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Abstract

Objective

To provide robust simates of EQ-5D & afunction ofthe He#th Assessnent Questionnare

(HAQ) and pain in patids with rreumatoid ahritis.

Method

Repedaed obsevations of patients diagnosed wit\k a US observational cohor
(n=100,398 observations) who provided data or}lpain on a visual adeguescae and
the EQ-5D questionnaire. Weause abespoke miture modellng approach to approiately
refled the charactestics of the EQ-5D instrument and comp#s to resuls from linea

regresson.

Results

The addition of pa alongsideHAQ as anexplaretory variable substantially improge
explaratory powe. Thepreferred model § afour component mixture. Unlikihe linear
regresson it exhibits very goofit to the dita, dbes not sudér from problems of bias or

predict values outside thieasible range.

Conclusions

It is apropriate to modeherelationship between HA and EQ-5D but onlif suitéble
statsticd methods ee applied. linea mocels undersimatethe QALY benefits, and
therefore the cost efediveness, of therapies. The bespoketomemodel approach outlined
here overcomes this prdém. The addition of pan asanexplaratory varialde gredly

improves theestimaies.



I ntroduction

Economic evaluation ofddth care technologesis now atechnique in widespgad use awss
most developedddth care systemsand a keyia to dedsion makes. It provides aationd
framework to consideboth the cost and betfits of treaments thacompete for scece health
care esouces. In rheumaoid arthritis (RA), the advent of high cost biologiltugs has keen a
paticular drive for thelarge numbeof suchcost efectiveness analyses. In many
jurisdictions, dedsion makes wish to have &dth bendits of treatments exessed in tans of
quality adjusted fe yeas (QALY s) so tlat conparisonsaaoss divesedisessearead @n ke
madeusing a commometric. TheQALY attaches weight to @cd yea of survival to adjust
for its perceived quality. A yean full health is scoed as one and deathzero. Theesave

as the points around whicH atermediatehealt setesare valued.

In order for the realth bengts of atherapy to besimaied in tems of QALYs gained, itis
usual for an approjate outcomemeasurement tool to be administeréo patients asgot of
theclinical trial. Severh“off the shef” instuments ae available including the EQ-5D(1),
SF6D(2)(adeivative of the SF36) and thidealth Utilities Index(3). Eadh of these
instruments comprise of qeéons which ask patients to irwdte their hedth on arange d
dimensions. Pre-ésting scaes on theQALY scde calcdated from the general populations

of sewerd different counties ae then availabléo attach to those &dth states.

However, in RA many othe pivotal trials fomew theapies favefailed to include such
preference based ingtments. In th stuation, analgtshave attepted to stimatethe
relationship betwen clinical outome meaures tha are included intrials (predominantlythe
Hedth Assesanent Questionnaie — HAQ) and peference-based measunea statisical
modelling (4,5,6,7,8)Theseare almost all smple linear regresson modelswhichis

problematic because this kind of statdtimodd has keen shown to fit badly to the tlaand



thereby undevalue reament kendits. This isevident from numerous stigs invarying
diseaesetings (9) and in R populations both when using the BAsumnary scae (10) or
the individual components of HA(4,11) & predictors. In these casethe stasticd modé
understimates utility valuedor those patiets wih little or no function&disability, but

overestimates the utiity score for those with poor function.

Thislinking of clinical andemnomic outcome mesures has been referreid as*mapping”
and has been sudg to substantial controversy. TREMERACT nework (Outcome
Measures in Rheumatologfconomis Grouprecognised this and reported that “mapping
should be betteexplored (12). Scottet al. (13) go so faas to suggs tha econome

evaluations should not be based onH#fansfamed to EQ5D.

We have previously developed awnsiatisticd appraach to modeling EQ-5D(14). Usinga
small citaset from anealy RA cohort we demorigated the appriateness of the method
using HAQ and pain tostmateEQ-5D scores. This papeaefines the méhod and appligit
to a muh large dataset in orde to provide ddinitive results. Whiktthis pape concentrates
on the WK EQ-5D tariff, the issuesre rdevant to EQ-5D usingcaes from ather countries
populations, or for otherdath utility based instrumentsOverall, we an to estimateEQ-5D

as afunction of HAQ and pain.
Materialsand Methods

Data were provided bythe US Nationd Data Bank forRheumaticDiseases (IWB). The NDB
is a notfor-prdfit rheumatic disesereseach ddabank in which patients coplete detailed

sdf-repat questionndres at 6 month interl&(15). Eligible patients in thé sudy wee those

with RA who had compled abiannu&suney for events occuing between July®12002

and Novenber 22" 2010.



At eat assessment,anographic vaableswere recorded including sex, age, ethnic origin,
edwcation level, curent marital status, medidahistay and tothfamily income. Patientalso
complde theHealh Assessnent Questionnare Disability Index (HAQ), including pain oa
visual anéogue scke (VAS) scaed from 0100 andEQ-5D, anongst dher items.UK EQ-5HD

tariff vdueswere used. Summasyatstics forthe sanple ae provided in Table 1.

A total of 103,867 obswations were included in thetotal dadast from 16011 matients. 3,469
observatns lad missng data and wee not induded in the statsticd modds. The size of the
dataset dwarfs that whiclms typical of most mapping” studies. Patients spanned the full
range of HAQ, pain and EQ5D values.Nevatheless, very few observations ie®bseved

in the most etreme HAQ hedth stde. 1244 obsevations (1.2%) from 528 patientscha

HAQ excealing 2.5, and just 152 observations (0.}5fbm 64 patients had a HAof 3.

Thehistogran in Figure 1 disfays the ley featuestypicd of EQ-5D. First, thereis a
substantibmass of observations at 1. Teere 13,891 obswations (14%) &full health.
Sewnd, theras agap between these observations and those for lengl of imparment, as is
imposed bythe nmethod forcalculting EQ5D tariff scaes. There ardhenat lessttwo mae
separate components to the distribution with nodeund zeo and 0.75Thereis avery
largemass ofobsevations around 0.8. There are 50 aliadons in the sadled “Pits date”
that is, 33333, the wetstatethatcan be descbed bythe EQ-5D desciptive system.These
are the feaures of EQ-5D that raise statistd challenges andresult in the poor perfmance

of standrd approachs.

Satistical methods

We am to estimatethe conditionalrelationship betwen EQ-3, HAQ and p# on asce of
0-100. $andrd linea regresson models ee in widespeal use formodelling EQ-5D but ae

clearly not appopriatein this stuationgiven the bounded and multimodal nature of the



distribution (see Figure)land tend to péorm poorly. A linea regresson model wa
included to cornifm this. We apply the generéramework for madelling EQ5D from
Hernandezet al. (14) whch combines bespokestribuions in a mixure model. Full deails
are provided dsewhere (14), however, the key tals of thetwo mainelements of the
approach arprovided tere. Frst, mixture models & formed from a numbeof different
component distributionshich ae combined to fon anew density They offer an exremdy
flexible and conveniennanrer in which compex distributions (suchsaBEQ-5D) can be
analysed in a semi-paratrie manne (16). S2ond, in this caeeach componensimadeup
of a normadistribuion tha is limitedat full health (1) and has an adjus¢ntto refled the
gap in kasible vdues ketween 1 and 0.883. Eplaratory variables may ente themodel in
two ways: eitrer as predictors otherelationship with EQBD within each component orsa

predictors of componentnemtership.

Models wee esmated usingnaximum likelihood in GAUSS v11Aptech Sgtemsinc.).
We considered models comprising different nuralzé components. Comparisonsnge
madein terms of Akaike’s andBayesian infamaion aiteria (AIC/BIC). Other measures of
fit such & the man abstute error(MAE) and the root men squared eor (RMSE) are also

reported.

Many RA cost efedivenessmodds simulateindividual patients, as opposed to ges
from patientcohorts ¢, 17). Torefled this use of the modeésults we simulated aset 0f100
modelled EQ5D scoresfor each of the patients irthe citaset. This futher illustrated
differences between the observed data and theadgenerdaedby the linearregresson and tle

mixture model approaclse

Results



A four component miture model wa sdected as the optimamodd. Each ofthecomponents
includes HAQ and HAQ, pain, age and afjes explaretory variables. The probabilityf any
patient’s observation beingggned to a componens bagd on HAQ, pim and paif. The

optimal linea regresson modelincluded HAQ and HAQ, pain, age and afieHoweva, this

model sufered very poorit paticularly & the extrenes ofgood redth and poor kdth.

The mixture model vatly outpeformed the limarmodel interms of summay fit measures.
AIC and BIC were both lower fahe mixture modelnd there waa 96% improvenent in
MAE and a 3.4% improvaent inRMSE. Importantly, the improvaent infit was gedest at
theextremes ofvery poa and very good édth. For those patms with aHAQ between
eithe 0and 1 or bieveen 2 and 3, MAE improved Imgorethan 11% At pan scaes ofzero
the MAE reduces from 0.13 to 0.08, a 35% imprawent. At @in scaes excealing 95, the
MAE reduces from 0.23 to 0.18, a 22% improvemenhesefedures ae evdent inFigure 2,
which plos the man EQ5D versusa) HAQ and b) pain, for the obsesd data, the liear
regresson model and the pferred mixture model. Resutt forthis modé are reported in

Table 2.

Ead patient obseationis assgned gorobability of beingin ead of the faur components.

Oneway d consideing thesize d each dass isasthe mea of the component probabiét.

Thefirst classis by far thelargest with a nean probabilityof class merbership of 0.73. In
this cless,HAQ and pin are negativelyrelatedto EQ-5D (p<0.000)(see Table 2). HA®is
not siqnificant. A positiverelationship with age and agis demonstried but in thecaseof

agé this isnot gatisticaly significant (p=0.23). The avege chaaderistics of those patients

most likely to be irthis classare verysimilar to those bthe aveageoveral dataset. Notably,
theseareless gverely & ectedpatients with a nean HAQ of around 1, EQ-5D of 0.67 and

diseaeduration of 17 yes. Figure 3a illustreesthat ths component of the mobleas a



pe&k around 0.7 that coimteswith that obseved in Figue 1. This component also
contributes to thenass ofdaa at EQ-5D equd to one, but does not contribugignificantly to

the lowe end d the distribution.

Themean probability of any obseation beingn the seond dass is 0.8, makingit the
smalkst class. This component of the mbtas adarge spread, including both those patients
in the mossewere EQ-5D hedth staesand thosén full hedth (Figure 3b).The coeficients
on HAQ and HAQ indicae thet EQ-5D deaeases, by incresing amours, as HAQ worsens.
Theimpad of pain on EQ-5D in tte groupis the mosipronourced of dl the dass. In thos
patients most likely to besagned to this group, themean HAQ isalmost 2.76(SD 0.23),
EQ-5D is 0.33 (SD 0.32) but pais rdatively mild at 10.3(SD 11.2). Paents most likely to

be in this group have an aageRA duration inexcess of 31 yegs.

Figure 3c shows that thiaurth components entred around EGD of 0.2 and accounts in
pat for theseomnd element of the bi-mob&Q-5D distribution. 7%of patients arenost
likely to be a&sgned to this component. HAIs regatively asocated with EQ5D and is
much geaer in magnitudethanthe positive coeftient on HAQ. Pain & also egativel
assocatedwith EQ-D. Thisis a dass madeip d patients with poor functional status. The
mean HAQ is 2.03 (B 0.44). Theepatients also hawhe most sesre aveage pain scoréor

any d thefour groups at 87.85D 7.4).

The 4™ class shows no atisticaly signifi cant relationship bisveen EQ-5D and eithreageor
pain. HAQ is regatively réated to EQ-B® (p<0.05) HAQ? is notstatsticdly significant.
This group of 14% of the daset is madeup of patiats withmild or no synptoms. Themean
HAQ is 0.15 (SD 0.27), pain is 2(3D 2.5) andEQ-5D is 0.93 (SD 0.11). Figa 3d
illustrates how thislement of the modecontributes pedominantly to thenass ofvauesat

EQ-5D equa to one.



Figure 3e shows that the key features of the HReata digribution (Figue 1) are replicated
by thebespoke miture model: amass obbsevatons at 1, a gap to the rteset offeasible
values, tri-modal and does not giet values outsid¢he feasible range eithe at the top orthe

bottom. The liea regession model has none thfesefeaturs (see Figure 3f

Discussion

Cost effectivenss amlyses of reaments fo patients withRA frequently esimatehedth
bendits in temms of CALYs by estmatingthe relationship beveen prefeence-based
outcomemeasues like EQ-5D, and clinical outenes meaures like HAQ. However, the
statsticd modds used to ddhis end to beaelatively simplistic and do not ecount fa the
many idiosyncraiesof theEQ-5D instument and valuation stem. For this eas, such
approache resultin systenaticadly biased stimaeswhich undervalue the befis of
treaments. Unsurpsingly, this haséd to critcism from the rheumatology communigynce
the methods tosimatetheserelationships are nanerely of academicinterest but form
critical components of the anals thateimbursenentauthoritiesaaosstheworld rely on in
reaching funding e@dsions (13). Thesefeaures ae not limited to th&JK version ofthe EQ-
5D and many ee presenin other qualityof life instruments usd to estimat€ALYS sich as
the §--6D (2) and the Healit Utilities Index 8). Indead, comparisons of lineanodels using

severaof theseinstruments have & perfamed in RA using d@afrom theNDB (10).

This stuly uses averylarge daast to refine aflexible statstical appoach tha was deggned

spedfically to addressuch shortcomirsy

Results show that thegierred 4 component model doesaad overcomehe poblems of
poorfit assaiated with simplstic techniques. E is substantially bettertdhe extremes ofthe
distribution and theres noevidence bthe systematic undevaluation ofthe kendits of

treament. Futhermore, the modkeis notcgpable of predicting vdues thatike outside the

10



feasible range (-0.561 to 1). Spre appracdes generaée sich nonsensicalsémates
paticularly when they arasedto smulate individud patientsand when the pararnes
uncertainty in the estimates isreflected in cost ééctivenessmodels. The covaancematix
that would albw analyststo peform suchanalysesvith this modéis awilable onlingWeb

appendiy.

Many cost df ediveness amalyses focus on changein HAQ dueto treament. This stug
demonstrees that bedr esimates of the berfids of treaments in terms of QAYs will be

gaind if HAQ and p# are simultaneously consideredhis is neitler new (10,14), nor

surgrising when one considers that pain is one of the five domains in the EQ-5D instrument
and contributes the ggtest weight to the summary score. tthis finding implies that

eonomiss will need to considethededsion modés they use and how meta-ansiky

methodscan capture treament bengts appopriately.

The mixture model approach that sideen reported e was implementedbecaise it dfersa
flexible framework for comgex distributions likeEQ-5D. Howeve, it also opens the
potentialfor the consiceration of patient subgrouptherelationship between HQ and pain
to EQ5D are very diferent within the four components of the madie some instares pain
is particularly inportant, in othes itis HAQ that iscritical. The patients thare likely to
form thesegroups & also very different in tensof age, duration and sewty of disease.
Theseimplicaions require futherinvestigation. Itis also waeth notingthat inthe pgevious
implementation of this modelling appaich in RA, the peferred model comprised 3
components. The additiolnaf a fourth dass tere improve fit at the bottom end ahe EQ-
5D distribution. Déa at this exreme ofpoor redth was lecking in Hernandeet al. (14). This
issueis dminished but not eliminadby usingthe NDB daabase. The only place wiethe
mixture model does noitfextremdy well is where HAQ exceeds 2.5. Wit beter modd fit

is echieved by fitting a geaternumbe of componentsa the mixure, this would beet the

11



expenseof generalizability. The validitypf observations sm patientsat such etteme levds
of functiond imparmentmay also be qtionable and fothisreason we propose the 4

component model.

More recent clinicaltrials of rewer biologc agents ge increasingly incorporating preferene
based outcome measurewever, whilstit has dten bea daimed tlat dired health utility
assessment is pferale to using indirect “mapping” methods,9) this isnot necessaily the
case. Hee wehave a diaset compising in excess of 100,000 obseationsaaoss the dill
sped¢rum offunctiond disability and pan combined with an approjte method to riate
thesemeasures to EQ5D. On the other hand, clinicstudies, péticularly trials, have limited
patient vaiability and follow up. Economic eWaations therfore exrapolate wé beyond
theseclinicd studies, often ovethe entre patient lifetime, in ordeto accuraely cgpturethe
impad of treament on longerm costs andddth benefits. Our approach offeameans @

which such ettapolationscan be undgaken.

Furthermore, eveif new trialsincludemeasues like EQ-5D the entirety aheevidence
baseremains réevant, including studies of oldéreaments ascomparators. Harg, given that
suchestimates will be critcd to reimbursenent cedsions for some the tocome itis of vital
importance for patients and their gityans that teament bengts are appropritely valued.

Theresults repated herecan beusedin future economic evaluations.
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Tables

Table 1: Descriptive statistics of RA patients from NDB by observation (n=100,398)

n %
Female 79,639 79.3%
Mean SD
RA duration (yrs) 17.17 11.07
Age (yrs) 62.82 12.24
Pan 35.32 26.76
HAQ 1.00 0.73
EQ-5D 0.66 0.27

RA = Rheumatoid Arthritis, HAQ = Health Assessment Questionnaire

15



Table 2: Results from 4 class Mixture Model.

clas 1

clas 2

clas 3

clas 4

Betweenlewel

Within level

Betweenlevel

Prokability of component membship

Parameter  theta robust se t-value p-value

HAQ -0.0898 0.0027  -32.9151 0.0000
HAQ? 0.0005 0.0009 0.5892  0.5557
Pdan/100 -0.0580 0.0023  -25.4275 0.0000
Age/10m 0.0049 0.0005 10.1656  0.0000
Age/10nt 0.0003 0.0002 1.2111 0.2258
HAQ 0.0544 0.0301 1.8043 0.0712
HAQ? -0.0509 0.0100 -5.1027 0.0000
Pdan/100 -0.3841 0.0225 -17.0781 0.0000
Age/10m 0.0291 0.0035 8.2411 0.0000
Age/10nt 0.0023 0.0017 1.3532 0.1760
HAQ -0.1415 0.0076  -18.5781 0.0000
HAQ? 0.0155 0.0027 5.7871 0.0000
Pdan/100 -0.0839 0.0089 -9.3978 0.0000
Age/10m 0.0037 0.0012 3.2078 0.0013
Age/10nt 0.0007 0.0006 1.1702 0.2419
HAQ -0.1958 0.0811 -2.4137 0.0158
HAQ? 0.0347 0.0246 1.4097 0.1586
Pan/100 -0.0127 0.0693 -0.1839 0.8541
Age/10m -0.0043 0.0058 -0.7417 0.4583
Age/10nt 0.0002 0.0021 0.1106 0.9119
Intercep1 0.8141 0.0013 629.4830 0.0000
Intercepg2 0.4266 0.0164 25.9934  0.0000
Intercep3 0.3297 0.0081 40.6365  0.0000
Intercep4 1.0220 0.0327 31.2430  0.0000
Male -0.0265 0.0013  -20.9092 0.0000
Variancel 0.0025 0.0001 48.7842  0.0000
Variance?2 0.0240 0.0016 14.8595  0.0000
Variance3 0.0022 0.0002 10.2405  0.0000
Variance4 0.0044 0.0042 1.0374 0.2995
Variance 0.0026 0.0001 46.2489  0.0000
Interceptl -1.2746 0.0637  -20.0245 0.0000
HAQ 0.2420 0.4424 0.5471 0.5843
Pan/100 23.4673 0.5897 39.7970  0.0000
Pan/100° -21.5513 0.6707  -32.1307 0.0000
Interce@2 -6.6310 0.2597  -25.5366 0.0000
HAQ 2.1936 0.4234 5.1808 0.0000
Pdan/100 18.3719 1.2220 15.0337  0.0000
P&n/100° -13.8001 0.8071  -17.0981 0.0000
Interced3 -7.4768 0.2988  -25.0242 0.0000
HAQ 1.0517 0.4344 2.4209 0.0155
P&an/100 25.3396 1.1359 22.3075 0.0000
Pan/1007 -16.9622 0.7624  -22.2473 0.0000
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Figure 1: Distribution ofEQ-50scores frorNOB cohort
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Figure 2:Mean observed angredictedvaluesfor linear and mixture moded) HAQ vsEQ-5D and b)Painvs EQ-5D
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Figure3: Distribution of simulatedvaluesfromthe 4 componentixtw-eandlinearmodelsa)-d)for eachcomponenindividually, €)4 classcombinel andf) linearmodel
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