
Comparative effectiveness of tumour necrosis
factor a inhibitors in combination with either
methotrexate or leflunomide

A Strangfeld,1 F Hierse,1 J Kekow,2 U von Hinueber,3 H-P Tony,4 R Dockhorn,5

J Listing,1 A Zink1,6

1 German Rheumatism Research
Centre, Epidemiology Unit,
Berlin, Germany; 2 University of
Magdeburg, Magdeburg,
Germany; 3 Hildesheim,
Germany; 4 University of
Wuerzburg, Wuerzburg,
Germany; 5 Weener, Germany;
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ABSTRACT
Objective: The objective of this study was to compare
the effectiveness of a combination of tumour necrosis
factor a (TNFa) inhibitors with either methotrexate or
leflunomide in the treatment of patients with rheumatoid
arthritis in a real-world setting.
Methods: Data from 1769 outpatients enrolled in the
German biologics register RABBIT who were treated with
one of the TNFa inhibitors adalimumab, etanercept, or
infliximab in combination with either methotrexate
(n = 1375) or leflunomide (n = 394) were included in
the analysis. Clinical status including disease activity as
well as treatment data were documented by the treating
rheumatologist at baseline and at 3, 6, 12, 18, 24, 30 and
36 months of follow-up.
Results: Patients treated with a combination of biologics
with leflunomide had significantly higher baseline disease
activity than those treated with methotrexate. The highest
disease activity was found for patients treated with the
combination infliximab/leflunomide. After 36 months, the
discontinuation rates were 46.3%, 51.3% and 61.5% for
combinations of etanercept, adalimumab and infliximab
with methotrexate and 53.4%, 63.1% and 67.1% for
combinations with leflunomide, respectively. European
League Against Rheumatism response rates after
24 months ranged from 74% to 81% for combinations
with methotrexate and 72% to 81% for combinations with
leflunomide.
Conclusion: The current clinical practice is to use
methotrexate as a first choice for the combination with
TNFa antagonists. In a number of patients methotrexate
has to be replaced by another disease-modifying
antirheumatic drug. Our data support the view that
leflunomide is a useful alternative if methotrexate is
contraindicated.

Tumour necrosis factor a (TNFa) inhibitors and
other biological agents targeting B and T cells have
undoubtedly been the most important therapeutic
innovation in rheumatology in the past decade.
These substances are currently routinely used in
the clinical management of patients with active
rheumatoid arthritis (RA) refractory to traditional
disease-modifying antirheumatic drugs (DMARD).
Randomised controlled trials have proved not only
the efficacy of these substances compared with
placebo1–3 but also the superiority of a combination
therapy with methotrexate over monotherapy
with etanercept or adalimumab.4 5 Since the licence
for infliximab stipulates use in conjunction with
methotrexate, no trials on infliximab monotherapy
have been performed in RA. Observational studies

have shown longer adherence to anti-TNFa ther-
apy with concomitant methotrexate treatment
than to anti-TNFa monotherapy.6 7 The majority
of RA patients currently treated with biologics
combine this therapy with a traditional DMARD,
usually methotrexate. When methotrexate is con-
traindicated, biologics in combination with other
DMARD are increasingly used, despite a lack of
specifically designed randomised clinical trials
assessing these possible alternative combination
therapies. In this situation, real-world data on the
effectiveness and safety of treatment combinations
arising from carefully conducted observational
cohort studies are the second best source of
evidence.

One treatment option lacking sufficient support-
ing data is the combination of anti-TNFa agents
with leflunomide. Leflunomide is an immunomo-
dulatory and anti-inflammatory agent that inhibits
pyrimidine synthesis. Its efficacy in the treatment
of moderate to severe RA has been shown in
several randomised trials.8–10 In addition, there is
conflicting information from smaller observational
datasets on the safety and effectiveness of combi-
nations of individual cytokine inhibitors with
leflunomide.11–13 A large study investigating adali-
mumab combined with several DMARD showed
slightly lower effectiveness for adalimumab/leflu-
nomide compared with adalimumab/methotrex-
ate.14 From the Swiss clinical quality management
database, quite recent data on all biologicals
together in combination with either methotrexate
or leflunomide were published,15 but no direct
comparison of the three individual anti-TNFa
agents in combination with methotrexate or
leflunomide has been performed.

In the following study, we analysed data from
the German biologics register RABBIT, a large
prospective cohort study investigating the safety
and effectiveness of biological agents in compar-
ison with standard DMARD therapy. The follow-
ing questions were addressed: (1) What is the drug
survival rate of a first treatment with one of the
three anti-TNFa agents adalimumab, etanercept
and infliximab in combination with either metho-
trexate or leflunomide over 3 years of observation?
(2) How effective is each of the six treatment
options?

PATIENTS AND METHODS
Patients
The German biologics register RABBIT is an
ongoing, nation-wide prospective cohort study
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that was begun in 2001 with the aim of investigating the safety
and effectiveness of new treatment options for RA in routine
care. Observation of patients treated with infliximab or
etanercept began on 1 May 2001 and patients treated with
adalimumab have been enrolled since September 2003. Further
details of the study have been published elsewhere.7 16

Patients aged 18–75 years meeting the American College of
Rheumatology criteria for RA who were enrolled in RABBIT
between 1 May 2001 and 31 December 2006 were included in
the following analysis.

We included all patients who had begun treatment with
one of the three currently available anti-TNFa agents in
combination with either methotrexate or leflunomide
(n = 1769). Patients receiving anti-TNFa monotherapy
(n = 1125) were disregarded. As a result of low numbers in
the subgroups patients receiving methotrexate plus lefluno-
mide (n = 85) as well as those receiving other DMARD alone
or in various combinations (n = 285) were also excluded
from the analysis. From the analysis of disease activity and
functional capacity during the first 2 years we excluded a
further 728 patients with a follow-up time of less than
24 months, which was mostly due to enrollment after 1
January 2005.

Assessments
The complete clinical status (including the disease activity score
based on 28 joint counts (DAS28),17 rheumatoid factor,
erosiveness, co-morbidity), treatment history as well as current
therapies with biologics and/or conventional DMARD including
start and stop dates and reasons for treatment termination were
recorded by the treating rheumatologist at baseline and at 3, 6,
12, 18, 24, 30 and 36 months of follow-up. At the same
timepoints the patients answered questionnaires pertaining to
health status, quality of life and functional disability, measured
by the Hannover functional status questionnaire (FFbH), which
is comparable with the health assessment questionnaire (HAQ)
and can be transformed to HAQ values using the formula:
HAQ = 3.16 2 (0.028 6 FFbH).18

Statistics
Follow-up data of 36 months were used to calculate treatment
continuation rates and effectiveness measures of anti-TNFa
treatment with methotrexate compared with treatment with
leflunomide. Treatment continuation rates were estimated
using the Kaplan–Meier method and compared between the six
subgroups of patients receiving TNFa inhibitors plus methotrex-
ate or TNFa inhibitors plus leflunomide by log rank test.

An intent-to-treat (ITT) analysis and a completer analysis of
patients who continued the initial therapy were performed with
DAS28 and FFbH as outcomes. European League against
Rheumatism (EULAR) response rates19 were calculated in
addition.

To compare the effectiveness of the three TNFa inhibitors in
combination with either methotrexate or leflunomide, the
outcome in the DAS28 at 6, 12, 18 and 24 months was
investigated by a nested linear mixed model approach. Using the
SAS procedure PROC MIXED, treatments with either metho-
trexate or leflunomide were compared within the subgroups of
patients starting treatment with adalimumab, etanercept, or
infliximab, respectively. To take baseline differences among the
groups into account, we adjusted for baseline disease activity
(DAS28), function (FFbH), percentage of men, previous
biologics therapy, year of follow-up and year of study entry.
The linear mixed model was used to calculate adjusted least
square estimates of the mean DAS28 scores over the timepoints
6, 12, 18 and 24 months, as well as their 95% CI. The following
adjustments were made by assuming an equal starting point of
the treatment groups at baseline: DAS28 5.7; FFbH 57
(approximate HAQ 1.6); 75% women; 20% treated with
biologics at study entry; 50% study entry before 2004.

Individual missing DAS28 values were imputed by the
estimation-maximation algorithm.20 This algorithm uses the
individual valid DAS28 scores of a patient to estimate the
missing value by taking the correlation of DAS28 scores
between different visits into account. By means of this method
the missing EULAR response rates (11%) were replaced.

T-test (DAS28 scores, age), Mann–Whitney test and x2

tests were applied as appropriate to compare the baseline

Table 1 Patient characteristics

ETA + MTX ETA + LEF ADA + MTX ADA + LEF INF + MTX INF + LEF

Biologics/MTX vs
biologics/LEF
p values

N 448 144 566 174 361 76

Age in years, mean (SD) 52.6 (12.4) 54.3 (11.0) 53.5 (11.3) 54.0 (12.9) 52.4 (12.6) 54.3 (14.4) 0.049

Disease duration in years, median (IQR) 8 (4–15) 8 (5–14) 10 (5–17) 9 (4–16) 8 (5–14) 9 (5–14) 0.68

% Female 75.5 69.4 78.1 78.7 71.8 77.6 0.86

Rheumatoid factor positive (%) 78.8 82.6 80.4 79.9 79.8 73.7 0.995

FFbH at t0, 0–100; 100 = best 56.9 (22.6) 57.1 (22.9) 60.1 (23.2) 58.8 (23.3) 54.5 (21.1) 58.8 (19.9) 0.73

HAQ at t0, calculated from FFbH 1.6 (0.6) 1.6 (0.6) 1.5 (0.6) 1.5 (0.7) 1.6 (0.6) 1.5 (0.6) n.a.

ESR at t0, mm/h, median (IQR) 29 (16–50) 38 (20–60) 28 (16–44) 30 (18–48) 30 (15–51) 42 (22–67) ,0.0001

CRP, mg/l, median (IQR) 18 (8–36) 20 (9–52) 14 (6–34) 15 (8–33) 21 (8–47) 22 (12–47) 0.15

DAS28 at t0 5.7 (1.3) 5.8 (1.2) 5.5 (1.2) 5.7 (1.2) 5.8 (1.2) 6.1 (1.2) 0.027

% Erosive at t0 79.9 79.0 79.1 80.3 82.6 84.7 0.86

% Ever treated with biologics 15.0 9.0 26.9 20.7 16.9 9.2 0.006

No of previous traditional DMARD 3.3 (1.4) 3.3 (1.2) 3.1 (1.2) 3.2 (1.1) 3.4 (1.4) 3.7 (1.4) 0.47

Mean dosage of DMARD in mg 15.5 (5.1) 18.8 (3.4) 15.1 (4.6) 19.0 (4.0) 14.7 (4.9) 19.2 (3.2) n.a.

% With co-morbidity 71.1 71.5 63.3 66.1 65.4 70.7 0.34

Follow-up in months, median (IQR) 35 (20–48) 25 (17–36) 23 (12–32) 20 (12–30) 36 (24–49) 35 (23–49) ,0.0001

Values are means and standard deviations if not otherwise specified. ADA, adalimumab; CRP, C-reactive protein; DAS28, disease activity score based on 28 joint counts; DMARD,
disease-modifying antirheumatic drug; ESR, erythrocyte sedimentation rate; ETN, etanercept; FFbH, Hannover functional status questionnaire measuring functional capacity in
percentage of full function; HAQ, health assessment questionnaire; INF, infliximab; IQR, interquartile range; LEF, leflunomide; MTX, methotrexate.
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characteristics of the patients. Calculations were done by
using SAS (version 9.1) software. p Values less than 0.05
were considered to be statistically significant.

RESULTS

Baseline characteristics
At baseline, 740 patients had a new treatment with adalimu-
mab, 592 with etanercept and 437 with infliximab. Of the 1769
total patients, 1375 received a biological agent in combination
with methotrexate and 394 patients were treated with a
combination of leflunomide. Table 1 shows the baseline
characteristics of the patients in the six treatment groups.
Patients on a combination of a TNFa inhibitor with leflunomide
were slightly older than those on a combination with
methotrexate. There were no differences concerning the
percentage of women, rheumatoid factor positivity, disability,
erosive disease or disease duration. Baseline DAS28 was
significantly higher in patients treated with leflunomide
compared with those treated with methotrexate as combination
partner and ranged from a mean of 5.5 (adalimumab/
methotrexate) to 6.1 (infliximab/leflunomide). The mean
number of previous DMARD ranged from 3.1 (adalimumab/
methotrexate) to 3.7 (infliximab/leflunomide). Between 15%
and 27% of patients receiving a combination of methotrexate
and between 9% and 21% of those treated with leflunomide had
previously been treated with a biological agent. As adalimumab
was licensed later than etanercept and infliximab, the percen-
tage of patients with previous failure on a biological agent was
highest for this drug. The percentage of patients with co-morbid
conditions was high in all groups: between 63% for adalimu-
mab/methotrexate and 71% for etanercept/methotrexate. The
median number of chronic co-morbidities was four for
infliximab/leflunomide and three for all other groups. The
median follow-up time ranged from 20 to 36 months and was
lower for adalimumab than for the other TNFa inhibitors.

Discontinuation of a first anti-TNFa treatment in combination
with methotrexate or leflunomide
Figure 1 shows the discontinuation rates over the first
36 months for etanercept, adalimumab and infliximab in
combination with either methotrexate or leflunomide. The
rates for discontinuation as a result of adverse events and
inefficacy are displayed separately. They do not sum up to the
total discontinuation because in a considerable proportion of
cases both reasons applied. Within the first 6–12 months the
curves are almost indistinguishable, whereas in the second and
third years the combinations with leflunomide have slightly
higher discontinuation rates than those with methotrexate.
This difference is, however, not statistically significant. After
36 months, treatment termination as a result of inefficacy
occurred more frequently than as a result of adverse events in all
groups.

Table 2 displays the total percentages of discontinuation after
12, 24 and 36 months. Stops due to remission or non-
compliance that occurred in 2.8% of the patients are not
included.

Discontinuation of the concomitant DMARD
In most of the cases, the patients were already on the respective
DMARD when the TNFa inhibitor was started. This applied to
75.3% of patients treated with methotrexate and 88.6% of those
treated with leflunomide. If we total all three anti-TNFa agents
and analyse the treatment continuation of the concomitant
DMARD before the termination of the anti-TNFa agent,
methotrexate was terminated in 8.7% after 12 months and
17.0% (95% CI 14.2% to 20.4%) after 36 months, whereas
termination of leflunomide occurred in 26.1% after 12 months

Figure 1 Discontinuation of the initial anti-tumour necrosis factor a
therapy: etanercept (A), adalimumab (B) or infliximab (C). Red lines:
combination with methotrexate; blue lines: combination with
leflunomide; dotted lines: discontinuation as a result of inefficacy; solid
lines: discontinuation as a result of adverse events. As many patients
had more than one reason for discontinuation, the lines do not sum up to
the total discontinuation (see table 2).
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and 36.6% (95% CI 29.1% to 45.4%) after 36 months. The
difference between methotrexate and leflunomide was highly
significant (p,0.001). The majority of patients remained on
anti-TNF monotherapy; a new treatment start with a DMARD
as combination partner of the ongoing anti-TNF therapy was
observed during the next 12 months in only 20% of the patients
who stopped their previous DMARD.

If patients were switched to another biological agent, 80% of
patients with the combination of a TNFa inhibitor with
methotrexate and 72% of those who had leflunomide as
concomitant therapy at study entry remained on the initial
DMARD.

Effectiveness of anti-TNFa treatment with methotrexate or
leflunomide
Table 3 shows the unadjusted and adjusted mean DAS28 scores
averaged over months 6, 12, 18 and 24 in completers of the
initial biological therapy and in the ITT population. As the
baseline values of the six groups were not equal (see table 1) and
the outcome of the DAS28 depends on the baseline status, an
equal baseline status was assumed for all subgroups to calculate
the adjusted means (see Methods section for further details).
This led, however, to only minor differences compared with the
unadjusted outcome. For completers, the effectiveness was
significantly higher than for non-completers (data not shown)
(p,0.001). For completers, the adjusted mean DAS28 decreased
from the uniform starting point of 5.7 to 3.3 for etanercept/
methotrexate, 3.4 for adalimumab/methotrexate, 3.5 for inflix-
imab/methotrexate, etanercept/leflunomide as well as for
adalimumab/leflunomide and 4.0 for the small group of
infliximab/leflunomide. The outcome did not differ signifi-
cantly between patients initially treated with adalimumab,
etanercept or infliximab, respectively (p = 0.15). When we
compared combinations with methotrexate with combinations
with leflunomide within each anti-TNF group the differences

between methotrexate and leflunomide were not statistically
significant (completer analysis p = 0.15; ITT population
p = 0.08).

Crude rates of EULAR response after 24 months are shown in
fig 2. A good EULAR response was achieved by 347/1040 (33%;
95% CI 31% to 36%) of patients of the ITT population and by
235/557 (42%; 95% CI 38% to 46%) of the completers. Lower
rates of good response were observed in the infliximab/
leflunomide subgroup. This difference did, however, not achieve
statistical significance and was partly due to a higher number of
DMARD failures and higher DAS28 baseline values in this
subgroup.

Functional capacity improved by 8.5% on the 0–100% FFbH
scale in the ITT population (combinations with methotrexate
8.9%; with leflunomide 7.1%) and by 11.7% in completers
(combinations with methotrexate 11.9%; with leflunomide
10.7%). The changes in the ITT and in the completer
populations correspond to changes in HAQ values of 0.24 and
0.33, respectively. There were no significant differences between
the six groups (table 4).

DISCUSSION
In this study, 18.4% of the patients treated with a combination
of anti-TNFa agents and DMARD received leflunomide as the
concomitant DMARD. This is comparable with the results
reported by Finckh et al15 from Switzerland, in which 21% of the
patients received a combination of anti-TNFa and leflunomide.
In that Swiss study, 842 patients received anti-TNFa plus
methotrexate and 260 patients anti-TNFa plus leflunomide.
Although the mean age and disease duration were comparable
between the two studies, the baseline DAS28 was significantly
higher in our data (5.5–6.1) compared with the Swiss data (4.1–
4.6). Functional disability was higher in our patients (HAQ 1.5–
1.6 compared with 1.2–1.3 in the Swiss data). Another
difference between our study and the Swiss study is that, in

Table 2 Percentage of patients who stopped the initial anti-TNFa therapy after 12, 24 and 36 months

n
p Value*
MTX vs LEF

Months

12 24 36

ETA + MTX 448 29.6 40.8 46.3

ETA + LEF 144 0.73 32.9 46.3 53.4

ADA + MTX 566 35.1 44.3 51.3

ADA + LEF 174 0.074 42.5 51.5 63.1

INF + MTX 361 41.1 54.2 61.5

INF + LEF 76 0.31 45.7 64.6 67.1

*Comparison of anti-tumour necrosis factor (TNF) agent plus methotrexate (MTX) with anti-TNF agent plus leflunomide (LEF) over
36 months by log rank test. ADA, adalimumab; ETA, etanercept; INF, infliximab.

Table 3 Mean DAS28 after 6–24 months for completers of the initial biological therapy and for all patients (ITT analysis)

Completers only All patients

n

Mean of DAS28 at 6,
12, 18 and 24 months
(95% CI)

Mean of DAS28 at 6,
12, 18 and 24 months
(95% CI)

n

Mean of DAS28 at 6,
12, 18 and 24 months
(95% CI)

Mean of DAS28 at 6,
12, 18 and 24 months
(95% CI)

Unadjusted Adjusted* Unadjusted Adjusted*

ETA/MTX 182 3.3 (3.2 to 3.5) 3.3 (3.2 to 3.5) 305 3.8 (3.7 to 4.0) 3.8 (3.7 to 3.9)

ETA/LEF 49 3.4 (3.1 to 3.7) 3.5 (3.2 to 3.7) 78 3.9 (3.6 to 4.2) 3.8 (3.6 to 4.1)

ADA/MTX 156 3.4 (3.2 to 3.6) 3.4 (3.3 to 3.6) 274 3.8 (3.6 to 3.9) 3.8 (3.6 to 3.9)

ADA/LEF 40 3.5 (3.2 to 3.8) 3.5 (3.2 to 3.8) 80 3.9 (3.6 to 4.2) 3.9 (3.7 to 4.2)

INF/MTX 112 3.4 (3.4 to 3.8) 3.5 (3.3 to 3.7) 250 4.0 (3.8 to 4.2) 3.8 (3.7 to 4.0)

INF/LEF 19 4.2 (3.7 to 4.7) 4.0 (3.6 to 4.4) 54 4.4 (4.0 to 4.7) 4.2 (3.9 to 4.5)

*Means adjusted for disease activity score based on 28 joint counts (DAS28) at baseline, function, percentage of men, previous biological therapy, year of follow-up, year of study
entry; see Statistics section. ADA, adalimumab; ETA, etanercept; INF, infliximab; ITT, intent-to-treat; LEF, leflunomide; MTX, methotrexate.

Extended report

Ann Rheum Dis 2009;68:1856–1862. doi:10.1136/ard.2008.098467 1859

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.2008.098467 on 6 January 2009. D
ow

nloaded from
 

http://ard.bmj.com/


the Swiss dataset, more than one-third of the patients had
already failed at least one anti-TNFa treatment, whereas this
was the case for only 19% of our patients.

The survival rates after one year for a first biological therapy
in combination with methotrexate of approximately 70% for
etanercept and 59% for infliximab are in agreement with our
previous report.7 Drug survival of adalimumab, which was not
reported by us earlier, was 65% after one year in combination
with methotrexate. After 3 years, the survival rates ranged from
54% to 39% in combination with methotrexate and from 47%
to 33% in combination with leflunomide. The British biologics
register reported survival rates of 71% for etanercept, 70% for
adalimumab and 58% for infliximab after 12, 10, and 16 months
of follow-up, respectively.21 The South Swedish Register
reported higher adherence to therapy at one and 2 years with
etanercept/methotrexate (90% and 87%, respectively) compared
with infliximab/methotrexate (68% and 60%, respectively).6

We found considerably higher DAS28 treatment responses
than the Swiss study. Finckh et al15 reported a mean DAS28

improvement of 0.74 for the combination of anti-TNFa agents
with methotrexate and 0.63 for the combination with
leflunomide after one year, whereas in our data the mean
improvement over the timepoints 6, 12, 18 and 24 months was
1.7–1.9 in the different treatment groups. Twenty to 34% of our
patients achieved a good and 45–56% a moderate EULAR
response compared with 19% and 45% in the Swiss study.
Seventy-two to 81% of our patients were thus responders after
2 years compared with 64% in the Swiss study after one year.
Flendrie and colleagues22 found 76% EULAR responders after
24 months for the combination of infliximab with leflunomide,
which is identical to our data. The Finnish register ROB-FIN23

analysed 364 RA patients on different DMARD combinations
with infliximab and found no difference in effectiveness
between the various combinations.

The strength of our analysis is that it is based upon real-world
data from a large prospective cohort study, observing different
treatment regimes. This allows for head-to-head comparisons
between different biological agents and different concomitant

Figure 2 Crude rates of European
League Against Rheumatism response at
24 months in percentages. ADA,
adalimumab; ETA, etanercept; INF,
infliximab; LEF, leflunomide; MTX,
methotrexate.

Table 4 Mean FFbH after 6–24 months for completers of the initial biological therapy and for all patients (ITT analysis)

Completers only All patients

n

Mean of FFbH at 6,
12, 18, 24 months
(95% CI)

Mean of FFbH at 6,
12, 18, 24 months
(95% CI)

n

Mean of FFbH at 6,
12, 18, 24 months
(95% CI)

Mean of FFbH at 6,
12, 18, 24 months
(95% CI)

Unadjusted Adjusted* Unadjusted Adjusted*

ETA/MTX 182 69.9 (66.9 to 73.0) 68.2 (66.1 to 70.2) 305 65.9 (63.4 to 68.4) 65.2 (63.6 to 66.7)

ETA/LEF 49 71.7 (65.7 to 77.6) 69.2 (65.2 to 73.1) 78 66.0 (61.1 to 71.0) 65.6 (62.4 to 68.7)

ADA/MTX 156 69.8 (66.5 to 73.1) 67.6 (65.2 to 69.9) 274 66.0 (63.4 to 68.7) 65.1 (63.3 to 66.9)

ADA/LEF 40 67.9 (61.4 to 74.5) 67.0 (62.5 to 71.4) 80 62.9 (58.0 to 67.8) 63.0 (59.9 to 66.2)

INF/MTX 112 70.8 (66.8 to 74.7) 71.2 (68.5 to 73.8) 250 65.3 (62.6 to 68.1) 66.8 (65.0 to 68.6)

INF/LEF 19 69.2 (59.7 to 78.8) 66.5 (60.2 to 72.7) 54 67.4 (61.4 to 73.3) 64.2 (60.3 to 68.0)

MTX total 68.9 (67.6 to 70.2) 65.9 (64.9 to 66.8)

LEF total 67.7 (64.9 to 70.6) 64.1 (62.1 to 66.0)

*Means adjusted for disease activity score based on 28 joint counts (DAS28) at baseline, function, percentage of men, previous biological therapy, year of follow-up, year of study
entry; see Statistics section.
ADA, adalimumab; ETA, etanercept; FFbH, Hannover functional status questionnaire; INF, infliximab; ITT, intent-to-treat; LEF, leflunomide; MTX, methotrexate.
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DMARD. The study design, however, is also responsible for a
general limitation: in real practice treatments are given
according to the need of the patient, leading to confounding
by indication in observational studies. As methotrexate is the
first-line DMARD in Germany, leflunomide is usually given
after the failure of methotrexate, and patients with experience
of failure tend to be sicker than those who remain on their first
therapy. We tried to overcome this problem by adjusting the
changes in response parameters for differences in baseline
values; however, we cannot rule out residual confounding.

Some earlier reports have shown high rates of adverse events
in the combination of infliximab with leflunomide. In 17 out of
40 patients in a study by Bingham et al,12 the treatment had to
be withdrawn as a result of adverse events. In the study by Kiely
and Johnson,11 11 out of 20 patients stopped treatment before
34 weeks. Later reports with larger numbers of patients did not
confirm this high adverse event rate and showed that drug
survival was better if infliximab was introduced later than
leflunomide.13 Flendrie et al22 observed in patients with previous
or concomitant leflunomide therapy a similar safety profile of
infliximab compared with other combinations or infliximab
monotherapy. In a recent open-label clinical trial24 infliximab
was given in addition to an ongoing treatment with lefluno-
mide. Twelve out of 70 patients (17%) withdrew as a result of
adverse events within 30 weeks, which is similar to our results.

CONCLUSION
We know from several randomised clinical studies that anti-
TNFa agents are more efficient in combination with metho-
trexate than given as monotherapy. In daily practice, rheuma-
tologists therefore frequently use this combination, even when
prescribing biological agents that are also licensed as mono-
therapy. As anti-TNFa agents are usually given after the failure
of two or more traditional DMARD, patients are often switched
to an anti-TNFa treatment after having failed on methotrexate
and after having tried leflunomide as the second DMARD. If
leflunomide is well tolerated but insufficiently effective, adding
the biological agent is the usual choice. Our data confirm that in
real life the effectiveness of a combination of a TNFa-blocking
agent with leflunomide is only slightly lower than a combina-
tion with methotrexate. Taking into account that patients
treated with leflunomide have usually previously failed on
methotrexate and have therefore a higher a-priori chance of
further failure, our data support the current practice of using
leflunomide as a second DMARD after methotrexate in the
combination with anti-TNFa treatments.
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