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Abstract

Objectives:

Economic evaluation is becoming more common and important as new biologic therapies for rheumatoid

arthritis (RA) are developed. While much has been published about how to design cost-utility models for RA

to conduct these evaluations, less has been written about the sources of data populating those models. The

goal is to review the literature and to provide recommendations for future data collection efforts.

Methods:

This study reviewed RA cost-utility models published between January 2006 and February 2014 focusing on

five key sources of data (health-related quality-of-life and utility, clinical outcomes, disease progression,

course of treatment, and healthcare resource use and costs). It provided recommendations for collecting the

appropriate data during clinical and other studies to support modeling of biologic treatments for RA.

Results:

Twenty-four publications met the selection criteria. Almost all used two steps to convert clinical outcomes

data to utilities rather than more direct methods; most did not use clinical outcomes measures that captured

absolute levels of disease activity and physical functioning; one-third of them, in contrast with clinical reality,

assumed zero disease progression for biologic-treated patients; little more than half evaluated courses of

treatment reflecting guideline-based or actual clinical care; and healthcare resource use and cost data were

often incomplete.

Conclusions:

Based on these findings, it is recommended that future studies collect clinical outcomes and health-related

quality-of-life data using appropriate instruments that can convert directly to utilities; collect data on actual

disease progression; be designed to capture real-world courses of treatment; and collect detailed data on a

wide range of healthcare resources and costs.

Introduction

Rheumatoid arthritis (RA) is a chronic disease characterized by progressive and
irreversible joint damage that negatively impacts patients’ physical health, func-
tional status, independence, and emotional well-being. Current treatment
options include synthetic, or traditional, disease modifying anti-rheumatic
drugs (sDMARDs), which are used in essentially all patients with RA, biologic
disease modifying anti-rheumatic drugs (bDMARDs), and adjunctive therapies
such as analgesics, non-steroidal anti-inflammatory drugs, and corticosteroids to
address symptoms. The availability of bDMARDs has provided additional treat-
ment options to patients who, because they no longer respond to sDMARDs,
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have experienced adverse events or toxicity, or have
exhausted their treatment options1,2. These new and
effective biological therapies clearly benefit patients, but,
just as their clinical value must be assessed, their economic
value should be assessed as well, particularly because of
their high costs. However, because clinical trials, and pro-
spective observational studies, may not collect informa-
tion for long enough periods of time to assess long-term
outcomes and because they may not capture all necessary
clinical and economic information, clinical-economic
models are used to synthesize data from disparate sources
to simulate and extrapolate long-term costs and clinical
outcomes3. For such models to be useful decision aids, they
need to validly capture the costs and outcomes of different
RA therapies. The absence of a common or core set of
measurements collected during clinical trials, or obtained
from other study designs, that may serve as data sources for
the models can complicate the task of comparing models
and their results and contributes to the variability in the
types of models and data used.

In 2003, the Outcome Measures in Rheumatology
(OMERACT) Economics Working Group published a
proposal for the reference case of an economic evaluation
in RA4,5. The OMERACT proposal included 12 recom-
mendations that were grouped into four broad categories
covering outcome measures, comparators, modeling tech-
niques, and costs. Their recommendations focused on
model design choices, but not on the sources of the data
used in the model (i.e., what comes before the model
design stage). In 2005, Drummond et al.6 compared eco-
nomic models of etanercept and infliximab7–11 that were
published between 2002–2005. They evaluated the models
according to 23 criteria that were grouped into two broad
categories that were responsible for differences in the out-
comes/results of those models, structural features and input
parameters, with input data sometimes being the major
driver of those different results. Their recommendations
for future work did not focus on data sources or data col-
lection design issues. The National Institute for Health
and Care Excellence (NICE) in the UK published a sys-
tematic review of the clinical effectiveness and performed
economic evaluations of adalimumab, etanercept, and
infliximab in 2006 and expanded their previous review
and evaluations by including rituximab and abatacept in
201112,13. These NICE assessments also contained an
independent economic evaluation of the bDMARDs
under consideration, which was based on the
Birmingham Rheumatoid Arthritis Model (BRAM).

The OMERACT, Drummond et al.6, and NICE publi-
cations discussed how model design and selection of input
data are closely related to model validity and how model
results can be influenced by those characteristics. Much
has already been written about RA model design, the
importance of these attributes, and how they determine
model validity; therefore, this is not the goal of this article.

Much less, however, has been written about how the data
themselves and their sources can influence a model’s val-
idity. The purpose of this article is to provide recommen-
dations to enhance the design of clinical and other studies
so that a wider range of outcomes and economic data can
be collected to support future economic analyses. This is
particularly important in light of the high costs of biologic
therapies. The discussion and recommendations are based
on a literature review of published RA economic models.

Methods

We reviewed economic models of RA published in the
peer-reviewed English-language literature between
January 1, 2006 and February 18, 2014. We searched the
Medline and Embase databases as well as the Cochrane
Library using pre-defined search algorithms (see the
Appendix). Specifically, we identified studies that pre-
sented information on decision-analytic models (decision
trees, Markov models, discrete event simulation models, or
other simulation models) comparing at least two treatment
strategies for patients with RA, one of which must have
included a biologic treatment, that reported (1) costs
and outcomes associated with each treatment, (2) cost-
effectiveness results in terms of costs per QALY (i.e.,
cost-utility results), and (3) the assumptions and technical
details of the model. Economic evaluations that assess
costs per clinical outcome such as cost per ACR20
response achieved or cost per patient in remission are
referred to as cost-effectiveness analyses (CEA), while
those that assess cost per QALYs are referred to as cost-
utility analyses (CUA). Although robust CEAs have been
performed, and may be preferred to CUAs due to the limi-
tations of using utilities and QALYs to measure clinical
benefits14, the focus here, however, is on CUAs because of
the reliance on CUAs for many HTA processes and local
requirements.

We did not, a priori, exclude studies that reported on the
costs and outcomes directly observed from a trial or obser-
vational database. We reviewed the full text of all sources
whose titles and/or abstracts suggested that they would
fulfill our inclusion and exclusion criteria. Following full
text review, we extracted information about each model’s
design (model type, health states, time horizon, and cycle
length), details on the treatment arms/strategies, data
sources including how clinical outcome measures were
converted to utilities, characteristics of the hypothetical
patients, how disease progression was modeled, and which
healthcare resources and costs were included in each
model’s base case. The literature search and the data
extraction activities were conducted by members of our
research team. All abstracts and articles that were initially
marked for exclusion were verified by the lead author
(MLG), as were all of the extracted data.
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We developed a list of five broad key categories of
model inputs that are linked to model design and that
can have substantial influence on model results
through the numerator and denominator of the incremen-
tal cost-utility ratio: HRQoL measures, clinical outcomes
measures, disease progression, course of treatment, and
healthcare resource use and costs4–6. In the sections that
follow, we discuss how these categories of inputs were
used in the models we reviewed along with gaps we have
identified and we offer recommendations for appropriate
data capture in a variety of settings that can be used
to support clinical and economic modeling of biologic
treatments for RA.

Literature review results

We identified 1421 studies and retrieved 71 for full-text
review following abstract screening, 24 of which met our
inclusion criteria (see Figure 1 for further study attrition
information)15–36. Half of the studies (n¼ 14) described
discrete event simulation (DES) or individual patient
simulation models, while the remaining described
Markov cohort (n¼ 9) or decision tree (n¼ 1) models.
The perspectives of 11 countries are represented with
one model each from Canada, China, Colombia,
Germany, Italy, and Japan, two models each from
Finland, the Netherlands, and the UK, four models from
Sweden, and eight models from the US. Most (n¼ 13) of

the models (and all of the ones from the US) used the
perspective of a third-party payer (i.e., economic results
only included direct medical costs). Models from the UK
(as well as those from Canada, Germany, and Italy) used
the perspective of each country’s national health service.

Six studies evaluated biologic therapies in patients with
early RA16,18,21,28,30,32, and 16 studies evaluated biologic
therapies in patients with late (or likely late)
RA15,17,19,20,24–27,29,31–37. We categorized stage of RA
(early or late) according to the terms used by the authors
(models focusing on moderate-to-severe patients who did
not respond to previous treatments were classified as ‘likely
late’ RA). Nine models, two for early RA16,28 and seven for
late RA20,24,25,27,29,35,38, assessed different treatment stra-
tegies (sequences) comprised of the same biologic thera-
pies25,27,36. Table 1 provides information on the models
included in this review.

Clinical outcomes measures

Models require measures that can reliably and validly
measure response to therapy and classify patients into
health states for computing costs and QALYs. The three
most commonly used clinical outcomes measures are the
American College of Rheumatology (ACR) 20/50/70
response criteria, the DAS28, and the HAQ-DI. The
ACR20/50/70 criteria measure response to treatment
according to 20%, 50%, or 70% improvements in the
number of tender and swollen joints plus improvements

Search of MEDLINE-
indexed publica�ons 

using PubMed iden�fied
1421 Unique Cita�ons

1421 Abstracts were 
reviewed

1350 Abstracts were 
excluded

71 Full-Text Ar�cles were 
reviewed 

47 Ar�cles were excluded

24 Ar�cles included in 
review 

Figure 1. Study attrition of the literature review.
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in three out of five other dimensions: an acute phase react-
ant (erythrocyte sedimentation rate or C-reactive pro-
tein), patient-reported pain, physician global assessment
of disease activity, patient global assessment of disease
activity, and patient-reported physical functioning and
disability (usually assessed by the HAQ-DI). The DAS28
measures disease activity using the number of tender and
swollen joints, acute phase reactant levels, and patient-
reported global health or patient-reported global assess-
ment of disease activity. The HAQ-DI uses 20 questions
to measure physical functioning and disability in eight
dimensions.

Roughly the same proportion (one-third) of the models
measured treatment response using either the
HAQ-DI18,21,23,30,32,33,36–38 or the ACR criteria16,19,25,31.
Five models measured treatment response using the
DAS2821,23,27,28,38, and two models15,22 used the
European League Against Rheumatism (EULAR)
response, which is based on absolute and relative changes
in the DAS28. The final model used data from the
Southern Swedish Arthritis Treatment Group (SSATG)
registry and from the REFLEX clinical trial to derive time-
to-event data and, therefore, to track changes in clinical
outcomes and response to treatment24. Many models did
not use the HAQ-DI to define response to treatment,
despite the fact that the HAQ-DI is usually included in
the ACR20/50/70 criteria and changes in HAQ-DI scores
are generally reported along with the proportion of
patients achieving ACR20/50/70 criteria. As a result,
ACR20/50/70 response criteria were converted to
HAQ-DI scores using published relationships before
being used to further calculate utilities and QALYs.

Health-related quality-of-life and health state
utilities

Because utility data, which are required to calculate
QALYs, are not always collected during clinical trials,
researchers have calculated utilities from clinical disease
activity measures, such as the DAS28 or the HAQ-DI.
Almost all (n¼ 21) of the 24 articles used various regres-
sion-based formulae to convert HAQ-DI scores to utilities,
with almost half (n¼ 10) of these models first converting
ACR20/50/70 response criteria to HAQ-DI scores based
correlations between HAQ-DI scores and ACR20/50/70
response criteria reported in key clinical
trials16,17,19,20,25,26,29,31,34,35. Despite the fact that different
HAQ-DI-to-utilities conversion algorithms can influence
utility improvements estimated by models, these differ-
ences are small39. Although some of the HAQ-DI-to-uti-
lities formulae included additional terms for age and sex,
Wailoo et al.34 used a much more comprehensive formula
that included terms for baseline HAQ-DI, disease dur-
ation, and the number of previous DMARDs used.
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One model converted DAS28 scores to utilities28 and
other models used a function that converted both
HAQ-DI and DAS28 to utilities21,22,24.

Disease progression

Disease progression is an important component of a RA
model and should be implemented in a manner that
reflects the chronic nature of the disease, the normal
decline in functional ability as people age, changes in func-
tional ability/disease states while on treatments and
between treatments, and the patterns of treatment initi-
ation/switching. Properly accounting for disease progres-
sion allows the model to appropriately capture time spent
in different health states (which define QALYs accumu-
lated) and treatment events (which define costs).

Ten models either assumed zero on-treatment disease
progression or were otherwise unclear about how disease
progression was handled17,19,22,24,26–29,31,32. However,
a number of RA researchers, including some of the
co-authors of the NICE reports, have questioned the clin-
ical validity of this assumption40. Reflecting clinical
expectations and realities, the remaining models, as well
as a number of sensitivity analyses of the BRAM used
by NICE12,13 accounted for disease progression, as mea-
sured by increases in the HAQ-DI. Half of those models
assumed treatment-independent disease progression
rates16,18,20,24,25,30,35, while the other 10 models differen-
tiated between progression during treatment with
sDMARDs and bDMARDs15,17,21,23,29,31,33,34,36,37.

Course of treatment

Models should capture the most salient aspects of treat-
ment and disease response, but should also balance those
features with the clinical realities of treatment such as the
types of and sequences of therapies. Models that include
courses of treatment that reflect guidelines or real-world
treatment patterns have better face validity and may be
more valued by HTA authorities than models of fewer
therapies or simplified courses of treatment. Nine models
considered treatment strategies that included sequences of
more than one biologic, and only three models evaluated
treatment strategies that were based on existing guidelines
or that reflected the complexity of actual clinical prac-
tice15,16,20,24,25,27–29,32,35. Tanno et al.31 compared two
treatment strategies, one of which directly reflected the
current Japanese treatment guidelines, and Kielhorn
et al.20 evaluated two treatment pathways, one of which
followed NICE guidelines in effect at the time. Finckh
et al.18 used an individual sampling method to better reflect
treatment complexity and tracked patients who were trea-
ted according to three separate strategies that reflected
real-world clinical complexity (pyramidal strategy, early

DMARD strategy, and an early biologic plus methotrexate
strategy). The course of the disease and the treatment
pathways were dependent on each patient’s individual
characteristics, which is not easily accomplished in a
Markov cohort model, as was used by Tanno et al.31.
Complex treatment sequences and treatment pathways
that depend on previous treatment history/outcomes are
more appropriately modeled using DES methods, which
require data on the timing of events, and patient charac-
teristics and outcomes before and after those events. In
addition to the BRAM used by NICE12,13, Lindgren
et al.24 also developed a DES model that used longitudinal
data on 1903 patients in the SSATG from 1999–2007.
Their model analyzed 8 years of rituximab use followed
by up to two additional lines of biological therapy, vs
three lines of biologic therapy for patients with late
RA patients who failed first-line TNF-inhibitors.

Healthcare resource use and costs

In addition to QALYs, the other component of a cost-
utility analysis and the resulting incremental cost-utility
ratio (ICUR) is the cost of care under each treatment
strategy. Although costs are usually assigned to specific
healthcare resources associated with specific treatments
and events, costs can also be linked to different HAQ-
DI scores (and, hence, health states). Partly due to the
different perspectives used by each model and different
assumptions, not all models included the same set of
healthcare resources (and costs). Many included a wide
range of costs including all types of direct medical services
(including travel in some cases)16–21,24,25,27,28,30,34, while
others included a more limited range such as only hospi-
talization- and medication-related services15,31,36. Some
models also included home care, adaptive aids, direct
non-medical costs19,27,29,32,33,37, and indirect
costs16,18,21–25,28,32,35,38. Data on healthcare resources
use and costs have not always come from the same or
consistent sources. Cost data have come from payment
rates assigned to assumed healthcare resources or treat-
ment patterns26,29,36, been estimated from registry or
survey data17,21,22,32,38, or a combination of methods
including modeling the relationship between health
states and costs and expert opinion.

Recommendations for data collection

Clinical outcomes measures

Because the HAQ-DI and, to a lesser degree, the DAS28
are more commonly used than the ACR20/50/70 response
criteria in clinical practice and are better correlated with
RA’s impact on employment and mortality risk, they can
be regarded as more appropriate measures to use, at least for
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the purposes of economic evaluations such as cost-utility
analyses41–44.We, therefore, recommend that trials and
other types of studies use the HAQ-DI as the patient func-
tioning and disability component of the ACR20/50/70
response measure and should use the DAS28 to collect
information on disease activity scores. HAQ-DI and
DAS28 scores should be collected at, and reported for
multiple time points. We also recommend collecting
HAQ-DI and DAS28 data because they are absolute meas-
ures that better capture the continuum of RA and are,
therefore, more appropriate for long-term models than
the ACR20/50/70 criteria, which are relative measures
and less sensitive to non-linear trajectories in disease
severity.

Outcomes data for different treatments may come from
different sources, such as clinical trials, that may not have
comparable patient populations or the level of placebo
response, for example. In the absence of head-to-head
trials, indirect or mixed-treatment comparison meta-ana-
lyses have emerged as an accepted and valid method recog-
nized and recommended by HTA agencies for comparing
drugs with each other using a common comparator, such as
placebo45,46. When studies cannot directly compare active
treatments they should be designed so that their results can
be combined with other published results through such
meta-analytic methods.

Health-related quality-of-life and health state
utilities

Trials and other studies should collect HRQoL data at
multiple time points using an RA-specific instrument,
such as the HAQ-DI, as well as a standard generic instru-
ment that can be converted to utilities such as the
EuroQol ED-5D47 or the SF-6D48, which are two vali-
dated generic instruments that have been used extensively
in clinical studies to measure HRQoL and utilities.
We recommend the HAQ-DI over other measures, such
as the ACR20/50/70 response criteria or measures of
radiographic damage18, because they typically must be
converted to the HAQ-DI before being converted to
utilities. This two-step process not only introduces
additional uncertainty to any existing uncertainty related
to the HAQ-DI-to-utilities conversion, but also requires
that both relationships (ACR20/50/70-to-HAQ-DI and
HAQ-DI-to-utilities) be derived from populations similar
to that of the model.

The EQ-5D measures HRQoL on five dimensions
(mobility, self-care, usual activities, pain and discomfort,
and anxiety and depression) using two different measure-
ment scales to describe the extent of any problems. The
EQ-5D-3L version measures problems using three levels
(no problems, some problems, or extreme problems) and
the EQ-5D-5L version measures problems using five levels

(no problems, slight problems, moderate problems, severe
problems, or extreme problems). Value sets to convert
EQ-5D-3L scores to utilities are available for many coun-
tries. The SF-6D, which was derived from the larger SF-
3649 instrument, measures limitation levels (none of the
time to all of the time; or none to extreme) in HRQoL on
six dimensions (physical functioning, role limitations,
social functioning, pain, mental health, and vitality)49.
Although the original SF-36 was not designed to directly
elicit health state utilities, methods are available to con-
vert SF-6D scores to utilities48,50.

Both the EQ-5D and the SF-6D have been evaluated for
use with RA patients, but with equivocal evidence about
either one’s superiority51–53. The EQ-5D is the preferred
instrument in some territories, such as the UK. However,
researchers should consider including the SF-36 (SF-6D)
in future RA trials based on the recent evidence on its
ability to measure changes in HRQoL in response to
anti-TNF therapy54 and because the SF-6D captures
more dimensions of HRQoL.

Disease progression

Trials and other studies should collect disease progression
data (among all clinical measures including HAQ-DI as
mentioned above) at regular intervals to provide detailed
data on disease progression by treatment and stage of treat-
ment. Longer-term follow-up studies would be helpful by
providing disease progression data beyond the limited
trial-based time horizons currently available, which
could then be leveraged by researchers developing eco-
nomic models of treatment for RA.

Course of treatment

Trials and other studies should be designed to capture
actual clinical practice. When this is not possible within
the context of tightly controlled randomized clinical trials
or regulatory requirements, or because a trial is designed to
reflect country-specific guideline care or unique patient
and treatment landscapes, researchers might consider real-
istic or pragmatic trials or other designs that account for
and record data on past therapies.

Healthcare resource use and costs

We recommend that future studies collect and report on
resource use and costs in all categories of care (inpatient,
outpatient, physician office visits, emergency services, sur-
gery, medication, laboratory, therapies, and other).
Furthermore, more detailed information should be
reported, at least, for the most expensive categories of
care (inpatient hospitalizations, surgery, medications)
and for physician visits (by specialty). For example,
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inpatient hospitalizations should be reported by reason for
admission, surgery should be reported by specific types/rea-
sons, and medications should be stratified by those that are
and are not RA-specific. Resource use and cost data col-
lected during a clinical study designed to reflect actual
clinical practice and/or treatment guidelines can directly
inform economic evaluation and modeling efforts, and
strengthen the validity of the results of those models.
Even the results of clinical trials not designed to reflect
national treatment guidelines can be useful if they provide
resource use and cost data for various treatment-related
events and/or health states because those data can be
used by other researchers as parameters for their economic
models.

Depending on the perspective, we also recommend that
future studies collect employment and lost labor product-
ivity data using standard instruments that are reviewed
elsewhere55–58. In addition to standard measures of labor
productivity loss, we recommend collecting salary infor-
mation, especially in prospective studies and in studies that
enroll individuals with and without RA.

Discussion

A carefully articulated and comprehensively described set
of clinical pathways is clearly necessary, but not sufficient,
to develop a valid economic model of RA; the model must
also be populated with the appropriate input data to cal-
culate valid and informative results. In this article, we have
discussed five specific types of model inputs and how they
are usually derived. We found that many of the recently
published RA economic models used data that were not
completely aligned with their corresponding concepts.
In some cases, models did not fully reflect actual clinical
(or guideline-recommended) care, which may have been
due to a lack of necessary data. Specifically, we found that
almost all of the models derived utilities using a 1- or 2-step
process, used relative (ACR20/50/70) rather than absolute
(HAQ-DI) measures of clinical outcomes and response to
treatment, made assumptions about disease progression,
evaluated stylized or simplified courses of treatment, and,
in some cases, analyzed limited categories of healthcare
resources and costs. Because much of these data have
been, and can be, collected during clinical trials and
other studies, we have made a number of recommendations
for the design of these studies including how these data
can be collected. These data can, in turn, be used by
researchers developing economic models and conducting
economic evaluations of new RA treatments. Our recom-
mendations are meant to provide guidance to the design
of future clinical and other studies so that the most appro-
priate outcomes and economic data can be collected to
support economic analyses.

The validity of CUA models depends on how well
results from short-term clinical trials can be extrapolated
over longer time horizons. Therefore, in addition to our
specific recommendations to collect data on HRQoL
and utilities, relevant clinical outcome, disease progres-
sion, course of treatment, and healthcare resource use
and costs, we also recommend that future studies collect
these and other data, such as adverse events, over as long as
possible time periods and at multiple time points to fully
capture periods of remission and relapse and at different
levels of physical functioning and disability.

Our analyses and recommendation are not exhaustive.
Key limitations of our approach include the relatively
small number of model characteristics we examined and
our literature review selection criteria, which may have
excluded relevant models or other types of evaluations of
bDMARDs from review. We also recognize that not all of
these recommendations may be feasible in the immediate
future and that not all clinical trials and other studies will
have the resources to support long-term follow-up periods.
However, to the extent that these recommendations can
be implemented, future models that use data from these
enhanced data collection efforts may have results with
higher degrees of validity and credibility.

Conclusions

A well-designed economic model is necessary, but not suf-
ficient to validly and informatively evaluate and compare
competing biologic treatments for RA. Models must also
be populated with appropriate data that capture all aspects
of the disease, its treatments, and its outcomes. We recom-
mend that future studies collect clinical outcomes and
health-related quality-of-life data using appropriate instru-
ments that can convert directly to utilities; collect data on
actual disease progression; be designed to capture real-
world courses of treatment; and collect detailed data on
a wide range of healthcare resources and costs.
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Appendix

Medline search strategy

Search # Search terms
1 ‘arthritis, rheumatoid’[Mesh] OR ‘rheumatoid arthri-

tis’[tiab] OR (‘rheumatoid’[tiab] AND
‘arthritis’[tiab])

2 cost*[tiab] OR economic*[tiab] OR ‘cost-effective-
ness’[tiab] OR (cost[tiab] AND effectiveness[tiab])
OR ‘cost-utility’[tiab] OR (cost[tiab] AND utility
[tiab]) OR pharmacoeconomic*[tiab] OR ‘decision
analysis’[tiab] OR ‘decision analytic’[tiab] OR
(decision[tiab] AND analy*[tiab]) OR markov[tiab]
OR simulation[tiab] OR ‘decision tree’[tiab] OR
‘decision model’[tiab]

3 #1 AND #2
4 #3 Limits: Humans, Publication Date from 2006/01/01

to 2014/02/18

Embase search strategy

Search # Search terms
1 ‘arthritis, rheumatoid’/exp OR ‘rheumatoid

arthritis’:ti,ab OR (rheumatoid:ti,ab AND
arthritis:ti,ab)

2 cost*:ti,ab OR economic*:ti,ab OR ‘cost-
effectiveness’ :ti,ab OR (cost:ti,ab AND effective-
ness:ti,ab) OR ‘cost-utility’ :ti,ab OR (cost:ti,ab AND
utility:ti,ab) OR pharmacoeconomic*:ti,ab OR
‘decision analysis’ :ti,ab OR ‘decision analytic’
:ti,ab OR markov:ti,ab OR simulation:ti,ab OR
‘decision tree’:ti,ab OR ‘decision model’:ti,ab

3 #1 AND #2
4 #3 Limits: Humans, Publication Date from 2006/01/01

to 2014/02/18

Cochrane search strategy

Search # Search terms
1 ((rheumatoid arthritis):ti,ab,kw) AND (rheuma-

toid:ti,ab,kw OR arthritis:ti,ab,kw)
2 cost*:ti,ab OR economic*:ti,ab OR ((cost-effective-

ness):ti,ab) OR (cost:ti,ab AND effectiveness:ti,ab)
OR ((cost-utility):ti,ab) OR (cost:ti,ab AND
utility:ti,ab) OR pharmacoeconomic*:ti,ab OR
((decision analysis):ti,ab) OR ((decision ana-
lytic):ti,ab) OR (decision:ti,ab AND analy*:ti,ab) OR
markov:ti,ab OR simulation:ti,ab OR ((decision
tree):ti,ab) OR ((decision model):ti,ab)

3 #1 AND #2
4* (#3), from 2006 to 2014/02/18
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