inefficacy across all
3 agents, this study suggests no difference in effectiveness
between the 3 anti-TNF agents. Given the protective effect
of glucocorticoids on infusion reactions with infliximab
(29) and the longer treatment survival of infliximab in
combination with MTX, our results suggest that etaner-
cept or adalimumab may be considered preferential for
patients unwilling or unable to receive MTX or glucocor-
ticoid cotherapy.
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R. Theiler: Triemli Stadtspital; D. Van Lindthoudt: Hopital
de La Chaux-de-Fonds; A. Forster: Thurgauer Klinik St.
Katharinental; S. Mariacher: aarRehab Schinznach-Bad;
I. A. Kramers - de Quervain: Schulthess Klinik; J. Bern-
hard: Burgerspital; J. L. Meier: Hopital Regional.

AUTHOR CONTRIBUTIONS

All authors were involved in contributions to study conception
and design, acquisition of data, or analysis and interpretation of
data, and drafting the article or revising it critically for important
intellectual content, and all authors approved the final version to
be submitted for publication. Dr. Martin Du Pan had full access to
all of the data in the study and takes responsibility for the integ-
rity of the data and the accuracy of the data analysis.

ROLE OF THE STUDY SPONSOR

Swiss Clinical Quality Management is sponsored by Abbott,
Essex, Roche, Bristol-Myers Squibb, Mepha, Novartis, and Sanofi-
Aventis. These Swiss Clinical Quality Management sponsors had

566 Martin Du Pan et al



no role in the data collection, data analysis, or writing of the
manuscript, and publication of this article was not contingent on
their approval.

REFERENCES

1. Van Aken J, Lard LR, le Cessie S, Hazes JM, Breedveld FC,
Huizinga TW. Radiological outcome after four years of early
versus delayed treatment strategy in patients with recent on-
set rheumatoid arthritis. Ann Rheum Dis 2004;63:274–9.

2. Fries JF, Williams CA, Morfeld D, Singh G, Sibley J. Reduction
in long-term disability in patients with rheumatoid arthritis
by disease-modifying antirheumatic drug-based treatments.
Arthritis Rheum 1996;39:616–22.

3. Kremers HM, Nicola P, Crowson CS, O’Fallon WM, Gabriel
SE. Therapeutic strategies in rheumatoid arthritis over a 40-
year period. J Rheumatol 2004;31:2366–73.

4. Finckh A, Simard JF, Gabay C, Guerne PA. Evidence for
differential acquired drug resistance to anti-tumour necrosis
factor agents in rheumatoid arthritis. Ann Rheum Dis 2006;
65:746–52.

5. Maini R, St.Clair EW, Breedveld F, Furst D, Kalden J, Weis-
man M, et al, and the ATTRACT Study Group. Infliximab
(chimeric anti-tumour necrosis factor � monoclonal antibody)
versus placebo in rheumatoid arthritis patients receiving con-
comitant methotrexate: a randomised phase III trial. Lancet
1999;354:1932–9.

6. Moreland LW, Schiff MH, Baumgartner SW, Tindall EA,
Fleischmann RM, Bulpitt KJ, et al. Etanercept therapy in
rheumatoid arthritis: a randomized, controlled trial. Ann
Intern Med 1999;130:478–86.

7. Weinblatt ME, Kremer JM, Bankhurst AD, Bulpitt KJ, Fleisch-
mann RM, Fox RI, et al. A trial of etanercept, a recombinant
tumor necrosis factor receptor:Fc fusion protein, in patients
with rheumatoid arthritis receiving methotrexate. N Engl
J Med 1999;340:253–9.

8. Bathon JM, Martin RW, Fleischmann RM, Tesser JR, Schiff
MH, Keystone EC, et al. A comparison of etanercept and
methotrexate in patients with early rheumatoid arthritis.
N Engl J Med 2000;343:1586–93.

9. Curtis JR, Patkar N, Xie A, Martin C, Allison JJ, Saag M, et al.
Risk of serious bacterial infections among rheumatoid arthri-
tis patients exposed to tumor necrosis factor � antagonists.
Arthritis Rheum 2007;56:1125–33.

10. Wolfe F, Michaud K, Anderson J, Urbansky K. Tuberculosis
infection in patients with rheumatoid arthritis and the effect
of infliximab therapy. Arthritis Rheum 2004;50:372–9.

11. Dixon WG, Watson K, Lunt M, Hyrich KL, British Society for
Rheumatology Biologics Register Control Centre Consortium,
Silman AJ, et al, on behalf of the British Society for Rheuma-
tology Biologics Register. Rates of serious infection, including
site-specific and bacterial intracellular infection, in rheuma-
toid arthritis patients receiving anti–tumor necrosis factor
therapy: results from the British Society for Rheumatology
Biologics Register. Arthritis Rheum 2006;54:2368–76.

12. Bongartz T, Sutton AJ, Sweeting MJ, Buchan I, Matteson EL,
Montori V. Anti-TNF antibody therapy in rheumatoid arthri-
tis and the risk of serious infections and malignancies: sys-
tematic review and meta-analysis of rare harmful effects in
randomized controlled trials. JAMA 2006;295:2275–85.

13. Costenbader KH, Glass R, Cui J, Shadick N. Risk of serious
infections and malignancies with a TNF therapy in rheuma-
toid arthritis patients [letter]. JAMA 2006;296:2201.

14. Centocor. Infliximab (Remicade) prescribing information.
URL: http://www.remicade.com/pdf/HCP_PPI.pdf.

15. Abbott Laboratories. Adalimumab (Humira) prescribing infor-
mation. URL: http://www.rxabbott.com/pdf/humira.pdf.

16. Wallis RS, Broder M, Wong J, Lee A, Hoq L. Reactivation of
latent granulomatous infections by infliximab. Clin Infect Dis
2005;41 Suppl 3:S194–8.

17. Van den Brande JM, Braat H, van den Brink GR, Versteeg HH,
Bauer CA, Hoedemaeker I, et al. Infliximab but not etanercept
induces apoptosis in lamina propria T-lymphocytes from pa-

tients with Crohn’s disease. Gastroenterology 2003;124:1774–
85.

18. Haraoui B. Is there a rationale for switching from one anti-
tumor necrosis factor agent to another? [editorial]. J Rheuma-
tol 2004;31:1021–2.

19. Redlich K, Schett G, Steiner G, Hayer S, Wagner EF, Smolen
JS. Rheumatoid arthritis therapy after tumor necrosis factor
and interleukin-1 blockade [review]. Arthritis Rheum 2003;
48:3308–19.

20. Wolfe F, Hawley DJ, Cathey MA. Termination of slow acting
antirheumatic therapy in rheumatoid arthritis: a 14-year pro-
spective evaluation of 1017 consecutive starts. J Rheumatol
1990;17:994–1002.

21. Wolfe F. The epidemiology of drug treatment failure in rheu-
matoid arthritis. Baillieres Clin Rheumatol 1995;9:619–32.

22. Rosner B. Hypothesis testing: person-time data. In: Funda-
mentals of biostatistics. 5th ed. Pacific Grove (CA): Duxbury;
2000. p. 677–736.

23. Hyrich KL, Lunt M, Watson KD, Symmons DP, Silman AJ, for
the British Society for Rheumatology Biologics Register.
Outcomes after switching from one anti–tumor necrosis factor
� agent to a second anti–tumor necrosis factor � agent in
patients with rheumatoid arthritis: results from a large UK
national cohort study. Arthritis Rheum 2007;56:13–20.

24. Brocq O, Roux CH, Albert C, Breuil V, Aknouche N, Ruitord S,
et al. TNF-� antagonist continuation rates in 442 patients with
inflammatory joint disease. Joint Bone Spine 2007;74:148–54.

25. Kristensen LE, Saxne T, Nilsson JA, Geborek P. Impact of
concomitant DMARD therapy on adherence to treatment
with etanercept and infliximab in rheumatoid arthritis: re-
sults from a six-year observational study in southern Sweden.
Arthritis Res Ther 2006;8:R174.

26. Flendrie M, Creemers MC, Welsing PM, den Broeder AA,
van Riel PL. Survival during treatment with tumour necrosis
factor blocking agents in rheumatoid arthritis. Ann Rheum
Dis 2003;62 Suppl 2:ii30–3.

27. Geborek P, Bladstrom A, Turesson C, Gulfe A, Petersson IF,
Saxne T, et al. Tumour necrosis factor blockers do not in-
crease overall tumour risk in patients with rheumatoid arthri-
tis, but may be associated with an increased risk of lympho-
mas. Ann Rheum Dis 2005;64:699–703.

28. Klareskog L, van der Heijde D, de Jager JP, Gough A, Kalden J,
Malaise M, et al. Therapeutic effect of the combination of
etanercept and methotrexate compared with each treatment
alone in patients with rheumatoid arthritis: double-blind ran-
domised controlled trial. Lancet 2004;363:675–81.

29. Augustsson J, Eksborg S, Ernestam S, Gullstrom E, van Vol-
lenhoven R. Low-dose glucocorticoid therapy decreases risk
for treatment-limiting infusion reaction to infliximab in pa-
tients with rheumatoid arthritis. Ann Rheum Dis 2007;66:
1462–6.

30. Geborek P, Crnkic M, Petersson IF, Saxne T. Etanercept, in-
fliximab, and leflunomide in established rheumatoid arthritis:
clinical experience using a structured follow up programme
in southern Sweden. Ann Rheum Dis 2002;61:793–8.

31. Feltelius N, Fored CM, Blomqvist P, Bertilsson L, Geborek P,
Jacobsson LT, et al. Results from a nationwide postmarketing
cohort study of patients in Sweden treated with etanercept.
Ann Rheum Dis 2005;64:246–52.

32. Karlsson JA, Kristensen LE, Kapetanovic MC, Gulfe A, Saxne
T, Geborek P. Treatment response to a second or third TNF-
inhibitor in RA: results from the South Swedish Arthritis
Treatment Group Register. Rheumatology (Oxford) 2008;47:
507–13.

33. Furst DE, Gaylis N, Bray V, Olech E, Yocum D, Ritter J, et al.
Open-label, pilot protocol of patients with rheumatoid arthri-
tis who switch to infliximab after an incomplete response to
etanercept: the opposite study. Ann Rheum Dis 2007;66:
893–9.

34. Van Vollenhoven R, Harju A, Brannemark S, Klareskog L.
Treatment with infliximab (Remicade) when etanercept (En-
brel) has failed or vice versa: data from the STURE registry
showing that switching tumour necrosis factor � blockers can
make sense. Ann Rheum Dis 2003;62:1195–8.

Discontinuation Rates of Anti-TNF Agents in RA 567



35. Wasserman MJ, Weber DA, Guthrie JA, Bykerk VP, Lee P,
Keystone EC. Infusion-related reactions to infliximab in pa-
tients with rheumatoid arthritis in a clinical practice setting:
relationship to dose, antihistamine pretreatment, and infu-
sion number. J Rheumatol 2004;31:1912–7.

36. Shergy WJ, Isern RA, Cooley DA, Harshbarger JL, Huffstutter
JE, Hughes GM, et al. Open label study to assess infliximab
safety and timing of onset of clinical benefit among patients
with rheumatoid arthritis. J Rheumatol 2002;29:667–77.

37. Botsios C, Ostuni P, Todesco S. Incidence and management of
infusion reactions to infliximab in 186 Italian patients with
rheumatoid arthritis: the Padua experience. Reumatismo
2005;57:44–51. In Italian.

38. Cheifetz A, Smedley M, Martin S, Reiter M, Leone G, Mayer L,
et al. The incidence and management of infusion reactions to
infliximab: a large center experience. Am J Gastroenterol
2003;98:1315–24.

39. Hanauer SB, Feagan BG, Lichtenstein GR, Mayer LF, Schre-
iber S, Colombel JF, et al. Maintenance infliximab for Crohn’s
disease: the ACCENT I randomised trial. Lancet 2002;359:
1541–9.

40. Schaible TF. Long term safety of infliximab. Can J Gastroen-
terol 2000;14 Suppl C:29–32C.

41. Baert F, Noman M, Vermeire S, van Assche G, D’Haens G,

Carbonez A, et al. Influence of immunogenicity on the long-
term efficacy of infliximab in Crohn’s disease. N Engl J Med
2003;348:601–8.

42. Kapetanovic MC, Larsson L, Truedsson L, Sturfelt G, Saxne T,
Geborek P. Predictors of infusion reactions during infliximab
treatment in patients with arthritis. Arthritis Res Ther 2006;
8:R131.

43. Listing J, Strangfeld A, Kary S, Rau R, von Hinueber U, Stoy-
anova-Scholz M, et al. Infections in patients with rheumatoid
arthritis treated with biologic agents. Arthritis Rheum 2005;
52:3403–12.

44. Tubach F. The risk of tuberculosis with anti TNF is higher
with monoclonal antibodies than with the soluble receptor:
results of the French 3-year prospective ratio. Ann Rheum Dis
2008;67 Suppl II:52.

45. Askling J, Fored CM, Baecklund E, Brandt L, Backlin C,
Ekbom A, et al. Haematopoietic malignancies in rheumatoid
arthritis: lymphoma risk and characteristics after exposure to
tumour necrosis factor antagonists. Ann Rheum Dis 2005;64:
1414–20.

46. Van Vollenhoven RF. Switching between anti-tumour necro-
sis factors: trying to get a handle on a complex issue. Ann
Rheum Dis 2007;66:849–51.

568 Martin Du Pan et al


