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Health economic modelling of sequential therapiesfor rheumatoid arthritis

Abstract

The objective was to assess and critique how sequential disease modifying thBXdpBDE) have been
modelled in the context of economic evaluations of the use of DMARDs ftretitenent of Rheumatoid
Arthritis (RA). A secondary aim was to identify the methodological chadlerng modelling sequential

therapies.

Systematic searches B databases were undertaken in February 2013. Studies were included if they wer
English language and reported a full comparative economic evaluation egndete appraised using the
Drummond checklist. Data extracted included economic evaluation data, data reladggeantial treatments

and data on the modelling methods used.

57 studies were identified, with 25 (44%) modelling a sequence of treatM&nt75%) were cost-utility
analyses. 11 (19%) were UK, and 11 (19%) were US. The remainder were Ewiopean (26 (46%) studies).
There was a distinction between studies in recent-onset RA (14 (25¥)hose in established RA (42 (74%)).
One study (1%) was unclear. Individual level models were more likely tbthree®rummond criteria and
evaluate sequences. No study identified an optimal sequence of multipteetresagiven a set of alternative
treatments. The level of reporting about the methods and evidenct wsesess the impact of future treatments
was generally poor. Where models consédiex lifelong time horizon and downstream treatment sequences,

evidence gaps were identified.

The review identified that methods have not been consistently applied, léaderied estimates of cost-
effectiveness. Treatment sequences have not been fully considered and mpdeiélly producing

inaccurate estimates of cost-effectiveness.
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1. Introduction

Rheumatoid Arthritis (RA) is a chronic, progressive, autoimmune sksaffecting approximately 0.8% of the
adult population.[1]RA affects the physical, psychological and social health of patients asddsiated with
premature mortality.[2] The typical age of onset is 40 years, and thetbéire is a substantial effect on direct
health costs, and societal costs associated with productivitjd]dstrrent management of RA involves
disease-modifying anti-rheumatic drugs (DMARDSs) and glucocorticoicstand disease progression.

Analgesics and anti-inflammatories are used to treatment symptoms.

Conventional DMARDs (cDMARDs), including methotrexate, sulfasalazine anthteflide, are relatively
inexpensive and represent a small proportion of the overall cost of tredtif] Rewer ‘biologic’ DMARDs
(bDMARDSs) have had a substantial impact on patient care. The effectiveness ohaamusis factor: (TNF-

) inhibitors — infliximab, adalimumab and etanercephas been established in randomised controlled trials
(RCTs)5-12] and confirmed in meta analyses13] More recently, bDMARDs with alternative mechanisms
such as rituximab, tocilizumab, and abatacept, along with new @ MiRibitors -certolizumab pegol and
golimumab - have come to market. The optimal use of bDMARDS in the caregyathsubject to debate, in
part because of their high cost. The UK National Health Service (NHS) currently allow bDM&ity after

>2 ¢cDMARDs have been trialled and failed.[16]

Although RCTs represent the gold standard for estimating a treatment’s relative effectiveness, short-term RCTs

are not sufficient for estimating long-term cost-effectiveness in a chisgase like RA. It is therefore
necessary to synthesise evidence from several sources, inclugergyestimates, into a mathematical model to
estimate costs and benefits over a lifetime. These mathematical models (knowisias-dealytic models) are

a simplified representation of realignd describe the long term experience of a patient, and capture the costs
and patient health related quality of life over tilfodelling now plays a crucial role in undertaking economic

evaluations and informing health resource allocation decision making.[17]

In RA, differing methodologies have been used to evaluate cost-effeedivef DMARDs.[18] This has

resulted in inconsistent evaluations of the same treatments in sinplaapons, and debate regarding the most
appropriate methods and evidence to be used to inform decision analgletsmA particular problem has been
the sequencing of DMARDSs, where failure on one DMARD leads to a switch theari@MARD. This has
caused a move away from pair-wise comparison of small numbeeathents, to the comparison of lifelong

sequences of treatments.

The objective of this systematic review is to summarise the existimpego evidence for the use of DMARDs
in RA. The review will assess the strengths and limitations of speciénomic evaluations, and will draw

generalised conclusions regarding the methodologies currently used to etrahiatent sequences for RA.

2. Review Methodology

Systematic searches of online databases were undertaken to identify all ea@radu@tons of DMARDs for

RA published in English. To ensure a high sensitivity, the searstdexeloped by applying economic terms to

3
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a general disease search for RA and DMARDSs. The disease compotienseérch was based on a strategy for
the NICE Rheumatoid Arthritis guideline.[19] Database filters to identify ecanewaluations were used from
the InterTASC Informatio$pecialists’ Sub-Group (ISSG) Websitla/\(wvv.york.ac.uk/inst/crd/intertas}c/‘l’he

search strategy was reviewed by an information specialist.

Studies published any time up to February 2013 were identified by sgpRI®DSIS, Cochrane (Database of
Systematic Reviews, Databases of Methodological Reviews, Central Registattafli€d Trials), DARE,
CINAHL, Embase, MEDLINE, NHSEED and SCI-WoS. Econlit was not searched deatbcgverage of the
other databases. Studies were included if they met the following criteria; (i) wemrdc@valuations of
interventions targeting a change to the disease of people with RA,; (ii) inductadparison of costs and
benefits based on outcomes data or undertaken using decision-analytidanéiil@eported costs and health
outcomes. Partial or non-comparative economic evaluations were excluded, as wenencerdbstracts,
methodological papers, studies without cost and effectiveness outcomesnadghish language papers.
Studies were appraised using the Drummond ‘Critical appraisal of a published article’ checklist.[20] This
checklist was chosen due to being a commonly used and validated ézemalation appraisal tool. Data
extracted included general economic evaluation data (analytical approach, popimtgigantions of
sequences, time horizon, treatment history, health economic resultsjvédatalso extracted concerning the
treatment sequences modelled, and how this was undertaken. Datanoodatiing methods used were also
extracted. Systematic reviews of economic evaluations in RA were crogsedheensure all relevant articles

were found.

3. Search Results

A total of 57 evaluations were included in the review. A PRISMA diagtetailing the selection of studies is
provided in Figure 1. 43 (75%) were cost utility analyses (CUA’s) with quality adjusted life years (QALYs) as
the metric of health outcome. 11 (19%) studies used a UK perspective, @rPd)la US perspective. The
remaining studies are mainly from Europe (26 (46%)). 14 (25%) stweiesin patients with recent-onset RA
(no previous DMARD therapy). 42 (74%) of studies are in patients with esiathliRA (prior DMARD
therapy). One study (1%) was unclear with regard to whether the treataefarnwecent-onset or established
RA. Table 1 provides a summary of the recent onset studies (and the studggyand Table 2 provides a

summary of the established RA studies.

4. Critical appraisal of studiesin recent-onset RA

This section presents a critical appraisal ofithstudies providing economic evidence for treatments of recent-
onset RA.[2134]

4.1 Scope of the economic evaluations of disease-modifying therapies in rasehRé
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The summary details for all of the recent-onset RA economic evaluat®mpsesented in Table 111AL4
studies were CUA’s, with effects quantified as QALYs. 10 (71%) of the studies considered the initiation of a
particular therapy,[21,22,24,25;231,33] and four (29%) studies considered the tapering or adjustment of

treatment or combination of treatments.[23,26,32,34]

The studies were diverse in their treatment considerations, and since 2806tseles (50%) have evaluated
the use of bDMARDS in recent-onset RA{2B,25,27,28,34] Prior to 2006, six studies(43%) were published
which evaluated the economic impact of cDMARDs[24,2634933]. This leaves one study (7%) evaluating
cDMARDSs within a decision space where bDMARDs are used, and with a lifeloadgtinzon.[32] 2006 was
approximately when the evidence for bDMARDs had matured after lanrba early 2000s, and so there was
understandably a shift in the focus of economic evaluations from cDMABRDBDMARDS to determine their
cost-effectiveness. The NICE guidance for adalimumab, etanercepflatohab was published in 2007.[16]

Six (43%) of studies were explicitly reported as being in an active RA popuafidid,29,3234] The disease
severity in the patient population being evaluated was not clearly reperests all of the studies. Kobelt et al.
(2011) evaluated etanercept plus methotrexate against methotrexate in a sevepelR#op,[25] and Kobelt
et al. (2002) was an evaluation of methotrexate plus sulfasalazine agaimsirtefla in any patient with
RA.[30] In the remaining six (43%) studies, the patient population andsdiseaerity was not
reported.[22,23,2628,31]

Only five (36%) of the recent-onset RA studies had a lifelong time hoftmadhe economic evaluation.[21
23,28,32] Of these five studies, four were evaluations of bDMARDacient-onset RA, and all four used
decision-analytic modelling methods to estimate costs and effeet®328B] This included Chen et al. (2006), a
publication of the independent submission made by a NICE Technafggisal Group based at Birmingham.
[21] Only one study considered the lifetime costs and effects of aliveercDMARD monotherapy and
combination therapy strategies in recent-onset RA.[32] Four studi#g (&l a time horizon of no more than
two years.[24,29,31,34] A truncated time horizon of this ritada is likely to omit future costs and effects that
occur between alternative treatments, and in particular if a DMARD theraggusned to have a disease-
modifying effect on the future course of a chronic condition in Raerefore, the short time horizon is likely to

lead to inaccurate estimates of lifetime cost-effectiveness.

10 of the14 (71%) studies used decision analytic modelling methods to determine expestednd
QALYs.[21-23,25,26,28,30,32,33] The remaining four studies (29%) wereatorevaluations alongside
clinical trials.[24,29,31,34] Prior to 2006, six studies (43%) evaluatedd¢bnomic impact of cDOMARDSs, with
none having a time horizon of longer than 10 years.[24,281293] Three of the six studies (50%) undertook
an economic evaluation alongside a clinical trial.[24,29,31] Which partially explegrghort time horizon. The
extrapolation or modelling of costs and effects may not be the primpagtiob when reporting a clinical trial;

however the results of these studies will be of restricted use for resource alldeaiion-making.
4.2 Downstream costs and effects in recent-onset RA

In the five studies with a lifelong time horizon for the economic evaluatioly Chen et al. (2006) explicitly

modelled a downstream sequence of treatments.[21] The analysischiosonsideration of multiple positions
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of bDMARDs. However the authors did not attempt to identify an optireatrirent sequence from the

available treatment set.

Of the remaining four studies, Tosh et al. (2011) considered altesrc@MARD monotherapy and
combination therapy strategies in recent-onset RAT3]o’s were not considered at this divergence point,

due to the evaluation being used to inform the NICE Clinical Guideline, aldI@E guidance at that time
recommending thaENFa’s only be used after treatment failure with at least two cDMARDs.[19] The lifelong
time horizon would have allowed the implications of faster access to bMMARy using combination rather
than sequential monotherapy cDMARDS) to be quantified, however the tteamsbDMARDs were not
explicitly modelled, and instead estimates of expected costs and QALYs were ad&palding et al. (2006)
used a pooled estimate of costs and effects to provide evidence of th&trdawwm sequence after comparing the
first line use of bDMARDSs.[28] Finckh et al. (2009) compared symptoroatie with methotrexate and
bDMARDSs, and did not clearly report how future costs and QALYs aftemtezdtfailure were estimated.[23]
Davies et al(2009) evaluated bDMARDSs at first line position in an explicit sequence; however thegtdid n

clearly report how evidence was used to determine the cost and QALY impadefithee treatments.[22]

From the nine studies with a truncated time horizon, five explicitly inclad#alvnstream sequence of
treatments.[2527,33,34] Kobelt et al. (2011) evaluated etanercept plus methotrexate compasttddtexate
monotherapy over a 10 year time horizon, with a downstream sagjoétwo bDMARDSs and then progression
to a standard therapy extrapolation of costs and disease activity.[25}Bethel et al. (2002)[26] and
Schadlich et al.(2005)[33] evaluated the impact of adding leflunomide to a cDM&Ruence at second line,
over a five year and three year time horizon, respectively. Neither statlyated the cost-effectiveness of
adding leflunomide at alternative positions in the sequence. Schipper et 4). ¢28luated the cost-
effectiveness of allowing sequential bDMARD use in recent-onset RA, dixer year time horizon.[27] After
bDMARD use the model contained a transition to combination cDMARDSs, rewe® impact of this on costs
and effects was not reported. Van den Hout et al. (2009) compared em@pytand combination cDMARD
therapies with initial infliximab plus methotrexate therapy, over a two yearhorizon.[34] The analysis was
an economic evaluation alongside a clinical trial, and in the trial patients progressedher active therapy
after a failure. The trial was reported as Intention to Treat (ITT), and sodtsearwl effects of transition to

downstream sequential therapies were included in the economic evaluation.

Four studies remain with a truncated time horizon and no explicit inclusiowofstream costs and
effects.[24,2931] All four studies are relatively old (1998-2004) and are evaluatiooBMARDs. For these
treatments, there was less of a focus on future benefits sdidease control and joint damage, and more of a
focus on a short term reduction in disease activity. Three of thetiedies were clinical trials,[24,29,31] and
only Kobelt et al.(2002) used a decision analytic model to estimates costfeuntd over a 10 year time
horizon.[30]

4.3 Decision-analytic modelling methods in recent-onset RA

10 of the14 (71%) studies used decision analytic modelling methods to determine expestednd
QALYs.[21-23,25,26,28,30,32,33] Two of ti® models (20%) used decision trees,[26,33] four studies (40%)
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were cohort Markov/State-transition models,[25,27,28,30] andstogiies (40%) are individual patient
models.[2123,35]

The decision tree model by Maetzel et al. (2002) had a five year tinzemand was capable of modelling a
sequence of six explicit treatments.[28bwever this modelling method required simplifications which lead to
limitations of the final analysis. In particular, only one level of respowvas incorporated (ACR20), with the
authors recognising that incorporating ACR50 would have allowed thetpm superiority of newer DMARDs
to be quantified in the model. Also, the model only incorporated ajppate direct costs over the long term.
The decision tree model by Schadlich et al. (2005),[33] had a thre@mgedrorizon and was very similar to
that of Maetzel et al. (2002).[26] It suffered from the same limitatemg,also from the fact that it did not

account for disease duration or diminished clinical response for cOMAR&kat later points in the sequence.

The four Markov models defined health states and transition probabilitiesvi® through different states. Two
defined these health states by health assessment questionnaire (HAQ) scoreliseeskyactivity score (DAS)
score, and one simply by either being on an active treatmentF8demd with time dependent costs and

utilities B

The four individual sampling models explicitly modelled sequential treatnagitsll fully met the Drummond
criteria.[21-23,32] Tosh et al (2011)[32] and Davies et al. (2009)[22] asegular six-month time cycle to
update costs and QALYs. This represented a simplification of evidenaaticugar when events can occur at
any time, or when regular events (such as treatment re-administrationpatside of the six-month cycle.
Chen et al. (2006)[21] and Finckh et al. (2009)[23] overcamdithiimtion by developing a times-event
model.

The six older studies evaluating cDMARDSs in recent-onset RA were less likelgetbthe Drummond

checklist for assessing the quality of the study.[24,282POnly Maetzel et al. (2002) fully met the
Drummond criteria.[26] The other studies in general did not have a longletione horizon to fully capture
future costs and benefits,[24,28,33] and did not report a fully incremental analysis between
alternatives.[24,29,33] Probabilistic Sensitivity Analysis was not comnueiprmed: however, if detailed and
comprehensive scenario and one-way analyses were performed, thendhgidsred that this was an

appropriate level of testing for uncertainty.

Of the eight newer studies, five fully met the Drummond criteriaZ2132,34] Kobelt et al. (2011),[25]
Schipper et al. (2011),[27] and Spalding et al. (2006)[28] did Ieatly detail the evidence to establish the

programme’s effectiveness, and the latter two studies did not report fully incremental results.
4.4 Health economic results in recent-onset RA

Seven studies (50%) evaluated the economic impact of cDMARDSs in patients withaesenRA.[21
23,25,27,28,34,35] Three of these studies evaluated combination cDM#REgees, and all three found that a
combination of cDMARDs dominated monotherapy cDMARDs.[29,31,32] Of thairgng four studies, three
evaluated leflunomide monotherapy. Maetzel et al. (2002) estimated an increrostigdfectiveness ratio
(ICER) for leflunomide of $Can71k per QALY compared with a cDMARD seqei§26] Kobelt et al. (2002)
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concluded that leflunomide can dominate or is dominbgesulfasalazine and methotrexate, depending on the
clinical evidence used to derive effectiveness.[S@hadlich et al. (2005) estimated that adding leflunomide to
a cDMARD sequence generated additioQAILYs, with an ICER of €8k per QALY. Hartman et al. (2004)
estimated that, adjunct to methotrexate, folic acid was dominated by placelfoljrdadcid dominated
placebo.[24]

In the seven studies (50%) evaluating the economic impact of bDMARDS intpatiéim recent-onset RA, the
general conclusion was that bDMARDs added both incremental costs andantakbenefits to cDOMARD
comparators.[2123,25,27,28,34] Chen et al. (2006),[21] Schipper et al. (2[27] Spalding et al. (2006),[28]
and van den Hout et al. (2009)[34] concluded that the ICERs camgda@DMARDs to cDMARDs are likely to
be too high for decision-makers to approve. Only Davies et &19§4@2] with an ICER of $47k per QALY for
adalimumab plus methotrexate versus cOMARDSs, and Kobelt et al. (2013)jf&%h ICER of €13k per

QALY for etanercept plus methotrexate versus methotrexate, are potentially withiik tthreshold for being
cost-effective.[36] Both analyses are for countries (US and Sweden respy@atiiere cost-effectiveness
thresholds are not established with health resource allocation decision-nfakakdy et al. (2009) estimated
that bDMARDs would be dominated by cDMARDS in recent-onset RA.[23]

Of the 14 studies, six (43%) reported that the results were robust when undedeakBitvity analyses.[27,29
31,33,35] It was not possible to clearly identify what criteria were ttsedggest the results were robust. It was
also not possible to check whether rigorous testing had been perfoiggd.studies reported significant
uncertainty,[2126,28,32,34,37] with four studies (29%) reporting specific modehpeters which lead to
significant sensitivity in the economic model. These were the progresseoafrHAQ whilst on
treatment,[21,22}the mapping algorithm from HAQ to utility,[22] the initial effectiveness][the withdrawal
rate for cOMARDs,[22] and the initial change in HAQ score after a treatment req@&hse.

5. Critical appraisal of studiesin established RA

This section presents a critical appraisal of 42 studies providing economic evidetreatinents of established
RA.[38-79]

5.1 Scope of the economic evaluations of disease-modifying therapies in estaBished

The summary details for all of the established RA economic evaluations aretguiéaerable 2. 29 of the 42
studies (69%) were CUA’s, with effects quantified as QALY’s.[39-43,45-47,51-56,58-62,64-66,73-79] Nine
studies (21%) were cosffectiveness analyses (CEA’s),[38,44,4850,68,70-72] with four using low disease
activity score (LDAS) or remission as the unit of effect,[44,50,]Gwo with ACR70 weighted
response,[48,49] and one study using per patient improved,[38AQemprovement,[68] and one DAS
improvement.[72] Two studies (5%) were cost consequencesan@BiCA’s),[57,63] and two studies (5%)

were cost minimisation analyses (CMA’s).[67,69]

The studies were diverse in their treatments considerations and on{9%ustudies were exclusively for
cDMARDSs.[38,63,68,72] This probably reflects the development of bDMARathies in the last 15 years,

8
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and their relatively high prices requiring a formal economic evaluation to deeeifithey offer value for

money for use in patients with established RA.

In 14 (33%) of the 42 studies, the disease severity in the patient population beimated was not clearly
reported.[38,41,46,48,49,51,58,59,64,67,68,72,74,7126%) studies were reported as being in an active RA
patient population.[6163,65,66,69,78,79] Four (9%) of studies were in a severe/aggré&dsipatient
population,[40,52,54,60] leaviri (31%) studies in a moderate-severe RA patient
population.[39,42,44,47,50,53,57,70,71,73,75,76,80]

Only 19 (45%) of the studies had a lifelong time horizon for the ecormraication.[3941,45,46,51,53
56,62,64,66,7377,79] All of these studies used decision-analytic modelling methods. didine cDOMARD
exclusive studies in established RA had a lifelong time horizon. 17 (40&t@shad a time horizon of no more
than two years.[38,424,47-50,57,58,63,6772]

36 (86%) of the 42 studies used decision analytic modelling methods tmitetéhe expected costs and
QALYs.[38-41,44-57,59-62,64-67,69-71,73-79] These include prospective studies with a model to
extrapolate estimates into the longer-term. Of the six remaining studeesydie observational
studies,[42,58,68,72,80] and one was an economic evaluation amagdidical trial.[63] None of thsesix

studies had a time horizon longer than two years.
5.2 Downstream costs and effects in established RA

In the 19 studies with a lifelong time horizon for the economic evaludt®(68%) explicitly modelled a
downstream sequence of treatments.[39,41,45,46,;5869R,64,74,81] None of these studies attempted to

estimate the optimal sequence of treatments from the available treatment set.

Bansback et al. (2005) evaluated bDMARDs with or without adjundiotretxate versus cDMARDs in patients
who had already failed two previous cDMARDs.[39] The downstream cDMA&idence was explicitly
modelled, but the sequence was fixed for all comparisons. Hallinen et &) (2Btipared alternative sequences
of bDMARDSs after failure on one bDMARD.[54]

Jobanputra et al. (2002),[55] and Bartd al. (2004),[41] evaluated etanercept and infliximab in a cDMARD
sequence. Etanercept and infliximab were evaluated in three different positsequence of 10 active
therapies. The same decision analytic model was used by Clark et al. (2604)uate anakinra in alternative
positions in a cDMARD sequence,[51] and by Malottki et al. (2011) auate bDMARDSs after failure on a
previous bDMARD.[64]

Brennan et al. (2004) evaluated etanercept in a cDMARD sequence. Etanercept weaalaatgd in one

position, after two cDMARDSs had failed,[46] however alternative downstreanesegs were modelled in
scenario analyses. This was the same for a later evaluation by Brenng@2@d &)l comparindNFa’s as a

class to a cDMARD sequence.[45] Tanno et al. (2006) evaluated etanercept iaracseazfuhree cDMARDsS

over a patient’s lifetime, after failure on bucillamine.[74] In the latter case, the downstream sequence is likely to

be too short and omitted other cDMARD options and sequential bDMARD udgédgatient population.
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Diamantopoulos et al. (2012) compared alternative positions of tocilizumaiDMARD naive and
experienced population.[53] Kielhorn et al. (2008) evaluated the introdudtidgmamab plus methotrexate
after people had failed on two previous bDMARDs.[56] The downstreaneseguor position of rituximab

plus methotrexate, was not altered. Lindgren et al.(2009) evaluated theidtivacf rituximab after failure on
one previous bDMARD.[62] The subsequent sequence of treatmentotatered. Merkesdal et al. (2010)
evaluated the introduction of rituximab after failure on one previous bDMBRDPThe subsequent sequence of

cDMARDSs was not altered, and no comparison to other bDMARDs was made.

Six studies (72%) had a lifelong time horizon but did not explicitly modelahastream
treatments.[40,73,757,79] Barbieri et al (2005) simulated HAQ states with associated costs aiesUdii]
Soini et al. (2012) modelled progression to best supportive care, budtditbarly report how costs and health-
related quality of life were estimated.[73] Vera-Llonch et al. (2008) thmedame model for two analyses, and
after treatment withdrawal moved onto a linear extrapolation of HAQ with magiedates of costs and
utilities.[75,76] Wailoo et al. (2008) also extrapolated HAQ after treatment naitlad.[77] Wong et al. (2002)
estimated future costs and health effects by simulating a worsenit®®@®core via movement of the

modelled cohort through Markov health states.[79]

23 of the 42 studies (55%) in established RA did not have a lifelong time hotiztrese, only six (26%)
explicitly modelled a downstream sequence of treatments.[44,50,6R,78), The time horizon for these studies
was no longer than five years, and only Coyle et al. (200@®idered more than one downstream treatment in

the sequence (the other five modelling only a switch onto one othez Hdutrapy).[52]

17 studies remain with a truncated time horizon and no explicit inclugiongterm costs and
effects[26,38,42,43,449,57-61,65,6769,72]. The justification for this omission of long-term f&wosts and
effects is not clear in any of the studies. Five studies are observationakarjdR$8,68,72,80] and one is an
evaluation alongside a trial,[63] and therefore long-term modelling may nethliegn the primary research

objective.
5.3 Decision-analytic modelling methods in established RA

As already mentioned, 36 (86%) of the 42 studies used decision anayétiinmg methods to determine the
expected costs and QALYs.[381,44-57,59-62,64-67,69-71,73-79] Five (14%) of the 36 models were a
decision tree,[38,449,70] nine (25%) were cohort Markov models,[40,5268965,74,78,79] and 16 (44%)
were individual patient models.[39,41,45,46,515362,64,66,73,75 7] For the remaining six (17%) studies,

the method of decision-analytic modelling was unclear.[44,50,57 6169

Of the five decision tree models,[38;41B,70] none had a time horizon of over two years, and ondgétiuet
al. (2009) considered sequential use of therapies.[70] Moving oetmadtherapy was determined by either

achieving LDAS or remission, and the evidence for this was not cleadyteep

The nine Markov models were also limited in considering the costs antsaffdature treatments.[40,52;59
61,65,74,78,79] Only five met the Drummond criteria,[59,614%9] only three had a lifelong time
horizon,[40,74,79] and only three considered sequential use of émistfs2,74,78]
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The 16 individual level simulations all had a lifelong time horizon.[393146151,5356,62,64,66,73,757]

12 of these studies also considered sequential use of therapies in patientsablighed
RA.[39,41,45,46,51,53,54,56,62,64,66] All 12 determine@attnent switch by either a short-term lack of
response, or a long-term withdrawal due to a loss of efficacy ornvamnsadevent. Initial response was modelled
using an ACR response mapped to a HAQ improvement in six model§.33,34,56,66] Brennan et al. (2007)
modelled initial treatment response using the European League Againsta&RiseufEULAR) response

categories and mapping the response to EQ-5BR@D) via a multivariate regression.[45]

Only 17 of the 42 (40%) met the Drummond checklist for assessingi#ieyapf the
study:[41,45,46,51,54,56,59,61,86,74-77,79] Five of nine Markov Models;[59,61,65,74,79] and 126&f
individual level simulations.[41,45,46,51,54,56,62,64,66773 The most common reasons for not meeting the
Drummond criteria were: not providing a comprehensive descriptioreafatmpeting alternatives;[73,78] not
providing evidence that the programme’s effectiveness had been established;[48,55,67,69] not including all
important and relevant costs and consequences;[44,48,50,57 J6& A8 asuring costs and consequences
appropriately;[44,50] not undertaking a fully incremental analy&8s39,44,50,52,53,57,60,67;6@L] not
allowing for uncertainty;[40,4749,69,71] and not including all issues of interest[38
40,44,48,50,52,53,55,57,60,67-649]

5.4 Health economic results in established RA

The headline health economic results are provided for each study inZT &lwae of the studies looked to

identify the optimal sequence of treatments from the treatment setéddluthe analysis.

Four of the 42 studies (10%) were exclusively for cOMARDSs in patientsesitiblished RA.[38,63,68,72]
Maetzel et al (2002) observed in a one year economic evaluation alongside atdahittedt methotrexate
dominated leflunomide and placebo.[63kiri et al (2007) concluded that methotrexate plus antimalarials
dominated antimalarials, and non-methotrexate strategies were unlikely tst ledfective.[68] Shini et al.
(2010) performed a CEA with change in HAQ as the unit of health b¢ngfif heir study suggested that
hydroxychloroquine is the most cost effective monotherapy cDMARD stratgiymethotrexate plus
hydroxychloroquine the most cost effective combination strategy. Anis @t986) estimated an ICER of

cyclosporine therapy of $1k per patient improved compared to placebo.[38]

19 studies (45%) were non-sequential evaluations of bDMARDS in patients with éstdibia.[40,42,43,47
49,57,60,61,65,67,69,73,767,79] In general, the studies found that bDMARDs were more effeativaldn
more costly compared to cDMARDS in patients with established disease. Thisstmmelas consistent across
all studies, irrespective of country, patient population or method of evalu&foof the 19 studies were
decision-analytic models with a lifelong time horizon.[40,7377579] Barbieri et al. (2005)[40] and Wong et
al. (2002)[79] estimated an ICER for infliximab plus methotrexateugemethotrexate of £33k and £30k per
QALY, respectively. Likewise, two analyses performed by Vera-thoet al. (2008) estimated an ICER for
abatacept plus methotrexate versus methotrexate of $43k per QALY and $4pkLpérin a TNFa naive[76]

andTNFao experienced[75] patient population, respectively.
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19 studies (45%) were evaluations of alternative sequences of bDMARDSs in pattbrgstablished
RA.[39,41,44-46,50-56,62,64,66,70,71,74,78] 13 of these studies had a lifelong tineoh, and as before
these studies found sequential L(DMARD use to be more effective but alscostly.[39,41,45,46,51,53
56,62,64,66,74]

Four studies evaluated the introduction of rituximab into a sequence of DMARIDinen et al. (2010),[54]
Lindgren et al. (2009),[62] and Merkesdal et al. (2010)[66] corclubat rituximab was cost-effective after
TNFo failure compared t@NFa’s. Kielhorn et al. (2008) found that rituximab after tWaNFo. failures was
cost-effective.[56] None of the studies considered the optimal positionxifiiéb, comparing rituximab after

one or twoTNFa failures.

Of the nine remaining studies, nearly all were consistent in conclttin@ DMARDs were likely to be cost
effective. The studies by Barton et al. (2004)[41] and Jobanputra(08R)[55] were the only studies to
conclude that, after two cDMARDs, hDMARDSs were unlikely to be cost effective compmafedher
cDMARD treatment.

There were six studies with an explicitly modelled sequence of downstreaiménts, but with a truncated
time horizon.[44,50,52,70,71,78] These studies reported that bDMARDs gsiikidy to be cost effective.
The truncated time horizon may therefore omit important downstream bealtfits from bDMARDSs, such as

delayed joint erosion or disease progression.

22 of 42 (52%) of studies reported that the results were robust whertakidg sensitivity
analyses.[40,41,44,48,50,%4,56-59,61,62,64,67,69,71,75,76,78,79] As with the similacction from the
recent-onset RA population, it was not clear what criteria had been usejésisthat the results were robust,
and whether rigorous enough testing had been performed. Righiss{19%) reported significant
uncertainty,[39,4547,49,55,65,73] with six studies (14%) reporting specific modelmaters which lead to
significant sensitivity in the economic model. These were: the baseline tgenmodel;[39] the standardised
mortality ratios;[39] the algorithm to estimate health related quality of{8845,65] the rate of disease

progression;[45,46] discount rates;[45] treatment response rates;[4dpstruarameters.[49]

6. Discussion

A number of key themes have been identified from this systemeview of economic evaluations of sequential

disease modifying therapies for rheumatoid arthritis.

Firstly, the review highlights the significant number of decisions tbegnpially wait to be informed in the
decision space withiRA. 14 economic evaluations were identified of therapies within a recent-ofiset R
population, and 42 within an established RA population. Evaluationsumdestaken when people had no prior
treatment, up to patients having had cDMARDs and two bDMARDSs. Tweneseveral potential positions for
each DMARD therapy, and the review identified approximately 30 discrete &neistnT herefore the decision
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space on a very crude level is every potential sequence constructed freat 80 treatments
Understandably, the vast decision space and huge number of potential compedatmno study attempting to
determine the optimal sequence of therapies. The evaluation by Chen @06).r&presents the only attempt
from 57 evaluations to determine whether bDMARDs should be used inH@tsettor established RA.[21]
However the evaluation only represents a small subset of the available seqUikacesiew has identified a
significant number of constrained or pair-wise evaluations, the ma@ntfich did not conduct a fully
incremental analysis or discuss the possibility of alternative posithes than the primary analysis. This is not
particularly surprising, because each study was undertaken for itsasticular decision-making context. The
heterogeneity in terms of comparators, sequences and methodology mtfidochl/national variation and also
the context in which health economic evaluation is conducted. A cleardings that combination cDMARDs
have an important role in the treatment of RA, and appear to be ddrimzost-effective at early positions in a

sequence.

Secondly, modelling methodology was associated with the quality sfullg and the ability to evaluate
alternative sequences. Models with a lifelong time horizon were more likb/aa individual patient
simulation, and Markov and decision tree models were less likely toatwalaquential treatments. In all
studies, the quality of reporting about the impact of future treatmerdssts and health benefits was varied.
However, in several sensitivity analyses the long term progressitinaafse was shown to be a key parameter
for model sensitivity. The mapping from HAQ to utility was also aree of uncertainty, which is a

methodological challenge detailed in other published studie®432

Finally, when downstream treatments were explicitly modelled, the evideeddaiparameterise this part of
the model was from disparate sources, and also poorly reported. Evidedogas often referred to rather than
explicitly stated. In several evaluations assumptions of equal efficacy betwasments, or potential treatment
decrements for later positioning within a sequence, was assumedliddsgtrevidence was not identified.
However the quantitative or qualitative evidence to support these assumptonstyaovided. The
assumptions lead to significant uncertainties in the evaluations, andgttghted that when cDMARDs or
bDMARDSs can largely be considered a class, with similar costs and healttsefimall assumptions can have a
significant impacbn a treatment’s cost-effectiveness. Therefore it is important to identify and synthasise
relevant evidence to inform models, not just at the divergence point, but alsghibmbthe complete model
pathway. On the balance of all of these issues, it is not clear if failureitesadhe methodological issues
regarding sequence modelling has inaccurate results of evaluations in a patiieatarn for specific

treatments

A recent systematic review by Sullivan etlzds also reviewed the economic evidence of sequencing
bDMARDs in RA.[85] The review had a different perspective, and focussguirely the cost-effectiveness
evidence identified. As with this review, they found that the evidencesa@stain and unclear, and
recommendations were hard to draw. Our review builds upon thgchgsing on the methodological and

evidence base issues which remain unresolved with an intention to imptosedconomic evaluations.

1 30! = 265,252,859,812,191,058,636,308,480,000,006ach sequence took one second to enumerate, itlviake over 8 years to
evaluate
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As with any systematic review, there are limitations that should be considaeeteview does not include non-
economic evaluations, or purely disease modelling studies. Some studiesnelielied sequences of
treatments may have been omitted if no comparison between altertaiegiss was presented. Secondly,
there were some aspects of the data extraction which relied on a certain lensgbctidty. Where possible,
checkbox choices and the Drummond checklist were used to ensure biamingised. However, when
considering particular modelling methodologies the subjective decisions wessascby the reviewer. To
minimise bias, the reviewer relied on what was reported by the author aslémtified systematic reviews of
economic evaluations in RA were cross-checked when data extractidapmest. Also, data regarding the
‘rebound’ assumption made in the model when patients withdraw from treatment were not extracted. The

rebound assumption is contentious and un-evidenced, and sequengi nebdon an assumption every time a
treatment is switched.[86,87] Further research is required for this Haaky, manufacturer’s submissions to
organisations such as NICE were not included, because full text versions oéplogis are not publically
available.

The review has highlighted issues when trying to undertake an economiat@rabf sequential therapies.
These present both methodological challenges when developing models, and also-oedisig issues when
looking to develop guidance based on cost-effectiveness evidenagtitular, the factorial rate of growth in
the number of comparator sequences becomes unfeasible for standarad-@eEbitic models. Enumerating
every possible sequence is not likely to be practical as the computational tiexdente requirements would
be enormous. Heuristic methods from the field of operational researelrohig for a near-optimal sequence
may be a potential solution, as well as methods to improve the tractabdiyeloped model. Future reviewing
and analysis will be undertaken to identify methodological solutions, véthith of developing a
methodological framework for the economic evaluation of sequential theraiesonic conditions. While the
problem is significant in RA, there are other conditions where this frankeway be relevant, including
multiple sclerosis, depression, psoriatic arthritis and Crohn’s disease. Any further research should be

generalisable across these conditions.[88,89]

7. Conclusions

The review has identified 57 uniqgue economic evaluations of disease mgdifgirapies for people with RA.
Almost half modelled sequences of DMARDs, however none of the identifidigstuave considered
identifying the most cost effective sequence from the full treatment set availalddab therefore led to
clinical guidance being developed without the required economic evidence being avaitatsertothat health
resource allocation decisions are fully informed, and therefore an oplloedtion of resources identified4
(42%) models have been developed that consider a lifelong time horiza25 §%) had a downstream
treatment sequence. In these studies, evidence gaps have were identifiethclimeséehe efficacy of
treatments in downstream positions, and the long term impact trhé&ets on costs and health related quality
of life in the future. The review has identified that methods have not besiswmtly applied, which has led to

varied estimates of cost-effectiveness and uncertainty with respect to thepprogirimte analyses to address
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particular decision questions. Research is required to develop a methodolagiealérk for the economic

evaluation of sequential therapies in chronic conditions.
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Figure 1: PRISMA Flow Diagram
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Table 1. Summary of recent-onset RA economic evaluations

Study , year Country I nterventions Time Type | Modd | Incremental Cost-effectiveness Ratio (ICER)
horizon type

Chen et al. UK TNFa with or without MTX at | Lifetime | CUA | ISM ETA, ADA and INF after multiple cDMARD failure were £24k, £30k
2006°Y first line or third line and £38k per QALY, respectively
Davies et al. us MTX vs. ADA+MTX vs. Lifetime | CUA | ISM INF and ETA extendedly dominated by ADA. ADA+MTX $47k per
2009°24 ETAvs. INFAMTX vs. QALY vs. cDMARDs. ADA+MTX then ETA $42k per QALY vs.

ADA+MTX cDMARDs
Finckh et al. us Symptomatic therapy vs. Lifetime | CUA | ISM bDMARDs dominated by cDMARDs. cDMARDSs ICER $4k per QALY
2009%3 MTX vs. bDMARDs vs. symptomatic therapy
Hartman et al. | Netherlands | Placebo vs. folic acid vs. 48 weeks| CUA | TA Placebo dominates folic acid. Folinic acid dominates placebo
20044 folinic acid. Adjunct to MTX
Kavanaugh et | US GLD vs. MTX vs. bDMARDs | 6 months| CCA | DT Efficacy reflected as costs. GLD = $6k, MTX = $5k, bDMARDs = $9}
al. 19967+
Kobelt et al. UK MTX vs. SSZ vs. LEF 10 year | CUA | MM Using Strand et al, LEF dominates MTX. Using Emery et al, MTX
2002 dominates LEF. Using Smolen et al, LEF dominates SSZ.
Kobelt et al. Sweden ETA+MTX vs. MTX 10year | CUA | MM ETA+MTX ICER is €13k per QALY vs. MTX
2017
Korthals-de Bos Netherlands | MTX+SSZ+Prednisolone vs. | 56 weeks| CUA | n/a Combo cDMARDs dominates SSZ
et al. 2004" Ssz
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Maetzel et al. | Canada Adding LEF to a cDMARD 5 year CUA | DT Adding LEF ICER is Can$71k per QALY vs. cDMARD sequence
2002 sequence
Schadlich et al.| Germany Adding LEF to cDMARD 3years | CUA | DT Adding LEF vs. cDMARD sequence is €8k per QALY
2005% sequences
Schipper et al. | Netherlands | SequentiallNFo use 5years | CUA | MM TNFa €138k per QALY vs. MTX. ICER MTX+LEF €439k per QALY
2011% vs. MTX
Spalding etal. | US MTX vs. bDMARD mono and| Lifetime | CUA | MM $63k per QALY for ADA vs. MTX to $409k per QALY for INF vs.
2006 combos MTX.
Tosh et al. UK Alternative cDOMARD mono | Lifetime | CUA | ISM Monotherapy, Step-up, Parallel, Steroid are all dominated by step-d
201134 and combo therapies Intensive £27k per QALY vs. step-down
van den Hout et| Netherlands | Comparing cDMARD 2 year CUA | TA Initial combination therapy with prednisone is likely to be the most cq
al. 2009*! combos vs. INF combo effective strategy at a WTP per QALY of <€100k

therapy
Verhoeven et | Netherlands | Step-down cDMARDS vs. 1 year CUA | n/a Combo cDMARDs dominates SSZ

al. 1998

SSZ
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*Unclear if recent-onset or established RA.

TNFo = Tumor necrosis factos- TNF-a) inhibitors, MTX = Methotrexate, ETA = Etanercept, ADA = Adalimumab, INF = Infliximab, cDMARD = conventional Disease
Modifying Anti Rheumatic Drug, bDMARD = biologic Disease Modifying Anti Rheum&iug, LEF = Leflunomide, SSZ = Sulfasalazine. ICER = Incremental Cos
Effectiveness Ratio, QALY = Quality Adjusted Life Year, CUA = Cost Utility A&y CCA, Cost Consequence Analysis, CEA = Cost-effectivenealysisy CMA =
Cost Minimisation Analysis, WTP = Willingness to Pay, ISM = Individual Siamg Model, DT = Decision Tree, MM = Markov Model, TA = Trial AnalysisA ©
Observational Analysis, CER = Cost Effectiveness Ratio, HCQ = Hydroxychlime ANA = Anakinra, TOC = Tocilizumab, AM = Antimalarial, ABA = Abatacept, RT
= Rituximab, ILMM = Individual Level Markov Model, GLD = Gold
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Table 2: Summary of established RA economic evaluations

Study , year Country I nterventions Time Type Model I ncremental Cost-effectiveness Ratio (ICER)
horizon type
Anis et al.1996% Canada CYA vs. AZA/PEN vs. 1 year CEA DT CYA ICER $11k per patient improved vs. placebo.
placebo
Bansback et al. Sweden TNFa with or without MTX | Lifetime CUA ILMM For allTNFa strategies, Using ACR50 response
2005 vs. cDMARDs criteria €34k per QALY - €42k per QALY vs.
cDMARDs. ADA+MTX likely to be the optimal
Barbieri et al. 2008”7 | UK INF+FMTX vs. MTX 1 year, CUA MM INF-MTX ICER is £33k per QALY vs. MTX
lifetime
Barton et al. 20047 | UK ETA vs. INF vs. cDMARD | Lifetime CUA ISM ETA ICER £50k per QALY vs. basecase. INF ICER
sequence £68k per QALY vs. basecase. ETA ICER £28k per
QALY vs. INF
Benucci et al2009* | Italy ABA with LEF or MTX vs. | 2 year CUA OA ETA+MTX had the lowest CER compared to baseli
ETA with LEF or MTX (non bDMARD tx) -€39k per QALY.
Benucci et al201F* | Italy RTX vs. constant disease | 6 month, 1 | CUA OA RTX ICER €15k per QALY vs. consistent disease
year comparator (6 months). ICER €23k in 1 year
Beresniak et al. Spain ADA vs. INF vs. ABA vs. 2 years CEA Unclear Highest effectiveness and lowest CER for ABA.
201144 RTX LDAS and RS outcomes
Brennan et aR004*® | UK ETA vs. cDMARD sequence Lifetime CUA ISM ETA ICER £16k per QALY vs. cDMARDs
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Brennan et aR007*™! | UK TNFo. vs. cDMARDs Lifetime CUA ISM TNFa ICER is £23k per QALY vs. cDMARDs

Chiou et al2004*" us ANAvs. ETAvs. ADAvs. | 1year CUA DT ETA ICER $7k per QALY vs. ANA. ADA and INF
INF dominated by ETA

Choi et al.2000* us cDMARD mono and combo | 6 month CEA DT ETA ICER $42k per ACR20 responder vs. triple
vs. bDMARD mono and cDMARD therapy.
combo

Choi et al.2002* us cDMARD mono / combo vs.| 6 month CEA DT ETA ICER $41k per ACR20 responder vs. MTX
bDMARD mono / combo

Cimmino et al. Italy ABA vs. ADA vs. RTX vs. 2 year CEA Unclear Highest effectiveness and lowest CER for ABA.

2011°% INF LDAS and RS outcomes

Clark et al2004>" UK Adding ANA in a treatment | Lifetime CUA ISM ANA ICER over £100k per QALY vs. standard care
sequence

Coyle et al2006 Canada GLD vs. bDMARD mono | 5 year CUA MM INF and ETA had ICERS over $100k per QALY vs,
and combo cDMARDs

Diamantopoulos et al| Italy Sequential bDMARD use lifetime CUA ISM TOC dominates replacing ETA or ADA. TOC ICER

2012 €2k per QALY vs. INF. TOC ICER €17k when added

first line.
Hallinen et al2013°¥ | Finland Sequential L DMARD use | Lifetime CUA ILMM RTX dominates ADA, ABA, ETA afteTNFa failure.

RTX ICER €30k per QALY vs. BSC.
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Jobanputra et al. UK Adding ETA and INF into a | Lifetime CUA ISM ETA ICER £83k per QALY vs. basecase. INF ICER
2002%) cDMARD sequence £115k per QALY vs. basecase. ETA ICER £44k pe
QALY vs. INF.
Kielhorn et al2008> | UK RTX+MTX vs. cDMARD lifetime CUA ILMM RTX ICER £11k per QALY vs. cDMARDs. With no
sequence sequential LDMARD us, RTX ICER £14 per QALY
vs. cDMARDs.
Kievit et al.2009°" Netherlands Comparing treatment 6 month CCA TA All strategies had an equal cost. All variations to
guidelines guideline generated more responders.
Kobelt et al. 2008” Sweden, UK INF+MTX vs. MTX 10 year CUA MM INF ICER is €3k per QALY vs. MTX in Sweden.
£21k per QALY vs. MTX in UK
Kobelt et al. 2004 | Sweden TNFo vs. cDMARDs 1 year CUA TA TNFa ICER is €43k per QALY vs. previous years'
therapy
Kobelt et al. 2008” | Sweden ETA vs. MTX vs. 2year/ 10 | CUA MM ETA+MTX ICER is €37k per QALY vs. MTX (2 year
ETA+MTX year horizon).
ETA+MTX ICER is €46k per QALY vs. MTX (109
year horizon)
Lekander et al. Sweden INF vs. cDMARDs 20 year CUA MM INF ICER €22k per QALY vs. cDMARDs
2010°"
Lindgren et al. Sweden RTX vs.TNFa Lifetime CUA DES RTX dominatesTNFa

20092
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Maetzel et al. Canada LEF vs. MTX vs. placebo 1 year CCA n/a MTX dominates LEF and placebo
20028
Malottki et al.2011* | UK ADA vs. ETA vs. INF vs. Lifetime CUA ISM RTX dominates ADA, ETA and INF
RTX vs. ABA vs. cDMARD ABA ICER £130k per QALY vs. RTX
Marra et al. 2007 Canada INF+MTX vs. MTX 10 year CUA MM INF ICER between $Can32k-70k per QALY vs.
MTX.
Merkesdal et al. Germany Adding RTX+MTX to a Lifetime CUA ILMM RTX ICER €24k per QALY vs. TNFa
2010°% sequence
Nuijten et al2001®7 | Netherlands ETA vs. INF 1 year CMA Unclear ETA dominates INF
Osiri et al.2007°% Thailand Comparing cDMARD 1 year CEA n/a MTX = $2k (per 1 point HAQ change vs. AM). MTX
strategies + AM = dominates. MTX + SSZ = $625. AM + SSZ
$14k. AM + MTX + SSZ = $1k. LEF = $1k. Other
DMARDS = $16k
Rubio-Terrés et al. Spain INF+MTX vs. LEF 1 year CMA Unclear LEF dominates INF+MTX in the CMA
20071°°!
Russell et al2009"” | Canada SequentiallNFo use 2 year CEA DT 1st bDMARD position: ABA dominates. 2nd

bDMARD position: $20k per LDAS and $26k per

remission vs. comparator sequence
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Saraux et al2010™ | France SequentiallNFa use 2 year CEA Unclear Lower costs per 'theoretical expected number of dg
in remission' with ABA after firsTNFa compared
with RTX.
Shini et al2010™ India cDMARD mono and combo | 3 month CEA n/a For mono, lowest CER was HCQ. For combo, lowe
therapies CER was MTX+HCQ
Soini et al2013™ Finland ADA vs. ETA vs. TOC Lifetime CUA ISM TOC extendedly dominates ADA and ETA and €17k
per QALY vs. MTX.
Tanno et al. 2006”7 | Japan Adding ETA to a cDMARD | Lifetime CUA MM ETA ICER ¥3.5 per QALY vs. standard therapy
sequence
Vera-Llonch et al. usS ABA vs. cDMARDs Lifetime CUA ISM ABA ICER $45k per QALY vs. cDMARDs
2008"!
Vera-Llonch et al. us ABA+MTX vs. MTX Lifetime CUA MS ABA+MTX ICER $43k per QALY vs. MTX
20084
Wailoo et al. 20087 | US ETA vs. ADA vs. ANA vs. Lifetime CUA ISM ANA was the least effective and least costly strateg
INF ETA, INF and ADA were similar in terms of
effectiveness but INF was more costly.
Welsing et al2004™® | Netherlands Usual care vs. LEF v@NFa | 5 year CUA MM Post-DMARD failure most cost effective position fo
vs. LEFTNFa sequences TNFa, with ICER of €163k per QALY vs. usual care.
Wong et al2002"! us INF+MTX vs. MTX Lifetime CUA MM INF ICER is £30k per QALY vs. MTX
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TNFo = Tumor necrosis factou-TNF-a) inhibitors, MTX = Methotrexate, ETA = Etanercept, ADA = Adalimumab, INF = Infliximab, cDMARD =vemtional Disease
Modifying Anti Rheumatic Drug, bDMARD = biologic Disease Modifying Anti Rheumatiug, LEF = Leflunomide, SSZ = Sulfasalazine. ICER = Incrementdl Cos
Effectiveness Ratio, QALY = Quality Adjusted Life Year, CUA = Cost Utility Arsid, CCA, Cost Consequence Analysis, CEA = Cost-effectiveéxealysis, CMA =
Cost Minimisation Analysis, WTP = Willingness to Pay, ISM = Individual fiamg Model, DT = Decision Tree, MM = Markov Model, TA = Trial Analysish®
Observational Analysis, CER = Cost Effectiveness Ratio, HCQ = Hydroxycjliom ANA = Anakinra, TOC = Tocilizumab, AM = Antimalarial, ABA = Abatacept, RT
= Rituximab, ILMM = Individual Level Markov Model, GLD = Gold
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