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Clinical trials and economic models have showed that anti-TNF agents are effective and 
cost effective compared with standard therapies (mainly disease-modifying antirheumatic 
drugs) in patients with rheumatoid arthritis. However, no head-to-head clinical trials 
between these agents are available and the relative effectiveness and cost–effectiveness 
is uncertain. We have conducted a literature review in order to identify full economic 
evaluations that compared two or more TNF antagonists. A description of each study was 
given and key methodological issues identified. These included methods for evidence 
synthesis, model characteristics and methods to address uncertainty in model 
parameters. Important differences in methodological features and results have been 
found between studies. More attention in future studies should be given to methods for 
indirect comparisons between the biological agents. 
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Rheumatoid arthritis (RA) is a chronic and
progressive disease that affects approximately
0.5–1% of the adult population. The introduc-
tion of new TNF-α antagonists (infliximab,
etanercept and adalimumab) has changed the
clinical practice and the management of RA.
Clinical trials [1–5] have proved the potential
greater efficacy of treatment with TNF-α
antagonists compared with standard therapies,
including disease-modifying antirheumatic
drugs (DMARDs). The substantial higher cost
of these biological agents compared with more
traditional strategies for the management of RA
has raised questions about their cost–effective-
ness. Several economic models [6–11] have been
developed in order to estimate the value for
money of infliximab, etanercept or adalimu-
mab compared with DMARDs or placebo. In
general, biological agents were associated with
cost–effectiveness or cost–utility ratios below
the thresholds commonly used to establish
drug approval and reimbursement. 

However, no head-to-head clinical trial com-
paring the anti-TNF medications has been per-
formed to date, and no data on the relative
effectiveness of these agents is available. Thus,
some pharmacoeconomic studies have tried to
assess their relative cost–effectiveness by syn-
thesizing the clinical evidence from different
sources, by means of decision models. 

The objective of this paper is to critically
appraise the pharmacoeconomic studies that
compared two or three TNF antagonists in
order to assess the quality of the methods and
the data employed. In particular, we wanted to
identify the main issues associated with the
comparisons of the three biologic agents based
on decision models, given the lack of head-to-
head comparisons. Thus, a description of each
study was given, highlighting the main draw-
backs of each analysis. Finally, we focused on
the methodological differences among studies
and their impact on the final results in terms of
cost–effectiveness. 
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Methods
We performed a literature review in order to identify
pharmacoeconomic studies comparing the TNF-α antagonists
using both clinical databases (MedLine and Embase) and eco-
nomic evaluation databases (National Health Service [NHS]
Economic Evaluation Database [EED] and Office of Health
Economics EED), until February 2007. Searches used index
and text words encompassing RA, anti-TNF, adalimumab,
etanercept and infliximab. In addition, the internet sites of the
FDA and the NICE were checked.

The results of the search were screened by an investigator
(MB) and articles were included if they met the following
criteria: 

• Publications in English or Spanish;

• Full economic evaluations (this includes cost–effectiveness
analysis [CEA], cost–utility analysis [CUA], cost–benefit
analysis [CBA], cost–minimization analysis [CMA] and
cost–consequences analysis [CCA]);

• Comparison between two or three TNF-α antagonists (thus,
economic evaluations comparing only one anti-TNF with
other medications were excluded).

Full copies of the articles that met these inclusion criteria
were then obtained and a detailed analysis of each study was
performed in order to make a final decision on their eligibility. 

A description of each article was given, focusing on some key
features such as: 
• Drugs compared and doses 
• Form of economic analysis 
• Model structure (if relevant)
• Time-horizon of the analysis
• Perspective of the analysis 
• Source for efficacy and safety data
• Sources for utility weights (if relevant)
• Sources for economic data (resource use, unit costs and

category of costs included)
• Cost–effectiveness results
• Results of sensitivity analysis

A critical appraisal of each article was also undertaken. We
chose not to use a standard quality assessment checklist for
economic evaluations (e.g., that developed by Drummond
et al. [12]) because we wanted to focus our attention on some
issues specific to RA, biological agents and methods for indi-
rect comparisons that we felt were the most relevant factors
for the economic evaluations analyzed. Thus, more than a
general overview of the methodological characteristics of each
study, this article highlights strengths and limitations of pub-
lished economic evaluations on some specific issues such as
model characteristics and assumptions, methods to synthesize
efficacy evidence, assumptions on the progression of disease,
methods to estimate costs associated to the disease and meth-
ods to handle uncertainty in model parameters. TABLES 1 & 2

provide a schematic view of the main characteristics and
results of each study.

Results
Ten articles were initially thought to fulfill all the inclusion cri-
teria. However, one study (Kobelt et al. [13]) was excluded
because it considered the TNF-α inhibitors as a group without
any comparison between them. Thus, nine studies were finally
included. Three of these were conducted in the UK (Joban-
putra et al. [14], Barton et al. [15] and Chen et al. [16]), two in the
USA (Wailoo et al. [17] and Spalding et al. [18]), one in Spain
(Hernandez-Cruz et al. [19]) one in Canada (Coyle et al. [101]),
one in the Netherlands (Nuijten et al. [20]) and one in Sweden
(Bansback et al. [11]). A review of methods and results of each of
these articles will be given together with a critical appraisal
focusing on key methodological issues previously described
(limitations and strengths). Given that the work by Chen et al.
was a revision of the Jobanputra and Barton studies with the
attempt to overcome some of the previous limitations, we
focused our analysis on the original. 

Infliximab plus methotraxate versus etanercept
Five of the studies identified compared only etanercept as
monotherapy with infliximab plus methotraxate (MTX). Two
of these (Barton and Jobapuntra) will not be described, since
they were updated by the Chen analysis. 

Hernandez-Cruz and colleagues carried out a CEA and CUA
of infliximab plus MTX versus etanercept monotherapy for
patients suffering from RA resistant to DMARDs in Spain [19].
A decision model was constructed in order to estimate the costs
associated with the two strategies over 12 months. Patients
who had failed at least one DMARD could receive etanercept
at standard dose (25 mg twice weekly) or infliximab 3 mg/kg
every 8 weeks plus MTX. Individuals who reached an Ameri-
can College of Rheumatology criteria (ACR)20 response  with
etanercept were assumed to continue this treatment, while
patients who did not respond or suffered from severe toxicity
were assumed to switch to infliximab (3 mg/kg) plus MTX.
Individuals who reached an ACR20 response with infliximab
3mg/kg were assumed to continue this treatment, while
patients who did not respond or suffered from severe toxicity
were assumed to receive a higher infliximab dosage (5 or
10 mg/kg). ACR20 response with etanercept and infliximab
was based on two published randomized controlled trials
(RCTs) [1,3]. Data on toxicity were obtained from a RCT for
etanercept [3] and from a Cochrane review for infliximab plus
MTX [21]. Reduction in health assessment questionnaire
(HAQ) score with etanercept and infliximab was also obtained
from the two mentioned RCTs and directly converted to
changes in quality-adjusted life years (QALYs) using a formula
applied in Jobanputra et al.

In order to estimate resource use in the Spanish context, data
were obtained from an observational study that followed 286
Spanish patients who had suffered from RA for over 1 year.
The perspective of the analysis was that of the society, thus
both direct (drug acquisition costs, personnel, hospitalizations,
laboratory tests and treatment of side effects) and indirect costs
were considered. 
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In the base case, etanercept
was associated with a higher
ACR20 response compared
with infliximab plus MTX
(59 vs 50%) that led to higher
QALYs (0.526 vs 0.478).
Etanercept was also slightly
less costly over a 1-year period
than infliximab plus MTX
(€14,926 vs €15,212 per
patient). In univariate sensi-
tivity analyses, etanercept was
often the dominant strategy.
However, important excep-
tions were found; for exam-
ple, when it was assumed that
patients who failed to reach
an ACR20 response with inf-
liximab were switched to
etanercept (instead of receiv-
ing higher dosages of inflixi-
mab), the infliximab plus
MTX strategy was substan-
tially less costly than etaner-
cept. When the lowest 95%
confidence interval (CI)
ACR20 response for etaner-
cept and the highest 95% CI
ACR20 response for inflixi-
mab found in the RCTs were
used, infliximab plus MTX
was the dominant strategy, in
contradiction with the base
case results.

Nuijten and colleagues
instead carried out a CMA
comparing etanercept at a
standard dose with infliximab
(3 mg/kg) plus MTX for
patients with RA who failed
at least two DMARDs in the
Netherlands using a societal
perspective [20]. The study was
based on the assumption that
the two TNF-α antagonists
were equivalent in terms of
efficacy and toxicity. Thus, all
the analysis focused on total
cost per patient over 1 year
with the two strategies. It was
assumed that no switching
was possible even in the case
of inadequate efficacy or
adverse events. Resources used
associated to direct medical

costs was mainly based on
expert opinion, owing to the
lack of published data at the
time of the study, while for
non-medical direct costs
(transportation) and indirect
costs they were derived from
published studies. 

In the base case, infliximab
and etanercept acquisition
costs were very similar
(NLG31,526 vs NLG31,334
respectively). However, other
direct medical costs were
higher for infliximab, mainly
owing to the concomitant use
of MTX and the higher
administration costs. Thus,
the infliximab plus MTX
strategy resulted more costly
than etanercept (NLG45,115
vs NLG31,121). A few one-
way sensitivity analyses were
carried out and, in general,
confirmed base case results.
However, total costs with inf-
liximab were strongly sensi-
tive to changes in patient
weight that was associated
with the number of vials
needed. Assuming two vials
per infusion (weight <68 kg),
the extra costs for infliximab
plus MTX versus etanercept
amounted to 22.7%, while
assuming three vials per infu-
sion (weight >68 kg and no
storage of initiated vial), the
extra cost with infliximab plus
MTX raised to 62.6%.

Finally, in the technology
assessment by Coyle and
colleagues, costs and benefits
of etanercept monotherapy
and infliximab plus MTX
were compared with stand-
ard DMARD sequences for
patients that had failed MTX
therapy from the perspective
of the Canadian healthcare
system [101]. Both etanercept
and infliximab plus MTX
were analyzed both as second-
line  (after MTX and before
gold) and third-line treatments
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(after MTX and gold). The economic analysis was based on a
Markov model with a 6-month cycle length and 5-year time
horizon. Patients could receive five different sequences of strat-
egies that included or excluded biological agents. Patients
could continue or withdraw their treatment on the basis of
ACR response and severity of adverse events. Treatment
response for biological agents were obtained from two separate
RCTs [1,3]. Data on toxicities were obtained from the same tri-
als and assumptions were made for long-term adverse events.
The perspective of the analysis was that of payer, thus only
direct costs were considered in the base case. In particular, only
costs associated to RA medications were included, namely drug
acquisition cost, monitoring costs and costs of managing
adverse events. Resource use was mainly obtained from the two
published trials. 

The incremental QALYs with respect to standard DMARDs
were 0.25 or 0.22 for infliximab plus MTX as second- or third-
line therapy, respectively, and 0.27 or 0.25 for etanercept as
second- or third-line therapy, respectively. Thus, etanercept
was associated with slightly higher QALYs gained. Total costs
over 5 years were Can$9200 for standard DMARDs,
Can$37,900 for infliximab plus MTX second line,
Can$30,900 for infliximab plus MTX third line, Can$48,400
for etanercept second line and Can$41,200 for etanercept
third line. Etanercept was thus more expensive than infliximab
plus MTX both as second- or third-line treatment. These
results generated a relatively high incremental cost per QALY
gained for the biological agents (Can$113,000 and $97,800
for infliximab plus MTX as second- or third-line therapy,
Can$144,700 and $125,700 for etanercept as second- or third-
line therapy). Acceptability curves were presented and indi-
cated that infliximab-based strategies are unlikely to be cost
effective for a willingness to pay lower than Can$80,000, while
etanercept-based strategies are unlikely to be cost effective for
values lower than Can$100,000.

Infliximab plus MTX versus etanercept & adalimumab 
(monotherapy or with MTX) 
There have been four pharmacoeconomic analyses that com-
pared three anti-TNF agents. Bansback and colleagues esti-
mated the costs and quality of life (QoL) associated with adali-
mumab monotherapy (40 mg every other week), adalimumab
plus MTX, etanercept monotherapy, etanercept plus MTX and
infliximab plus MTX in Sweden. All these strategies were also
compared with DMARDs. The authors used a state-transition
decision model based on individual patient simulations to esti-
mate costs and benefits associated with a hypothetical cohort of
patients with RA. Patients who entered the model could receive
either one of the biological agents (as monotherapy or in com-
bination with MTX) or a DMARD. On the basis of treatment
response (ACR20 or ACR50), rate of adverse events and with-
drawals, patients could continue the initial treatment or switch
to other medications. The time horizon of the analysis was
patient lifetime with a 6-month cycle length. Data on ACR20
and ACR50 response at 6 months for the biological agents were

taken from different RCTs (no head-to-head trial was available).
The efficacy of DMARDs was instead taken from an observa-
tional study [22]. Adverse events and long-term withdrawals were
also based on this observational study that included all the bio-
logical agents. The ACR20 and ACR50 responses were then
converted to HAQ progression on the basis of clinical trial data.
To estimate health utilities, a correlation between the Health
Utility Index-3 and HAQ values was estimated (based on data
from adalimumab trials) and converted to an algorithm. With
regard to cost categories, only direct medical costs were consid-
ered, including drug acquisition and administration costs, mon-
itoring and treatment of adverse events, personnel, hospitaliza-
tions and joint replacements. Resource use depended on patient
pathways and expert opinion was used to assess those associated
with the monitoring and treatment of adverse events and drug
administration. The results of the analysis showed that relatively
similar lifetime costs were found among the biological agents
when the ACR50 was used as measure of effectiveness to drive
the decision model, ranging from €90,058 for adalimumab
monotherapy to €103,129 for etanercept plus MTX. In terms
of QoL, adalimumab monotherapy was associated with the low-
est QALY gain (1.65), but adalimumab plus MTX showed the
highest gain (2.10). When the ACR20 was used as measure of
effectiveness to drive the decision model, etanercept plus MTX
was the most expensive strategy (€133,590) but also the most
effective (2.95 QALYs gained), while the other strategies had
similar lifetime costs. The authors did not perform any incre-
mental analysis among the TNF-α antagonists, but they esti-
mated the incremental cost per QALY for each strategy com-
pared with the DMARD strategy. This ranged between €42,480
for etanercept monotherapy and €65,499 for adalimumab mon-
otherapy when the ACR20 results were used, and between
€34,922 for adalimumab plus MTX and €48,333 for infliximab
plus MTX, when ACR50 results were used. A probabilistic sen-
sitivity analysis (PSA) was carried out to estimate the uncer-
tainty around model parameters. The authors concluded that,
“on the basis of these findings, one cannot be certain about
which TNF antagonist is the most cost effective”. 

Similarly, Spalding and colleagues compared adalimumab or
etanercept as monotherapies, infliximab plus MTX and etaner-
cept plus MTX, but as first-line therapies for early RA patients
in the US context [18], since recent trials had shown that bio-
logicals are also efficacious at onset of the disease [23,24] . Life-
time costs and benefits of the strategies compared were esti-
mated through a Markov chain based on annual cycles. Patients
entered the model at time of RA diagnosis and could immedi-
ately receive one of the biological agents. Patients remained on
the study drug on the basis of its efficacy and tolerability.
Sources for clinical data were different RCTs that provided
HAQ reduction over the time horizon of the study. In the orig-
inal trials, each biological agent was compared with MTX, thus
direct comparison was feasible only for anti-TNF treatments
versus MTX alone and not among biological agents. The tran-
sition probabilities for switching drugs was calculated by taking
the reciprocal of the average duration that patients remain on
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each drug (obtained from Barton et al. [15]). It was assumed
that patients received the same benefits and costs from second-
line therapies, independently from the treatment previously
taken and duration of first-line treatment. HAQ scores were
converted to utility weights by a published regression formula
[14]. The base case analysis adopted the perspective of the
payer, thus only direct costs were considered (RA medications,
physician visits, monitoring and hospitalizations owing to
adverse events). Data from clinical trials provided doses, fre-
quency of administration for RA medications and rate of
adverse events. Other resource use was estimated as a function
of patients’ HAQ scores based on published evidence. The
results of the Markov model showed that the use of biological
agents as first-line treatment produced an increase in QALYs
between 2 and 10% with respect to MTX over patient life-
time, but at very high additional lifetime costs. The incremen-
tal cost per QALY compared with MTX was $63,769 for
etanercept monotherapy, $89,772 for adalimumab mono-
therapy, $194,589 for adalimumab plus MTX and $409,532
infliximab plus MTX. Incremental QALYs and costs for each
agents were not provided, so it was not possible to directly
compare cost–effectiveness results of biological agents. It was
concluded that adalimumab and etanercept as monotherapies
might be considered as cost effective strategies depending on
the willingness to pay the threshold adopted.

In another study conducted in the USA, Wailoo and col-
leagues estimated the cost–effectiveness of etanercept and adali-
mumab as monotherapies in comparison with infliximab alone
from the perspective of the Medicare program [17]. In addition,
the study assessed the cost-effectiveness of using a second or
third biologic drug in a sequence of treatment compared with
infliximab alone. Recommended doses were used for etanercept
and adalimumab while infliximab was initially given at
3 mg/kg every 8 weeks, but dose increase was assumed in the
base case (4.5 mg/kg at 6 months and an increase of 0.4 mg/kg
per year thereafter). In addition, drug wastage was assumed in
the base case for infliximab and doses were rounded to full
vials, this includes CEA, CUA, CBA, CMA and CCA. 

A decision model based on individual patient simulations was
developed where individual patients were followed from the
time of starting treatment on a biologic until death, with
changes calculated every 6 months. The primary sources for
effectiveness data of the biologic drugs were randomized clinical
trials (four for etanercept, two for infliximab and four for adali-
mumab). These studies provided data on the ACR20 and
ACR50 response at 6 months for each biological agent. How-
ever, differences were found between studies in terms of compa-
rator (placebo or MTX), patient characteristics, doses and tim-
ing regimes. Standard meta-analysis was considered as
inadequate to synthesize all this evidence. Thus, the authors
performed a meta-regression of the RCT data in order to esti-
mate drug effectiveness by first calculating the probability of
response on MTX alone and then applying the odds ratio for
treatment response. Disease duration and baseline HAQ-Dis-
ability Index 1 were included as covariates in the meta-regression.

It was found that patients were expected to respond better to
biological drugs the greater the time between diagnosis and
treatment and if their baseline HAQ was lower. 

The time to withdrawal for the biologic therapies was mod-
eled using a Weibull survival curve based on a detailed disease
registry comprising more than 17,000 US patients (the
National Databank for Rheumatic Diseases [NDB]). It was
found that for an average patient, duration on treatment was
slightly higher for etanercept (33 months), followed by adali-
mumab (32 months) and infliximab (30 months). ACR20 and
ACR50 biologic response, together with time of treatment,
determined the HAQ score for the hypothetical patients for
each anti-TNF or combination of anti-TNF. HAQ scores were
then converted to health utilities by a multivariate regression
based on the EuroQol (EQ)-5D results of the NDB 6-monthly
assessments. Similarly, resource use was estimated as a function
of patients, HAQ scores based on data from the NDB and
generalized linear models were applied to estimate resource use
over time. Cost categories reflected the Medicare perspective
and included medications, outpatient visits, monitoring and
hospitalizations. 

The results of the probabilistic analysis based on individual
patient simulations showed very similar lifetime heath benefits
associated with the three biological agents (7.64, 7.66 and
7.64, respectively). Etanercept and adalimumab were less
costly (mean total costs US$81,181 and US$79,535) in the
base case compared with infliximab (US$94,029). Thus, inf-
liximab was dominated by etanercept and of greater cost than
adalimumab using base case assumptions. However, base case
results were totally contradicted when no drug wastage for inf-
liximab was assumed. In this case, where no rounding to full
vials was considered, infliximab was less costly than adalimu-
mab and etanercept, with associated incremental cost–effec-
tiveness ratio (ICERs) higher than US$500,000 per QALY.
Similarly, in absence of dose increase (but with drug wastage)
infliximab saved more than US$13,000 compared with the
other two biological agents, and the resultant cost–effective-
ness ratios were extremely high (over US$1 million per QALY
for adalimumab and over US$650,000 for etanercept as com-
pared with infliximab). 

Finally, the study by Chen and colleagues [16] was an updated
version of Health Technology Assessment (HTA) by Barton
et al. [15] and Jobanputra et al. [14] carried out in the UK. Sev-
eral strategies for treatment of patients with early or late RA
that include or exclude anti-TNF treatments were compared.
Among biological agents, five alternative strategies were evalu-
ated both as first-line treatments (early RA) or third-line
options (late RA): adalimumab alone or in combination with
MTX; etanercept alone or in combination with MTX; and
infliximab (3 mg/kg every 8 weeks) in combination with MTX.
A discrete event simulation model was used in order to estimate
lifetime costs and QALYs associated with different sequences of
treatments that might or might not include an anti-TNF agent
(as first- or third-line option). Hypothetical patients were
entered in the model and followed (individually) a sequence of
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DMARDs chosen to reflect a typical clinical pathway for RA.
Patients moved to the next treatment in the sequence because of
lack of efficacy (increase in HAQ), adverse events or need for
joint replacement. In addition, it was assumed that the
sequences of treatments received might vary on the basis of rea-
sons for discontinuation. Thus, costs and benefits associated
with the different pathways were related to the length of each
treatment period, which depended on treatment efficacy and
safety. The initial HAQ reduction associated with the use of
biological agents (when effective) was derived from RCTs or
meta-analyses of RCTs both for early and late RA. Similarly,
HAQ reduction on treatment for DMARDs were taken from
clinical trials or based on authors’ assumptions. Beta distribu-
tions were assigned to treatment effectiveness expressed as ini-
tial HAQ reduction. The time spent on each DMARD or on
the TNF antagonists was estimated by means of a Weibull dis-
tribution and depended on data on safety and effectiveness.
Data on toxicity were based on an observational study, while
data for adalimumab were assumed to be the same as infliximab.
Data for DMARDs were mainly taken from a large database
representing UK clinical practice. 

The relationship between QoL and HAQ was measured by an
equation, based on a data set provided by Hurst et al. [25]. Only
direct costs (drug acquisition and administration, monitoring
and joint replacement) were considered, given that the perspec-
tive of the analysis was that of the NHS. Total costs for each
treatment pathway depended on the time on each treatment, the
HAQ reduction associated to each treatment and side effects. 

When given as first-line strategy and compared with a
sequence of DMARDs, adalimumab and etanercept alone
showed the lowest ICERs (GBP£53,000 and 49,000 per QALY,
respectively), while combination therapies were less cost effec-
tive (£78,000 per QALY for etanercept plus MTX, £170,000
per QALY for adalimumab plus MTX and up to £650,000 per
QALY for infliximab plus MTX, mainly owing to low QALY
gains). Etanercept and adalimumab alone dominated etaner-
cept plus MTX and adalimumab plus MTX, respectively. The
incremental cost per QALY for etanercept alone versus adali-
mumab alone was £43,100, while the incremental cost per
QALY for etanercept or adalimumab in combination with
MTX over infliximab plus MTX was £26,200 and £3830,
respectively. When given as third-line strategy and compared
with a sequence of DMARDs, etanercept alone or in combina-
tion and adalimumab in combination were associated with the
lowest ICERs (approximately £50,000 per QALY), while inflix-
imab or adalimumab plus MTX were less cost effective
(£140,000 per QALY for both). The incremental cost per
QALY for etanercept alone versus adalimumab alone was
£18,300, while it was £31,500 for etanercept plus MTX versus
adalimumab plus MTX. The incremental cost per QALY for
etanercept or adalimumab in combination with MTX over
infliximab plus MTX was £19,800 and £2560, respectively. 

In general, when analyzed as third-line therapies, etanercept
both as monotherapy and in combination with MTX was more
cost effective than infliximab or adalimumab. When evaluated

as first-line therapies, etanercept or adalimumab alone provided
the lowest cost–effectiveness ratios.

Expert commentary: critical appraisal of the published 
economic evaluations comparing anti-TNF treatments
The pharmacoeconomic studies described are characterized by
important differences in terms of methodological features and
data sources that explain the differences in cost–effectiveness
results. The methodological quality of the analyses identified
varies substantially and it is important to highlight strengths
and limitations of each study. 

The key issue in comparing different anti-TNF agents for
the treatment of RA relates to the lack of head-to-head clinical
trials. Concerns have been expressed over the use of indirect
comparisons of treatments. For example, the Cochrane Col-
laboration’s guidance to authors states that, “indirect compari-
sons are not randomized, but are observational studies across
trials, and may suffer the biases of observational studies, for
example confounding” [26].

Different approaches have been used in the published eco-
nomic evaluations to address this issue. For example, Hernan-
dez-Cruz and colleagues obtained clinical data directly from
two different RCTs; one trial compared etanercept with placebo
while the other trial compared infliximab plus MTX with MTX
alone [19]. They stated that the patient populations of the two
RCTs were relatively similar, but did not perform any statistical
analysis to give a quantitative estimation of this homogeneity. A
similar approach was taken by Coyle (for late RA) [101] and
Spalding (early RA) [18]. Nuijten et al. instead adopted a
cost–minimization approach, assuming that no difference in
efficacy and toxicity between etanercept and infliximab could be
proved, given the lack of direct comparisons [20]. Finally, in the
UK HTA by Chen et al., treatment effect was modeled through
probabilistic distributions to take account for the uncertainty in
clinical estimates, but these were mainly obtained from different
trials [16]. 

All these approaches appear inappropriate. Although anti-
TNF treatments have not been directly compared in a trial,
they could be indirectly compared since both have been
assessed against a common comparator. Statistical techniques
are available to deal with the issue of a lack of head-to-head
comparisons. For example, the use of a mixed treatment com-
parison (MTC) model [3] would enable a better estimation of
the true relative effect of infliximab versus etanercept given
the potential heterogeneity between trials [27,28]. In general
terms, a MTC can be considered as an extension of a meta-
analysis and consists of identifying a chain of evidence
between treatments when head-to-head comparisons are not
available. In the case of infliximab versus etanercept, a devia-
tion from the standard MTC approach might also be neces-
sary, because the medications given in the control arm of the
two trials [1,3] are very different. Recently, Nixon and col-
leagues have developed a MTC model to compare the differ-
ent biological agents in RA [29]. In particular, they performed
a meta-regression in order to assess the impact of patients’
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disease duration, and HAQ scores at baseline on the relative
effectiveness of the biological agents versus placebo. The
results of their analysis showed that the three TNF antagonists
have comparable effectiveness in terms of ACR response.
They also found that the relative effectiveness of biologic
drugs versus the comparator is greater for studies with patients
who have longer average disease duration while a study with
higher average baseline HAQ is expected to show worse rela-
tive effectiveness. Given that in the etanercept pivotal trial [3]

mean disease duration at baseline was higher than that in the
infliximab trial (11 and 8.4 years, respectively) [1], and that
mean HAQ score at baseline was lower in the etanercept trial
than in the infliximab trial (1.6 vs 1.8), it is likely that the rel-
ative effectiveness of etanercept versus placebo is overesti-
mated compared with the relative effectiveness of infliximab
plus MTX versus MTX. 

These statistical techniques were used only in the Wailoo
study where a meta-regression was carried out to adjust for dif-
ferences between original trials in terms of comparator (pla-
cebo or MTX), patient characteristics, doses and timing. They
developed a MTC model with bivariate random effect, adding
the meta-regression coefficients found for the disease duration
and HAQ score at baseline. It should be acknowledged that
these statistical techniques have only recently been developed
and applied to pharmacoeconomic models. The issue of
heterogeneity in the primary source of data was instead par-
tially addressed in the study by Bansback and colleagues that
adjusted the ACR20 and ACR50 trial results using a reference
placebo [11], thus employing the relative treatment effect
instead of the absolute effect in the analysis. 

Specific issues are then associated with each of the studies ana-
lyzed. In particular, among studies that compared infliximab
plus MTX and etanercept alone, several weakness were found. 

In the study by Hernandez-Cruz et al., mean ACR20 results
(59% for etanercept vs 50% for infliximab) found in the trials
were used as final measure of effectiveness, without taking into
account the uncertainty around these mean values [19]. This
appears particularly relevant given that the 95% CIs around
the mean ACR20 results for etanercept and infliximab overlap
(48–70% for etanercept and 39.4–60.6% for infliximab). Sim-
ilarly, the reduction in HAQ scores obtained from the two
RCTs was directly used in order to assess the gain in patients
QoL and only mean estimates used, raising all the problems of
indirect comparison and uncertainty we have previously men-
tioned. In addition to these key methodological issues, other
points can be raised. The time horizon of the model was 1 year.
This is inadequate to estimate the real costs and benefits of RA
treatments that should be assessed over a long-time period
given the progressive nature of the disease. As regards the cost
analysis, details were given on unit costs and resource use for
etanercept and infliximab that were appropriately taken from
Spanish patients. However, no information was provided on
average patient weight (which is fundamental for infliximab
and irrelevant for etanercept) and on the number of vials per
patient needed with infliximab. 

Moreover, the cost analysis is driven by the ACR20 results
obtained from the trials (given that toxicity was similar for
etanercept and infliximab). This means that less patients in the
infliximab branch of the model (50%) than in the etanercept
branch (59%) reached a ACR20 improvement, and more
patients in the infliximab arm had to change treatment (inflix-
imab dose increase in the base case). When etanercept was
given to patients who failed to achieve ACR20 at 6 months
with infliximab, the strategy of initial infliximab 3 mg/kg
resulted in substantially lower costs (-€1137 per patient), con-
tradicting base case results. Finally, the authors did not ade-
quately address the issue of the uncertainty around cost param-
eters. Given that the cost results were relatively similar between
the two strategies (etanercept was associated to a lower cost of
€286 per patient, less than 2% of total costs of the two agents),
a PSA would have provided information on the variability
around mean values.

The main drawback of the study by Nuijten et al. is intrinsic
in the form of economic evaluation performed. Concerns have
been raised on the use of a cost–minimization analysis. For
example, Briggs and O’Brien showed that a cost–minimization
analysi is an appropriate method of analysis only under rare
circumstances [30]. They argued that, “the analytic focus
should be on the estimation of the joint density of cost and
effect differences and the quantification of uncertainty sur-
rounding the incremental cost–effectiveness ratio”. Thus, if we
are not only interested in mean values, but also on the uncer-
tainty around these values, it is very rare that two medications
are exactly equally effective. 

With regard to the cost analysis, resource use for direct costs
(which represent the higher category of costs of the analysis)
were mainly obtained from expert opinion. The authors stated
that etanercept and infliximab were not approved at the time
of the study in The Netherlands and consequently not availa-
ble for treatment in daily practice. Thus, some resource utiliza-
tion was based on assumptions that might not reflect real clin-
ical practice. Furthermore, no observational prospective study
was available at the time of this work that could confirm the
assumptions made. The authors reported a detailed breakdown
of cost categories and of unit costs associated to each item.
However, less transparency was found in reporting the quanti-
ties of resource use. As in the study by Hernandez-Cruz et al.,
the time horizon of the model was 1 year [19]. Again, we believe
this is inadequate to estimate the real costs of RA treatments
and might overestimate the cost of infliximab because of the
issue of the loading dose. In addition, the authors assumed an
unrealistic scenario where all patients would continue the two
biological agents over 1 year, without taking into account
switching as a result of adverse events, lack of efficacy or mor-
tality. Finally, the methods used to handle uncertainty in the
cost analysis appear quite weak. The authors only reported
mean values and performed few univariate sensitivity analyses.
This approach does not provide enough information on the
uncertainty around model parameters and around cost results,
as previously stated.
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The study by Coyle and colleagues presents some of the limi-
tations already raised for Hernandez-Cruz. Specifically, the use
of data directly obtained from no head-to-head clinical trials
provided higher QALYs gained for etanercept compared with
infliximab. This was partly overcome by the use of PSA to take
account of the uncertainty in clinical estimates. However,
results of the PSA were presented only for the comparisons
between biological agents and DMARDs and not between
etanercept and infliximab. Another limitation of the study was
associated with methods used to estimate utility weights from
HAQ changes. Specifically, the HAQ change was multiplied by
a conversion factor of 0.2 to obtain QALY changes [14,15,19].
However, to assume a constant QALY gain for a given change
in HAQ, independent of the degree of disease severity, does not
appear to be clinically appropriate. Finally, only costs associated
with RA medications were considered and it is not clear why
RA-related hospitalizations, physician visits and surgeries were
excluded. The exclusion of these costs might partly explain the
high ICERs found for biological agents with respect to
DMARDs, since benefits in terms of reduction of future costs
were not included. 

In the case of studies that compared all the anti-TNF options
for RA, three of them [11,16,17] present several strengths. The
study by Spalding is interesting because it compared biological
agents in early RA [18], however, it did not provide details on
incremental costs and QALYs for different options, but only
final cost–effectiveness ratios. Thus, it is unclear whether study
drawbacks (e.g., no methods used for indirect comparison, and
assumptions on costs and benefits of second-line treatments)
have favored any biological agent over another. 

The technical quality of the paper by Bansback and col-
leagues is very high [11]. A probabilistic model based on individ-
ual patient-level simulations was used to take into account
uncertainty in clinical estimates and heterogeneity in patient
population. The use of a lifetime horizon permits the estima-
tion of the impact of the different strategies on disease progres-
sion and the extrapolation of short-term trial results to a more
appropriate time dimension. Utility values were taken from a
large sample of RA patients (almost 2000) from a clinical trial.
Both utility values and direct costs (excluding those of study
drugs and side effects) were related to HAQ scores, which rep-
resents a standard approach in RA models [7,9]. Finally, the
authors used a conservative approach for biological agents,
assuming a ‘rebound’ effect when the anti-TNF agents were
withdrawn. (They assumed a HAQ worsening at the point of
withdrawal equal to the initial HAQ improvement). 

The main problem with the analysis is related to the compa-
rability of the ACR20 and ACR50 data used for the different
strategies. The authors appropriately adjusted the ACR20 and
ACR50 response rates found in the intervention arms (biologi-
cal agents) of the different trials by the difference in response
between trials in the placebo arms. This method is correct only
if we assume that the patient populations in the different trials
are completely homogenous. In fact, differences in the baseline
characteristics of patient populations are likely to have an

impact on effectiveness results both in the placebo arms of the
trials and possibly also on the relative effectiveness of an inter-
vention with respect to placebo. In particular, as previously
stated, in a recent paper by Nixon et al., it has been proven that
the relative effectiveness of biologic drugs versus the comparator
is greater for studies with patients who have longer average dis-
ease duration at baseline, while a study with higher average base-
line HAQ is expected to show worse relative effectiveness [29].
(We acknowledge that two of the authors of the Bansback et al.
paper [NJ Bansback and A Brennan] are also coauthors of the
Nixon et al. work.) In this case, the ACR20 and ACR50 data
used to populate the Bansback model may be biased against
some strategies. For example, in the Maini trial, patients had a
HAQ score of 1.8 at baseline and a disease duration of
8.4 years, while patients in the Weinblatt et al. had an HAQ
score of 1.55 and a disease duration of 12.2 years at baseline.
The relative effectiveness of adalimumab plus MTX versus
MTX alone (67 vs 15%) can therefore have been overestimated
compared with the relative effectiveness of infliximab plus
MTX versus MTX alone (50 vs 20%). For the same reasons the
relative effectiveness of etanercept versus placebo might have
been overestimated compared with the relative effectiveness of
infliximab plus MTX versus MTX.

The outcome and cost results from the different strategies
should thus be viewed with caution. The study by Chen and
colleagues has some of the strengths identified in the work by
Bansback et al. For example, they used discrete-event simula-
tions to take account of patient heterogeneity and variability in
clinical estimates over a lifetime horizon. Also, a rebound effect
at treatment discontinuation was assumed. Furthermore,
sequences of treatments were chosen in order to consider dif-
ferent possible pathways that reflected UK clinical practice.
The analysis was conducted both for early and late RA patients
and several scenarios were considered. Nevertheless, the sources
used for some key parameters raise some doubts. This is partic-
ularly important in the case of some of the data used to popu-
late the Weinbull distribution, given that the model is driven
by the time spent on each treatment. Toxicity data were taken
from an observational study performed in Sweden, and we can-
not exclude potential confounding or selection bias in the pri-
mary study. The results of this study generated different para-
meters in the Weinbull distribution that led to a longer time on
etanercept than infliximab. This appears to be the main reason
for the higher QALYs and higher costs found for etanercept
compared with infliximab. Similarly, assumptions were made
for adalimumab toxicity. Finally, as acknowledged by the
authors, costs associated with hospitalization (apart from those
of surgery) or rheumatologist visits were excluded. It is unclear
whether their exclusion has any impact on the comparison
between the two biological agents, but they should have been
included to have a full understanding of total RA costs with the
different strategies. 

The technology assessment by Wailoo and colleagues is of very
high methodological quality. Both data sources and methods
used to synthesize the effectiveness evidence appear appropriate,
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as previously reported for indirect comparison statistical tech-
niques. Disease progression and treatment withdrawal was
estimated from a large US cohort of patients with a longer fol-
low-up compared with RCTs. Appropriate methods and relia-
ble sources were used to convert HAQ scores to health utili-
ties, and two different instruments were adopted to obtain
utility weights (EQ-5D and  Short Form-36). The issue of the
uncertainty in model parameters and variability in patients
characteristics was addressed by the use of both individual
patient simulations and PSA. Moreover, univariate sensitivity
analyses were performed varying the assumptions on the life-
time progression of the disease that corroborate the robustness
of the base case results. Thus, effectiveness results are highly
supported by the quality of methods, data sources and the
detailed description. It was found that the three biological
agents are very similar in terms of QALYs gained, independ-
ently of the assumptions made, while sequential biological
strategies provide only slightly higher health benefits. 

The key question from this study is related to the costs asso-
ciated with the biological agents. In particular, while lifetime
costs with adalimumab and etanercept were relatively similar
(adalimumab was approximately US$2000 less costly in most
of the analyses), lifetime costs with infliximab depended on
the assumptions about its dosage. In general, it was found
that the drug acquisition cost was the main element of total
costs for each agent. Drug cost for infliximab varied substan-
tially on the basis of patient’s weight, assumption on dose
increase and drug wastage. While the variability in patient’s
weight was investigated through the individual model simula-
tions, different assumptions on drug wastage and dose
increase were explored by univariate sensitivity analyses. These
led to different results from the base case analysis, highlighting
that infliximab would be less expensive than the other two
biological agents when no drug wastage is assumed or when
no dose increase is considered. While increases over time in
infliximab doses reflects a common strategy when patients do
not achieve the ACR20 or ACR50 targets, (but dose increase
is likely to vary between locations and centre), it appears more
unusual to lose uncompleted vials. In real life, more than one
patient is likely to receive infliximab in each centre, and vials
not fully used for a patient might be given to other patients,
reducing drug wastage substantially. However, this needs
further investigation. 

In general, this work overcomes some of the weakness of
previous models, particularly in terms of evidence synthesis,
suggesting similar effectiveness between the biological agents
and underlying the importance of the assumptions about drug
doses and the associated costs. 

Five-year view 
The pharmacoeconomic studies published to date that compare
TNF antagonists have not provided a clear answer about which
should be considered the most cost-effective agent for RA
patients resistant to DMARDs. For example, Hernandez-Cruz
et al. or Nuijten et al. have found etanercept more cost effective

or dominant compared with infliximab, but with important
limitations in methods and data sources, as previously
reported. Similarly, the study by Chen et al. has suggested that
etanercept might be more cost effective than infliximab plus
MTX or adalimumab, but it appears that the results are
strongly influenced by assumptions on drug toxicities. The
two studies that have applied more sophisticated methods for
indirect comparison of clinical estimates have instead showed
that biological agents are likely to be very similar in terms of
effectiveness results and that assumptions on drug dosage and
wastage for infliximab can have a strong influence on
cost–effectiveness results [11,17]. 

In order to overcome issues on the relative efficacy and
safety, in the next years, ideally head-to-head trials of the vari-
ous drugs should be available. If such trials have not been con-
ducted, mixed treatment comparison models should be used in
order to make the relevant comparison. It is also important
that future studies consider all the relevant alternatives
(including new products) and that alternative sequences of
therapies are compared. Also, the positioning of the anti-TNF
agent in a sequence of treatments can become important, since
biological agents might show efficacy in different patient
populations. However, we feel that the patient population cho-
sen for the economic model should be based on that included
in the pivotal trial for anti-TNF and its comparators, although
there is a need to conduct subgroup analyses to assess the
relative cost–effectiveness of biological agents in patients with
different disease severity.

Future economic models are likely to be based on HAQ
states, since HAQ is measured both in trials and long-term
observational studies. HAQ states can also be assigned costs and
QALYs. However, other important factors such as disease dura-
tion, sex, age or treatments previously received are important
determinants of disease progression. It is likely that individual
patient simulations will be preferred to the standard Markov
model, especially when PSA becomes computably feasible for
these types of models. Patient heterogeneity and its impact on
disease progression is easier to model using micro-simulations.
The possibility of a  rebound effect on discontinuation of treat-
ment with a TNF agent should be considered. Long-term
progression (i.e., beyond the trial) should be modeled using a
clinical database relevant to the setting(s) under study. 

Another important feature that needs more investigation in
the next few years is that of benefit measure. It is likely that
CUA will be needed, and that utility weights estimates and
their correlation with model health states can determine final
results. Ideally, health utility data should be available from the
clinical trial(s) of the drugs under investigation. If such data are
not available, a free-standing study should be conducted in
order to relate health utilities to HAQ states. Registries could
also be used to collect utility data. 

Published studies have shown that medication-related costs
(acquisition, administration and the costs of dealing with
adverse events) are the largest components of direct costs.
Future studies should pay great attention when comparing
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medication costs of drugs with a weight-based closing regimen
such as infliximab. Use of an average patient weight (e.g.,
70 kg) is not sufficient to explore the relative cost–effectiveness
of biological agents. Wastage of drug should also be considered
in costing. However, it should be noticed that the drug price is
always the main cost category, thus a reduction of these costs
might dramatically increase the cost–effectiveness of the anti-
TNF therapies. Finally, productivity losses owing to disease,
and the gains from return to work, should be modeled, as these
are relevant in several jurisdictions. 

In general, we expect that future economic studies on anti-
TNF will give special attention to the overall parameter uncer-
tainty that can be explored using PSA. One way and multiway

sensitivity analyses can be used to explore how individual
parameters affect study results and to assess the impact of the
main structural assumptions in the model.
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Key issues

• Ten full economic evaluations comparing two or more anti-TNF agents in patients with RA have been published to date, all but one 
have estimated the impact of biologicals in patients who have failed previous disease-modifying antirheumatic drugs.

• Published studies are based on economic models (mainly cohort Markov models or individual patient simulations) and most have 
used a lifetime horizon to assess costs and benefits of therapies. 

• The studies identified vary greatly in terms of methodological quality and data sources and critical appraisal of each study was 
needed to better interpret the reliability of study results. 

• No head-to-head clinical trial is available for the three anti-TNF agents analyzed (adalimumab, infliximab and etanercept), so clinical 
data to populate the economic models were taken from separate studies. Different methods have been used to deal with this issue.

• In general, the studies that have used trial estimates to populate the economic model without any adjustment for potential 
differences in clinical studies have found etanercept to be more cost effective (or dominant) compared with infliximab plus 
methotrexate. This was owing to the slightly higher American College of Rheumatology criteria (ACR)20 and ACR50 response found 
in the pivotal trial for etanercept. 

• Studies that have applied more appropriate statistical techniques for indirect comparisons (such as mixed treatment comparison 
models) have instead found similar effectiveness results between the biological agents and underlined the importance of the 
assumptions about drug doses and the associated costs.

• Patient weight, related doses and assumptions on drug wastage for infliximab appear to be a key determinant of relative cost 
compared with adalimumab and etanercept and need to be further investigation.

• If head-to-head trials of the various drugs are not conducted, mixed treatment comparison models should be used in future 
pharmacoeconomic studies. In addition, uncertainty in key model parameters need to be further explored and patient heterogeneity 
evaluated in subgroup analyses. 
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