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and budget impact model in the treatment of rheumat  oid
arthritis after failure of conventional DMARD thera  py using

comprehensive Bayesian decision analytical modellin g.

JG Le Moine!, R Launois'
REES France, 28 rue d’assas 75006 Paris
Aims: Estimation of the direct medical cost of rheumataithritis (RA) in France (2011-2016) after
failure of conventional DMARDs therapies, using goehensive bayesian decision analytical

modelling.

Methods: We searched 2 electronic database: Embase (Jad986s -April 2010) and Medline
(January 1999 -June 2010). Inclusariteria were: 1.Randomized double-blind trialdfi@notherapy
and combination; 3.Marketing authorization dosalgaCR50 response at 24+/- 8 weeks; 5.Infections
and treatment discontinuation. Trials were excludiedive patients or third-line therapy. Data were
extracted in duplicate by 2 investigators. Higgilisind Cochrane’s Q-tests were calculated to asses
heterogeneity. Quantitative data analysis was nvaitte mixed-treatment comparisons for clinical
effectiveness, infection and early dropouts. Redidheterogeneity addressed with a random-effects
model. In developing the budget impact model, wepant for two types of cohorts—a prevalent and
an incident cohort. The model simulates the mamageé of RA patients that didn’t respond to
previous DMARD therapy. Six treatments were sebicte TNFo inhibitor (adalimumab —ADA-,
certolizumab-pegol —CZP-, etanercept —ETN-, inflisb -INF- and golimumab -GOL) and an
interleukin-6 inhibitor (tocilizumab -TCZ). A timborizon of five years has been selected. French
health-care system perspective was adopted. Thieseemts were processed simultaneously in
WinBUGS 1.43.

Data: Due to available data, only combinations with ma#aate were introduced in the model.
Resources consumption were collected in an obsenatstudy (272 patients). Costs valuation were
based on health insurance relative value scalese Wiarket uptake assumptions were explored:
stability of current market shares; growth of ET34, 5%, 10%, 15% or 20%) increase of CZP (+3
%); progression of CZP (3%), of TCZ (+5%) and emteaof GOL (0.5%); increase of CZP (+3%) at
the expense of etanercept only.

Results: 2606 references have been identified. 2580 astislere eliminated: 1325 duplicates, 1184
on titles, and 43 after reading the abstracts.rédles were selected for full reading. 23 randadiz

trials were included in the meta-analysis, corresipny to 6612 patients. Considering ACR50
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response, ETN has the highest odds-ratio comparB#ARDS, of all comparators used (odds-ratio:
9.18 [3.67, 27.1]). Relative risk of infection wiEiIN drops by 7% compared with DMARDs (odds-
ratio, 0.93 [0.52, 1.64]). Number of discontinuasowas lower with CZP (odds-ratio, 0.06 [0.03,
0.11]). Patient-level cost of cares for a 24 weadisod ranges from €3314 for golimumab to €15451
for tocilizumab. The model estimates the averagt abcares for an open cohort of 20000 prevalent
patients and 5394 yearly incidents patients betw8®8 and 3.1 billion euros depending on
assumptions. The expenditure is mainly impacteadguisition and administration costs in hospital
sector and transition to third-line therapies. Tamalysis shows that increase in market share of
etanercept, no matter the size, is accompaniedrieguction of expenditure ranged from €2 million
(ETN+3%) to €11 million (ETN+20%).

Conclusion Our model shows that etanercept is expected toupmdavings if used in a wider
proportion on rheumatoid arthritis population. Pwi@ savings are mainly due to the decrease of

intravenous therapies shares and to efficacy teatemt from 3rd line of treatment.

With institutional support of Pfizer
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Introduction

Rheumatoid arthritis (RA) is an autoimmune disead®se prevalence in France was
estimated at 0.31% (0.51% for women with a sexmati5.7)". It is estimated that 120 000 to
220 000 people suffer from this disease in Fran@king it the most common inflammatory
arthritis (spondyloarthropathies, systemic lupyghematous...). The disease is most common
in the South It has a strong female predominance, and itsarinaidence is estimated at 90
cases per 1 million. The incidence peak is betv@eand 58,

The management of the disease is mainly made gsimgentional therapies designed to stop
or slow the progression of the disease. This eatheth the name of disease-modifying
antirheumatic drug (DMARDS).

Among the conventional treatment of RA, methotrex@¥TX) is the standard treatment.
According to expert, from 45 to 60% of patientshMRA are treated with MTX and 18% of
them escape treatmént

In addition to conventional therapies, biotherapiesalso used in the treatment of RA. These
include biological agents such as TMRrhibitors: adalimumab (ADA), certolizumab pegol
(CZP), etanercept (ETA), golimumab (GOL) and infitab (INF). After inadequate response
to MTX, TNF-u inhibitors are effective in two thirds of ca3e€Bhe administration of a second
TNF-a inhibitor, in case of the failure of a first orig pnly effective in one out of tWo

Other biological therapies complete the availallerapeutic arsenal: tocilizumab (TCZ),
rituximab (RTX) and abatacept (ABA).

To study efficacy, toxicity and discontinuation agproved biotherapiés(ADA, CZP, ETA,
GOL, INF and TCZ) is the first step to justify thaelevance in the treatment of RA.
However, it also is necessary to use medico-econamalysis, such as budgetary impact and
cost-effectiveness, to take into account the cbseatment.

! Guillemin F, Saraux A, Guggenbuhl P, Roux CH, E#lcthe P, Le Bihan E, Cantagrel A, Chary-Valckerder
Euller-Ziegler L, Flipo RM, Juvin R, Behier JM, Real B, Masson C, Coste J. Prevalence of rheumatoid
arthritis in France: 2001. Ann Rheum Dis. 2005 ©4(10):1427-30.

2 Roux CH, Saraux A, Le Bihan E, Fardellone P, Gnggél P, Fautrel B, Masson C, Chary-Valckenaere |,
Cantagrel A, Juvin R, Flipo RM, Euller-Ziegler L,o&e J, Guillemin F. Rheumatoid arthritis and
spondyloarthropathies: geographical variationsr@valence in France. J Rheumatol. 2007 Jan;34(1221

% Guillemin F et al. Low incidence of rheumatoidhaitis in France. Scand J Rheumatol, 1994;23:264-8.

4 HAS (Haute Autorité de Santé), Avis de la comnaissie la transparence sur Cimzia, mars 2010

®> Mariette X. Biothérapies émergentes dans la ptiyiée rhumatoide. Revue du rhumatisme, 2004;7 1 85®

® Hansen KE, Hildebrand JP, Genovese MC et al., &ffieacy of switching from etanercept to infliximai
patients with rheumatoid arthritis. J Rheumato)£281:98-102.

" A finer separation can be established based oringtration mode : subcutaneous for ADA, ETA, CZRla
GOL; intravenous for INF and TCZ.
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Today, such analysis can be performed in a fullyeBan approach to take into account all
available evidence and uncertainty information.thrs context, we conducted analysis in

WinBUGS as part of a single study.

1. Objectives

There are four objectives to our study: (i) To assefficacy (ACR 50 response to week 24) and safety
(infection to week 24, dropout to week 12) givepagpulation of patients with severe RA and after
failure of DMARD; (ii) To estimate budget impact tie management of RA in France; (iii) To
compare between treatments the average annuabfcostintaining a patient under treatment; (iv) To

evaluate the cost-effectiveness of different atédlstrategies.

2. Methods

The evaluation is based on review of randomizedrobtled trials. In order to put their results in
perspective, we used three tools: a systematiewewf the literature, a quantitative synthesis of
evidences (random effects mixed treatment compayigond a Markov model to assess budget impact
and cost-effectiveness. First method is used teaplorganize, evaluate, and synthesize all argtsne

in favor of a treatment without quantitatively camibg the results. It is called qualitative evideac
synthesis. Second one is used to quantitativelynast effect size of treatment in the published
randomized clinical trials. This approach explicitefers to meta-analysis and statistical methdds o
mixed treatment comparisons. In order to estimatdgbt impact and efficiency of the use of
biological agents, results from MTC have been idelinto a Markov model designed to replicate the
management of a patient with RA after inadequasparse to DMARD. Indeed, the model allows

modulating transition probabilities as the patiattances in treatment.

2.1. Systematic review
The selected research strategy had for objectivdetotify all randomized clinical trials conducted

between 1999 and 2010 on patient with RA and tdeaséing one of the following biotherapies: ADA,
CZP, ETA, GOL, INF or TCZ. PICOS criterions wereeddo identify and summary objectives of the
review. PICOS is an acronym whose components dtelithe characteristics of the target population
in which we shall be interested «P» (this supptsemalyze therapeutic indications by treatmerg lin

in order to study what can the place of ETA behe therapeutic sequence); the nature of the
intervention «I»; the chosen comparators «C»; theeames «O» chosen as assessment criteria, in
other words, the implemented quantitative measusstimate the efficiency; the design of the staidie
«S» considered appropriate to supply a strongfpevel.

The bibliographic databases which presented ameisitdor the subject, MEDLINE and EMBASE
were investigated. Corresponding descriptors fohexd these bases (EMTREE and CISMef MESH)

were used to build research equations. Interrogatad the bibliographical bases were conducted in
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October, 2010. References published within seleet#idles were also mobilized to complete the
literature analysis. Studies were selected upoifolf@ving criterions: (i) eligible population: pants
aged 18 years or more, presenting RA with inadeguesiponse to a conventional DMARD (including
MTX). (ii) intervention: ETA; (iii) comparators: AR, CZP, GOL, INF, TCZ; (iv) outcomes : ACR50

in 24 + 10 weeks, early discontinuations in 24 +wl€eks, infections in 24 + 10 weeks ; (v) design:
double-blind RCT with control group. After eliminat of duplicates references, the selection was
made on titles and abstracts. Remaining articlags Ween fully read by two independent assessors. A
selection diagram was built according to PRISMAest&nts. Clinical data were extracted using a

standardized form implemented in Exttel

2.2. Mixed treatment comparison

2.2.1. Definition
Efficacy of medical treatments is usually evaluatéithin randomized controlled trials, through direc

comparison with one or more comparators (treatméit versus treatment "B"). When such
comparisons are not available (treatments of istdrave never been directly compared), it is péssib
to use indirect comparisons, provided that thesztinents have both been directly compared to @ thir
("A" versus "C" and "B" versus "C"). Mixed treatmeromparison (MTC) is based on a statistical
model that will mobilize all available evidencesthb direct and indirect ones. This tool will hetp t
position treatments against each other. MTC alssgnts the advantage of providing unbiased
estimates since it preserves the randomization.

MTC’s model is a hierarchical Bayesian one. Thosmlets are updating knowledgprior) in the
light of new available data. Conducting a MTC suggsoto argue in terms of relative treatment effect
(e.g. odds ratio).

Let px be absolute efficacy (for example, ACR 50 resporage) of treatment k in trial i. It is
calculated as below:

His sk=b

My, +O, S kZbaveco,, ~ Normal(d,,o?)(randomeffectmodel)

logit(p,) = {

Where b is the control treatment (baseline treatjpgp is the log-odds of treatment b in study i; and

dink 1S the log-odds ratio (log-OR) of treatment k wsréreatment b in study i. For studies comparing
more than two treatments, it is necessary to take account the covariance between arms being
compared to the reference treatment. This covagieaw?2.

Directed acyclic graph for mixed treatment comparis presented in figure 1.
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Figure 1: Directed acyclic graph for ACR 50 randomeffect MTC

Legend: single line: stochastic relationship, double lideterministic relationship, square: deterministic
variable, round: random variabladex: i: arm, s[i]: study, t[i]: treatment: r[i]: numbef responders, pli]:
response probability, n[i]: number, mu[s[i]]: lo§the odds for each study, deltali]: log odds radifi[i]]: mean
of the distribution of log-OR for treatment; md[@entered average of the distribution of log-OR; tccuracy
logOR, T. CAB [t[i]]: ACR50 response rates

2.2.2. From relative to absolute

Absolute response rates (ACR50 response rate, drogt@ and infection rate) are estimated from log-

OR of treatment k versus treatment b (baseline):

logit(p=log[pi/(1- P)]=to+Jnk
Therefore,

Pr=exXpup+dnk )/(1- expfin+opk ))
Three MTC models were realized: first one for ACRB6ponse rate after 24 weeks, second one for
early discontinuations after 12 weeks and third fonenfection rate in 24 weeks. All three models a

using non informative priors.

2.3. Medico-economic evaluation

2.3.1. Markov Model
A dynamic Markov model was constructed under tlsriaption that patients remain alive during the

study, so there is no “death” absorbing state:
Dynamic cohort ¢ = preval encey= prevalenceg.,y+incidencey . exitg
The Markov model was constructed to simulate thgettory of a patient after failure of DMARDs.
It is based on results of efficacy (ACR 50) ancesafearly dropouts and infections) measured at 6

months. At the end of each semester, the therapeathagement of the patient is evaluated.
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The~model is designed around 25 Markov states. Ayminvem, 24 states are corresponding to
treatments: for every treatment, we distinguish lthe of biotherapy (first or second line) and the
treatment phase (induction or maintenance). Intedian absorbing state, corresponding to third |i
of treatment allows for a dynamic cohort (Figure 4)

To build this model, 4 clinical trajectories haveeb identified. Every patient who experienced
inadequate response to DMARD is receiving 1 of éheiotherapies. Around the 2aveek of
treatment, patients have the possibility to eaicahtinue their treatment (trajectory 1). For #os
who continued their treatment, the therapy careeltte a success or a failure. Treatment is coresider
a failure if the patient develops an infection jécaory 2) or if the ACR50 response is not fulfille
(trajectory 3). A patient following one of thosetipaays will receive a new therapy at the beginning
of the next cycle.

Treatment is considered as a success if patienttdidop out his treatment, if he didn’t develop an
infection and if he meets ACR50 response (trajgctdrIn the latter case, treatment is extendetido
next cycle.

According to HAS recommendations, patients willeige a & line treatment after inadequate
response to 2 out of the 6 therapies of interest.

The tree develops the four identified clinical pedlys and ventilates patients according to the
associated probabilities of occurrence. The distiim between treatments at the waning of the
occurrence of events is known as market share (Euvijlitional. The transition probabilities were

calculated by combining these pieces of information

2.3.2. Cost-effectiveness analysis

2.3.2.1. Assumptions
The model chosen to make this cost-effectiveneadysis is an incident model, that is to say which

simulated the management of a single cohort, withmintroduction of new cohorts over time.

We made four assumptions: (i) model results, imgpf costs and effectiveness, were calculated
considering T line, 2% line and both, (i) response, discontinuation amigctions rates remain
constant over time, (iii) probability to extend atment (success with no discontinuation and no
infection) is depreciated by 10% if®2line of biotherapy compared to 1st line; (iv) tb@osts and
probability to remain under treatment were discednising an annual rate of 4% (preferably for the

present time) (Lebégue 2004).

2.3.2.2. Framework

Probabilities to remain under treatment were caled using the following formula and referring to
the results of previous MTC:

Probability to remain under treatment = response rate* (1- discontinuation rate)* (1-infection rate),
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The ‘average annual cost per patient is calculaakohd into account market shares, prevalence,

incidence, unit prices and consumption of resourtks latter are probabilistic.

These semi-annual rates and costs were updateglthsifiormula

Where (1+t) = (1+0.04Y

rate

Present value = value* (1+t)7,

prevalence

incidence

M52

pricefi ]

fo rgt N1 33 %

Figure 2 : Graphe orienté acycliqgue (DAG) simplifiédu modele colt-efficacité
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Legend: pcsJi,c,k]: probability of being more effint than comparators; BN[i,c,k]: net collectivenbét;

Cout.a]i,c]: annual cost per treatment suppori;afff c]: annual efficiency by treatment WTP[K]illmgness to

pay [i, c, j]: retention rates in treatment costfl; cost per treatment support; con.res]i,t]:o@se consumption;

rate [i,t]: rate of processing (acquisition, adrsiration and exams), Pat[i,c,jl: number of patiefM1 and
PM2: in the first and second lines of treatmeng¢satliscount rate; T.ACR][i]: ACR50 response rat®QT(i]:

rate dropouts, T.INFJ[i]: infection rate

The socio-economic net benefits (NB) were then wated for each treatment, considering a
Willingness To Pay (WTP) from 0 to 60000€ per year:

NB= WTP* Efficiency-Cost

A treatment is considered more efficient than @sparator(s) when its WTP is the highest

To complete those aggregates, efficiency and aabéipy frontiers were build.

2.3.3.
2.3.3.3.

Budget impact analysis

Assumptions
Our study evaluates the cost of care for RA padiaafter an inadequate response to DMARD.

Three hypotheses of market trends have been dedlmpd compared: (i) HO, market shares in first
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and-second line biotherapies remain stable thrauigtie period, (i) H1, ETA’s market shares are
falling by 10% in 5 years, for botif'&nd 2° line; (i) H2, ETA’s market shares, for botfi and 2°

line, are increasing by 10% in 5 years.

2.3.3.4. Framework

Our budget impact analysis was based on a prewalenalel, that is to say, it estimated costs to
manage a prevalent cohort, plus yearly added intidehorts (new patients every year). As time
horizon for an impact assessment has to be shertused a 5-year period, corresponding to the

simulation of 10 cycles. No discounting of costswaed.

prevalence incidence

T,

res.confii

prixfi g

fordi 1M1 2 5)

for{c It 1 03

Figure 3 : Simplified directed acyclic graph for budget impact analysis

Legend: i: treatment j: cycle c: line of treatment as "&an L1+L2; t; type of cost (acquisition, adminitita,

examinations), Cout.a[i, ¢, j]: average annual afstreatment; cout.cum[i,c,j]: cumulative costHoyears of
treatment, cost][i,c,j]: cost of txt; cost. pt[ijost of treatment per patient, Pat[i,c,j]: numbeipafients; rate][it]:
processing fee (acquisition, administration andma con.resJi,t] : consumption of resources; PYWRM2[j]:

market shares in the first and second lines oftrtreat; T.ACR[i]: ACR50 response rate; T.DOTIi]: aut

rates; T.INFJi]: infection rates

From consumed resources and their appreciatiorweve able to estimate the overall cost to 5 years
in support of RA patients after failure of backgnduherapy. The average annual costs for the cohort
and per patient were also calculated. These aggegsere detailed per line of biotherapy and for al
lines.

Results from the three hypotheses were comparaisalute and in relative terms.
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2.4. Sources data

2.4.1. Population
The targeted population consists of patients aggédydars or more, with active RA and who

experienced inadequate response (lack of efficacyintlerance) to conventional DMARDs
(including methotrexate).

Appraisals from the Transparency Commission weeel is estimate the size of the target population
as follows: “Prevalence of RA in France can benested, using 2001 Guillemin and Sar%lsrbudy, at
0.31% in population aged 18 years old or more”. &yplying this figure to 2009 INSEE data
(48,750,000), population with RA in France can seneated at 151 000 patients.

Furthermore, based on data from CNAMTS on the nurobpeople with ALD due to RA, and after
adjustment, the population of patients with sey@gressive RA in 2009 can be estimated at about
200,000 patients.

According to the CNAMTS data, this same populatiees estimated 150,032 people in 2007. An
increase of 6.2% was observed between 2005 and #8866.8% between 2006 and 2007. Assuming
6% per year increasing rate for patient with ALDedo rheumatoid arthritis, the number of people
with ALD due to RA would be about 168,576 in 20@®@nsidering that the data from CNAMTS are
covering up 88% of the French population, the nundfepeople suffering from severe progressive
arthritis in France in 2009 can be estimated atQ(L

According to expert opinion, 45% to 60% of thestigmds are currently treated with methotrexate.
About 18% of patients treated with methotrexateapectreatment (expert opinion) resulting in a
population estimated between 16,000 and 20,00@gati

The latter was used in the model.

2.4.2. Resources consumption
Resources consumed as part of the management ofv&A categorized into 5 groups: drug

acquisition, drug administration, follow-up visitaboratory and medical imaging.

For each therapy, the number of boxes, bottlesags Imeeded for 6 months of therapy was calculated
according to dosages from Transparency Commisgprasals and packaging information available
in France National Health Insurance drugs datalfesetreatments whose dose is expressed as mg /
kg, an average weight of 66 kg was used.

Resource consumptions related to drug administraticere estimated from expert opinion:
subcutaneous treatments are initially administésed nurse, the patient then carry his own injexstio
on; intravenous therapies are routinely administ@nenospital.

Data about follow-up consultations, laboratory amedical imaging have all been extracted from an

observational study. This study was conducted ®628mong 277 patients with severe RA and who

8 Guillemin F., Saraux A., Guggenbuhl P., Roux C.-Fardellone P. et al. 2005 «Prevalence of rhetithato
arthritis in France: 2001», Ann Rheum Dis., 64(10427-30
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previously experienced inadequate response to DMAR(etails the resource use in patients treated
with ADA, ETA or INF. Due to the lack of data forCE (available since December 2009), CZP
(available since September 2010) and GOL (pendiaggumptions of resource consumption were
made: patients treated with CZP or GOL behave eg#meral population, patients treated with TCZ
behave as patients treated with INF (as these teatrhents are administered intravenously).
Parameters for distribution of probability usedhe model to simulate the consumption of resources

correspond to the information extracted from thiglg.

2.4.3. Appreciation for resources consumption
Resources consumptions were valued. The Frenchsgatem perspective was retained. For every

item, ambulatory and hospital expenses were segghrat

Acquisition costs of targeted therapies were valugdg tariff information from the French National
Health Insurance medicine drugs, consulted in Déeen010. Valuation of drugs administration
realized in hospital required the use of GHM (hoergpus Groups of patients), March 2011 version.
Five GHM were retained. A weighted average of cagts calculated, based on experts’ opinion. Cost
payoff concerning follow-up visits, laboratory antedical imaging were estimated using available
data from National Health Insurance. As data ctlédn the observational study were observed over
a four months period, they have been recalculatedatch the chosen cycle length of 6 months. The
cost of management after failure of two biotherapigsing abatacept or rituximab, was found in the

2011 Maravic article.

3. Results

3.1 Systematic review
Figure 3 shows the different stages of the artiskdsction process, in order to perform MTC. From

the literature search, 2000 articles were iderifiafter removing duplicates, 1286 articles were
selected to have their titles read. This step atbwliminating 1,185 articles. Abstracts of the 101
remaining articles were read, from which 59 welilg/ftead. At the end of the process, 24 trials were

selected for the study.
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Articles from
Embase
n=637

Articles from
Medline
n=1356

Avrticles from
other bases
n=7

identification

A 4 A\ 4 A 4
Articles selected for title review, after eliminaion

duplicates
n=1286

Screening

Excluded : n=1185

- Treatment

- Design

- Small samples

- No comparator

- Economics

- Juvenile population

- Inadequate subgroup

- Outcomes (other than efficacy, safety)
- Editorial

A 4

Articles selected for abstracts review n=10]L

éligibility

Excluded : n=42
- Non randomized trial
- Systematic review

Articles selected for entire article review
n=59

Excluded : n= 35

- 24 weeks 10 weeks

- Methotrexate naive

- Inadequate comparators

- Patients after failure of TNF alphainhibitors
- Adaptativetrials

A 4

Articles included in MTC
n=24

included

Figure 4 : Flow of information through the different phases of the systematic review

3.2. Network of evidence

From the 24 selected trials at the end of the vewkthe literature, we have established a netvadrk

evidence including 11 protocols and 10 direct camspas (Figure 6).
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DMARD?23,456,7,8,9,10,11,12,
13,14,15,16,17,18,19

Tczz3,24

TCZ + MTX17:1819

pLCzO,Zl,ZZ

INF + MTX13,14,15,16

Figure 5 : Network of evidence

Trials that make up this network of evidence asgugng a cumulative total of 7953 patients.

ADA + MTXL23/4

ADA20,21

GOL + MTX1011.12

Table 1 : RCTs References and number of patients @tude in MTC

ETA2

CZP + MTX56

ETA + MTX789

Trial n Trial n
1 Furst 03 (STAR) 636 13 Maini 99 (ATTRACT) 174
2 Keystone 04 (DEO19) 407 14 Schiff 08 (ATTEST) 275
3  Kim 07 128 15 Westhoven 06 (START) 723
4  Weinblatt 03 (ARMADA) 129 16 Zhang 06 173
5 Keystone 08 (RAPID1) 592 17 Genovese 08 1216
6 Smollen 09 (RAPID2) 373 18 Maini 06 (CHARISMA) 151
7 Combe 06 254 19 Smolen 08 (OPTION) 409
8 Klareskog 04 (TEMPO) 682 20 Miyasaka 08 (CHANGE) 178
9 Weinblatt 99 89 21 Van de Putte 04 223
10 Kay 08 70 22 Moreland 99 158
11 Keystone 09 (GO-FORWARD) 222 23 Nishimoto 2007 306
12 Kremer 10 258 24 Nishimoto 2008 127

Total 7953

We conducted an analysis of heterogeneity withiacsed articles, using two aggregates: Higgins |2

and Cochrane’s Q test. The analysis shows heteedgeim trials regarding ETA (ETA+MTX :
12=77,5% ; Q = 8,88 p-value=0,01) and ADA (ADA+MTX2=64,4% ; Q = 8,42 p-value=0,04). In
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response, Klareskog 04 (TEMPO) and Weinblatt O3NW®A) trials were excluded. The number of

trials actually used for the meta-analysis multgessing is therefore equal to 22.

3.3. Mixed treatment comparison
Results from the three MTC models are presentesibat forest plots and as absolute response rate

in table 2.

ADA + MTXvs DMARD ]

CZP + MTXvs DMARD ]

ETA + MTXvs DMARD

1

GOL + MTXvs DMARD |

EFFICACY : ACR 50

¢

INF + MTXvs DMARD ]

L TCZ + MTXvs DMARD ]

ADA + MTXvs DMARD |

CZP + MTXvs DMARD ]

GOL + MTXvs DMARD

ETA + MTXvs DMARD

INF + MTXvs DMARD ]

SAFETY : Infections

L TCZ + MTXvs DMARD ]

ADA + MTXvs DMARD |

CZP + MTXvs DMARD ]

} :

ETA + MTXvs DMARD

GOL + MTXvs DMARD |

SAFETY : Dropouts

INF + MTXvs DMARD ]

¢

TCZ + MTXvs DMARD —

o_______
..
No—
o

I I I I
4 3 2 -1
Figure 6 : Log-odds ratio for ACR 50 response rateinfection rate and dropout rate.
The forest plot shows results in terms of ACR Hpomse, infections and discontinuation of treatment
for association protocols only. Each biotherapyed# significantly from DMARDs in terms of ACR
50 response; however, it is not possible to debeksveen them, as confidence intervals overlap.
Infections criterion can’t show significant differees between DMARD and biotherapies, nor between
biotherapies. Three treatments induce significafietlyer discontinuations than DMARDs: CZP, ETA,
and TCZ. Furthermore, CZP has, on this criteriosigaificant difference with its comparators, ETA
excepted.
Table 2 : Results from MTC presented as absolute sponse rates
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»

ACR 50 Infections Dropout MaintenanceReferences
. 32,40% 38,10% 16,10% 16,83% 1,2,3
Adalimumab+MTX o000 45065 [3106:45%  [1106:23%]  [11%:24%)]
Certolizumab 51,11% 45,70% 1,60% 27,31% 4,5
pegol+MTX [35%;69% [34%:58%  [1%:3%] [17%;39%)]
Etanercept+MTX 50,32% | 33,80% | 3,10% 32,28% 6,7
[30%;73% [23%:46%  [0%;13%]  [18%;48%]
Golimumab+MTX 28,54% | 34,90% | 12,40% 16,28% 8,9,10
[18%;43% [27%:43%  [5%;27%]  [10%;25%]
Infliximab+MTX 27,48% | 41,80% | 16,8% 13,31% 11,12,13,14
[199%:37%[33%:51%  [12%;22%)]  [9%;19%)]
39,93% 41,40% 10,1% 21,03% 15,16,17

Tocilizumab+MTX  1oo00 5005 [3606:47%  [8%:13%]  [15%:28%]

L Fursts ; © Keystong, ; ® Kimgy ; * Keystongs ; > Smolen, ; ® Combes ; * Weinblatt ; ® Kaygs ; ° Keystong ;
19 Kremek, ; M Mainigg ; *2 Schiffyg ; ** Westhoveps ; ** Zhangs ; °> Genovesg ; *® Mainiys ; ** Smolens

3.4. Medico-economic models
3.4.1. Cost-effectiveness analysis
3.4.1.1. Baseline analysis

The first step of the analysis consists in evahgativhether a therapy is dominated by an alternative
cheaper and more efficient. It then, among the igimz strategies, tries to determine whether one of
them is dominated by a linear combination of othEmsally, we calculate the cost-effectivenessorati
for non-dominated strategies. This process creategfficiency frontier.

Results from 3000 iterations are shown in Figuf@)7in terms of average cost and average efficacy
per treatment. This figure clearly shows that INK;Z are strongly dominated (they are more
expensive and less effective than at least onesofdmparators): INF is dominated by ADA, CZP and
ETA; TCZ is dominated by CZP and ETA. CZP is weattyminated by combination of ADA and
ETA. ADA and ETA form the efficiency frontier.

The slope of the frontier reflects Willingness sydWTP), that is to say, the expenditure requiced

an additional patient maintained under treatmentumnts to €1715.
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Figure 7 : Cost-effectiveness analysis results
These results are confirmed calculating the nurob&mes these treatments are part of the effigienc

frontier. Table 3 summarizes the proportion of 38DAulations in which each treatment forms part of
the border. INF and TCZ do not form frontier.

Table 3 : Probability to take part to the efficieng frontier

Adalimumab Certolizumab Etanercept Infliximab  Tocilizumab
pegol
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Line'1 61.5% 54.1% 84.3% 0% 0.1%
Line 2 64.4% 51.5% 84.0% 0% 0.1%
All 65.2% 51.1% 83.7% 0% 0.1%

Results from comparisons of treatments can be septed as scatter plot of costs and efficacy
differences. Comparing pairs of treatment, for egien€ZP and ETA, figure 7 (b) shows that in 37%
of simulations, ETA dominates CZP, but is dominaited. 6% of cases. Furthermore, given a €150
WTP, the probability that ETA is more efficient th&@ZP is 0.49. When WTP is estimated at €5,000,
this probability is 0.64.

However, this information can first be convertednet benefits, then pairwise comparisons (or
comparison including all treatments) are carried loased on those net benefits, in order to find
treatment with the highest net benefit.

Figure 7(c) represents the probability of beingniest efficient among the five treatments according
to WTP. This probability was calculated from théreated net benefits of biological therapies. Thus,
by comparing five treatments, ADA and ETA are lechon the acceptability curve: ADA is the most
efficient treatment given a WTP under €1,900. Amyher WTP is making ETA the most efficient

treatment.

3.4.1.2. Sensibility analysis

Two sensitivity analyses were performed: first onepriors used for resources consumptions, second
one on the line of treatment.

As part of the first sensitivity analyses, we egddd the impact of prior distributions chosen for
resources consumption. The use of truncated nodisiibutions has been replaced with gamma
distributions. For the" analysis, results were estimated for second-liol®gical therapy and for all
lines together.

Results obtained through the comparison between Bmé& CZP are shown in Figure 5d. The
modification of the prior distribution reduced bypBrcentage points the probability that ETA is €ost
effective, but does not alter the conclusions efdhalysis. Similarly, the line of biotherapy does

impact results of the cost-effectiveness analysis.

3.4.2. Budget impact analysis
The budget impact analysis compared three assunsptitability of market shares ifi' and 2° line

of biotherapy (HO), reduction of ETA’s market shet®/ 10 points in both®1and 2° line (H1), and
increase of ETA’s market shares by 10 points imtdtand 2¢ line of biotherapy (H2). Assumptions
H1 and H2 have been compared to the hypothesibétOre being compared to each to other.

In the case of a 10 points reduction in ETA’s madtaares, the 5 years cumulative cost for the ¢ohor
are estimated at 2.68 billion euros (Table 3), esponding to an average of €540 000 per year. The
incremental cost resulting from the evolution of tharket is about 21 million euros over 5 years (4

million euros per year), representing an incredsalrost 1% of total expenditures. At the patient
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level, ‘average annual cost amounts to €510, theat imcrease of 3% of the annual management cost

of a patient, ¥ and 2°line confused.

Table 4 : Budget impact of a 10 points reduction oétanercept’s market shares (H1) compared to statut

quo (H1)
Cohort costs 2011-2015
Cumuzatll\)/e cost 4 Cu(r:r(;L;It ative A% Ann(tﬁll)cost JANnual cost A in%
Selected therapies 661 200 000 € 700 000€ 0,11%]132 200 000 € 100 000 € 0,08%
Hospitalization 228 800 000 € 17600000€ 8,33%| 45760000€ 3510000€ 8,31%
Ambulatory 66 250 000 € 460000 € 0,70%| 13 250000 € 90000 € 0,68%
Total L1+L2 956 300 000 € 18 700000 € 1,99%|191300000€ 3800000€ 2,03%
L3 1729000 000 € 2000000€ 0,12% (345900000 € 400000 € 0,12%
Total L1+L2+L3 2 686 000 000 € 21 000000€ 0,79%(537100000€ 4100000€ 0,77%
Costs per patients 2011-2015

Ann(L|1_|a12)cost 4 ﬁg;ual A4in% Daal_)'/ 2(;051 A Dailycost 4in%
Selected therapies 12040 € 50€ 0,42% 33€ 0,14 € 0,42%
Hospitalization 4341¢€ 445 € 11,42% 12¢€ 1,22€ 11,42%
Ambulatory 1212 € 15€ 1,25% 3€ 0,04€ 1,25%
Total L1+L2 17 600 € 510€ 2,98% 48 € 1,40€ 2,98%

Contrary to H1, hypothesis H2 (increase of etanitsenarket shares by 10 points in 5 years) induce

a reduction of the expenditure for the managemémRa Over the 5 years considered period, this

reduction amounts to 8 million euros, i.e. 1,6 ioilleuros per year on average. Most of those saving

are made on hospital costs, especially drugs adiration costs.

Table 5 : Budget impact of a 10 points increase eftanercept’s market shares (H2), compared to statut

quo (HO)

Cohort costs 2011-2015

Cumulative cost (H2) 4 Cumulativecost 4in %

Annual cost(H2)

AAnnual cost 4in %

Selected therapies 661 600 000 €

1100000€ 0,17%| 132300000¢€

200000€ 0,15%

Hospitalization 204 600 000 € -6 600 000 € -3,13% 40930000€ -1320000€ -3,12%
Ambulatory 65 640 000 € -150 000 € -0,23% 13130000 € -30 000 € -0,23%
Total L1+L2 931900000 € -5700000 € -0,61% 186400 000€ -1100000€ -0,59%
L3 1725000 000 € -2000000 € -0,12% 345 000 000 € -500 000 € -0,14%
Total L1+L2+L3 2 657 000 000 € -8 000000 € -0,30% 531400000€ -1600000¢€ -0,30%
Costs per patients 2011-2015

Annual cost(H2) A Annual cost  4in% | Daily cost(H2) 4 Dailycost 4in%
Selected therapies 11980 € -10€ -0,08% 33€ -0,03 € -0,08%
Hospitalization 3722¢€ -174 € -4,47% 10 € -0,48 € -4,47%
Ambulatory 1189 € -8€ -0,67% 3€ -0,02 € -0,67%
Total L1+L2 16 890 € -200€ -1,17% 46 € -0,55€ -1,17%
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Comparison of the extreme assumptions (H1 and H@yvs that the replacement of ETA by more
expensive and / or less effective therapies regulésloss estimated at 29 million euros over Syea
that is 6 million euros a year. Considering orfiyahd 2° line of biotherapy, additional cost is around
€700 per year per patient, i.e. a 4.03% increase@fage annual cost for managing a patient with RA
after failure of DMARDs.

Table 6 : Optimistic case (etanercept+10 points, HZompared the worst case (etanercept -10 points,1i

Cohort costs 2011-2015

Ci;n;uégt;\)/e A Cumulativecost 41in% Ann(tﬁlz)cost AAnnual cost 4in%
Selected therapies 661 600 000 € 400000€ 0,06% | 132300000 € 100000€ 0,08%
Hospitalization 204 600 000 € -24 200000 € -10,58%| 40930000€ -4830000€ -10,56%
Ambulatory 65 640 000 € -610000€ -0,92% | 13130000 € -120000€ -0,91%
Total L1+L2 931900000 € -24400000€ -2,55%|186400000€ -4900000€ -2,56%
L3 1725000 000 € -4000000€ -0,23% [ 345000000 € -900 000 € -0,26%
Total L1+L2+L3 2657 000 000 € -29000000€ -1,08%[531400000€ -5700000€ -1,06%

Costs per patients 2011-2015

Ann(tﬁalz)cost 4 Acrc;r;tual 4in% Daé:_)'/ 2(;03 A Dailycost 4in%
Selected therapies 11980 € -60€ -0,50% 33€ -0,16 € -0,50%
Hospitalization 3722€ -619€ -14,26% 10€ -1,70 € -14,26%
Ambulatory 1189€ -23€  -1,90% 3€ -0,06 € -1,90%
Total L1+L2 16 890 € -710€  -4,03% 46 € -195€ -4,03%

4. Conclusion
In case of a deterministic sensitivity analysis ARAd ETA, used in combination, are the only

treatments belonging to efficiency frontier. ADAETA are the only treatments located on the
acceptability frontier. Other treatments were daateq.

In terms of budget impact, substitution of more engive biological therapies that do not offer
additional therapeutic benefit for the patient irepleconomic losses for society which is estimated
29 million euros, i.e. around 1% of the cost curfginlogical therapies, if we reason from a sitoati

where etanercept could increase sales by 10%.
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