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review of randomised placebo controlled trials in
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incomplete response to methotrexate
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Methotrexate is presently the standard disease
modifying antirheumatic drug (DMARD) for
patients with active rheumatoid arthritis (RA).1
Despite its short term eYcacy in clinical trials
and long term eVectiveness in clinical
practice,2–5 many patients continue to have
signs and symptoms of active disease while
taking a maximally tolerated dose.
Over the past decade there has been
increasing interest in the use of combination
therapy in patients with RA. Boers and
Ramsden published the first systematic review
of combination therapy in 1991 and identified
two trials that provided moderate or strong
evidence; neither of these studies used methotrexate.6 Tugwell and Boers updated this
review in 1994 and identified four new trials
that provided moderate or strong evidence;
two of these trials used methotrexate in a parallel combination strategy.7 Verhoeven and
colleagues updated this review a second time
in 1998 and identified 14 new trials published
between August 1992 and July 1997.8 In their
analysis, they combined these 14 new trials
with the six previous trials and categorised the
trials by the strategy of combination therapy:
parallel, “step-up”, and “step-down”. Of these
20 trials, six used methotrexate in a parallel
combination strategy, one of these trials used
methotrexate in a step-down strategy, and two
of these trials used methotrexate in a step-up
strategy.8 Of the two trials which employed the
step-up strategy in patients with an incomplete
response to methotrexate, one compared the
monoclonal anti-CD4 antibody cM-T412
with placebo and failed to show clinical
eYcacy,9 whereas the other compared cyclosporin with placebo and did demonstrate
additional eYcacy with the combination compared with placebo.10
With the advent of newer biological treatments directed at cytokines which play a part in
the pathophysiology of RA, particularly tumour necrosis factor (TNF),11 additional trials
of combination therapy based on the step-up
strategy in patients with RA who have had an
incomplete response to methotrexate have
been performed. We updated the systematic
review of Verhoeven and colleagues to test the
hypothesis that the addition of anti-TNF treatments will be associated with a more robust
response than the addition of other oral
DMARDs to patients with an incomplete
response to methotrexate.
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Methods
LITERATURE REVIEW

The Medline database was searched from July
1997 (the closing date of the systematic review
by Verhoeven and colleagues8) to December
2000 using the MeSH headings: “arthritis,
rheumatoid” and “drug therapy, combination”. A total of 196 citations limited to
humans were identified. The titles and abstracts of these articles were read and 29 were
selected for review. The bibliographies of all
retrieved articles were also reviewed to identify
additional relevant studies. Abstracts of scientific presentations from the 1998, 1999, and
2000 annual meetings of the American College
of Rheumatology (ACR) were searched to
identify trials of combination therapy. Authors
of studies that used a step-up strategy in
patients with RA who had an incomplete
response to methotrexate were then contacted
to obtain additional information, including full
unpublished manuscripts if possible.
DATA EXTRACTION

Studies that were placebo controlled, double
blind, randomised clinical trials were selected
for inclusion in this review. The quality of the
studies was assessed using criteria developed
by Jadad et al.12 This is a five point scale; trials
with scores of three or above are considered to
provide strong evidence of an eVect.
Data extracted included baseline patient
characteristics (age, sex, race, duration of RA,
proportion rheumatoid factor positive), concomitant treatment (use of non-steroidal antiinflammatory drugs (NSAIDs) and glucocorticoids), study treatment (study drug and
regimen, methotrexate dose and duration), eligibility criteria (definition of active disease),
baseline values for the WHO/ILAR core set
variables (number of painful/tender joints,
number of swollen joints, pain scores, patient
and global assessment of disease activity, acute
phase reactants, and physical disability
scores13), and outcome measures (ACR 20, 50,
and 70 at the end of the trial).
The proportion of patients achieving an
ACR 20 response at the completion of the trial
was used as the primary outcome in this analysis.14 It was reported in all studies included in
this analysis.
DATA ANALYSIS

The proportion of patients randomly allocated
to receive placebo who achieved an ACR 20
response was compared across trials using a ÷2
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test. Similarly, the proportion of patients
randomly allocated to receive the active study
drug who achieved an ACR 20 response was
compared across trials using a ÷2 test. The relative rate of developing an ACR 20 response
with its 95% confidence interval (CI) was calculated for each study treatment compared
with placebo. These relative rates were compared to test for homogeneity of the rate ratio.
The absolute diVerence between the proportion of patients developing an ACR 20
response who received the study drug and placebo with its 95% CI was calculated for each
study treatment compared with placebo; this
was then used to estimate the number needed
to treat to achieve an ACR 20 response.
Results
LITERATURE REVIEW

Previous work by Verhoeven and colleagues
had identified two studies of combination
therapy that added therapeutic agents to
methotrexate in a step-up strategy.9 10 The current search identified five new double blind,
placebo controlled, randomised clinical trials
that studied the addition of therapeutic agents
to methotrexate in a step-up strategy in
patients with active disease.15–19 The study by
Moreland and colleagues was not included in
the present analysis because the clinical
eYcacy after three months of treatment was
not given.9 The study by St Clair and
colleagues was not included in this analysis
because it was a phase II dose-escalating study
examining diVerent regimens of the DR4/1
peptide, with the primary outcomes being
safety and changes in immune function.18 Two
articles reported results from the trial adding
infliximab to methotrexate16 17; only that article
reporting results after 30 weeks of treatment
was included in this analysis in order to
compare the eYcacy of infliximab with cyclosporin, etanercept, and leflunomide after a
comparable treatment duration of 24–26
weeks. Thus four placebo controlled, double
blind, randomised clinical trials employing a
step-up strategy that were of approximately six
months in duration were included in the
present analysis.

enrolment.15 The mean weekly dose of methotrexate at entry was 18 mg in the placebo group
and 19 mg in the etanercept group. Eight of 24
placebo treated and 42 of 57 etanercept treated
patients who completed 24 weeks of treatment
achieved an ACR 20 response.
Maini and colleagues added infliximab at
four diVerent dosage regimens or placebo by
intravenous infusion to 428 patients with RA
who had been receiving oral or parenteral
methotrexate for at least three months and a
stable dose of at least 12.5 mg/week for at least
four weeks, and had active disease defined as
six or more swollen and tender joints with two
of the following: morning stiVness of at least 45
minutes, erythrocyte sedimentation rate
greater than 28 mm/1st h, and C reactive protein greater than 20 mg/l.16 The median weekly
dose of methotrexate was 15 mg and 72% of
patients were receiving at least 15 mg/week;
there was no significant diVerence in methotrexate dose or duration of treatment across
treatment groups. As there were no significant
diVerences either in baseline variables or in the
proportion of patients with an ACR 20
response after 30 weeks of treatment between
the four infliximab treatment groups, data from
these four groups were pooled for the purposes
of the present analysis. Eighteen of 53 placebo
treated and 181 of 293 infliximab treated
patients who completed 30 weeks of treatment
achieved an ACR 20 response.
Kremer and colleagues added leflunomide at
a dose of 100 mg/day for two days followed by
10 mg/day or placebo to 263 patients with RA
who had been receiving methotrexate at their
maximal tolerated dose of between 15 and 20
mg/week for at least six months and a stable
dose for at least eight weeks, and had active
disease defined by three of the following: nine
or more tender joints, six or more swollen
joints, morning stiVness of at least 45 minutes,
and an erythrocyte sedimentation rate of 28
mm/1st h or greater.19 Twenty six placebo
treated and 60 leflunomide treated patients
achieved an ACR 20 response after 24 weeks of
treatment.
ACR 20 RESPONSES

STUDY DESCRIPTIONS

Tugwell and colleagues added cyclosporin,
beginning at a dose of 2.5 mg/kg/day, or
placebo to 148 patients with RA who had been
receiving their maximal tolerated dose of
methotrexate of 15 mg/week or less at a stable
dose for at least three months, and had active
synovitis, defined as six or more actively
inflamed tender or swollen joints.10 Twelve of
61 placebo treated and 36 of 56 cyclosporin
treated patients who completed six months of
treatment achieved an ACR 20 response.
Weinblatt and colleagues added etanercept
at a dose of 25 mg or placebo injected subcutaneously twice weekly to 89 patients with RA
who had been receiving methotrexate for at
least six months and a stable dose of 15–25
mg/week for the past four weeks, and had active
disease manifest by at least six joints that were
swollen and six that were tender at the time of
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The proportion of patients with an incomplete
response to methotrexate who were randomly
allocated to receive placebo, completed 24–30
weeks of treatment, and obtained an ACR 20
response varied from 16 to 27% across the
studies, but this was not significant (table 1).
The proportion of patients with an incomplete
response to methotrexate who were randomly
allocated to receive active treatment, completed 24–30 weeks of treatment, and obtained
an ACR 20 response varied from 46 to 71%
across the studies, but the diVerence was not
significant (table 1).
The rate ratio (95% CI) of completing
24–30 weeks of treatment and obtaining an
ACR 20 response among patients randomly
allocated to active treatment varied from 2.36
(1.60 to 3.49) to 2.92 (1.65 to 5.15) across the
studies (table 1, fig 1). There was no evidence
of heterogeneity of rate ratios across studies
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Table 1 Number of patients (proportion of patients randomly allocated to receive placebo or active treatment who obtained
an ACR 20 response), rate ratio, absolute rate diVerence, and number needed to treat for placebo controlled, double blind,
randomised clinical trials of the addition of active treatment to methotrexate in patients with rheumatoid arthritis
First author
(ref)

Therapeutic
agent

Placebo
No (%)

Active Rx
No (%)

Rate ratio
(95% CI)

Rate diV
(95% CI)

NNT
(95% CI)

Tugwell (10)
Weinblatt (15)
Maini (16)
Kremer (19)

Cyclosporin
Etanercept
Infliximab
Leflunomide

73 (16)
30 (27)
88 (20)
133 (20)

75 (48)
59 (71)
340 (53)
130 (46)

2.92 (1.65 to 5.15)
2.67 (1.44 to 4.94)
2.60 (1.70 to 3.98)
2.36 (1.60 to 3.49)

32 (17 to 46)
44 (25 to 64)
33 (23 to 43)
27 (16 to 38)

3 (2 to 6)
2 (1 to 4)
3 (2 to 4)
4 (3 to 6)

ACR = American College of Rheumatology; CI = confidence interval; NNT = number needed to treat; Rx = treatment.

and there was substantial overlap of the 95%
confidence intervals of the individual risk
ratios.
The absolute diVerence (95% CI) between
the proportion completing 24–30 weeks of
treatment and obtaining an ACR 20 response
varied from 27% (16 to 38%) to 44% (25 to
64%) across studies but did not significantly
diVer across studies. The number needed to
treat in order to obtain an ACR 20 response
was small in all trials, ranging from two to four
patients.
Discussion
The results of this systematic review suggest
that in patients with an incomplete response to
methotrexate the addition of cyclosporin,
etanercept, infliximab, or leflunomide is associated with a comparable ratio of response as
defined by the ACR 20 responder criteria after
24–30 weeks of combination therapy. These
findings update and extend the results of the
systematic review conducted by Verhoeven and
colleagues,8 and demonstrate that several
agents are eYcacious in a step-up strategy
when given to patients with an incomplete
response to methotrexate.
Several assumptions have to be made to
allow a comparison of outcomes of diVerent
placebo controlled, double blind, randomised
clinical trials. Firstly, one assumes that the
samples of patients in the diVerent trials are
drawn from the same population of patients.
The validity of this assumption can be assessed
in part by examining the demographic and
baseline clinical variables of the patients
enrolled in the trials. The median age of
patients was similar and ranged from 50 to 55
years. Most patients enrolled in these trials
were white women. The median duration of
disease was also similar and ranged from 10 to
13 years. Although there were subtle diVerences in the definition of active disease across
3
2.5

RR

2
1.5
1
0.5
0

Figure 1
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ACR 20 response in step-up trials in rheumatoid arthritis.
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trials, the mean or median number of painful/
tender joints and swollen joints was also similar
across trials, ranging from 19 to 31 and 16 to
21, respectively. Other variables of disease
activity included in the WHO/ILAR core set
were also similar across the trials. Thus the
patients enrolled in these four trials had
comparable demographic and clinical features
at baseline. Similarly, comparable proportions
of patients were receiving concomitant treatment with NSAIDs and corticosteroids at
doses of 10 mg/day or less.
Another method of assessing the validity of
this assumption is to compare the proportion
of patients randomly allocated to receive
placebo who develop the primary study
outcome. Indeed, the proportion of patients
randomly allocated to placebo who completed
the 24–30 weeks of the trials and developed an
ACR 20 response was statistically comparable,
with an overall proportion of 20%. Thus it
appears that the patients enrolled in these
diVerent trials were comparable with one
another.
A second assumption is that the rate ratios
are derived from the intention to treat population in each trial. This assumption was
validated in each trial for the primary study
outcome. Thus the comparison of the rate
ratios for the development of the ACR 20
response is a valid comparison of the relative
eYcacy of these agents in these trials.
The third assumption is that dropouts were
accounted for in each trial. Although the
proportion of patients completing each trial
arm diVered, all authors recorded the reasons
for discontinuation in each trial, including
death, adverse reactions, and lack of eYcacy.
The conclusions of this systematic review
may be limited by the use of the ACR 20 as the
primary study outcome. The ACR 20 responder index was originally designed to
diVerentiate between active DMARDs and
placebo.14 This hurdle was reached by all of the
agents tested in patients with an inadequate
response to methotrexate in the placebo
controlled trials included in the present analysis. The ACR 20 response, however, may not be
sensitive enough to diVerentiate between two
or more active agents. Indeed, three of these
studies also reported ACR 50 and ACR 70
responses.15 16 19 There was no significant difference in the proportion of placebo treated
patients who had an ACR 50 response in these
three trials. Although none of the patients randomly allocated to receive placebo in the
etanercept or infliximab trials achieved an ACR
70 response, three of the patients randomly
allocated to placebo in the leflunomide trial
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achieved this level of response. When the proportion of patients randomly allocated to active
treatment who achieved an ACR 50 response,
together with the rate ratios and rate diVerences, were compared across these three trials,
no significant diVerences were noted (data not
shown). Similar results were found when the
ACR 70 response was examined, though rate
ratios could not be calculated for the trials of
anti-TNF agents (data not shown). Thus, even
using these more stringent criteria for response, this analysis is unable to distinguish
between these active agents.
The second principle of evidence based
medicine suggests that the therapeutic decision
depends not only on the weight of the evidence,
but also on the patient’s and doctor’s values.20
To determine the patient’s values, the doctor
will need to discuss issues related to the route
of drug administration (oral for cyclosporin
and leflunomide, subcutaneous injection for
etanercept, and intravenous infusion for infliximab), pattern and frequency of adverse events,
costs, and availability of insurance coverage for
reimbursement of treatment expenses.
Finally, the results of this systematic review
provide strong evidence for several alternatives
for the patient with RA who has had an
inadequate response to methotrexate treatment. Long term observational studies are
needed to examine the long term eVectiveness
and safety of these combinations. In addition,
further placebo controlled trials are needed to
examine newer treatment combinations for
those patients in whom the combinations
reviewed in the present analysis fail to produce
an adequate response.
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