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ABSTRACT
Objective To compare drug survival on adalimumab,
etanercept and inﬂiximab in patients with rheumatoid
arthritis (RA).
Methods Patients with RA (n=9139; 76% women;
mean age 56 years) starting their ﬁrst tumour necrosis
factor (TNF) inhibitor between 2003 and 2011 were
identiﬁed in the Swedish Biologics Register (ARTIS). Data
were collected through 31 December 2011. Drug
survival over up to 5 years of follow-up was compared
overall and by period of treatment start (2003–2005/
2006–2009; n=3168/4184) with adjustment for age,
sex, education, period, health assessment questionnaire
(HAQ), disease duration, concomitant disease modifying
antirheumatic drug (DMARD) treatment and general
frailty (using hospitalisation history as proxy).
Results During 20 198 person-years (mean/median 2.2/
1.7 years) of follow-up, 3782 patients discontinued their
ﬁrst biological (19/100 person-years; 51% due to
inefﬁcacy, 36% due to adverse events). Compared with
etanercept, inﬂiximab (adjusted HR 1.63, 95% CI 1.51 to
1.77) and adalimumab initiators had higher
discontinuation rates (1.26, 95% CI 1.16 to 1.37), and
inﬂiximab had a higher discontinuation rate than
adalimumab (1.28, 95% CI 1.18 to 1.40). These ﬁndings
were consistent across periods, but were modiﬁed by time
for adalimumab versus etanercept (p<0.001; betweendrug difference highest the 1st year in both periods). The
discontinuation rate was higher for starters in 2006–2009
than 2003–2005 (adjusted HR 1.12, 95% CI 1.04 to
1.20). The composition of 1-year discontinuations also
changed from 2003–2005 vs 2006–2009: adverse events
decreased from 45% to 35%, while inefﬁcacy increased
from 43% to 53% (p<0.001).
Conclusions Discontinuation rates were higher for
inﬂiximab compared with adalimumab and etanercept
initiators, and for adalimumab versus etanercept during the
1st year. Discontinuation rates increased with calendar period,
as did the percentage discontinuations due to inefﬁcacy.
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Drug survival can be interpreted as a composite
measure of effectiveness, safety and tolerability
since the most common reasons for discontinuation
of tumour necrosis factor (TNF) inhibitors (TNFi)
have been reported to be lack/loss of efﬁcacy and
adverse events.1–8 However, drug survival may also
be inﬂuenced by other factors, such as the number
of alternative treatment options available and the

characteristics of the patient population treated,
both of which have changed over time.3 4 9–11
Previous studies from Sweden,4 Spain,5
Switzerland1 and the USA12 have shown decreasing
1-year TNFi drug survival since their introduction
in the late 1990s. Danish and British data, on the
other hand, showed a relatively stable TNFi discontinuation rate between 2000–2005 and 2001–2008,
respectively.3 10 During the last 10 years, characteristics of the TNFi patient population have changed,
with patients today generally having lower disease
activity and higher functional ability at initiation.3 4 9–11 which in some studies have been associated with better drug survival.1 13 14 At the same
time, the penetration of TNFi treatment has
increased dramatically, the number of alternative
biological drugs has increased, as have expectations
of better treatment outcomes.
Some studies have compared drug survival on etanercept, adalimumab and inﬂiximab. Six European
studies1 2 7 13 15 16 found inﬂiximab patients to have
shorter time on drug than adalimumab and/or etanercept initiators, while ﬁve other European studies found
no between-drug differences.8 14 17–19 Two US studies
have reported the opposite with longer time on inﬂiximab compared with etanercept and adalimumab.12 20
Most of these studies included the period when there
was a shortage of etanercept (2000–2003) and when
adalimumab was not yet on the market (before 2003;
see online supplementary eTables 1–3). No study has
investigated whether potential between-drug differences are constant over follow-up time, or restricted to
the initial period of follow-up, nor investigated
whether there are calendar period differences during
the period when all three drugs were on the market.
We hypothesised that drug discontinuation rates
differed between adalimumab, etanercept and
inﬂiximab, that these differences were modiﬁed by
time, and that TNFi discontinuation rates have
changed across calendar periods. Therefore the aim
of this study was to compare between-group discontinuation rates for adalimumab, etanercept and
inﬂiximab in a large population-based cohort of
patients with rheumatoid arthritis (RA) starting
their ﬁrst TNFi during the period when adalimumab, etanercept and inﬂiximab all were available
on the market (2003–2011) in a setting with relatively equal access to each drug. As secondary aims,
calendar period changes in discontinuation rates
(2003–2005 vs 2006–2009) and predictors of discontinuation were investigated.
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METHODS
Swedish healthcare is publicly available and tax funded.
Treatment is provided predominantly by rheumatologists with
the treatment decision residing with the treating rheumatologists, and regional practice differences exist.21 Access to biologicals is not limited by any application process, disease activity
cut-offs or similar thresholds. Estimates suggest that 16–20% of
patients with RA were receiving biological therapy in 2008, but
with large age variations (eg, >30% in working age patients).22

Data source
The Swedish Biologics Register (ARTIS) was established in conjunction with the introduction of biologicals, and has been
described elsewhere.4 23 Brieﬂy, the register is overseen by the
Swedish Rheumatology Association and is integrated into clinical
practice. Disease activity and treatment is registered at biological
initiation and at regular follow-up visits by the treating rheumatologists. Estimates suggest that ARTIS covers 87% of all patients
with RA treated with biologicals.24 For this study, patients with RA
≥16 years initiating their ﬁrst TNFi therapy between 1 January
2003 and 31 December 2011, were included. The RA diagnoses
were registered according to the assessment of the treating rheumatologists, which for most of the period would be consistent
with the American College of Rheumatology (ACR) 1987 criteria.

Treatment and covariates
For each patient, data on ﬁrst treatment with adalimumab, etanercept and inﬂiximab were collected, as were data on age, sex,
education level, disease duration, health assessment questionnaire (HAQ), disease activity score 28 (DAS28) and concomitant
treatment. The number of hospital days and non-primary outpatient care visits due to any cause during the previous 2 years
were used as two separate measures of general patient frailty.
These data were collected from the Swedish National Patient
Register kept by the National Board of Health and Welfare.

Outcome and follow-up
The primary outcome was discontinuation of biological therapy
due to any cause, except for pregnancy and remission.
Remission was registered according to the treating rheumatologists’ assessment of disease activity rather than strictly deﬁned
by, for example, DAS28.
Patients were followed for a maximum of 5 years from time
of TNFi initiation until discontinuation, death, end of follow-up
(31 December 2011), discontinuation due to pregnancy or
remission, or when patients had not had a clinical visit in
450 days ( patients assumed lost to follow-up), whichever came
ﬁrst. Data were also collected on reason for discontinuation as
reported by the treating rheumatologist for the following prespeciﬁed and mutually exclusive categories: lack/loss of efﬁcacy,
adverse event or other. As a secondary outcome, calendar
period changes in discontinuation rates were investigated, comparing 2003–2005 with 2006–2009. Also, predictors of discontinuations were investigated, including age, sex, education level,
HAQ, disease duration, calendar period of initiation, concomitant treatment and general frailty.

Statistics
Drug-speciﬁc and calendar period-speciﬁc crude discontinuation
rates were calculated per 100 person-years, and presented using
Kaplan-Meier curves. The share stopping due to adverse event
or lack/loss of efﬁcacy, along with 1-year risks of discontinuing
ﬁrst biological treatment were calculated.

Cox regression was used to estimate hazard ratios (HRs) for discontinuation. First, predictors of discontinuation were investigated
using univariable and multivariable models, stratiﬁed by drug.
Second, HRs were estimated for adalimumab versus etanercept,
inﬂiximab versus etanercept and inﬂiximab versus adalimumab.
These latter models were conditioned on age, sex and calendar
period, and adjusted for baseline HAQ, disease duration, concomitant treatment with non-biological disease modifying antirheumatic drugs (DMARDs), education level and general frailty, as
many of these factors have been shown to inﬂuence drug survival.1 13–15 For effects that were modiﬁed by time,
time-on-treatment speciﬁc HRs were calculated within subsets of
the total follow-up time (0–1 year, 1–1.9 years, 2–5 years).
Missing data were handled using the missing indicator method.
Statistical analyses were performed using SAS statistical software (V.9.2) and Stata (V.11). A p value of <0.05 was considered statistically signiﬁcant, and the proportional hazards
assumption was tested by including an interaction term between
biological drug and observation time.

RESULTS
Patient characteristics
A total of 9139 patients with RA initiating TNFi as their ﬁrst
ever biological between 2003 and 2011 were identiﬁed, with
26% starting adalimumab, 43% etanercept and 32% inﬂiximab
(table 1). Overall, 76% were women, the mean age was 56 years
and the median disease duration 8 years.
Of patients with registered DAS28 at baseline (n=7751; 85%),
50% had high (DAS28≥5.2), 40% moderate (DAS28=3.2–5.1)
and 9.0% low disease activity (DAS28<3.2; table 1). A statistically
signiﬁcant difference in disease activity existed between initiators
of the different drugs, but was numerically small (≤0.1 units).
Statistically signiﬁcant differences also existed for age, sex,
rheumatoid factor status, HAQ, disease duration and general
patient frailty measured by hospital days and non-primary outpatient care visits in the past 2 years, but were generally of small
magnitude (table 1). The share of patients without concomitant
DMARDs was lower in inﬂiximab (12%) than adalimumab (24%)
and etanercept initiators (28%; p<0.001).

Events and follow-up
During 20 198 person-years of follow-up, 3782 patients discontinued their ﬁrst biological (table 2). The most common cause
for discontinuation over the full period was lack/loss of efﬁcacy
(51%), followed by adverse events (36%), with similar distributions seen across adalimumab, etanercept and inﬂiximab initiators (table 2).

Biological drug and discontinuation
In unadjusted analyses and compared with etanercept, higher discontinuation rates were observed for inﬂiximab (HR 1.56, 95%
CI 1.45 to 1.68) and adalimumab initiators (HR 1.22, 95% CI
1.13 to 1.33). Inﬂiximab initiators also had a higher rate than adalimumab initiators (HR 1.26, 95% CI 1.16 to 1.37).
After 0.8 years, 25% of patients had discontinued among adalimumab and inﬂiximab initiators, while the same percentage of
patients had discontinued etanercept after 1.3 years (ﬁgure 1).
Fifty per cent of inﬂiximab initiators had discontinued drug
after 2.6 years, while 50% of adalimumab users had discontinued after 5.0 years. At the end of the 5-year follow-up 38% of
inﬂiximab, 50% of adalimumab and 55% of etanercept initiators remained on their ﬁrst drug.
The interdrug associations remained after adjustment (ﬁgure 1).
However, the proportional hazards assumption was violated for
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Table 1

Patient characteristics at initiation of first TNF inhibitor between 2003 and 2011 in 9139 Swedish patients with rheumatoid arthritis*

Sex, n (%)
Women
Age (years)
Mean (SD)
Rheumatoid factor status, n (%)
Positive
Negative
Unspecified
HAQ, n (%)
Mean (SD)
<1.00
1.00–1.49
1.5–1.99
≥2.00
Missing
DAS28, n (%)
Mean (SD)
<3.2
3.2–5.1
≥5.2
Missing
Disease duration (years), n (%)
Mean (SD)
Median (p25–75)
<1 year
1–4.9 year
5–9.9 year
≥10
Missing
TNF inhibitors, n (%)
2003–2005
2006–2009
2010–2011
Concomitant DMARDs, n (%)
No
MTX
Other
Hospital days‡
Mean (SD)
Median (p25–75)
Outpatient visits‡
Mean (SD)
Median (p25–75)

Etanercept (n=3892)

Adalimumab (n=2349)

Infliximab (n=2898)

2995 (77%)

1766 (75%)

2151 (74%)

0.03

55.1 (13.7)

55.7 (13.3)

56.7 (13.1)

<0.001

496 (74%)
2082 (18%)
281 (8.3%)

267 (76%)
1301 (16%)
146 (8.0%)

389 (75%)
1563 (18%)
132 (7.2%)

<0.001

1.15
1334
1048
656
452
402

1.15
811
623
419
273
223

1.20
895
727
536
360
380

(0.64)
(31%)
(25%)
(18%)
(12%)
(13%)

0.002
<0.001

(0.64)
(34%)
(27%)
(17%)
(12%)
(10%)

(0.65)
(35%)
(27%)
(18%)
(12%)
(9.5%)

p Value†

5.1 (1.4)
318 (8.2%)
1371 (35%)
1617 (42%)
586 (15%)

5.1 (1.4)
176 (7.5%)
832 (35%)
1019 (43%)
322 (14%)

5.2 (1.4)
207 (7.1%)
935 (32%)
1276 (44%)
480 (17%)

0.004
<0.01

12 (14)
7 (3–16)
259 (6.7%)
1218 (31%)
794 (20%)
1579 (41%)
113 (1.1%)

13 (16)
8 (3–17)
143 (6.1%)
681 (29%)
468 (20%)
1022 (44%)
35 (1.5%)

13 (17)
8 (3–16)
251 (8.7%)
870 (30%)
559 (19%)
1187 (41%)
31 (1.1%)

<0.01

1240 (39%)
1915 (46%)
737 (41%)

852 (27%)
1041 (25%)
456 (26%)

1076 (34%)
1228 (29%)
594 (33%)

<0.001

1072 (28%)
2267 (58%)
553 (14%)

561 (24%)
1443 (61%)
345 (15%)

335 (12%)
2162 (75%)
401 (14%)

<0.001

4 (13)
0 (0–3)

4 (11)
0 (0–3)

5 (14)
0 (0–4)

11 (9)
9 (5–15)

9 (8)
7 (4–13)

10 (8)
8 (4–13)

0.002

0.002

<0.001

*p25–75=25th to 75th centile.
†Calculated using ANOVA with Bonferroni correction.
‡Assessed during the 2 years preceding TNFi treatment initiation. Data on hospital days and non-primary outpatient care visits retrieved from the Swedish National Patient Register
between 2001 and 2009, and include admissions and visits due to any cause.
ACR, American College of Rheumatology; ANOVA, analysis of variance; DAS28, disease activity score 28 joint count; DMARD, disease modifying antirheumatic drug; HAQ, health
assessment questionnaire; MTX, methotrexate; TNF, tumour necrosis factor; TNFi, TNF inhibitor.

adalimumab versus etanercept (higher HR only during the 1st
year) and inﬂiximab (no difference during the 1st year; time ×
drug interaction, p<0.001 for both). For inﬂiximab versus etanercept, and inﬂiximab versus adalimumab initiators, statistically signiﬁcantly greater discontinuation rates were seen over the 1st
(only vs etanercept), 2nd and 3rd to 5th years (ﬁgure 1).

patients with lower education compared with higher education,
in the 2006–2009 and 2010–2011 vs the 2003–2005 periods,
in patients with higher baseline HAQ and in patients with
greater general frailty (table 3). Concomitant DMARD treatment and longer disease duration were associated with lower
risk of discontinuation.

Predictors of discontinuation

Calendar period and discontinuation

In adjusted analyses in strata deﬁned by biological drug, greater
discontinuation rates were observed in women than in men, in

The discontinuation rate was greater for starters in 2006–2009
than 2003–2005 (adjusted HR 1.12, 95% CI 1.04 to 1.20);
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Table 2 Discontinuations, person-years and incidence rates over up to 5 years of follow-up in Swedish patients with rheumatoid arthritis
starting their first TNFi between 2003 and 2011
Etanercept (n=3892)
Observation years
9259
Discontinuations, n (%)
1391 (100%)
Lack/loss of efficacy*
710 (51%)
Adverse event
474 (34%)
Other
207 (15%)
Discontinuation causes not counted as events, n (%)
Pregnancy
59 (1.5%)
Remission†
44 (1.1%)
Death
31 (0.8%)
Incidence per 100 person-years
15
1 year drug survival
Observation years, sum
2355
Discontinuations, n
671
%
26%

Adalimumab (n=2349)

Infliximab (n=2898)

Total (n=9139)

5131
963 (100%)
476 (49%)
349 (36%)
138 (14%)

5808
1470 (100%)
738 (52%)
525 (37%)
165 (12%)

20 198
3782
1924
1348
510

15 (0.6%)
53 (2.3%)
30 (1.3%)
19

12 (0.4%)
50 (1.7%)
35 (1.2%)
25

1349
517
34%

1667
668
36%

(100%)
(51%)
(36%)
(13%)

86 (0.9%)
147 (1.6%)
96 (1.1%)
19
5371
1856
31%

*As decided by treating physician or patient (standardised failure definition NOT used).
†Note: These numbers represent patients who have discontinued TNFi therapy due to remission. Patients in remission continuing therapy do not contribute to these numbers.
TNF, tumour necrosis factor; TNFi, TNF inhibitor.

ﬁgure 2). The composition of 1-year discontinuations also
changed with adverse events decreasing from 45% to 35%,
while lack/loss of efﬁcacy increased from 43% to 53%
( p<0.001).

DISCUSSION
We compared discontinuation rates on adalimumab, etanercept
and inﬂiximab in the largest sample to date of patients with RA initiating treatment between 2003 and 2011, a period when all three
drugs were available. We found that discontinuation rates were
higher for inﬂiximab compared with adalimumab and etanercept
initiators, and for adalimumab versus etanercept during the 1st
year. Half of all initiators had discontinued inﬂiximab after
2.6 years compared with 5.0 years of adalimumab initiators, and
at the end of the 5-year follow-up 38% of inﬂiximab, 50% of adalimumab and 55% of etanercept initiators remained on their ﬁrst
drug. There was a calendar period trend with greater discontinuation rates in patients starting TNFi treatment in 2006–2009 compared with 2003–2005, and there was an increasing percentage

quitting (or switching) biologicals due to lack/loss of efﬁcacy and a
decreasing percentage due to adverse events.

Previous research
Most previous studies have included the period during which
there were supply problems with etanercept and when adalimumab was not yet on the market (see online supplementary
eTables 1–3). The only study starting follow-up in 2003, as our
study, showed etanercept and adalimumab to be superior to
inﬂiximab in terms of drug survival in unadjusted analyses of
916 patients, but no difference between adalimumab and etanercept.2 A large study from Denmark, which adjusted for many
prognostic factors, also found inﬂiximab to have the shortest
drug survival and reported that patients on etanercept had
greater drug survival than patients on adalimumab. We found
that the relationship between adalimumab versus etanercept and
inﬂiximab varied over time, with a greater HR versus etanercept
only during the 1st year, and no difference versus inﬂiximab
during the 1st year. No previous study appears to have reported

Figure 1 Drug survival on
etanercept, adalimumab and
inﬂiximab. Hazard ratio adjusted for
age, sex, period, education level,
baseline HAQ, disease duration,
concomitant DMARD, and general
frailty.
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Table 3

Predictors of first TNFi discontinuation over a maximum of 5 years of follow-up in 9139 Swedish patients with rheumatoid arthritis*

Age (per 10 years)
Women
Men
Education level
<9 years
10–12 years
>12 years
Missing
Period
2003–2005
2006–2009
2010–2011
HAQ at baseline
<1
1–1.49
1.5–1.9
≥2
Missing
Concomitant drug use
Non-biological DMARDs
No non-biological DMARDs
General patient frailty†
Hospital days (per 10)
Outpatient visits (per 10)

Unadjusted HR (95% CI)

p Value

Adjusted HR (95% CI)

1.06 (1.03 to 1.08)
1.16 (1.07 to 1.25)
1.00 (ref)

<0.001
<0.001

1.02 (0.99 to 1.05)
1.12 (1.04 to 1.21)
1.00 (ref)

1.20
1.22
1.00
1.15

<0.001
<0.001

1.14
1.20
1.00
1.06

(1.10 to 1.32)
(1.12 to 1.32)
(ref)
(0.91 to 1.46)

0.23

1.00 (ref)
1.06 (0.99 to 1.14)
1.09 (0.98 to 1.21)

0.15

(ref)
(1.11 to
(1.18 to
(1.28 to
(0.97 to

<0.001

1.00 (ref)
1.13 (1.06 to 1.21)
1.20 (1.10 to 1.30)

<0.001

<0.001
1.00
1.19
1.22
1.26
0.97

1.32)
1.42)
1.57)
1.22)

0.13
0.004

(1.04 to 1.25)
(1.10 to 1.30)
(ref)
(0.83 to 1.34)

<0.001
1.00
1.21
1.29
1.42
1.09

p Value

(ref)
(1.09
(1.11
(1.13
(0.86

to 1.30)
to 1.34)
to 1.41)
to 1.09)

0.78 (0.72 to 0.84)
1.00 (ref)

<0.001

0.78 (0.72 to 0.84)
1.00 (ref)

<0.001

1.07 (1.04 to 1.09)
1.14 (1.10 to 1.18)

<0.001
<0.001

1.04 (1.01 to 1.06)
1.13 (1.09 to 1.17)

0.002
<0.001

*Cox regression models performed by strata defined by biological drug; HRs >1 indicate more likely to discontinue first TNFi.
†Assessed during the 2 years preceding TNFi initiation. Data on hospital days and non-primary outpatient care visits retrieved from the Swedish National Patient Register between 2001
and 2009.
DMARD, disease modifying antirheumatic drug; HAQ, health assessment questionnaire; TNFi, tumour necrosis factor inhibitor.

whether discontinuation rates between the respective drugs
change over time on treatment.
In contrast with most European studies which show shorter
drug survival on inﬂiximab compared with adalimumab and/or
etanercept, US studies have shown the opposite.12 20 Biological
initiators as a group in the USA have been shown to have much
lower disease activity at initiation compared with European
patients, and inﬂiximab users have been reported to be treated
with higher doses than in Europe.20 Another factor potentially
affecting drug survival is that Medicare has reimbursed the cost

of inﬂiximab as an intravenous infusion, while not reimbursing
adalimumab and etanercept which are subcutaneous
self-injections.25
While British and Danish studies have not shown any change
in drug survival over time,3 10 we found signiﬁcantly higher discontinuation rates in the 2006–2009 period compared with the
2003–2005 period. This difference was strengthened by adjustment for prognostic factors at baseline, which have improved
over time in several countries,3 4 9–11 and have been associated
with improved drug survival in previous studies1 14 as well as in
our current study.

Underlying mechanisms

Figure 2 Drug survival by TNF inhibitor initiation period. Hazard ratio
adjusted for biologic drug, age, sex, period, education level, baseline
HAQ, disease duration, concomitant DMARD, and general frailty.
358

Our study and several previous European studies have shown
greater discontinuation rates for inﬂiximab than adalimumab
and/or etanercept,1 2 7 13 although this is not a universal ﬁnding
in Europe.8 14 17–19 An increased risk of discontinuation of
inﬂiximab may be explained partly by adverse events due to
infusion reactions which can only be experienced by inﬂiximab
users.1 8 13 Also, the chimerical structure with a murine component in inﬂiximab may contribute via greater immunogenicity.
However, Hetland et al found inﬂiximab to have greater drug
discontinuation rates compared with etanercept due to adverse
events and lack of efﬁcacy after multivariable adjustment.7
Others have reported the greater discontinuation rates on inﬂiximab to be driven only by adverse events, speciﬁcally infusion
and systemic allergic reactions.1 13
Another contributing factor may be channelling of a certain
type of patients to inﬂiximab, for example patients who are
either expected to have problems with self-administration of
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non-infusion biologicals, or patients for whom the treating
rheumatologist may want to have more regular clinic-based
check-ups.
Apart from the differential risk of infusion reactions, potential
channelling, and potentially skewing economic incentives, there
may be inherent biological differences in the safety and effectiveness proﬁles of the three drugs under study. Such differences
have, however, been difﬁcult to demonstrate beyond risks for
uncommon safety outcomes.26 27 It remains unclear why we
found an increased risk of discontinuation for adalimumab
versus etanercept only during the 1st year. It has been shown
that development of adalimumab antidrug antibodies are associated with lower response and remission rates, while the clinical importance of etanercept antidrug antibodies is less
clear.28 29 It has been reported that the percentage of patients
developing antidrug antibodies increases at least over 3 years,
and more than half of patients have been shown to develop
them already over the ﬁrst 24 weeks of treatment.28

Strengths and limitations
This study had a large sample size, long follow-up and data on
multiple potential confounders. We also restricted our analysis
to the period when all three drugs were available on the market,
which is likely to inﬂuence drug survival. This was an observational study, reﬂecting the ‘real world’ experience in terms of
drug survival in a nationwide setting covering an estimated 87%
of all biologicals treated patients with RA.24
Without randomisation it is difﬁcult to be certain that the
observed differences are caused by inherent differences in the
biochemical properties of the respective drugs. Patients with a
different discontinuation risk may have been channelled to a
speciﬁc drug, and we did ﬁnd statistically signiﬁcant (although
numerically small) differences in patient characteristic between
initiators of the different drugs. We adjusted for age, sex, education, clinical measures, disease duration, concomitant medication and general frailty, all of which were associated with the
outcome. Residual confounding may still exist due to unknown
and unmeasured channelling variables associated with the
outcome. Removing the inﬂuence of such variables would
require a randomised head-to-head trial.
The calendar period trends in patient characteristics, number
of alternative treatment options available and changing expectations regarding treatment outcome make it imperative to
conduct analyses accounting for potential differences by treatment initiation year when comparing different biological drugs.
The threshold for discontinuation appears to have been lowered
over time, as indicated by higher discontinuation rates and
greater share of discontinuations being due to lack/loss of efﬁcacy. A recent systematic review of biological discontinuation
studies highlighted the need for a standardised failure deﬁnition
to reduce the heterogeneity in future studies, but also noted that
typical practice studies from registers likely need to rely on
broader deﬁnitions.30 We relied on such a broad, nonstandardised failure deﬁnition in actual clinical care.

CONCLUSION
In this study, discontinuation rates were higher for inﬂiximab
compared with adalimumab and etanercept initiators, as well as
for adalimumab versus etanercept initiators during the 1st year.
Discontinuation rates increased with calendar-period of TNFi
initiation, as did the share of discontinuations due to inefﬁcacy.
At the end of the 5-year follow-up 38% of inﬂiximab, 50% of
adalimumab and 55% of etanercept initiators remained on their
ﬁrst drug.
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eTable 1 Studies investigating / showing TNF inhibitor drug survival trends over time in RAa
Register
Country

Author
Year

DANBIO
Denmark
SCQM
Switzerland
BIOBADASER
Spain

Hetland et al
2008[10]
Du Pan et al
2009[1]
Gomez-Reino
2012[5]

ARTIS
Sweden

Simard et al
2011[4]

BSRBR
United
Kingdom
SCQM
Switzerland
PharMetrics
United States

a
b

Hyrich et al
2011[3]
Du Pan et al,
2012[31]
Yazici et al,
2009[12]

Period

n

2000-2005

1813

1997-2006

2364

2000-2009

2907

1999-2008

9612
st
on 1 TNFi

(1999-2007 for
drug survival)

2001-2008
b

11216

? -2009

1485

2000-2005

9074

Findings
Seemingly no change in 1y drug surv [not tested]: 2000/01: 73%; 2005: 69%
Later year associated with greater discontinuation
[Not only first TNFi start]

Decreasing 1y drug survival, driven by more stops/switches due to inefficacy
Adjustment for TNFi, clinical activity, and concomitant treatment
Decreasing 1y drug survival
Greater share stops/switches due to inefficacy
Smaller share stops/switches due to adverse events
25-30% discontinued within 1y
Time on any bio-therapy: 82% of person-time over first 6y
“Drug survival remained relatively stable over the study years”
“There was a minimal trend towards improved drug survival at both 1 and 2 years”
“A time trend for increasing rates of drug discontinuation exists in recent years”
[Analysis of drug survival after TNFi failure]

Time to switching decreased over time

All studies included time with low etanercept supply (2000-2003) & the pre-adalimumab period (2000-2002); TNFi = TNF inhibitor
Question marks indicate that the follow-up year is unclear

2

eTable 2 European studies of head-to-head comparisons of TNF inhibitor drug survival in RAa
Register
Country

Author
Year

SSATG
Sweden

Geborek et al,
2002[17]

1999-2000

Netherlands

Flendrie et al,
2003[8]

1997-2003

RABBIT
Germany
France

Zink et al,
2005[18]
Duclos et al,
2006[19]

Period

n
166 ETA
135 INF
120 INF
16 ETA
94 ADA
511 ETA
343 INF
770

2001-2003
1997-2004

(440 RA)

SSATG
Sweden

Kristensen et al,
2006[13]

1999-2004

1161

BIOBADASER
Spain

Gomez-Reino et
al, 2006[32]

2000-2004

RA AS PsA
other

Brocq et al,
2007[16]

1999-2005

Tertiary
center
France
DANBIO
Denmark
DREAM
Netherlands

Ostergaard et al,
2007[33]
Kievit et al,
2008[2]

NOR-DMARD
Norway

Heiberg et al,
2008[14]

RABBIT
Germany

Strangfeld et al,
2009[34]

a
b

4706

442
(304 RA)

b

? -2002
2003-2007
2000-2006?

2001-2006

b

378 INF
39 ETA
916
(1y: 707)
847 RA
172 PsA
249 AS

1769

Findings

General

No difference in 20 month drug survival ETA/INF:79%/75%
No between-drug difference
1y drug survival: INF 66% / ETA 74% / ADA 73%

INF: AEs more common cause
for discontinuation

No difference between ETA and INF in 12m drug survival
(69% vs 65%)
No difference between INF, ETA, ADA (P=.48)
1/2y INF,ETA,ADA: 63%, 64%, 68% / 48%, 51%, 60%
INF vs ETA 3x greater risk of discontinuation
1y overall: 69% vs 89%
1y combo/mono: 58% vs 85% / 47% vs 74%
1y / 2y drug survival overall: 83% / 75%
1y / 2y drug survival in switchers: 68% / 60%
st
nd
INF lower survival than ETA & ADA (1 & 2 line)
1y/2y drug survival ETA: 87% / 68%
ADA: 83% / 66%
INF: 68% / 46% (sig lower)

Lower drug survival than in
RCTs

ETA & INF [ADA excluded]
Main focus on impact of
concomitant DMARDs
Focus: Switching
(compare )
In AS patients: INF > ETA

1y drug survival INF/ETA: 71%/73% (P=.04)
INF worse than ADA & ETA (1y)
Discontinuation: 31% vs 22% & 21%
1y drug survival in RA INF/ETA/ADA: 63%/70%/62%
Adjusted: ETA better survival than INF & ADA
st
Adjusted in 1 TNFi only: No difference
36m drug discontinuation INF/ETA/ADA:
Co-med MTX: 62% / 46% / 51%
Co-med LEF: 67% / 53% / 63%

ADA & ETA: Better and
cheaper than INF
Drug survival in RA, AS, PsA
Focus on co-medication with
MTX or LEF (compare[13, 35])

INF=Infliximab; ETA=Etanercept; ADA=Adalimumab
Question marks indicate that the follow-up year is unclear
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eTable 2 (contd) European studies making head-to-head comparisons of TNF inhibitor drug survival in RAa
Register
Country

Author
Year

SCQM
Switzerland

Du Pan et al,
2009[1]

Period
1997-2006

n
2364

Findings

General

INF worse than ETA & ADA
(1y/2y: 78%, 82%, 84% / 58%, 65%, 66%)
INF vs ETA+ADA HR 1.24, driven by AEs

DAS28: higher=shorter drug
survival

(no difference in discontinuation due to inefficacy)

LOHREN
Italy

Marchesoni et
al, 2009[15]

DANBIO
Denmark

Hetland et al,
2010[7]

1999-?

b

2000-2007

1064

2326
st
On 1 TNFi

ETA> INF and ADA at 36m (P=0.03)
62.5% > 49.1% & 53.6%
Adj HR (ETA ref): ADA 1.45, P=.02; INF1.50, P=.01
2y drug survival ETA/ADA/INF = 56%/52%/41%
Adj. Hazard Ratios INF vs ETA: 1.98 (1.63-2.40)
INF vs ADA: 1.35 (1.15-1.58)
ADA vs ETA: 1.47 (1.20-1.80)

INF: Lowest response,
remission & drug survival
ADA: Best response
ETA: Best drug survival

eTable 3 US studies making head-to-head comparisons of TNF inhibitor drug survival in RA
Register
Country

Author
Year

PharMetrics
United States
PharMetrics
United States

Tang et al,
2008[36]
Yazici et al,
2009[12]

Period

N

2001-2004

1242

2000-2005

9074
2242

CORRONA
United States

a
b

Greenberg et al,
2011[20]

2002-2008

728 INF
640 ETA
874 ADA

Findings

General

1y drug survival INF, ETA, ADA: 78%, 73%, 71%
INF longer drug survival than ETA & ADA
INF longer drug survival than ETA & ADA
Time to switching decreased over time
1/2y drug survival INF, ETA, ADA in bio-naïve:
76%, 72%, 68% / 63%, 53%, 53%

50% on INF at 2y follow-up

Odds Ratios
ADA vs INF: 1.4 (95%CI 1.1-1.8)
ETA vs INF: 1.3 (95%CI 1.0-1.6)

Disease activity low or
moderate in most patients,
contrasting with European data

Dosing differences vs European
studies for INF and ADA[2, 7]

INF=Infliximab; ETA=Etanercept; ADA=Adalimumab
Question marks indicate that the follow-up year is unclear
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RA patients more likely to stick with etanercept than with
other TNF inhibitors
Etanercept seems to be the TNF inhibitor of choice over time for people with rheumatoid arthritis (RA). In a
large Swedish study lasting ﬁve years people were less likely to switch from etanercept than from inﬂiximab or
adalimumab. This doesn’t mean that etanercept is more effective, it just means that some patients ﬁnd it works
better for them than the other options.

INTRODUCTION
Tumour necrosis factor (TNF) inhibitors, also known as biologics, are still fairly recent additions to the treatment options for RA. In the UK doctors generally only offer TNF inhibitors to people who don’t do well on
the more established disease-modifying anti-rheumatic drugs (DMARDs) such as methotrexate. However, their
use is becoming more common and researchers are ﬁnding out more about them.

WHAT DID THE RESEARCHERS HOPE TO FIND?
The researchers were interested in studying what they call ‘drug survival’: how long someone uses a particular
drug treatment before they decide it’s either not doing them much good or it’s causing unbearable side effects.
The researchers in this study wanted to ﬁnd out how three TNF inhibitors – etanercept, inﬂiximab, and adalimumab – compared with each other in terms of how many people stuck with them and how many switched
to another treatment.

WHO WAS STUDIED?
The study covered more than 9,000 people in Sweden with RA. The researchers looked at the data for people
who started treatment with TNF inhibitors in two time periods, the ﬁrst between 2003 and 2005, and the
second between 2006 and 2009. This gave the researchers the chance to see whether people’s acceptance of
the various drugs changed as the drugs became more established as treatment options.

HOW WAS THE STUDY CONDUCTED?
The researchers used Swedish medical records (speciﬁcally a database called the Swedish Biologics Register) to
look at people using TNF inhibitors for the ﬁrst time. Over a ﬁve-year period (for each of the two groups)
they then looked at how many people stopped using them and why.

WHAT DOES THE NEW STUDY SAY?
About half the people in the study stopped treatment with their ﬁrst TNF inhibitor at some point during the
ﬁve-year study period. People were more likely to stop using their treatment because they felt it didn’t work
well enough than because it caused side effects.
▸ The drug with the highest rate of people stopping treatment was inﬂiximab.
▸ The drug with the lowest rate of people stopping treatment was etanercept.
▸ People were more likely to stop taking adalimumab than etanercept, but only in the ﬁrst year of treatment.
The researchers aren’t sure why this was.
▸ More people in the later study group (those who started treatment between 2006 and 2009) stopped treatment with TNF inhibitors, even though people in this group judged that the drugs worked better and
caused fewer side effects.

HOW RELIABLE ARE THE FINDINGS?
This study has a lot of strong points: it used reliable data, included a lot of people, had a long follow-up
period and included the majority of biological treatments available for RA at the time. It was also what’s called
a ‘real world’ study using data from medical records and databases. This means that the people weren’t enrolled
in a drug trial so their decision-making was less prone to bias and arguably more natural than if they’d known
they were going to be part of a study.

WHAT DOES THIS MEAN FOR ME?
Perhaps this study’s most interesting ﬁnding is that people in the later study group were more likely to decide
to change treatments than those in the earlier group, even though they rated the treatments higher than the
Published by the BMJ Publishing Group Limited. For permission to use (where not already granted under a licence) please go to http://group.bmj.com/group/rights-licensing/permissions

earlier group had. The researchers say that this reﬂects higher expectations of treatment as time has gone on,
and that people know that the number of available treatments for RA is increasing.
The other thing to say is that, just because people in this study were most likely to stick with etanercept and
least likely to keep using inﬂiximab, that doesn’t mean that etanercept is necessarily a ‘better’ treatment. For
example, it’s possible that some people didn’t like inﬂiximab because it is given by an infusion or ‘drip’, which
takes longer than treatment with the other drugs, which are given by injection. This study’s ﬁndings are interesting, but the most important thing is to ﬁnd the treatment that works for you.
And, ﬁnally, it might seem gloomy that half the people studied felt they needed to change from the ﬁrst TNF
inhibitor they tried. But let us put it another way. Half the people were happy with their ﬁrst TNF inhibitor,
and were still happy with it ﬁve years later. With a condition like RA where many people have to try several
treatments before they ﬁnd what works best, that’s arguably not a bad average.
Disclaimer: This is a summary of a scientiﬁc article written by a medical professional (“the Original Article”).
The Summary is written to assist non medically trained readers to understand general points of the Original
Article. It should not be relied on in any way whatsoever, (which also means the Summary is not medical
advice), and is simply supplied to aid a lay understanding of general points of the Original Article. It is supplied
“as is” without any warranty. You should note that the Original Article (and Summary) may not be accurate as
errors can occur and also may be out of date as medical science is constantly changing. It is very important
that readers not rely on the content in the Summary and consult their medical professionals for all aspects of
their health care. Do not use this Summary as medical advice even if the Summary is supplied to the reader by
a medical professional. Please view our full Website Terms and Conditions.
Date summary prepared: April 2015
Summary based on research article published on: 27th November 2013
From: Neovius M, Arkema EV, Olsson H, et al. Drug survival on TNF inhibitors in patients with rheumatoid
arthritis comparison of adalimumab, etanercept and inﬂiximab. Ann Rheum Dis 2015;74:354–60.
doi:10.1136/annrheumdis-2014-201428LaySummary
Copyright © 2015 BMJ Publishing Group Ltd & European League Against Rheumatism. Medical professionals
may print copies for their and their patients and students non commercial use. Other individuals may print a
single copy for their personal, non commercial use. For other uses please contact our Rights and Licensing
Team.

2

Lay summaries for non-clinicians

