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Objective: To determine, using the method of adjusted
indirect comparisons, whether there are differences in efficacy of tumour necrosis factor (TNFα) blocking agents, as
measured by the rate ratios for American College of Rheumatology (ACR) 20, 50, and 70 responses, in patients
with rheumatoid arthritis with an incomplete response to
methotrexate.
Methods: A systematic review was performed to identify
placebo controlled trials of 24–30 weeks’ duration of combination therapy that used a step-up approach with the
addition of TNFα blocking agents to methotrexate. The
method of “adjusted indirect comparisons” was used to
compare results across trials to determine the relative risk
for an ACR20 or 50 response.
Results: Placebo controlled trials for adalimumab, etanercept, and infliximab provided data on ACR20 and 50
responses. Both the similarity of demographic and disease
characteristics of patients at entry, and the homogeneity of
response rates in the placebo groups across trials,
suggested that comparing results across trials was valid.
The relative risk for obtaining an ACR20 and 50 response
derived from the adjusted indirect comparisons of the
TNFα blocking agents did not significantly differ from
unity.
Conclusion: The analysis showed that the three currently
marketed TNFα blocking agents have similarly efficacy
when added to methotrexate in the treatment of patients
with rheumatoid arthritis with active disease.

R

heumatoid arthritis (RA) is a common disease affecting
about 1% of adults aged 35 and above and over 2% of
adults aged 60 and above in the United States.1 2
Treatment of patients with RA involves a multidisciplinary
approach with patient education, physical and occupational
therapy, non-steroidal anti-inflammatory drugs (NSAIDs),
and disease modifying antirheumatic drugs (DMARDs).3
Methotrexate is presently the preferred DMARD for patients
with active RA because of its documented short term efficacy
in placebo controlled clinical trials and long term effectiveness
in clinical practice.4–7 Despite this, many patients fail to enter
remission and continue to have signs and symptoms of active
disease while taking a maximally tolerated dose. Therapeutic
options in such situations include switching patients from oral
to parenteral methotrexate,8 stopping methotrexate and starting another DMARD, or continuing methotrexate and adding
another agent (for example, another DMARD or a tumour
necrosis factor α (TNFα) blocking agent). This last approach is
one form of combination therapy referred to as the “step-up”
strategy.9 We previously reported a systematic review of

randomised placebo controlled trials of the “step-up” strategy
in patients with active RA who were receiving maximally tolerated doses of methotrexate and found that the proportion of
patients with American College of Rheumatology (ACR) 20
responses did not significantly differ between patients receiving cyclosporin, etanercept, infliximab, or leflunomide.10 Since
that analysis was performed, data from the clinical development programme of adalimumab, a human derived recombinant monoclonal antibody to TNFα, were submitted to the
US Food and Drug Administration,11 12 and adalimumab was
approved for use in the United States as well as within the
European Union. Herein, we report the results of analyses that
indirectly compare the efficacy of the three approved TNFα
blocking agents, adalimumab, etanercept, and infliximab,
when added to methotrexate in patients with RA with an
incomplete response to methotrexate.

METHODS
Literature review
The methods of the literature review were published
previously.10 For the purposes of this paper we updated the
review to include articles identified in a new Medline search
up to the end of December 2002 and abstracts from the 2001
and 2002 annual meetings of the American College of
Rheumatology and European League Against Rheumatism. In
addition, we reviewed the Humira (adalimumab) briefing
package submitted to the Food and Drug Administration
Arthritis Advisory Committee on 4 February 2003 (http://
www.fda.gov/ohrms/dockets/ac/03/briefing/3930B1_02_AAbbott-Humira.pdf).
Data extraction
Placebo controlled, double blind, randomised clinical trials of
at least 24 weeks’ duration were selected for inclusion in this
analysis. Data extracted included baseline patient characteristics (age, sex, race, duration of RA, proportion rheumatoid
factor positive), concomitant treatment (use of 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
scores),13 and outcome measures (ACR20, 50, and 70) at either
.............................................................
Abbreviations: ACR, American College of Rheumatology; CI,
confidence interval; DMARD, disease modifying antirheumatic drug;
NSAID, non-steroidal anti-inflammatory drug; RA, rheumatoid arthritis;
RR, rate ratio; TNFα, tumour necrosis factor α
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No of patients
First author

Therapeutic
agent

Placebo

Active
Age
treatment (years)

Female
(%)

Weinblatt 21
Maini 19
Weinblatt 22
Keystone 23

Etanercept
Infliximab
Adalimumab
Adalimumab

30
88
62
200

59
340*
67†
207†

84
78
78
75

50
53
56
56

Duration of RF(+)
RA (years) (%)
13
8.5
12
11

86
81
NS
79

NS, not stated; RF, rheumatoid factor.
*Combined treatment groups (3 mg/kg every 4 weeks, 3 mg/kg every 8 weeks, 10 mg/kg every 4 weeks,
10 mg/kg every 8 weeks).
†Treatment group that received 40 mg every other week.

the end of trial or 24–30 weeks’ duration if the trial lasted for
52 weeks.14 15
Data analysis
The rate ratio (RR) and its 95% confidence interval (CI) for
patients achieving an ACR20 and 50 response for the active
treatment group compared with placebo was calculated for
each of the three TNFα blocking agents. When there was more
than one informative placebo controlled trial for a given agent,
data were combined across the trials using the MantelCochrane-Haenszel technique to give a more stable estimate
of the RR.16 The proportion of patients randomly allocated to
receive placebo who achieved an ACR20, 50, or 70 response
was compared across treatments using a χ2 test; for this calculation, Yates’s correction was used when the number of
placebo treated patients achieving an outcome was five or
fewer in any of the trials. The comparison of the three TNF
blocking agents with each other was performed using the
method of adjusted indirect comparisons as described by
Bucher and colleagues17 and Song and colleagues.18 All analyses were performed using EpiCalc 2000, version 1.02 (Gilman
J and Myatt M, Brixton Books, 1998).

RESULTS
Literature review
We identified four double blind, placebo controlled, randomised clinical trials that examined the addition of TNF
blocking agents to methotrexate in a “step-up” strategy in
patients with active RA.19–23 Two articles reported results from
the same trial adding infliximab to methotrexate19 20; only data
from the article reporting results after 30 weeks of treatment
was included in this analysis. Data from the phase III
randomised placebo controlled trial of adalimumab in patients
with active RA despite receiving methotrexate treatment were
presented at the ACR meeting in 200223; the data in the
Humira briefing document for ACR response rates at 24 weeks
were abstracted for the purpose of this review.
Table 1 shows the demographic and disease characteristics
of the patients enrolled in the five studies. On average, patients
were middle-aged with a mean or median age in the sixth
decade, and predominantly white women who were rheumatoid factor positive and had disease duration of about 10 years.
All were receiving stable doses of methotrexate; mean or
median weekly doses ranged from 16 to 19 mg a week.
Study descriptions
Maini and colleagues added infliximab at four different
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. All patients had
active disease defined as six or more swollen and tender joints
together with two of the following: morning stiffness of at
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least 45 minutes, erythrocyte sedimentation rate greater than
28 mm/1st h, and C reactive protein greater than 20 mg/l.19 The
median weekly dose of methotrexate was 15 mg and 72% of
patients were receiving at least 15 mg/week; there was no significant difference in methotrexate dose or duration of
treatment across treatment groups. As there were no
significant differences either in baseline variables or in the
proportion of patients with an ACR20 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. Thirty five of 88 patients treated with
placebo treated and 47 of 293 treated with infliximab failed to
complete 30 weeks of treatment.
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
last four weeks, and had active disease manifest by at least six
joints that were swollen and six that were tender at the time
of enrolment.21 The mean weekly dose of methotrexate at
entry was 18 mg in the placebo group and 19 mg in the
etanercept group. Six of 30 patients treated with placebo and
only 2 of 59 treated with etanercept failed to complete 24
weeks of treatment.
Weinblatt and colleagues added adalimumab at a dose of 20,
40, or 80 mg every other week or placebo by subcutaneous
injection to 271 patients with RA who had been receiving
methotrexate at their maximal tolerated dose of between 12.5
and 25 mg/week for at least six months and a stable dose for
at least four weeks, and had active disease defined by the
presence of nine or more tender joints and six or more swollen
joints.22 The mean weekly dose of methotrexate at entry was
16.5 mg in the placebo group and 16.4 mg in the group receiving adalimumab 40 mg every other week. Only data from
patients randomly allocated to receive placebo or adalimumab
40 mg every other week were abstracted for the purpose of this
analysis.
Keystone and colleagues added adalimumab at a dose of 20
mg weekly or 40 mg every other week or placebo by subcutaneous injection to 619 patients with RA who had been receiving
methotrexate at their maximal tolerated dose for at least three
months and a stable dose for at least four weeks, and had
active disease defined by the presence of nine or more tender
joints, six or more swollen joints, and a C reactive protein level
of 10 mg/l or greater.23 The mean weekly dose of methotrexate
at entry was 16.7 mg in both the placebo group and the group
receiving adalimumab 40 mg every other week. Only data
from patients randomly allocated to receive placebo or
adalimumab 40 mg every other week were abstracted for the
purpose of this analysis.
ACR20, 50 and 70 responses in the placebo groups
The proportion of patients with an incomplete response to
methotrexate who were randomly allocated to receive placebo
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Table 1 Characteristics of patients enrolled in placebo controlled, double blind,
randomised controlled trials of the addition of tumour necrosis factor α blocking
agents to methotrexate in patients with active rheumatoid arthritis

Comparison of TNFα blocking agents and MTX in RA

Relative risk (95% CI)
Comparison

ACR 20

ACR 50

Etanercept v adalimumab

1.10
(0.57 to 2.12)
1.07
(0.66 to 1.73)
1.03
(0.49 to 2.18)

2.60
(0.35 to 19.0)
1.35
(0.47 to 3.85)
1.92
(0.22 to 17.0)

Infliximab v adalimumab
Etanercept v infliximab

ACR, American College of Rheumatology; CI, confidence intervals.

and completed 24–30 weeks of treatment and obtained an
ACR20, 50, and 70 response varied from 20 to 30%, 3 to 10%,
and 0 to 3%, respectively; none of the differences across the
studies reached statistical significance (data not shown).
Adjusted indirect comparisons of TNFα blocking agents
Table 2 shows the RRs and 95% CIs for the adjusted indirect
comparisons of the TNFα blocking agents. The RRs for achieving an ACR20 response all clustered about unity, suggesting no
difference in efficacy between the TNFα blocking agents for
this outcome. The RRs for achieving an ACR50 response suggested that etanercept might be more efficacious than both
adalimumab and infliximab; however, the 95% CIs of each
were wide and included unity. As none of the patients
randomly allocated to receive placebo in the trials of
etanercept or infliximab achieved an ACR70 response, we were
unable to calculate RRs for these agents and perform adjusted
indirect comparisons with adalimumab for this outcome.

DISCUSSION
TNFα blocking agents are currently indicated for the
treatment of patients with active RA after an adequate trial of
a DMARD, most commonly methotrexate.24 The results of the
present analysis suggest that in patients with an incomplete
response to methotrexate the addition of either adalimumab,
etanercept, or infliximab is associated with a comparable
response as defined by the ACR20 or 50 responder index after
24–30 weeks of combination therapy. These findings update
and extend the results of our earlier analysis that was limited
to etanercept and infliximab and used different
methodology.10
Although the TNFα blocking agents differ in chemical
structure and specific mechanism of action, they are generally
recognised to comprise a new class of biological agents based
on their similar pharmacological effects. The practising rheumatologist is thus faced with a situation where he/she has to
choose between three products that have all been shown to
improve the signs and symptoms and inhibit the progression
of structural joint damage in patients with active RA.
McAlister and colleagues suggested an approach to this
dilemma based on a hierarchy of evidence.25 They defined four
levels of evidence, the highest being provided by “head-tohead” randomised clinical trials that directly compared
clinically important outcomes for two or more drugs of interest. The major limitation to the conduct of such trials is the
large sample size required to demonstrate either differences
between, or equivalence of, the treatments on a clinically
important outcome. In the absence of such direct “head-tohead” comparisons, they noted that the second highest level of
evidence was provided by indirect comparisons of the
treatments using the method outlined by Bucher and
colleagues.17

Bucher and colleagues developed a model for making
adjusted indirect comparisons of the magnitude of treatment
effects that produces an unbiased estimate of the relative efficacy of the treatments. This method preserves the randomisation of the original treatment groups and allows the
comparison of the magnitude of the treatment effect in comparison with a placebo group in the randomised trials; it is
thus better than a simple indirect comparison of treatment
effects across trials that do not consider the placebo response
within each trial. The authors did note that there were several
assumptions that should be fulfilled in order to support the
inferences drawn from these comparisons, including similarity of methodology in trial design and measurement of
clinically important outcomes, and consistency of treatment
effect in different subgroups of patients. Inherent limitations
to the inferences drawn from adjusted indirect comparisons,
particularly because of wider confidence intervals due to
greater variance from lower efficiency, occur even in the
absence of any systematic bias.
Song and colleagues recently examined the validity of
adjusted indirect comparisons by using data from published
meta-analyses of randomised controlled trials.18 They identified 28 systematic reviews that provided data allowing a total
of 44 comparisons between direct and adjusted indirect comparisons of competing interventions. Significant discrepancies
were noted in only three of the 44 comparisons; only one of
these was felt to be of clinical importance and was explained
by differences in dosage of the treatments used in the studies
for the indirect comparison. The direct comparisons were
more likely to show significant differences between treatments than the adjusted indirect comparisons; indeed, of 19
direct comparisons that showed significant differences between treatments, 10 adjusted indirect comparisons were no
longer significant. This is consistent with the lower precision
in the adjusted indirect comparison. These authors felt that
adjusted indirect comparisons were useful when there was no
direct evidence to compare competing interventions.
We examined the assumptions required to allow the
comparison of outcomes of different placebo controlled, double blind, randomised clinical trials.17 Firstly, one assumes that
the samples of patients in the different 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 (table 1). The median age of patients was
similar and ranged from 50 to 55 years. The majority of
patients enrolled in these trials were white women. The mean
or median duration of disease was also similar and ranged
from 8 to 13 years. Although there were subtle differences in
the definition of active disease across trials, the mean or
median number of painful/tender joints and swollen joints
was also similar across trials, ranging from 28 to 30 and 17 to
20, respectively. Mean or median doses of methotrexate were
similar across the trials. Other parameters of disease activity
included in the WHO/ILAR core set were also similar across
trials (see also Fleischmann26; Dayer and Matteson27). Thus, it
appears that the patients enrolled in these trials had comparable demographic and clinical features at baseline.
Another method of assessing the validity of this assumption
is to compare the proportion of patients randomly allocated to
receive placebo who develop the study outcome. Indeed, the
proportion of patients randomly allocated to receive placebo
who completed the 24–30 weeks of the trials and developed an
ACR20, 50, and 70 response was statistically comparable with
an overall proportion of 25, 8, and 2%, respectively. Thus, it
appears that the patients enrolled in these different trials were
similar to one another, allowing reasonable inferences from
the comparison of these data to the extent that can be drawn
from the published reports.
The conclusions of this analysis may be limited by the use of
the ACR20 and 50 responder index as the study outcomes. The
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Table 2 Adjusted indirect comparisons of the
efficacy of TNFα blocking agents in placebo
controlled, randomised, double blind trials in patients
with active rheumatoid arthritis with an incomplete
response to methotrexate
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ACR20 responder index was originally developed to differentiate active DMARDs from placebo.14 All the agents tested in
patients with an inadequate response to methotrexate in the
placebo controlled trials and included in the present analysis
were significantly better than placebo in patients with an
inadequate response to methotrexate. The ACR20 response,
however, may not be sensitive enough to differentiate between
two or more active agents. Indeed, when examining the
ACR50 response, there was a suggestion that etanercept might
be more efficacious than the other TNFα blocking agents,
although the rate ratios were not statistically significant
because of wide confidence intervals, attributable to the small
numbers of subjects enrolled in the etanercept trial. If direct
comparisons are to be performed between TNFα blocking
agents, the ACR50 or 70 responder index should be considered
as the primary outcome rather than the ACR20.
Decisions about the choice of treatment include not only
efficacy but also safety and tolerability, route of administration, and costs and availability of insurance coverage for reimbursement of treatment expenses. With regard to safety and
tolerability, it appears that patients randomly allocated to
receive either adalimumab or etanercept did not have a
significantly greater proportion of withdrawals than patients
randomly allocated to receive placebo in the trials examined in
this analysis. Recent attention, however, has been focused on
rare adverse events with TNFα blocking agents, particularly
serious infections, mycobacterial and other opportunistic
infections, malignancy including lymphoma, congestive heart
failure, and demyelinating disease with etanercept.28 29 Readers should closely review product inserts for complete data on
adverse effects of these agents when used either individually
or in combination with methotrexate.
Finally, the results of this analysis provide strong evidence
for several alternatives for the patient with RA who has had an
inadequate response to methotrexate therapy. Long term
observational studies using patient registries are needed to
examine the long term effectiveness and safety of these combinations.

Hochberg, Tracy, Hawkins-Holt, et al

