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ABSTRACT

Background: Ulcerative colitis (UC) is the most common form of inflammatory bows¢ake in the
UK. Medical management aims to induce and maintain remission, and to avoid Ulzatons and
the necessity for surgical intervention. Colectomy removes the sourcdlahrimtion, but is
associated with morbidity and mortality. Newer d@nthour necrosis factar (TNF-a) therapies may
improve medical outcomes albeit at an increased cost.

Objective: To assess the incremental eeffectivenesf infliximab, adalimumab and golimumab
versus conventional therapy and surgery frofational Health Service (NHS) and Personal Social
Services (PS)erspective over a lifetime horizon.

Methods. A Markov model was developetth health states defined according to whether theepti
is alive or dead, current treatments received, history of colectomy and lediteafse control.
Transition probabilities were derived from network raatalysegNMAS) of trials of antiTNF-a
agents in the moderate-severe UC population. Health littes, colectomy rates, surgical
complications and resource use estimates were derived from literaturesoshsi were drawn from
standaratostingsources and literatuend were valued &013/2014 prices.

Results: For patients in whom surgery is antiop, colectomy is expected to dominate all medical
treatment options. For patients in whom colectomy is not an option, infliximab aincugab are
expected to be ruled out due to dominance, whilst the incremestadftectiveness ratio (ICER) for
adalimumab versus conventional treatmenteipected to bepproximately £50,278 per quakty
adjusted life year (QALY) gained.

Conclusions: Based on the NMAshe ICERs for an{fNF-a therapy versus conventional treatment
or surgery arexpected to bat bestin excess 0£50,000 per QALY gained. The cesffectiveness
of withdrawing biologic therapy upon remission and re-treating relapseigown.

KEY POINTS FOR DECISION -MAKERS

e Colectomy is expected to be more effective and less expensive than medical teefiment
ulcerative colitis

e For patients in whom colectomy is not anceptableoption, thelCERs for antiTNF-a
therapy versus conventional treatmard in excess &50,000 peQALY gained

e Using antrTNF-a therapy to induce remission, withdrawing therapy and rreating upon
relapse may provide a more economically efficient approaadmpared withcontinuous
treatment in those achieving an induction respofnke comparative effectiveness andst
effectivenes®f this approacls howeverunclear



1.INTRODUCTION

Ulcerative colitis (UC) is the most common formidiopathicinflammatory bowel disease (IBD) in
the UK. An estimated 132,600 people in England and Wales have beansidgvith UJ1]. Peak
incidenceis between 15 and 25 years of age, with a second peak between 55 &hd 85ecase may
be limitedto the rectum (proctitisnayaffect theleft colonor may be extensive (pamolitis) [2]. UC
runs a relapsing and remitting course aagymptomscan substantibl impactupon patients’health
related quality of life (HRQoL). @¥nptomsvary in severityandmay includebloody diarrhoa, with
urgencyof defaecationabdominal pairandfatigue More severe exacerbations of UC associated
with systemiceffects for examplefever, tachycardia and anaemia, and require admission to hospital
for urgent monitoring and treatmef®]. The burden of UC fothe NHSis substantial, particularlyn
patientswith poor disease controCompared with quiescent IBDlisease relapse associated with
an estimated2—3fold increase in costs for ndrospitalised cases and af20d increase in costs for
hospitalised casel]. Approximately80% patients with UC have mitlh-mocderate diseaseand
approximately 20% have severe disease. The population considered within thisrglatesito
patients with moderateltp-severely activdJC (excluding those with acute severe U@h)o have
failed conventional therapywhowould normallybe managedri an outpatient settingndwho do not
require hospitalisation or the consideration of urgangical intervention

Optimumtreatment for patients wittnoderateo-severe UGafter the failure of conventional therapy
is not universally agreedTreatment typically follows an escalation approach whereby additiona
drugs are added in order to induce and maintain respdnsatmentmay be influenced by the
severity of symptoms, the extent and location of inflammafi@guency of relapsend irdividual
patient choicgl]. Conventional medical therapycludes aminosaliclates (5ASAS), corticosteroids
thiopurine immuneuppression (azathioprine or mercaptopuranrg@jcalcineurin inhibitor44]. These

do not offercure ofthe diseasegiven the relapsingemitting nature olUC, treatmentaims are to
induce and maintaisymptomaticremission to induce and maintain repair of the colonic mucosa
(“mucosal healing”) to improveHRQoL and to avoid complicationscluding hospitalisabn and
surgical intervention.Surgical treatment comprises colectomy followed by either a permanent
ileostomy or an ileoanal anastomosis (“pouch”). Ty be required for patients with sev&f€
refractory to medical therapy, or may be considered electively to rédR@oL in patiets with
frequent flares or continuous symptoms associated with significailitydeddowever, surgerymay
result incomplicationssuch as infertilityor pouchitis(which itself causes increased stool frequency
and urgency of detation) wound infections, wound dehiscence and small bowel obstruadiavell

as psychological issues such as poor body infiHg€olectomy isalso associatedith a risk ofperk
operative mortalityf5]. Consequentlycolectomy may not be considered toalmeacceptableeatment
option for some patientbencea tradeoff existsregarding the gected benefitand risksof surgical

and medicatreatmenbptions.



Threeantitumournecrosisalpha(anti TNF-o)) antibodies — infliximab, adalimumab and golimumab —
have received a marketing authorisatfon the treatment ofnoderatelyto-severely active UC in
adult patients who have had an inadequate response to convetgraply including corticosteroids
and 6mercaptopurine (@®1P) or azathioprine (AZA), or who are intolerant to or have medical
contraindicationgo such therapie$6-8]. Infliximab is administered by i.v. infusion at a dasie
5mg/kg bllowed by additional doses of 5mg/kg at 2 and 6 weeks after the initial infusioayeirydd
weeks thereafteAdalimumab is administered subcutaneouly60mg atweek 0 and 80mg ateek

2 followed by 40mg every other week (EQWith dosingincreased to 40mg every we@kW) if
clinical response ideemednsufficient. Golimumab is administered subcutaneouwslgn initial dose
of 200mg, followed by 100mg ateek 2; thereaftepatients witha body mass<80kgreceive50mg
every 4 weekswhilst those witha body mass>80kg receive 100mg every 4 weelR$ie European
Medicines Agenc{EMA) recommendshat ant- TNF-a therapy is discontinued in patients who fail
to achieve an induction response and in those patients who achieve but subseqeeatpdos¢6-
8]. Whilst thear benefits havebeen demonstrated withiseveral Phase Illrandomised placebo-
controlledtrials (RCTs) [9-16] and their use is supported by national guideliti®s,costs of these
biologic agentsare considerably greatethan those of conventionahonbiologic therapies In the
induction setting, the cosif 8-weeks ofantiTNF-a therapyranges from £2,817 (adalimumab) to
£5,928 (infliximab) per patient, whilshithe maintenance setting, the cogtl2-months ofanti- TNF-

a therapyranges from £9,187to (adalimumab 40mg EOW dosingd £19,905(golimumab for
patiens with body mas$-80kg). Consequentlythere is a need to assegisether the adtdbnal value
of these therapiesutweighs the opportunity costs associated witir use This study presents an
economic evaluation ofntrTNF-a therapies, conventional noibiologic therapiesand elective
colectomy for patients with moderatelyto-severely activeUC after the failure of conventional
therapy.

2.METHODS

2.1 Scopeof health economic analysis

A modelbased costitility analysiswas undertaken to assess the incrementaleffesttivenessof
infliximab, adalimumab and golimumab versus conventional-biologic therapy andelective
surgeryfor patients withmoderateto-severe UC who have failed at least one prior ther&pye
options were included: (ipdalimumab 160mg/80mg/40m(i) infliximab 5mg/kg; (i) golimumab
200mg/100mg/100mg(50mgjy) conventional non-biologic therapy (comprised of a mix éfFAs,
immunosuppressants and corticosteroids); ancelective surgeryThehealth economianalysis was
undertakerfrom the perspective of thHdK NHS andPersonal Social ServiceBR3 over a lifetime
horizon (60 years). Surgery is included both as a decision option and as part of the rredétieht
pathway.The costeffectiveness of each option was evaluated within a fully incremental analysis

whereby each option was compared against its next bestamimatedcomparatar Options which
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were dominated (nmre expensive and less effectittlan one or moréreatnent alternativs), and
those which were extendedly dominategtionswhich have arincremental cosgffectiveness ratio
[ICER] which is higher than a more effective rdominated option)were ruled out of the analysis
Costs and outcomes were discounted at a rate of 3.5% per da@linCosts were valued at
20132014 prices.

2.2Model structure

The modelstructure wasleveloped based on a review of previous moaeigert clinical input and
consideration of the available clinical eviderficethe antiTNF-a therapie418]. The model adopts a
Markov structure with eight mutually exclusive health states (see Fijurdealth stateswere
defined according to whether the patient is alive or dead, thesurgital treatment the patient is
currently receiving (biologic therapy aonventional notsiologic therapy), their prior history of
colectomy and their current level disease control (remission, responsactive UC).The following
health states are include(ll) on ant-TNF-a therapy — active UC; (2) onantrTNF-a therapy —
response; (3) oantiTNF-o therapy —remission; (4) on conventional treatmenactive UC; (5)on
conventional treatment response; (6) on conventional treatmentemission; (7) possurgery
(with/without complications), and; (8) dealh line with the trials of the TNFe inhibitors [9-16],
remission and response are classified according tulihilayo scorg19]. Remission is defined as a
total Mayo score <2 with no individual subscore >1. Response is defined as a decrease from baseline
in the total Mayo score of at least 3 points and at least 8@memwith an accompanying decrease in
the subscore for rectal bleeding of at least 1 poiah@bsolutesubscore for rectal bleedimd O or 1.
Patients without either response or remission are classified as having active UC.

Figure 1: Model structure
[INSERT FIGURE 1 HERE]

The model time horizon is divided into two phases: (i) induction and (ii) mairdendime model
adopts an 8-week cycle length for the induction phase andve@6é<ycle lengtlior the maintenance
phase. Duringhe induction phase patients receivingnti-TNF-o. therapywho achieve response or
remission are assumed to continue receiving the sga|tas maintenance therapy. Patients who do
not respond tanti-TNF-o induction therapy discontinue and subsequently receive conventioral non
biologic therapy Pdients on conventional therapgre assumed to continue receivitrgatment
irrespective of theiinduction response. Patients in the colectomy group are assumed to undergo
surgery during the induction phase and subsequently remain in theupgsty stateDuring the
maintenance phase, patients receiant TNF-a therapy are assumed to continue receiving the same
anttTNF-a agentfor as long as they maintain response/remission. If patients recarntAgNF-o

therapy lose response they are assumed to transit to the active UC state and subseceistl
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conventional therapy. Patients in the conventighalapygroup, and those who have previously
achieved but lost response tantrTNF-a therapy, continue receiving conventional therapy
irrespective of whether they achieve response or remission. Airtdapendent probability of
undergoing surgery is applied to patiemtith active UCwho are receiving conventiongierapy
Patients in thecolectomy group, and those who have undergone surgery after recpdmg
biologic/non-biologicdrug therapy, remain in the pesirgery stateintil death. All patients have a
probability of dying from other causes duriegch cycleA proportion of patients undergoing surgery
are assigned an additional risk of papierative deathHRQoL is assumed to be determinedtbg
patient’s level of disease control, whether they have previously undergone colectomy and the
incidence of possurgical complications-or patients undergoing surgery, a disutilityagsigned to
patients who develop chronic pouchit@&hersurgicalcomplications are assumed to be transient and
do not have a longerm impact upon HRQoL. Resource costs include those associatedrugth
acquisition, drug administration (infliximab only), surgery and related comiplicasand UC health

state costs (endoscopy, blood tests, consultant visits and hospitalisations).

The model employs the following keyructuralassumptions:

e The induction phase is assumedobt 8weeksin duration this reflects the design of the trials
used to inform efficacy parameters within the modeicludingthe PURSUITSC trial which
assessed patients’ induction response at the earlier timepoateis.

e Patients continue receivirant-TNF-a therapy provided they are still obtaining bené&fitm it.

At the beginning of the maintenance phase, the decision to cordimu€NF-a therapy is
determinedby whether the patient achievessponseémissionat the end otheinductioncycle
During eachsubsequenmaintenance cycle, the decision to contirargtTNF-a therapy is
determinedby whether the patient maintaimesponseémission at the end of the previous
maintenance cycle

e Patients receiving anliNF-o therapy concurrentlyreceive conventinal nonbiologic therapies.
Usageof these therapies is the safaeall medical treatment groups

¢ Patients who discontinwnti- TNF-a therapy subsequently receive conventional thecayby

e Patients with active UC receiving conventional treatment may undergotooly during any
cycle; patients receivin@ntiTNF-o therapy will receive at least one cycle of conventional
therapyprior to undergoingurgery

e Excluding chronic pouchitis, surgical complicatiomse transient and can be resolved through
further surgery or medical manageme@bmplicationsare assumed to occur during the first
modelcycle following surgery

e Chronic pouchitisfollowing surgeryresults inadditional treatment costs and decrement in
HRQoL.



2.3Evidence used to inform the model parameters

Transition probabilities for the model were derived from a series of netwet&analyses (NMAS)
undertaken alongside a systematic review of RCTiaftikimab, adalimumab and golimumgee
Table 1)[18]. All other model parameters were derived from the literature, standardgcesurces

and expert opinion (see Table 2).

Table 1: Network metaanalysis results-transition probabilities
[INSERT TABLE 1 HERE]

Table 2: Other model parameters
[INSERT TABLE 2 HERE]

2.3.1Patient characteristics

Patient characteristics were based on the ftinalsidedin the NMAs [9-14]. Patients are assumed to
enter the model aged 40 yearsd 43% ofatients are assumed to be fem&bdients are assumed to
have a mean body mass of 77kg. Thirty two percent of patients are assumed tabbdyerrass
greater tAn 80kg.[12;13]

2.3.2 Transition probabiliesfor ant- TNFa agents and conventional non-biologic therapies

The probabilities of achieving and maintaining response or remissienestmated via NMAs of six
placebo-controlledrials of TNFa inhibitors (ACT1, ACT2, ULTRAL, ULTRA 2, PURSUITSC and
PURSUIT-M) [18], undertaken using a Bayesian approg9i. A further trial reported by Suzulet

al [14] wasexcluded from the base case analysis butegasideredeparatelyithin the sensitivity
analysis. In all trials, patients also received concurrerimingic treatments as background therapy.
None of the trials included colectomy as a treatment &ata relating to clinical response and
remission as defined by the complete Mayo s¢diar the antiTNF-o agentsand placebdn the
induction settingwere extracted directly from the RCpublications [9;10;12]Data relating to
response and remission for et TNF-a agents and placebo in thmaintenancesetting ¢onditional

on outcomes at previous timepointgere obtaineddirectly from the manufacturers of the biologics
Since remission is a subset of resgmrhe availabledata were ordered categorical in nature and were
assumed to arise from a multinomial distributiGielative treatment effects were estimated on the
probit scale using random effects NMAs of clinical response and remissitn conventioal
treatment as the reference groApandom effects NMA was alamndertakerio estimate the absolute
treatment effect fothe conventional therapy groufheprobabilitiesof transiting between response,
remission and no response during inductiasséssd at 68 weeks), during the first 6 months of



maintenance therapyfr¢m 6-8 weeks to 32 weeks) and during the second 6 months of
maintenance therapyr¢m 3032 weeks to 554 weeks)for all anti TNF-0. agentswere derived by
combiring the estimated relative treatment effefs the antiTNF-o agents and theabsolute
treatment effestfor conventional treatmen®wing tothe absence of feedback loops in the network
it was notpossible toformally check for inconsistency between direct and indiegtence.All
analyses were conductedingthe software package OpenBUGE]. The joint distributions for the
absolute effects estimated from the NMECODA samples drawn from the posterior distribution)
were used as dire@tputs into the health economic modEurther details of the statistical models

used can be found in Supplementary Appendix 1.

The meantransition probabilitiesand associated credible intervals derived from the NMAes
presented in Table 1n the inductionsetting all treatments were associated with statistically
significant beneficial effects relative to placebo, with the greadffect being associated with
infliximab. For patients classified as responders at the end of induction, treatmerd aieetnot
statistically significant, although the greatest effect-828veeks was associated wiblimumab
100mg. At 3252 weeks, only infliximab and golimumab 50mg were associated with benedibiail
nonsignificant,effects on clinical response. For patients classified as being in remighe end of
induction, all treatments except for ddmmab were associated with beneficial treatment effects
relative to placebo, with the greatest effect being associated witimugodb 50mg and 100mg,
although the effects were not statistically significant-828veeks. At 352 weeks, all treatments
except golimumab 50mg were associated with beneficial treatment efééatise to placebo, with
the greatest effect being associated with adalimumab (the only treatmeattaitistically significant
benefit). Adalimumab was associated with the highest probabilityagftainingremission[18].

Owing to the absence of longerm followup data within the RCTshé model assumes that the
transition matrix derived from theecond maintenance cy®A (32-52 weekshppliesindefinitely

to all subsequent magmance cycles.

2.3.3 Surgery rate

Given theshortduration of the RCTs of the antiNF-a therapies, the colectomyratefor patients with
moderatgo-severe UC wadnstead based on a focusseliterature review[18]. Studies were
consideregotentially reévantif they reported on longerm colectomy rates and if they either related
to the moderatéo-severeUC population as a collectivpatient population, or if they reported on
colectomy rates in moderate and severe UC populations sepahadiof the identified studies
reported surgery rates in patients experiencing UC flare andtineskkely to overestimate the true
colectomyrate within the population represented by the modéle study reported bgolberget al

[22] was selected fansein the model as this wdmsed on &argepopulation(423 patients completed
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10year followup) and did not specifically relate to patients who leagerienced UC flareA
constant @month colectomy rate of 0.0051 was applied within the mdéielen the uncertainty in

this parameter, this rate was tested in the sensitivity analyses.

2.3.4Mortality

Perioperative mortality ratefor patients undergog colectomywere taken from th@012 UK IBD
Audit [5]. A surgical mortality rate of 0.0®&asassumedbased or28 deaths reported amongst 807
elective and emergency surgical episodes in ddi@lpatients Othercause mortality was modelled

according to ageand sexspecific life tables from the Office for National Statistics (OI[&).

2.3.5Probability of surgeryrelated complications

The trials of the TN¥e inhibitors donot reportdataon surgeryrelated complications. The probability
of experiencing transient and chronic surgesiated complications anithe use of medical/surgical
approaches for the treatment of these were based oretdah[23]. With the exception othronic
pouchitis,which is assumed fpersistindefinitely, surgical complications am@ssumed to beansient
The model assumes that 47.3% patients experience transient ctiondieand that a further 5% will
develop chronic pouchitiSThe model assumes that 19% of complications require furthgersur
whilst the remaining 81% require medical treatment only.

2.3.6HRQoL

None of the trialsncluded in theNMAs included the use of a prefererdsased measure of HRQoL.
Instead, utility estimates were derived from a systematic revidsQeBD studies undertakeim UC
populations[18]. Studies were considered potentiatigievantif they reported ECSD estimates
according to level of disease controf if they reported valuations of pesmirgery states. Ghe 10
identified studiestwo studies(Woehl et al [20] and Swinburn et al [32]), were UK-basedand
included large numbstof patients (N80 andn=230, respectively. These studies alsacluded the
greatest coverage of the health states in the model. Vébeh[20] was selected for the base case
analysisas the valuation for the surgery state (utility = 0.71 to Owa&y most similar to, yet still
lower than the values reported in theostsurgeryEQ-5D studies(range = 0.85 to 0.9Q33-35]. The
valuation of thgpostcolectomystate within theswinburn study [32] was considerably lower (utility =
0.59).As neither Woehl nor Swinburn repam the impa&t of surgical complications on HRQoL, the
disutility associated with chronic pouchitis was taken from Arseetal[21]. Thebase casanalysis
usesthe following utility valuesutility remission =0.87 (95% Crl= 0.82 to 0.91)disutility for loss
of remission (difference between remission and response) = 0.11 (9590©8 to 0.14); disutility
for loss of response (difference betwaesponse and no response) = 0.35 (95%=Q@rR6 to 0.45);
utility postsurgery = 0.71 (95% Cr 0.61 to 0.80), andjisutility for postsurgical complications =
0.17 (95% Crl 20.13 to 0.21).



2.3.7Resource andcosts

Drug acquisitioncostswere derived from the British National Formulary (BNF24]. The costs of
adalimumab were adjusted to account for the proportion of patients in theAJtiBi® whase dose
wasescalatedo the BV regimen The costs of conventional therapies were assumed to be the same
for all treatment groupsHealth state costs relating to the use of elective and emergency endoscopy,
hospitalisations, consultant visits and blood tests veEeavn from a previous modding sudy
reported by Tsaet al [25]. The relative risk of hospitalisation for infliximab and adalimures
derived from an NMA reported by the manufacturer of infliximab and golinrbuf2é]; as no
evidence was available on hospitalisation rates for golimumab, this was agsubethe same as

that for adalimumabUnit costs associated with health state resource use were taken H8mM N
Reference Cost3013[27]. The costs of surgery and stoma care vagasvn froma published costing
study[28] Cost estimates were uplifted to current prices using Hospital and Qutgntiealth
Services (HCHS) inflation indicd86].

2.4 Methods for model evaluation

Estimates of mea@ALY gains and cost®r each option were derived probabilistically using Monte
Carlo sampling over 10,000 iteratiofi3ecision uncertaintyvasrepresented using cestfectiveness
acceptability curves (CEACskurthersensitivity analyses were undertaken to explore the extent to
which individual model parameters impact upon thedel results These included:the
inclusion/exclusion odata from &zuki et al [14] in the NMA, the inclusion ofintentionto-treat
(ITT) data from ULTRAZ[11] in the NMA, “within-trial” comparisons usingnly directtrial data for
each antiTNF-o agent,and varyingassumptions regarding the relevant time horitloa,starting age

of the population, the source logalth utility estimateghe colectomy rate and assumptions regarding
resource costdn addition, given uncertainty surrounding thedaarm transition probabilities, two
additionalhighly optimisticscenarios are presented whereby from w&@lonwards{i) all patients
receiving antiTNF-a therapy remain in their last observed health state, and; (ii) all patients transit to
andremain in the remission health stalte.order to account for clinical and patient preferences for
surgical treatment of UCesultsfor all analysesare presented separately for patients for whom
colectomy is a potentially acceptalgption and for those for whom it is ndtie analyses of these two
populations differ only in terms of the inclusion ioimediate electivecolectomy as a potential

treatment option; all other model inputs and assumptions remain unchanged.

2.5 Methods for model verification aml validation
A number of measures were takerensure the credibility of the model. These included inteml a
external peer review by clinical and methodological experts, dgubfFamming of the deterministic

version of the model, scrutiny of implemented model coding and formulae, chékiagcuracy of
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all model inputs against sourcésyestigatingpotentialy discrepanior unexpectedesults iderified
through black box testing armbmparison othe model results againshose generating usingher
UC models.
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3.RESULTS

3.1Central estimates of coseffectiveness

Table 3 presents the central estimates of -@ffctivenesdor infliximab, adalimumab, golimumab,
colectomy and conventional theragyr the population in whom colectomy is an acceptable option,
colectomy is expected to produce T4QALYs at a cost of approximateBb6,268over the patient’s
remaining lifetime. All medical options are expected to produce suladharfewer QALYs at a
greater cost than elective surgeimgnce colectomy is expected to dominate infliximab, adalimumab,
golimumab and conventional ndmologic treatments.Assuming a willingnessto-pay (WTP)
threshold o£30,000per QALY gainedor below, the probability that colectomy produces the greatest
amount of expected net benefit is approximately(see Figure 2)The probability that any of the
anttTNF-a agents produce the greatest expected net benefit at this threshold is appebyxizeab.

For the population in whom colectomy is not an acceptable option, infliximab is tegpax be
dominated by adalimumalalthough thedlifference inexpectedQALYs between these optiois very
small), whilst golimumab is expected to be ruled out due to extended dom{bsraztalimumab and
conventional nobiologic therag). The ICER for adalimumab versus conventiondierapy is
expected to be £5878 per QALY gainedAssuming a WTP threshold of £30,000 per QALY gained,
the probability that conventionakatmenproduces the greatest expectetl lmenefit is approximately
0.98(see Figure 2)

Table 3: Central estimates of coseffectiveness
[INSERT TABLE 3 HERE]

Figure 2: Costeffectiveness acceptability curves
[INSERT FIGURE 2 HERE]

3.2 Sensitivity analysigesults

The sensitivity analyses suggest tf@tthe population in whom colectomy is an option, colectomy
remains dominant in most of tkeenarioconsideredqsee Table 4)For time horizon®f 10-years or
less colectomy is expected to be more effective and more costly than conventional ,thexalyg
ICERs for colectomy versus conventional therapyest than£9,000 per QALY gained; thanti
TNF-a agents remain dominated in these scenarios. The sensitwigfyses indicate that the model
results are particularly sensitive sssumptions regarding HRQolhe use ofalternative utility
estimatesdrom Swinburnet al [32] results in a situation whereby colectomy moves from being the
most effectiveoptionto the least effective option; thislergely driven by the lower postolectomy
utility value in this study Under this scenario, the ICER for adalimumab versus conventional
biologic therapy(the next best nedominated optionjs estimated to be7®,714per QALY gained
whilst the ICER for infliximab versus adalimumab is estimated to I £82per QALY gained,
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golimumab is ruled oubf the analysisdue tosimple dominance.Within the analyses invhich
patients receiving aniNF-o therapy remain in their last health state or remain in the remission state

from week 60 onwardsolectomyremains dominant.

Table 4: Sensitivity analysis(incremental cost per QALY gained)
[INSERT TABLE 4 HERE]

Within the population in whom colectomy is not an option, golimumab isl rolg of mostof the
sensitivityanalyses due to dominandeis noteworthy thathte analyses based on point estimates of
parameters differ from the probabilistiesultsdueto a change in the rank ordering of treatments
between these analyses. Within the deterministic version of the mdtiglmiab becomes the most
effective treatmentthe ICER for infliximab versus adalimumab is £150,576 per QALY gained whilst
the ICER for adalimumab versus conventionah-biologictherapy is £68,606 per QALY gained.
Where colectomy is not an option, the choice of studies and populataiodiclusion in the NMA
influencesthe ICERs for adalimumab and infliximalhowever irrespective of the studies included in
the NMAs, the most favourable ICER for these products remains in excesd,@dE&per QALY
gained. Theanalyss basedonly on direct trial data from ACT1/2[9] indicates that the ICER for
infliximab versus conventional therapy is £96,403 per QALY gained. affadyss basedonly on
directtrial data from ULTRAI12 [10;11]indicates that the ICER for adalimumab versus conventional
therapy is £69,782 per QALY gained. Thealysisbasedonly on directtrial data from PURSUIT
[12;13] indicateghat the ICER for golimumab versus conventional therapyo®4a3per QALY
gained.These direct analyses do not however consider the totalityeoévtdence base and are
therefore of limited relevance to decisioiaking. The use of utilities from Swinburet al [32]
produces ICERs for adalimumab anflikimab which are less favourable than those genenasat
Woehl et at[20] in this analysis,golimumab remains dominatetlVithin the analyses imvhich
patients receiving anrfiNF-a therapy remain in their last health state or remain in the remission state
from week 60 onwards, the cesffectiveness of infliximab and adalimumab is improved
considerably. Within the latter scenario, the ICER for adalimumalusesnventionahon-biologic
therapy is reduced to slightly below £30,000 per QALY gained. This is however armmelytre

optimisticanalysiswhichis not supported by empirical evidence.

4. DISCUSSION

4.1 Summary of headline costeffectiveness results

The clinically optimalreatment for moderately active or refractaf§ unresponsive to conventional
medical therapy remains uncleaithough a number of options exi$hese include¢he use of anti
TNF-a agents the continued use of conventional therapy,surgery depending on patient and

clinician preferencg duration and frequency of flareend the impact of the diseaskeug treatment
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and monitoring on an individual'siRQoL. Given the nature of a surgical intervention in this
situation, it is recognised tha@fents may not be suitable for surgery for a number of reasons
including their own preferensand perceptiosof their postsurgical HRQoL, body image, and risks

of complications including effects on fertility. As a result, the health @oin analysis has been

presented including and excluding colectomy as a comparator.

On the basis of this study, within an adult UC populaitiowhom elective surgical intervention is an
option, colectomy is expected to dominate infliximab, adalimumab, golirbuarad caventional
non-biologictherapy For patients in whom elective colectomy is not an acceptable option,nahxi
and golimumab are expected to be ruledaduhe analyseswhilst thelCER for adalimumab versus
conventional non-biologic therapy expectedo be approximately £5078 per QALY gained. The
sensitivity analyseshighlight that themodel results areparticularly sensitive to the utility values
assumed within the model, most notably, the jotctomy utility score This parameter hahe
potental to dramatically change the conclusiattawn from the modekegarding the clinical value of
electivecolectomy as a treatment option. Within the utility studies reported by Vébah[20] and
Swinburnet al,[32] both of which were published only as abstracts, only a smaibauof patients
underwent surgery, thus making existing estimates very uncertain. Ddspitantertainty, the
conclusions regarding the ceffectiveness of the TNE& inhibitors remain largely unchanged
irrespective of the source of the utility data used or whether elective \sstgrild be considered as a
potential treatment optionacrosanostanalyses consideretiie most favourable ICER fany of the
TNF-a inhibitors remains in excess of £50,000 per QALY gainBde ICER for adalimumab versus
standard care was below £30,000 per QALY gained in one scenario (whereby allspateeassumed
to achieve and maintain remission); it is important to note hemwthat this analysis represents an
optimistic hypothetical scenario which is not supporteddsuits of the NMAs.

The costeffectiveness of anfiNF-o therapies versus standard care in patients with moderateto-
severe active UC following the failure of conventional theragy previously been assessed within
one UK study[25] and one Canadian stuB7]. Xie et al[37] included adalimumab as a subsequent
line therapy for nomesponders to infliximgbwhilst Tsaiet al[25] compared inflixnab only against
standard careBoth studies used a Markov approach to model costheaith gains associated with
response and remissi@and includedsurgeryas a consequence of ineffective medical treatment.
Based on a 1§ear time horizon, Tsaét al reported an ICER for infliximab of £27,424 per QALY
gained assuming that responders continue maintenance therapy. Assuming aorremigsi
continuation ruleTsaiet alreport an ICER for infliximab versus standard oafr€19,696 per QALY
gained(valuedat 2006/2007 prices)Xie et alreported considerably less favourable estimates for the
costeffectiveness of infliximab versus usual care of greater @aN $350,000 per QALY gained

(valued at 2008 pricesThis contrasting finding may in part be explainedtiwy use of a shorter 5
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year time horizon anthe use of pessimistic assumptions whereby the utility associated with response
is the same as that for active Ui@portantly, reither of these studigaclude all relevantbiologic

treatment options or colectomy as comparators and both studies adopteichshiootrizons.

4.2 Strengthsand limitations of the analysis

This is the first study to assess the afétctiveness of all relevant treatment optionthe moderate
to-severe UC population over a lifetime horizdime key strength of the analysis is that treatment
efficacy estimates ardrawn froma series of NMAs derived from trial data obtained from the
manufacturers of the TN inhibitors. The model structure and selection of model inputs has been
informed by considerable expert opinion. In addition, sensitivity armlyaee been extensively
applied to explore the impact of uncertaintythe coseffectiveness of competing treatment options
Despite these strengths, decisioakers should consider the applicability and relevaofcéhe
analysis in the context of their own local health cse#ting. The results of the health economic

analysis shouldlsobe interpreted in light of the limitatis of the evidence used to inform the model.

() Limited followup datawithin the trials of the biologics

Theanti TNF-a trials hada maximum followup of 54 weeks following randomisatidmencethere is
considerablaincertainty with respect to the lotgym effectivenessf these productsin particular,

the model assumes that the second maintenance cycle (from arowsglid2to 52 weekspplies
indefinitely to each subsequent maintenance cy€lads is a strong asmption which cannot be
substantiated empiricallyfhe sensitivity analysis indicates that under highly optimistic assumptions
of long-term treatment benefits, the cadtectiveness of the arTiNF-a therapies could be improved,
although thesassumptiongre not supported by tlevailableevidence. Further studies are required

to determine the lonterm benefits of these therapies in patients with modératevere UC.

(i) Use of placebo group data to inform baseline response rates

Baselineresponse rates for the conventional management group were based on the ptagebo gr
arms of the trials included in the NMAThis could reflecta limitation of the analysis if there is a
substantial difference betweessponseates observed in thgal placebo armsnd thoseexpectedn
clinical practice.The healtheconomic modelwhich dravs together thanduction and maintenance
phase NMAssuggest thatthe probability that patients receiving conventional-hmtogic therapies
achieve and maintairesponset 60-weeksis approximately 0.21. Thigppears to be consistesmith

what wouldtypically be expected in usual clinical practia®hilst not currently available, lorgrm

audit data may provide an alternatiseurce obaseline response ratedfiure economic analyses of

UC therapies.

(iii) Absence of preferentmsed HRQoL measures within clinical trials
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None of the studies included in the NMlifaicluded the use of a prefereAzased measure of HRQoL.
As a consequence, the model draws on HR€xtlmates reported within the literatufdese studies
included only a small number of patients who have undergoecolectomy.

(iv) Adherence td NFa inhibitors based on observed trial data

The model assumes that adherence to biologic therapy, and the relationshim lzetherence and
treatment efficacywill reflect the rates observed in the trials included in the NMPhe impact of

lower adherence levels on the ceffectiveness of the TN inhibitors is unclear.

(V) Absence of heanb-head trial data fothe TNFa inhibitors and surgery

All six trials included in the NMAscompareantrTNF-o therapies against placebo. The systematic
reviewdid not identify any heatb-head studies comparinige antiTNF-o agents against each other
or against surgerjl8]. Given tte interindividual differences in suitability for and acceptability of
surgery, or indeed drug treatment, and their potential side effects, designing stucly may be

difficult, but not impossible.

(vi) Availability of biosimilars for infliximab

At the time of theanalysis two biosimilars for infliximab were about to enter the marketvever a
UK list price for these products was not availalBased on the modelled populationpattients in
whom colectomy is aacceptableption, surgery would remain dominant irrespectiveéhef price of
an infliximab biosimilar In the population in whom colectomy is not an option, the pricanof
infliximab biosimilarwould need to be approximately 708tver than proprietary infliximab order
to achieve an ICER of £30,000 per QALY gained.

(vii) Optimal treatmenstrategies

The model assumes thaditients will continue to receive affiNF-a therapy for as long as theare
receiving benefit fronit, that is,if they achieve andhaintain response or remissiorhig assumption
was made based on the marketing authorisations for infliximab, adalimumab lendnggb [6-8].
The model does not include switching between biologic therapiggatment interruptiores this is
unlikely, at least inprimary nonrespondersin reality, there mayoweverbe more efficient means of
usingthesetherapies, for example, withdrawimmti- TNF-a therapy for those patients who achieve
deep remissignsubsequently reverting back to less expensive conventiondiologic treatments
and reintroducing anfiNF-a therapy on relapse. Importantly howeverthere arecurrently no

randomised data to demonstrate the comparative effectiveness oftsemtimantipproach

5. CONCLUSIONS
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The ICERs foranti TNF-o therapies versus conventiotaérapyor surgeryare expected to ket best,
in excess of £50,000 per QALY gainélthe costeffectivenes®f alternativestrategies involving the

withdrawal ofanti TNF-a therapyupon remission and #teeating relapse is unkwn

ACKNOWLEDGEMENTS
The authors would like to thank MSD and AbbVie for providing additional oheea the course of the

NICE appraisafor which the model was developed.

AUTHOR CONTRIBUTIONS

Paul Tappenden and Hasan Basarir developed the health economic maaedl Rrcher and
Marrissa MartyrSt James undertook the systematic review of clinical effectiveness evi@nijoe.
Ren Rebecca Harvey and John Stevens undertook the networlanayaesSami Hoque and Alan
Lobo provided ongoing clinical advice during the model development. All authorsbeett to the

preparation of this manuscript. Paul Tappenden will act as the overahtprafior this work.

COMPLIANCE WITH ETHICAL STANDARDS

This study was funded by the National Institute for Health Research (NIR)kHHTechnology
Assessment (HTA) Programme to inform the National Institute for HeatlhCame Excellencs
Technology Appraisal Programme (project numb2f51/01) Alan Lobo has received money for
attending an advisory board for Takeda Pharmaceutiaid. TappenderShijie Ren Rachel Archer,
Rebecca HarveyMarrissa MartyrSt James, Hasan Basarighn Stevens and Sami Hoqgde not

have any conflicts of interegi declare.

REFERENCES

1. National Institute for Health and Care Excellend&erative colitis: Management in adults,
children and young peopl&lICE Clinical Guideline Number 166. London: NICE 2013: 1-37.

2. Ford AC, Moayyedi P, Hanauer SB. Ulcerative coliBsitish Medical Journal2013; 346.
http://www.bmj.com/content/346/bmj.f432.long (accessed 01/05/2014).

3. Bassi A, Dodd S, Williamson P, Bodger K. Cost of iliness of inflammatoryebdigease in
the WK: a single centre retrospective stu@®ut2004; 53(10):1471478.

4. Bayless TM, Hanauer SBdvanced therapy in inflammatory bowel disease: VolumiD
and ulcerative colitis3rd edtion. Shelton, Connecticut: People's Medical Publishing Heuse
USA; 2011.

5. Royal College of Physician&eport of the results for the national clinical audit of adult
inflammatory bowel disease inpatient care in the Wi67. London:RCP 2012:1-68.

17



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

European Medicines Agency. Summary of product characteristics -mahxiLondon: EMA
2009:1-56.

. European Medicines Agency. Summary of product characteristickalimumab. London:

EMA 2009:1-292.

European Medicines Agency. Summary of product characteristigdimumab. London:
EMA 2009:1-199.

Rutgeerts P, Sandborn WJ, Feagan BG, Reinisch W, Olsen A, Johetnals lafliximab for
induction and maintenance therapy for ulcerative coMsw England Journal of Medicine
2005; 353(23):2462-2476.

Reinisch W, Sandborn WJ, Hommes DW, D'HaensHa@nauer SB, Schreiber & al
Adalimumab for induction of clinical remission in moderately to severelivea ulcerative
colitis: results of a randomised controlled triaut 2011;60(6):780-787.

Sandborn WJ, van Assche G, Reinisch W, ColombelDHaens G, Wolf DCet al
Adalimumab induces and maintains clinical remission in patients with atedersevere
ulcerative colitisGastroenterology012;142(2):257-265.

Sandborn WJ, Feagan BG, Marano C, Zhang H, Strauss R, Johehmé $ubcutaneous
golimumab induces clinical response and remission in patients with atettesevere
ulcerative colitis. Gastroenterology 2014;146(1):85-95.

Sandborn WJ, Feagan BG, Marano C, Zhang H, Strauss R, Johehmé $ubcutaneous
golimumab naintains clinical response in patients with modetatgevere ulcerative colitis.
Gastroenterology014;146(1):96-109.

Suzuki Y, Motoya S, Hanai H, Matsumoto T, Hibi T, Robinson AMal Efficacy and safety
of adalimumab in Japanese patients with moderately to severely active uicealttis.
Journal of Gastroenterolog®014;49(2):283-294.

Panaccione R, Ghosh S, Middleton S, Marquez JR, Scott BB, Flattdl Combination
therapy with infliximab and azathioprine is superior to monotheraply either agent in
ulcerative colitisGastroenterology014;146(2):392-400.

Probert CS, Hearing SD, Schreiber S, Kiihbacher T, Ghosh S, ArnettdDInfliximab in
moderately severe glucocorticoid resistant ulcerative colitis: a randomisedlledntrial.
Gut 2003;52(7):998-1002.

National Institute for Health and Care ExcellenGuide to the methods of technology
appraisal London: NICE 2013:1-102.

Archer R, Tappenden P, Ren S, Martyrl&tes M, Harvey R, Basarir ¢t al Inflixi mab,

adalimumab and golimumab for treating moderately to severely activetivearalitis after

the failure of conventional therapy: Clinical effectiveness systematieweand economic
model. Final report to the National Institute for Health and Care Excel. Sheffield:
University of Sheffield 2014:1-438.

Cooney RM, Warren BF, Altman DG, Abreu MT, Travis SP. Outcome measurement in

clinical trials for ulcerative colitis: towards standardisatiofirials 2007;8(17).
http://www.trialsjournal.comfantent/8/1/17 (accessed 01/06/2014)

18



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Woehl A, Hawthorne AB, McEwan P. The relation between disease activity, qaglifg
and health utility in patients with ulcerative colitidut 2008;57(Suppl1):A153.

Arseneau KO, Sultan S, Provenzale OOnken J, Bickston SJ, Foley & al Do patient
preferences influence decisions on treatment for patients with stefadtory ulcerative
colitis? Clinical Gastroenterology and Hepatolo@®06;4(9):1135-1142.

Solberg IC, Lygren I, Jahnsen J, Aadland E, Hgie O, Cvancaroea &/l Clinical course
during the first 10 years of ulcerative colitis: results from a populdésed inception cohort
(IBSEN Study).Scandinavian Journal of Gastroenterola209;44(4):431-440.

Arai K, Koganei K, Kimura H, Akatani M, Kitoh F, Sugita& al. Incidence and outcome of
complications following restorative proctocolectomymerican Journal of Surgery
2005;190(1):39-42.

BMJ Group and the Royal Pharmaceutical SocietyGoeat Britain. British National
Formulary. 2014. https://www.medicinescomplete.com/mc/bnf/current/ qsede
01/05/2014).

Tsai HH, Punekar YS, Morris J, Fortun P. A model of the f@mmnm cost effectiveness of
scheduled maintenance treatment witfliximab for moderatdo-severe ulcerative colitis.
Alimentary Pharmacology and Therapeut&308;28(10):1230-1239.

Merck Sharp and Dohme. Manufacturer's submission of evidence to the Nat&iitatdrfor
Health and Care Excellence: Infliximab. 20MSD: Hertfordshire, UK.

Department of Health. NHS Reference Costs 2012/13. London: DH.
https://www.gov.uk/government/publications/mederencecosts2012t0-2013 (accessed
04/05/2014).

Buchanan J, Wordsworth S, Ahmad T, Perrin A, Vermeire S, Sars all Managing the
long term care of inflammatory bowel disease patients: The cost to Europedn daealt
providers.Journal of Crohn's and Coliti2011; 5(4):301316.

Dias S, Welton N Sutton A, Ades A. NICE Decision Support Unit Technical Support
Document 2: A generalised linear modelling framework for pairwise andorietmeta
analysis of randomised controlled trials. Sheffield: University efffgfid 2011:1-98.

Thomas A, O'Hara B, Ligges U, Sturtz S. Making BUGS dRd¥ews2015;6:12-17.

Office  for National Statistics. Interim life  tables 26RO11. 2013.
http://www.ons.gov.uk/ons/rel/lifetables/interiife-tables/2009-2011/stb-2009-2011.html
(accessed 05/05/2014).

Swinburn P, Elwick H, Bean K, Curry A, Patel S, Bodgeetkal. The impact of surgery on
health related quality of life in ulcerative colitiSut 2012;61(Suppl2):A237.

Van der Valk ME, Mangen MJ, Dijkstra G, Bodegraven AA, FiddleDd,Jong D&kt al Is
there a difference in quality of life and costs between ulcerative colitis gatith a pouch
or an ileostomy®igestive Disease Wek12.

Richards DM, Hughes SA, Irving MH, Scott NA. Patient quality of life ateccessful
restorative proctocolectomy is horm@blorectal Diseas®001;3(4):223-226.

19



35. Kuruvilla K, Osler T, Hyman NH. A comparison of the quality of life of uéddre coliis
patients after IPAA vs ileostomy. Diseasdshe Colon and Rectuf012;55(11):1131-1137.

36. Curtis L. Unit costs of health ahsocial care2014. 1294. 2014 Personal Social Services
Research Unitkent, UK.

37. Xie F., Blackhouse G., Assasi NGaebel K., Robertson D., Goeree R. @Qgdlity analysis of
infliximab and adalimumab for refractory ulcerative colitzost Effectiveness & Resource
Allocation2009; 7:20

Table 1: Network metaanalysis results- transition probabilities

Outcome Conventional | Infliximab Adalimumab | Golimumab Golimumab
treatment 5mg/kg 160/80/40mg | 200/100/50mg 200/100/100mg

Induction phase

No response to no| 0.64 0.29 0.49 0.45

response [0.57, 0.71] [0.17,0.44] | [0.33,0.64] |[0.26, 0.64]

No response to 0.26 0.35 0.32 0.33

response [0.21, 0.31] [0.28, 0.41] | [0.25,0.39] |[0.24, 0.39]

No response to 0.10 0.36 0.19 0.22

remission [0.06, 0.15] [0.21, 0.52] |[0.09, 0.32] |[0.09, 0.39]

Maintenance phase 1

No response to no| 0.85 n/a n/a n/a n/a

response [0.75, 0.92]

No response to 0.10 n/a n/a n/a n/a

response [0.04, 0.17]

No response to 0.06 n/a n/a n/a n/a

remission [0.02, 0.11]

Response tono | 0.52 0.43 0.51 0.40 0.37

response [0.43, 0.62] [0.22, 0.66] |[0.23,0.78] |[0.17, 0.66] [0.15, 0.62]

Response to 0.27 0.28 0.26 0.28 0.29

response [0.20, 0.34] [0.19,0.37] |[0.14,0.35] |[0.18, 0.37] [0.18, 0.38]

Response to 0.21 0.29 0.23 0.31 0.35

remission [0.12, 0.31] [0.11, 0.52] | [0.05,0.49] |[0.11, 0.59] [0.13, 0.62]

Remissiontono | 0.35 0.32 0.43 0.18 0.18

response [0.17, 0.57] [0.08, 0.65] |[0.10,0.80] |[0.03, 0.46] [0.03, 0.47]

Remission to 0.18 0.17 0.17 0.14 0.14

response [0.07, 0.32] [0.06, 0.30] | [0.05,0.30] |[0.03, 0.28] [0.03, 0.28]

Remissiono 0.47 0.51 0.41 0.69 0.68

remission [0.23, 0.71] [0.18, 0.83] |[0.08,0.80] |[0.32,0.93] [0.32, 0.93]

Maintenance phase 2

No response to no| 0.97 n/a n/a n/a n/a

response [0.93, 1.00]

No response to 0.02 n/a n/a n/a n/a

response [0.00, 0.05]

No response to 0.01 n/a n/a n/a n/a

remission [0.00, 0.04]

Response to no 0.34 0.25 0.45 0.30 0.41

response [0.07, 0.71] [0.01,0.72] | [0.06,0.89] |[0.02,0.75] [0.05, 0.85]

Response to 0.37 0.34 0.33 0.35 0.34

response [0.12, 0.60] [0.06, 0.62] | [0.07,0.56] | [0.08, 0.62] [0.08, 0.58]
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Outcome Conventional | Infliximab Adalimumab | Golimumab Golimumab
treatment 5mag/kg 160/80/40mg | 200/100/50mg 200/100/100mg
Response to 0.29 0.41 0.22 0.35 0.25
remission [0.03, 0.72] [0.03, 0.89] |[0.01,0.72] [0.02, 0.84] [0.01, 0.74]
Remission to no 0.30 0.25 0.08 0.33 0.27
response [0.17, 0.45] [0.03, 0.61] | [0.01, 0.29] [0.08, 0.66] [0.05, 0.60]
Remission to 0.16 0.14 0.08 0.16 0.15
response [0.03, 0.45] [0.02, 0.41] | [0.00, 0.34] [0.02, 0.41] [0.02, 0.42]
Remission to 0.54 0.61 0.83 0.52 0.59
remission [0.24, 0.73] [0.17,0.93] | [0.45, 0.99] [0.14, 0.85] [0.17, 0.89]

Values presented are mean transition probabilities. Values presented inhmmesrepresent 95% credible intervals;-A/a

not applicable mg— milligram; kg - kilogram

Reproduced from Archer et al, 2334

Table 2: Other model parameters

Parameter | Distribution | Param 1 | Param 2 | Mean | Source

Patient characteristics

Start age (years) Fixed 40 - 40 Assumption based on
trials included in
NMA [9-14]

Mean body mass (Kg) Fixed 77 - 77 Crude mean weight ir
ACT1/2[9] and
ULTRA1/2[10;11]

Proportion patients with body Fixed 0.32 - 0.32 PURSUIT

mass>80kg trialg[12;13]

Probability patient is female Fixed 0.43 - 0.43 Assumption based on
systematic review
[18]

HRQoL

Utility remission Beta 30.62 4.57 0.87 Woehlet al[20]

Disutility loss of remission Beta 7.72 62.48 0.11

(difference utility remission and

utility response)

Disutility loss of response Beta 6.54 12.15 0.35

(difference utility response and

utility active UC)

Utility post-surgery no complication| Beta 11.81 4.82 0.71

Disutility chronic pouchitis Beta 60.75 296.60 | 0.17 Arseneatet al[21]

Surgery and complicationrelated parameters

Probability elective surgery per Beta 53.06 10261.77| 0.01 Solberget al[22]

maintenance cycle

Probability complications of surgery Beta 124.00 172.00 |0.42 Arai et al[23]

(excl. pouchitis)

Probabilitycomplication requires Beta 35.00 154.00 |0.19 Arai et al[23]

further surgery

Probability death due to surgery Beta 28.00 807.00 | 0.03 UK IBD audit[5]

Probability patient develops late Beta 16.00 280.00 | 0.05 Arai et al[23]

chronic pouchitis

Conventional non-biologic resource use

Proportion patients receiving 5- Fixed 1.00 - 1.00 Assumption(same in

ASAs (tablet) all nonsurgical
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Parameter Distribution | Param 1 | Param 2 | Mean Source
Proportion patients receiving ASA | Fixed 0.80 - 0.80 groups)
(enema)

Proportion patients receiving&SA | Fixed 0.10 - 0.10

(suppository)

Proportion patients receiving Fixed 0.80 - 0.80

azathioprine

Proportion patients receivingNdP Fixed 0.20 - 0.20

Proportion patients receiving Fixed 1.00 - 1.00

prednisolone

Treatment days by phase

Treatment days (induction) ASA Fixed 56.00 - 56.00 BNF 2014[24]
tablet

Treatment days (induction) ASA Fixed 28.00 - 28.00

enema

Treatment days (induction) ASA Fixed 28.00 - 28.00

suppository

Treatment days (induction) Fixed 56.00 - 56.00

azathioprine

Treatment days (induction) P Fixed 56.00 - 56.00

Treatment days (induction) steroidg Fixed 56.00 - 56.00

Treatment days (maintenance) 5 | Fixed 182.63 - 182.63

ASA tablet

Treatment days (maintenance) 5 | Fixed 28.00 - 28.00

ASA enema

Treatment days (maintenance) 5 | Fixed 28.00 - 28.00

ASA suppository

Treatment days (maintenance) Fixed 182.63 - 182.63
azathioprine

Treatment days (maintenanceM® | Fixed 182.63 - 182.63

Treatment days (maintenance) Fixed 56.00 - 56.00 Assumption
steroids

Total mg per course steroids Fixed 1260.00 | - 1260.00 | Assumption
Health state resource use (per year)

Consultant visits remission Normal 2.00 0.20 2.00 Tsaiet al[25]
Consultant visits response Normal 4.50 0.45 4.50

Consultant visits no response Normal 6.50 0.65 6.50

Consultant visits postsurgery Normal 1.50 0.15 1.50

Consultant visits postsurgery with | Normal 1.75 0.18 1.75
complications

Hospitalisation femission Normal 0.30 0.03 0.30
Hospitalisatiorn response Normal 0.30 0.03 0.30
Hospitalisation - n@esponse Normal 0.30 0.03 0.30
Hospitalisation - possurgery Normal 0.00 0.00 0.00
Hospitalisation - possurgery with | Normal 3.25 0.33 3.25
complications

Elective endoscopy remission Normal 0.20 0.02 0.20

Elective endoscopy response Normal 0.50 0.05 0.50

Elective endoscopyno response Normal 2.00 0.20 2.00

Elective endoscopypostsurgery Normal 1.25 0.13 1.25

Elective endoscopypostsurgery Normal 0.65 0.07 0.65

with complications

Emergency endoscopyremission | Normal 0.00 0.00 0.00
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Parameter Distribution | Param 1 | Param 2 | Mean Source
Emergency endoscopy - response | Normal 0.25 0.03 0.25

Emergency endoscopy - no respon Normal 0.75 0.08 0.75

Emergency endoscopy - pasirgery| Normal 0.50 0.05 0.50

Emergency endoscopy - pagirgery| Normal 0.13 0.01 0.13

with complications

Blood tests remission Normal 3.25 0.33 3.25

Blood tests response Normal 3.90 0.39 3.90

Blood tests - no response Normal 6.50 0.65 6.50

Blood tests - posturgery Normal 1.50 0.15 1.50

Blood tests - posturgery with Normal 3.25 0.33 3.25

complications

Relative risk hospitalisation Lognormal | 0.64 0.13 0.64 MSD submission to
infliximab vs conventionalreatment NICE [26]
Relative risk hospitalisation Lognormal | 0.70 0.12 0.70

adalimumab vs conventional

treatment

Relative risk of hospitalisation Fixed 1.00 - 0.70 Assumption
golimumab vs conventional

treatment

Unit costs

Cost- infliximab 100mg vial Fixed £419.62 | - £419.62 | BNF 2014[24]
Cost- adalimumab 40mg prigied Fixed £352.14 | - £352.14

pen/syringe

Cost- golimumab 50mg préHed Fixed £762.97 | - £762.97

pen/syringe

Cost- golimumab 100mg préHed Fixed £1,525.94| - £1,525.94

pen/syringe

Cost- administration infliximab Normal £297.73 | £11.34 | £297.73 | NHS Reference Costs
infusion 2013[27]
Cost per day 5-ASAs, tablets, Fixed £0.88 - £0.88 BNF 2014[24]
induction

Cost per day ASAs, enemas, Fixed £1.91 - £1.91

induction

Cost per day 5-ASAs, suppositorie{ Fixed £0.72 - £0.72

induction

Cost per day 5-ASAs, tablets, Fixed £0.44 - £0.44

maintenance

Cost per day BSAs, enemas, Fixed £1.91 - £1.91

maintenance

Cost per day 5-ASAs, suppositorie{ Fixed £0.72 - £0.72

maintenance

Cost per day azathioprine Fixed £0.26 - £0.26

Cost per day 84AP Fixed £4.66 - £4.66

Cost per mg prednisolone Fixed £0.01 - £0.01

Consultant visit Normal £123.43 | £3.30 £123.43 | NHS Reference Costs
Hospitalisation Normal £2,722.96| £101.66 | £2,722.96| 2013[27]
Elective endoscopy Normal £462.36 | £14.96 | £462.36

Emergency endoscopy Normal £512.62 | £26.20 | £512.62

Blood tests Normal £1.94 £0.26 £1.94

Medical management of Normal £4,170.95| £464.59 | £4,170.95

complications

Surgery Fixed £13,451.6| £1,345.1 | £13,451.6| Buchanaret al[28]
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Parameter Distribution | Param 1 | Param 2 | Mean Source

0 6 0

Stoma care costs per maintenance| Fixed £232.84 | £23.28 | £232.84
cycle

Param- parameter;Kg —kilogram; mg— milligram; NMA— network metaanalysis; HRQol=- healthrelated quality of life;
UC — ulcerative colitis; 5SASAs- 5-aminosalicylates; 8vIP — 6-mercaptopurine; IBB- inflammatorybowel disease; BNF
British National Formulary; MSD- Merck Sharp & Dohme; NICE National Institute for Health and Care Excellence;
NHS- National Health Service
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Table 3: Central estimates of coseffectiveness

Option QALYs | Costs Incremental | Incremental | Incremental cost
QALYs cost per QALY gained
Populations in whom surgery is an option
Colectomy 14.71 £56,268 - - dominating
Adalimumab 10.82 £91,222 - - dominated
Infliximab 10.81 £96,595 - - dominated
Golimumab 10.63 £90,087 - - dominated
Conventional treatment] 10.47 £73,620 - - dominated
Populations in whom surgery is not an option
Adalimumab 10.82 £91,222 0.35 £17,602 £50,278
Infliximab 10.81 £96,595 - - dominated
Golimumab 10.63 £90,087 - - ext dom
Conventional treatment] 10.47 £73,620 - - -

Ext dom- extendedly dominated; QALYquality-adjusted life year
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Table 4: Sensitivity analysis (incremental cost per QALY gained)

Sensitivity analysis Infliximab | Adalimumab | Golimumab | Conventional | Colectomy
treatment

Patients in whomsurgery is an option

Point estimates of parameters dominated | dominated dominated | dominated dominating

NMA excl. Suzukiet al[12] dominated | dominated dominated | dominated dominating

NMA incl. ULTRAZ2 antiTNF-a naive | dominated | dominated dominated | dominated dominating

subgroud9] and Suzuket al[12]

ULTRAZ2 incl. ULTRAZ2 ITT population| dominated | dominated dominated | dominated dominating

[9] and Suzukit al[12]

Direct analysis of ACT1/§7] dominated | n/a n/a - dominating

Direct analysis of ULTRA 1/28;9] n/a dominated n/a - dominating

Direct analysis of PURSUFBC/M n/a n/a dominated | - dominating

[10;11]

All patients receiving biologics remain| dominated | dominated dominated | dominated dominating

in final health state beyond week 60

All patients receiving biologics achievd dominated | dominated dominated | dominated dominating

and maintain remission beyond week

Time horizon=20 years dominated | dominated dominated | dominated dominating

Time horizon=10 years dominated | dominated dominated | - £866

Time horizon=>5 years dominated | dominated dominated | - £8,840

Postcolectomy utility from Swinburet | dominated | dominated dominated | dominated dominating

al [31]

All utilities from Swinburnet d [31] £178,982 | £79,714 dominated | Ext dom -

Start age=20 years dominated | dominated dominated | dominated dominating

RR hospitalisation for golimumab dominated | dominated dominated | dominated dominating

UC health state resource use doubled| dominated | dominated dominated | dominated dominating

UC health state resource use halved | dominated | dominated dominated | dominated dominating

Probability of chronic pouchitis double] dominated | dominated dominated | dominated dominating

Probability of chronic pouchitis halved| dominated | dominated dominated | dominated dominating

Surgery cost doubled dominated | dominated dominated | dominated dominating

Surgery cost halved dominated | dominated dominated | dominated dominating

Probability surgery doubled dominated | dominated dominated | dominated dominating

Probability surgery tripled dominated | dominated dominated | dominated dominating

Probability surgery halved dominated | dominated dominated | dominated dominating

Patients in whom surgery is not an option

Point estimates of parameters £150,576 | £68,606 dominated | - n/a

NMA excl. Suzukiet al[12] £236,340 | £54,066 Ext dom - n/a

NMA incl. ULTRA2 antiTNF-a naive | £546,051 | £56,284 Ext dom - n/a

subgroud9] and Suzuket al[12]

ULTRAZ2 incl. ULTRA2 ITT population| dominated | £55,637 Ext dom - n/a

[9] and Suzukit al[12]

Direct analysis of ACT1/§7] £96,403 n/a n/a - n/a

Direct analyss of ULTRA 1/2[8;9] n/a £69,782 n/a - n/a

Direct analysis of PURSUFBC/M n/a n/a £90,413 - n/a

[10;11]

All patients receiving biologics remain| £39,216 £32,191 Ext dom - n/a

in final health state beyond week 60

All patients receiving biologics achievg £35,399 £29,607 Ext dom - n/a

and maintain remission beyond week

Time horizon=20 years £146,309 | £65,927 dominated | - n/a

Time horizon=10 years £116,316 | £66,219 dominated | - n/a

Time horizon=>5 years £77,650 Ext dom dominated | - n/a
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Postcolectomy utility from Swinburet | £142,059 | £65,386 dominated | - -

al [31]

All utilities from Swinburnet al[31] £178,982 | £79,714 dominated | - n/a
Start age=20 years £153,762 | £69,642 dominated | - n/a
RR hospitalisation for golimumab £150,576 | £68,606 dominated | - n/a
UC health state resource usmubled £144,640 | £63,536 dominated | - n/a
UC health state resource use halved | £153,534 | £71,140 dominated | - n/a
Probability of chronic pouchitis double| £149,662 | £68,162 dominated | - n/a
Probability of chronic pouchitis halved| £151,037 | £68,829 dominated | - n/a
Surgery cost doubled £150,295 | £68,336 dominated | - n/a
Surgery cost halved £150,717 | £68,741 dominated | - n/a
Probability surgery doubled £165,884 | £74,693 dominated | - n/a
Probability surgery tripled £179,434 | £80,188 dominated | - n/a
Probabilitysurgery halved £142,294 | £65,349 dominated | - n/a

Hyphens indicate baseline option for incremental analysis

Ext dom- extendedly dominated; NMAnetwork metaanalysis; TNFtumour necrosis factor;

—relative risk; UC— ulcerative colitis; n/a-not applicable; incl—including; excl— excluding.

ITFintention to treat; RR
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Figure 1: Model structure
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Figure 2a: Cost-effectiveness acceptability curves - adult patients in whom colectomy is
an option
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Figure 2b: Cost-effectiveness acceptability curves - aduit patients in whom colectomy is
not an option (medical treatments only)
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