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Glossary

Problem structuring
methods

A setof formal methods dwelopedwithin the field of Operaonal Reseach
intended to develop coasus, sructure and make senseammplex or

messy problem

Conceptual mode

Theabstradion and reprsentaion of complex phenomena of interest in
same readly expressible form, such thahtdividual stakeholdes’
understanding of the parts of the actual system, and the méitteeima
representation of tat system, may be shared, questioned, tested and

ultimately agreed.

Problem-oriented

conceptual model

A form of conepual model which is developed to understameidecision
problemand the systmin which that probémexists.

Design-oriented

conceptual model

Conceptual models which arecf@sed on theonsideration of alterrieve
potentially acceptable anddsble quantitdve model designs, to spicthe
modd’s evidererequirenmens and to provide a basis foomparison and
justifi cation against the final implearted model.

Disease process
model

A problem-aientedconceptual model which sets out theseise-specific

ewverts and proesseswithin the gstemin which the decision probimexists.

Service pathways A problem-aiented conceptual model which sets out the elenis of the

modéel savicewhich are relevant to the sgshin which the dedsion problem
exists.

Abbreviations

HRQoL Hedth-related quaty of life

HTA Hedth Technology Asesment

NICE National Institute for Helih andClinical Excellernce

PSMs Probkem StructuringMethods

QALY Quality adjusted life gar

SODA Strategic Opions Development and Analysis

SSM Sdit Systemadvlethodology




Introduction

Hedth economic evaluation is a general framewfmr informing decifons about whetler particula
health technologis represent a cost-dfedive use of kdth care resourcee Canmonly, the evidene
required to inform a decisiorabout the cost-Hectivenessof a given set of compding heédh
technologies is not available from a single smuThe use of mathertiaal modelling can be sl to
support this ddsion-analyic framewok thereby #dowing the full enge of reévant evidence to be
synthesised and brought to bear e dlecision problem.The process of eleloping a decision-
analytic model is gendfg seenas being iterative, and requies the model developer to male
substatial number ofchoices about what should be included in a model and how these uhclude
phenomena should be raddtto one andter. These choices take place at every stage of the model
development preess, and includechoices about the comparators be asessed, cho&s about whit
health stats and segquenes of ewerts will comprise the modé$ structure, choices about which
evidencesaurces should be used to inform the model parameters, choides abou statistical
methods for deriving the molle parameters, to name but a few. Imadly the absencef perfed
informaion through which t@omprehensively Vadate a model means that there is rarelyfendive
means through wbh to prospetvely determine whether these otwsare right or wong. Instead,
model development choices are made on the basis of subjective artigjemith the ultimate goal of

developing a model wbh will be wsdul in informing the @dsion at hand.

Therefoe, model development is perhaps best attarised as acomplex process in which the
modédler, in ®njunction with other stakeholdsydetermines what is relevant to the decision problem
(and at thesame time, what canreasonably be considet irrelevant to e decision problem)This
notion of relevance has airdct bearing on the crediliiyy of a model andn the interpretation of
reallts generad using that model. Haire to account for theomplexities of the decision problem
may esut in the development of models wthi are “mathematiclly sophisticag¢d but contextuby
naive” The development of useful matheinal models therefore reqas more than mathertiad
ahlity alone: it firgly requires the model devaper to understand theomplexity of the real system
that the modeWill attempt to repremt, and be choices aval able fortrandating this understanding of
complexity into a credibk conceptual and mathemadlcstructure. It is perhaps surprising that whilst
much has ben written about the tehnical aspects of model developmart, for example the stisticd
extrapolation ofcersored data and methods for synthesising evidence frdtiptawsaurces, there ia
compardive death of pradical guidance surrounding fomhprocesses through which an appropreat
model gructure should be determined. It is this cammpand nessysubpct mater that forms the

focusof this paper.

The purpose of this paper is not to rigidly pnebe how model development decisions should be

made, nor is it irdnded to represent aomprehensive guide ofhow to model’ The forner would



undoubtedly fail to reflect the unique characteristics @headividual decisbn problem andcould
dismurage the development of new and innovative ntiodeimethods. Conversely, the latter wbul
inevitally fail to reflect the sheer beeth of decisions equired during model developem. Rathey
the purposes of this papare threefold:

(1) To higHight that sructural model developmenhoices invaraldy exist;

(2) To swygest a generalisable and padical hierarchich approach through which e

alternative choices can be prospectively exposed, coadidedas®s®d, and,;
(3) To higHight key issues and caveds ascciated with the use ofcertain types of evidence in

informing the conepual kags of the model.

The pager is %t out as follows. The papeibegins by introducing corepts surounding the role and
interpretatbn of mathemtcal models in general, andttampts to higlight the impotarce of
conceptuh modelling within tle broader model development processlidwang on from this,
exsting literature strounding model structing and conceptual modiglg is briefly digussed. The
paper tlen mowes on to suggsta practtable framewok for undersanding the nature of theedision
problemto beaddressed in order to move towards adble and aceptable final mathentecal model

structure. Asaies of poertially useful considerations is atedto inform this procss.

Theinterpretation of mathematical models

A mathemtcd model 8 a “represertation of tke real worli... characterised by the usé o
mathematics to repsent the parts of the realonld that ae of interest and the relaonshps between
those past * The roks of mathemtical modeling are numerousnduding extending esults froma
single trial, combining mutiple saurces of evidence, #arslating from surogate/interredate
endpoints to final owbmes, generalising results from one context amother, informhg reseach
plaming and design, and claaterising and rpreseiting decision uncertaipt given exsting
informaion’ At a broad éwvel, mathemacal or simulation models in Health Technologgsesment
(HTA) are generdy used to simulate the natural history of asdise and the impact of particula
health echnologies upon that natural hisgan orde to estimate increartal costs, hellh outomes
and cost-Hediveress.

All mathemaical models require evidence to infotheir parametes. Such evidence may incled
informaion concerning disease natural history or baselisie of certain clinical ens
epdemiolagy, resouce use and service tilisation, compance/participgon patterns, costs, Hea
related quaty of life (HRQoL), survival and otler time-to-event ouomes, reldive treatment effest
and reléionships between interedate and final endpoist However, the role of evidence is not
restricted ® informing mocel parametes. Rather, it is closglintertwined wth quegions about which

model parameters should be considered relevant in the st phd how tlse parameters should be



chamlderised. e consiceration of how bst to identify and use evidence to inform arpeular model
parameter thus firstlyeuires an explicit dedsion that the paramedr in question is‘relevart”, the
specificdion or definition of that parameter, and sojmdgement concerningsirelaionship to other
“relevant” parameters included in the modEhis oftencomplex and iterativeadivity is certral to the
process of model development and can be charasteras asaies of decisions concerning)(wha
shouldbe included in the model, (b) what should be excluded, and (c) how those pherbatema

included should beonceptually and mathenticdly repregred.

The need for these types of decisionsridg model development is unavoidable, eatit is a
fundanertal characteristic of the peess itséf. Whilst this ativity already akes place in hedth
economic model develogam, it is often unclear how this process has dreundertaken and how thé
may have ifluen@dthe final implererted model. In practice, the regorg of model sucturestends
to be vey limited® and, if pesent, usually focuses only on th&nal model that has been implented.
In such instanceshé¢ reader may be leftwith little idea about whethesr why the selected model
structure should be consicef credble, which evidence ds beenused to infam its structue, why
certain abstradions, simgifi cations and omsdons have been made, whyrizen parameter were
sdected for inclusion (and why others have beextluded), and why the ingtled parameters hav
beenddined in apaticuar way. This lack of systematicity arichnsparency dimately means that
judgenerts concerning the edbility of the model in question ay be dfficult to male. In order b
produce padically useful guidance concerning the use of evigén models, it is firstf important b

be ckarabout the interpretian of absraction, basand credibity in the model development piess.

i) Credbility of modés

A model cannot include every possible relevant phenomena;atiit ¢ would no longer be a model
but would instad be the ral world. The value of simplifcaion and abstraoon within models is ta
ahlity to examine phenomena wdti are complex, unmanaggbe or otherwise unobsealde in the
real world. As a diret consequence of this need for siifigation, all models will be, to some degree,
wrong. The ky quesion is not vinether the model iScorrect’ but rather whether it cabe considered
to be useful for informing the decision prebiat hand. This usefulssis directly dependent upon
the credildity of the modek reailts, which is, in turn, hingd upon the credibility of the model from
which those eallts are drawnOwing to the ineitability of simplificaion and abstraction within
modes, there is no singléperfect” or “optimal” model. There may howew exist one or moe
“acceptalde” modek; even what is perceied to be the“best” model could dways besubjecied to
same degee of increnertal improvement (and inddehe nature of whatonsitutes an improvement
requires somesubjective judgenernt). The credibiliy of potenially acceptable models can beexsed
and differing levels of @nfidencecan be attibuted to their results on the basis of dujudgenerts.

The level of confidence given to the credipiliof a paticula model mgy be determined



retrospetively — through considerations of struabiand methodologal uncetainty ex post facto, or
prosgedively — through the a priorconsideration of the pr@ssthrough which decisions are made
concerning the conceptualisatiotrusturing and implemrtation of the model.

i) Defining relevance in models

The purpase of models is to epresent reaty, not to eproduwce it. The process of model development
involves efforts to reflect those partsf reaity that are considered relevant to the decision problem
Judgererts concerning relevance maiffér between dierent modellers attertipg to epresent the
sane part of redaly. The questionof “whatis rekvan?” to a particuhr decison problem should no

be judgd solely by the individual developing the model; mtimaking such decisions should be
considered as a joi tak between modkers, decision-makeyr hedth professonals and other
stakehatllers who impact upon or are impadtupon by the ddsion problem undeconsideration.
Failure to reflectconflicting views betwen dterndive stalkeholders may @adto the development of
models whih represent a contextiyainaive and uninformed basis for decision-mgkin

iii) The role of dinicallexpert input

Clinical opinion is essential in undexatling the redvant facets of the system in whithe decisia
problem exists. This dinical opinion is not only redvart, but esertial, because it is soured from
individuals who interet with this system in a &y that a modker cannot. This informeon forms the
cornerstoneof a modé&'s contextal relevance. However, it is imgant to reognise that hedh
professionals cannot fly detah thensdvesfrom the sysemin which they pradise; their views ofa
particular decision probm may be to some degginfluenad by evidence they have consulted, thei
geagraphical leation, locd enthusasns, their experience andxpettise, togetar with a wealth of
other factos. Understanding why the views of stakeholdersediffom one another is impa@unt,
especilly with respect to highghting geagraphtal variations. As such, the use of clialdnput in
informing models and modelrsictures bringswith it the potential for bi& Bias may ako be saurced
from the modker thensdvesasa result of theiexpertise,their previous knowledge of the system in
which the current decision problemesdes, and thetime and esairce avdlable for model
developnert. Where possilg, potental biases should be brought to light to inform judgeis abot

a mod#’s credibilty.

Problem-structuring in health economics and other fields

It is impartant at this stage to note that wsiilrelated to onerother, there is a disiction betwer
problem $ructuring methodsRSMs) and methods for sttturing modes$. The forner are concered
with understanding the nature and scope of the problem to be addre$sitithg edifferen
stakehatllers’ potentially confliting views of the problem and developing consensygdpring what

potental options for impovement might be aylable, and eenconsidering whether a pradain exists



atdl. There exist a number of methods to supportaltisity which have emerged from the field of
“soft” Operdional Research; these include Strategic @ipns Design and Analsi(SODA) and
cognitive mappingSdt Systems Methodolgg(SSM), Strategic Choice Approach and Drama Theor
to name but a few. All stakeholders are saeactive“problem ownes” and e of their views a
consideed impartant. The emphasis oPMs is not to identy the “rationdly optimal’ solution, ba
rather to lay out the difering perepions of the problem owners tmder discussion concerning
potental options br improvement to the system. The value or adequacy of the PSMsgedg
acording to whetbr they usefilly prompt deba, with the inended erdpoint beingsame agreement
about the strcture of the problem to be addsed and the identifiion andageement of patentid
improvenerts to trat problem guaion. They do not eécessaily asume that a mathertiaal model &
appropriateor required. These methods are not discussed further et the interestd reader $

directed to the edlent introductory text by Rosenhead and Mirgfer

Convesdy, formal methods fo model $ructuring, which relags principdly to developinga
conceptul bass for the quantitative model, rematomparatively under-developed, both ire th
context & health economi evaluation a well as in other fieldsA recent review of existing
conceptual modelling literatureeoncluded that whilst conceptual modelling $ “probably the mos
important element of a simulation stugythere remais for the most pd, a vacuum of resach in
terms of what conceptual mdtieg is, why it should be done, and how itagnbe most effectivgl
implenented. Where formal conceptual modkhg viewpoints have emerged, there is littttisensus

or consistency concerning how this adtjvshould be appazhed.

This probem is partcularly apgicabe in the field of healtheconomics. Recertly, a qualitdive
reeach study was undetaken to examine d@dcniques and procedures for the avoidance and
identificaion of errosin HTA models.8 Interviewesincluded modellers working whin Assssnent
Groups involed in supmrting NICEs Technology Appraisal Prograre as well as those working
for outcomesresearch groups involed in preparing submssons to NICE on behalf ofharmacautical
companes. A cential aspect of these interviews invetvthe elidgtation of a pesaal interprettion o
how each interviewee develops models. Sehdesaiptions were synthesised to pradua stylise

model development peass compisingfive broad bundisof activities(see Box 1 and Figuré.1



Box 1: Main stagesin the model development process (adapted from Chilcott et al®)

1. Understanding the decision problem: Activities including mmersion in research evidence,
defining the esarch qudson, engaging wh dinicians, decision-makers and methodolagisind
understanding what isdable.

2. Conceptual modelling: Activity related to tarslating the underatding of the decision problem
towards a mathematical model-based oh/

3. Modd implementation: Implenentation of the modelithin a software platform.

4. Model checking: Activity to avoid and idrtify model erors. This hdudes engaging ith expets,
checking face \edity, teging values, structure and logic,ecking datasources t.

5. Engaging with decision: Model reporting and seby the decigsinmake(s).

Figure 1: Stylised model development process’
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One particur area of variabiity between intervieees concered their agproaches to conceptua
model developmt. During the interviews, respondents discusdthe use of sweral appractes b
conceptual modelling including doceming proposed model structstalevebping mock-up modal
in Microsoft Excel, developing sketches of potieh dructures, and producing wteén interpretons
of evidene. For several responelrts, the model development prasedid not involve any eXjxit

conceptual modellingdivity; in these instases, the conceptual model and impleiation model




were developd in parallel wth no discerade separdgion betwen the two agvities. This is an
important diginction to make wh respect to model credibity and vdidation @s discused below)
and the processes through wehievidence is identiéid and usd to inform the final implenerted
model.

Definition and purpose of conceptual modelling

Whilst othershave recognised the importance of conceptual mbdel as a ertral element of the
model development peess, it has been net that thisagect of model development is probalihe
most dfficut to underake and least wel understood’® Pat of the problem stem from
inconsistena@s in the ddinition and the role(s) of coppual modelling, and more genéra
disagreenerts concerning howsuch activty should be usd to support and inform implesntation
moddling. The definion and characteristicd corceptual modéing are deprdent on the perceived
purposes of the actty. For the purpose of thisodument, con@pual modeling is taken as: “the
abstaction andrepresertation of complex phenomena of interest some readily expressible form,
such that individual stakehads’ understanding of the parts of the actual system, and the
mathematich representation of tha system, may be shared, questioned, tested amdately
agreed”

Whilst there is inevitabl®verlap assaiated with proes®s forunderstanding the decision problem t
be addressed, conceptual mdiakgy is disinguishable from these actiés in that it is targedd at
producing tangible outputs in the form of one or more conceptadkel In the context of health
economic evaluation, coapual modeldevelopment may be used tmhieve a number of endss a
highlighted in Box 2. Brady speaking, thseroles fall into two group: (1) those asciaied with
developing, sharing and tasy onés undersirding of the decision problem and the system in thic
this exists, and (2) thee associad with designing, specifying and justifying the model arsl it
structure. Therefore it seemssnsible to distingush beweenproblem-oriened concepgual models and
design-orienté conceptal modes; this distinction has been madesalhere outside of the fial of
health econonas’® The characteriats of these alternative types of cemud model are briefly
detaikd below. Both of tesetypes of model @y be useful approehes for informng the relevant

charmderigicsof a health economic model.



Box 2: Therolesof conceptual modelling in health economic model development

Problem-oriented conceptual models

Design-oriented conceptual models

To ersue that helih professonals understand how the modellvweapture the impact of th

intervertions underconsideration on costs andeldth outcomes

To ensure that the propmmsmodel will be dnicdly relevant - that all relevant events,
resairces, costs and Hea outomes have been included and that gbeeflect curent

knowledge of dseaseand teament systems
To ensure that the propbmodel wil meetthe needs of the decision-negik
To provide a referare point during model implesrtation

To higHight uncertainty and veagtion between healthcare pritictners

To provide a common understanding amongst those involved in model developm

regarding model evidence requiremns ior to model implerartation

To providean explicit platform for considering and debatingeandive model stuctures and
other model devepment decisions por to implenertation (including the a prior

consideration oftsuctural uncertaint®
To provide a referare point during model implesrtation

To provide the conceplbasis br reporting the methods and asnptions emplogd within

thefinal implenented model

To provide abasis for comparison and justifitan of simpifications andabstradions during

ent

model development

Problem-oriented conceptual models. This form of conceptual model is woped tounderstad

the decision problem and the system in ahhihat problem exists. The focus of this modelnfor

concens fostering communication and understanding between thases involved in informing,

developing, and using the model. In hkaeconomic evaluation, this type of conceptual model i

primarily concered with developing and agreeing a destigm of the disaseandtreatment systems:

(a) to dexribe the current limical undersanding of the relevant characterisi of the disease

process(8s under consideration and impart events therein, ard; (b) to desdbe the dinical

pathway through which ptients with the digase(s)are detected, diagnosededied and follonedup.

This type of conepual model is therefore solely concedwith ureathing the complexity of the

decision problem and the system in @it exists; its role is not to makassetions about how thes

relevantageds of the sys@m should be mathematlly represented. The dfinition of “what is

10



relevant? ” for this type of conceptual model is thusnparily dependent onxgert input rather than
the availabity of emprical research eviderte. In this sense, this type of conceptual model &
problem-led method ofneuiry.

Design-oriented conceptual models: This form of conceptual model is focussed on the congidara
of alterndive poertially acceptable and feasibleiaptitative model designs, to spegcithe modé€&'s
articipated evidence rguiremerts, and to provide adss for compaison and jusfication against the
final implenerted model. In order tocachieve these ends, it draws together the probleered
conceptual views of relent disesse and treatment processand interatons betweenthe two. The
design-oiented conceptual modelsds aut a clar boundary aroundhe model system, dimes it
breadth (how far down the model Wwilsimulate certain pathwayfor particular patients an
subgroups) and setsutothe leel of depth or detailwithin eah part of the model. It therefer
repreents a platfan for idenifying and thinking through potentially feasible and credible model
developmentchoices prior to actual implemrtation. Within thiscontext, the dénition of “what &
relevant?” is guided by the problenri@rted models and therefore remains problem-led, but i
medated by the questiomf “what is feasible? ” giventhe avd ability of existing evidence and model

development resoces(avail able tine, money, expertise ).

Conceptual modelling acity, howeer defined, is diretty related to model credibility and
validaion The absence ofn explicit conceptal model means that a egfic point of model
validaion is bs. As a model cannot include everytgi an implenerted model is ineitably a subge
of the sysem descibed by the problem+dented conceptliamodel. Thé hierachical separation
allows simplificaions and abstractionggresented in the impleented model to becompaed againg
its conceptal counterpart, therebyllawing for debate and justifitan® However, in order to mak
such comparisons, conceptual model development must bet: dgkie absence or incomplet
specificdion of a coneptual model leads to thbre&kdown of coneps of model vhAdaion and
verification. Withou first idenifying and consideing the alteraive choices avaiade, it is
impossible to justify the apprdpteressof any paticuar model. Furtherwithout first seing ou
what is known about the relevant disease aedntent processes, the extent or impaicparticuar
assunptions and simipfications cannot be drawn out explicitly. Therefothe benefitof separating
out coneptual modellingadivity into distinct problem-ened and design4oerted components §
that this #ows the modiker (and other stakeholders) to flgs understand theomplexties of the
sysemthe model irénds to repreant, and then toxamine theextent to which the sinifications and
abstractions eailting from dterndive “hard” model $ructures will deviatédrom this initial vew of
the system. Figure 2 shows the hierarahrelationship betweenhe real world, the poblem- and

design-oiented coreptual models and thenal implenmerted model.

11



Figure 2: A hierarchy of models

Real world

Understanding of parts of real world we
are interested in (problem-oriented)

Systems analysis and design

(design- orlented)
\‘ Implemented 'j Compare

Understand, debafe \hard" model and contrast
and justify exclusions

and simplifications

Practical approachesto conceptual moddlingin HTA

This setion suggeds how conceptual modelling could be undestand which elemrts of model
developmentadivity should be reported. Practical cafesations surrounding conceptual model
development are detad below with reference to a purposkjusimple moel to asess the cost-
effediveness of adjuvanteemerts for a hypothetial cancer area. The considerations are intended
to be broadl genertiseable to economic analyswithin other digases and conditions. It should be
noted that he illustrative model is only ietded to suggest how the #erndive conceptual model
forms may be peseited and used. E€hproblem-siented model s divided into two separae

conceptual model views; a disease process model sand ee pathways model.

Problem-oriented conceptual modelling - disease process models

Figure 3 preents a simple example of a conaggbtdisease proess model for the hypottieal

decision problem. The focus of this type of model is pridbipan relevant disease ens and

processes ratler than on the treatems received. At each point in the patyvthe focusshould

therefore relate to an individual patisntrue underlying state rather than what is known byltheare

professionalsat a particular point irtime. It should be reiterat that this type oftonceptual model
does not impose or imply any niauar decision cooerning moddling methodology or appropret
outcome neasues; it is solely a means of dedging the relevantlimical evernts and procgeswithin

the ystem of interest. It should also be notedtituch coneptual modelsshould be accompaed by

textual descriptions to support their interpretation and to capiy &dors or compmxtieswhich ae

not represeneéddiagrammécdly.
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Figure 3: Illustrative disease process model
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The following non-exhaustive set ofdles andconsidersions nay be useful when developing and

reporting this type of problemrtented conceptal model:

Inclusion/exclusion of disease-related events
 What are the main relevantests from a tinical/patient pespective? Does he conceptual
model include explicit referee to all dinicdly meaningful eerts? For exampgl, could a
patient experierce local relapse? Or could the intenertion affect other dieases €g. lae
secondary miegnancy eallting from iadation therapy used to treat therpary tumou)?
« Can these relevant events be dretised into a sess of mutudly exclusive biologcdly
plawsible Fedth states?Does this make the press easrto explain?
o If so, which meric would be clinically rearingful or most &nically appropriate?
Which discrete statswould be clincdly mearingful? How do tinicians think about
the diease proces? How do pdéients progrss betwen these stats or sequencesfo
ewvens?
o If not, how could the patiets preclinical trajectory be defined?
- Do dterndive staging dssifications exist, andfiso can/should they be peented
simutaneously?
< Are all relevantompetingrisks €g. rebpse or dedt) considered?
< For models of screening or diagnostic inteti@ms, should thesame meric used to dexibe
predinical and pat-diagnostic diessestates?
< Is the braah of the conceptual modetomplee? Does the modelepresent allrelevant state
or possiblesequences of earis ower the relevant géent subgroups lifetief?
« What are he causesof death? When can a patient die from these quiati causs? Can
patientsbe cured? If so, when might this happen and for whichestdbes this apply? Whad i

the prognosis fomidividuals who are cured?
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Impact of the disease on HRQoL and other outcomes
< Is there a relationship tveeen states, esrts and HRQoL? With events are expeed to
impact upon a patit’s HRQoL?
< Does the éxription of the dieasse process cepture searake states in which a patiéat
HRQoL is likely to be diffeent?
« Does the daription of the disease procesgpture dfferent stagsfor prognoss?
Representation of different-risk subgroups
< Isit clear whth compéing eerts are relevantof particular subgroups?
« Does he descriptionof the disease pross represaent a single p@ent group or shouldti
disaiminate between different subgroups of pat@nt
< Are thesestates/esrtslikely to differ by patient suroup?
Impact of the technology on the conceptualised disease process
- Have all compeng technologesrelevant to the decision prashbeen idenfied?
< Canthe conceptal model be usdto explain the impack) of the technology orechologies
under asessnert? Do all technologis under considetibn impact upon he same set of
outcomesin thesame way?
- Are therecompeting theries concerning the impad) of the ecmology upon the desse
process? Carhése be explained using the conceptual model?
« Does he use of the healthretinology esut in any other impacts upon health cornes tha

cannotbe explained using theonceptual dseaseprocessmodel?

Problem-oriented conceptual modeling — service pathways models

Figure 4 presrts an illustrative serge pathways model for the hypotheticadsion problem. th
contras to the déease process model, the focus tbe service pathways model is prindipa
concerned with e hedth care interertions reedved bagd upon what is known or belied by
healthcare pradibnes at any gien point in time. Again, such corepual models should d
accanpanid by textwal desciptions to ensure clarity in their interpretation and to retain any

complexity which is notor cannotbe captured diagrammiecdly.
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Figure4: Illustrative service pathways model

Patient dies during initial adjuvant chemotherapy period
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)
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The following issues and considerationsagnbe useful whn developing and repting this type b

conceptual model:

Relationship between risk factors, prognosis and service pathways

Is it clear where and how petts enter the seree?Is it clear where patients leave the sesvi
(either through dicharge or death)?

Does the model makeearwhich patients follow péicular rouesthrough he sevice?

Are anysavice charges occuring upstram in the diseassevice which may influence the
casanix of patientsat the point of modekrtry? E.g. if surgical tebniques weresibject to
gualty improvement might thishange patient prognosis further dowasaimin the pathway?
Does the model highlight the poteitadverse events eallting from the se of particula
intervertions throughout the pathway? Whate dahese? Do they appl to all compding
technologies undr consideration?

Are there any pettial feedack loopswithin the system e(g. resdion—follow-
up—relape—re-resetion—follow-up)?

Which patents reeive adive treatment and whicheweive suppottive care alone?What

informaion is wsedto deemine this clinical decisiore(. fithess paient choce)?

Distinction between what is true and what is known

How does the pathay change upon detection of the relevatinical ewens, asddinedin the
conceptual disssseprocess model? For example, atyboint may relapse be detted?

Is the occurrece of certain eerts likely to beswbject to interal censoring?

Geographical variations

How do thesavice pathvays represented in the moddikely to vary by geographical locati
or local enthusiass?What ae these diferences and wblh parts of the pathway alikely to
be affeced most?

Nature of resource use

What are the relevanesurce components aciss the pahway and what is thenaure d
resaurce useat eachpoint of intenertion? E.g. routine follow-up dependent on relapse status,
once-only surger (except for cdain rebpsing patients), cycle-based chemod#mgr doses
dependent on certagharacteistics, dosdmitedradiation treatment etc.

Does theconceptual service pathways model include all relevasturcecomponents?

Which resaurces arexpected to be thedy drivers of costs?

Impact of the technology on the service pathway

Which elenens of the conepgual modelwill the intevertion under assesanent impact upon?
E.g. dff erentcosts of adjuvant treatemt, different meantime in fdlow-up, diffeeent numbes

of patierts experierncing metastic relapse®hat are expeetto be he key drivers of cod?
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Box 3 presents iecanmerdations for developing and repiorg problem-oierted conceptual modsl!

Box 3: Recommendationsfor practice— problem-oriented models

(1) Develop thetsucture of the problemrterted coneptual model using clini@ guiddinesand
health proéssionals

(2) Useother health professionals not invetlin model development to provide peeview and
to checkunderstanding of theonceptual models

(3) The pedsegraphical approach for psenting the conegual models is impdant ony in tha
they should beasly understood by health preksionals and other decision stakeholders

(4) For thes&e of claity, it may be beneficial to present the model in botlgrdimmaic and
textual forms using non-technical, non-mathgoalanguage

(5) Develop the problemrierted models beforedeveloping the designfterted model. The

feasibility and aceptability of the designsernted conceptual model should have no bearing

on the adequacy of the problemented coreptual models.

Practical consider ations— design-oriented conceptual models

Figure 5 peents an example of a designested conceptual model for thepothetical decision
problem. Again, note #t this is not intended taepresent he “ided” model but merelyil ustraesthe
geneal approad; there couldbe a number of designrened conepual models that may be
consideed credible and eceptable by those paés using the modelThis type of model drasv
together the problemreerted model viewswith the intetion of providing a platfon for considering
and agedng structural model development decisions. Byowing this general conceptuapproach
it shouldbe possible to identify the anticipd eviderte requirenents for the model aan ealy stag
in model developr.

Anticipaied evidence requireamts to populate the proposétustrative model are likely to include ¢h
following types of inform#on:
- Time-to-event data to deibe sojourntime/event rags and competingrisks in Stags 1-4 for
the current standatdeatment
- Reldive effed edimates for the interertion(s) versuscomparator ¢g. hazard rndos or
independent hazardisne-to-event daif)
« Informaion relating to survial following cure
« HRQoL utilities for cancer and ceol staes
- Edimates ofQALY losses or ulity decrenerts and duration data fadverse events

< Informaion concerning He probability that a relpsed patient undergoes active/palive
treatment
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Suvival and other time-to-event aamesfor relapsed patients
Resouce use and costsssociated vth:
o Chemotherapy (drugaquisition, administration, pharmgy/dispensing, drug to
manageadverseewvens, line insetion)
o Resouceuse and unitags for follow-up
o Suppotive care folleving relage
o Active treatnens following rebpse

It may be helpful to orside the following sswes when developing desigriented conceptual

modesk.

Anticipated evidence requirements

What clinical evidence is likely to be awaie thraugh which to simulate the impact of the
new intenertion(s)? How should these parameters be defined and what altesnaiiv
avdlable?Should independent or proportional hazards mrasd?

Are all relevant interertions andcomparatorscompased within the same rial? If not, is 1
possible for owdomesfrom mutiple tials to be synthesised? Hovill this be doe?

What evidence is reqed to characterse adverse events wthin the model?hat choies are
avdlable?

Beyond the badime and compative effedivenesdaa relating to the technologisdf, what
other outomes data will be equired to populate lie downstream portions of the model (e.g.
progression{free survial and overallsuvival by treatment type for relapsed pats, survival
durdion incured paterts)?

Will any intermedatefinal relationships be modelled? Wltexterral evidence is thereot
support such reteonshipsWhat are the urertaintiesas®ciatedwith this appoach and how
might these be redtted in the model?

Which descriptions fo HRQoL state ar possibé and how Wl these parameterbe
incorporated into the final model?

Will all model parameters béardctly inforned by evidenceor will calibration methodsgg.
Markov ChainMonte Carlo)be requiredWVhich cdibration methods will be esl and why
should these be consiéeoptimal or appropriate?

What pre-modebralysis will be requied to populate the model? Wi parameters are likgl

to require the?
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Figure5: Illustrative design-oriented conceptual model

TTE,

TTE, TTE,

\A

State 1 (Model entry point) \ @te 2 State 4 g’tale 5 (Model exit point) \

Alive, relapse-free, on chemo Alive, relapse-free, in follow-up Alive, post-relapse, active or Dead
(max 6months sojourn) (up to 48 months) supportive care
Chemo & associated costs Follow-up tests/appointment costs Proportion active/palliative tx (P1) Absorbing state
(dependent on sojourn time and TTE , (dependent on sojourn time and TTE 5 Costs active tx and supportive care |TTE 4 No cost of death
compliance) »  compliance) > dependent on P1 and TTE5 in >
AE costs subgroup
HRQoL1 (age-independent) HRQoL1 (age-independent) HRQoL2 for active tx subgroup
QALY loss for AEs QALY loss for AEs due to active tx
HRQoL3 for supportive care
\ / \ / &”bgm“p / \ /
TTE ,
y
State 3 \
Cured

No further health system costs

TTE,

HRQoL1 (return to healthy population

\status) /

TTE =time toewent; AE = adveseevent
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Modelling clinical outcomes

Which outomes are neeéd by the decision-madt and how will tley be egimated by the

model?

How/should tral evidence be drapolated ogr time?

If final outomesare not repoed within the trias, what eviderce is available concerning ¢h
relationship betwen intermedate andfinal outcones?How might this information besed to
inform thearalysis of avidable evidene?

How will the impact(s) of treatment be simulated? Hoi\ this direcly/indirectly influence

costs andhedth outcomes?What alterntive choicesare avaiblde?

Modelling approach

Which methodologial approach ég. state transion, patient-legl simulation) islikely to ke
most appropriate@®/hy?

Is the proposed mdtieg approach efsible given avibable resources for model
developrent?

How does the appach influence the way in which certain parameters are defined?h&/
alternatiesare availablée.g. time-to-event rates or probabilities)?

Does the promed modelling approach influee the level of depgh possible within certai
parts of the model?

Adherence to a health economic reference case

Will the proposed model eet the criteia of the reference caseesific to the decision-
making jurisdiction in wteh the model will be sed? If not, why should the anticipated
deviations beonsidered appropria?

Simplifications and abstractions

Have any relevant evis, costs or owtomes been purposefiy omitted from the propost
model $ructureWhy? For what eason§) may these onssons beconsidered appropria?

Are there any partsf the disease or treatment pathways that have beendegiciitogether?

Why?

What is theexpeded impact of suckxclusion/simplifcaion dedsions?Why?

What are the &y structural simplifcaions? How daes the designHierted model s$ructure

differ from the problem-sented conepual modes? Why should thse deviations be
consideed appropriate or necessaryvhat is the expecatd direction and impact of thes

exclusiomson the modelesilts?
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Box 4:

Recommendationsfor practice— design-oriented conceptual models

The design-oierted conceptual model should be developediatiy prior to the developmen
of the final implenerntation model. It may, however, be ratesl and moidied within an
iteraive procasduing the development of the quiaive model.

Model development involes making a large number of decisions andggmnerts. Not every

decision or judgement made during model development will be ianpoithe key decision$

are likely to be thee whereby the impleerted model clearly deviates from the proble
oriented modelsgg. a partof the system is excluded) ohereby several alternaive choices
exist but none of whih are ckaly superior (i.e. structal uncetainties) These decisiors
should be clearly docusnted and eported.

The saurces of evidence ad to inform model structure anti¢é methods through wbh this
informaion is eliciedshould be clearlyeported.

Where possible, alternative model developnedoices drawn ouat this stage should be lats
tested using the quantitative model to assess their impact upon theresultigl This will not
howe\er always be possible or feasbl

—

b

=S

\U
=

Evidence sourcestoinform conceptual models

A number of potendil evidence sources may be useful for informingatigses of concepal model.

Whilst the evidence requiraamts for any model will ineiwably be brader than that for traditbna

systeméic reviews of clinical effedivenes, the task of obtaining such evidenshould remaina

systeméic, reproducil® process of enqury. Possibt sour@s of evidere to inform conceptua

models include: (1) clinical input; (2) ekisg systemic reviews; (3) clinical guidelines; (4) exisg

efficacy studies; (5) exttng economic evaluations or moslehrd; (6) routhe moritoring saurces.

Table 1 sets outaome pragmtc concerns whiclshoud be borne in mind when using #esevidence

sour@sto inform conceptal model develop@rt.
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Table 1: Rolesand concernsregarding the use of evidenceto inform alter native model structures

Existing economic evaluations/ models

Expert input (including cliniciansand
potentially patients/serviceusers)

Clinical guidelines/ previous
TA guidance/ local treatment
protocols

Empirical clinical studiesand reviews
(e.g. RCTs, cohort studies)

Principal role(s) in conceptual model devel opment

< To gply previowsly devebped model
structure to the auent decision problem
under consideration

< Touse existingecnomic anayses to
highlight key evideoelimitations

« To idertify possilde options for nodel
dewelopment e&dsions

< To idertify relevant teament @mthways

e To inform problemeriented cowreptual
model development

« To scrdinise the credili ty of alterrative
model structues

e Toelucidateuncertainty regarding
geographical variation

< To idertify existing
treament/managemen
pathways

< To highlight gaps in the
existing evidenebase

< To idenify availabe eviderceto
inform relatbnships betwea
intermediate and fial erdpadnts

< To investigate whteviderceis
availabe

I ssues and caveats associated with use

» Existing modelsshould not be relied upon
without cangderabie scrutiry.

< Publication or otar formsof dissemination
of an existing moell does not guarantee
thattheprevious nodel was eitler
appropriate or credible.

< Advances irknowledge may reneran
existing nodel redundant

< There may exish gap between th
decision problem thtthe moatl was
dewelopedto adiress and the ctent
decision-problenunder corsideratbn

« Seek input from mwre tranone health
professonal to capture the sjpgum of
clinical opinion

« Usemultiple expetslocatedin differert
geographical locations

« There exits a tradeoff betweenseekimy
suppott from individuals wih
condderable expetise and standing (ma
not havemuch time ba more
experenceknowledge)and les
expefencedclinicians (may have ore
time to engage buésser knowledge d
evidercebase).

« Health professionalsannot be
completelyobjectively detackd from the
system the mdel intends to rpresent

- May be diffcult to didinguish between
conflict and geographical variations

< Paential conflicts of inerest

« Paential ethical restictions

< Currentpractice may has
evolvedsince publication &
guidarce

e Such evideoesoucesmay
not provide sufficient detail
to inform the curent
decision problem

« Localprotocds may not
reflect geographical
variations between cergs

< Localprotocds ard
guidelines may not &
evidence-ba=d

< There may exisagap
between wht should hgppen
and whatdoesin hgppenin
clinical practice

< Paential reliarce on the awilahili ty of
evidercerather than the structure of
the problem

- Differences between studiesyna
swggest compting theories regading
(a) the rature of the disease press
and(b) the relevaoe of paticular
events. Tksis notaproblem aswch
butshould bedrawnout during
corceptual model dewelopmer.

< Treaments and compafors mgy
reflect hisbrical rather thancurrent o
bestpractice
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Discussion

This paper has set out aew of the model development process one which is ertred
around the concepf uncertainty andchoice. This proces may be bet characteised as a
saies of decisions concerningal) what should be included ithé model, (b) wihat should ke
excluded, and ) how those phenomena that areluded should be corceptudly and
matheméicdly represented. The unavoidable need to make such decisiassintiportart
implicaions for the intempretation ® models as none wil be perfect, but several may
credibe, accepalde or alequate. However, in order for thejudgenents of credibiliy to be
made, the undbing concepual basis of models must be made clear. Only through th
explicit use of conceptal modelscandeviations and sinligications be asssed, debatl ard
agreed. The papthen moeson to propsea generalised approachr the development and
reporting of coneptual models,with partcuar emphasis plad on the diference betwen
problem-sierted and designfterted models. These conceptual model forms are intercelate
but sere different purpees during model developemt. The paper concludes with
disaussion of the poterdl roles of dterndive souces of evidence in informing conceptual

model developrert.
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