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Abstract

This thesis explores how decision makers can make best use of evidence to
inform unavoidable decisions about the appropriate use of resources in health
care. A central aspect of the work is that in addition to decisions directly about
(the funding of) health care technologies it also considers that further research
may be needed to sudbantiate these decisions. Joint decisions about funding
technologies and further research require an appropriate evaluative basis. This
thesis reports such a framewqgrwhichalso identifies the critical assessments
required and, importantly, demonstratdheir feasibility and applicability to
analysts and policymakers. The relevance of this work has been recognised by
key policymakers and has informed the most recent update of the
methodological guidance of the National Institute for Health and Care
Excelence (NICE) in the UK. However, the development of a framework is
necessary but not sufficient for ensuring that best use is nwid®/idenceo

inform these joint decisions. These decisions also require that the evidence
base is appropriately described with uncertainties characterised explicitly. This
thesis compiles a number of examples where standard methadgd have

fallen short andhencemore novel approaches were required. The approaches
used generally aim to: makeest use of availabldata (even if related but not
directly relevant to the decision problem) generat evidencéeoy

appropriately eliciting the judgements of relevant experts. The examples
provide important methodological and applied contributions thamonstrate

both the feasibility and value of ensuring that unavoidable decisions are

informed by the best use of evidence.
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Integrative chapter

This thesis explores hosecisioamakers can make best use of evidence to
inform unavoidable decisions about the appropriate use of resources in health
care. A central aspect of the work is that in addition to decisions directly about
(the funding of) health care technologies it also cdass that further research
may be needed to substantiate these decisions. Joint decisions about funding
technologies and further research require an appropriate evaluative basis. This
thesis reports such a framewowhichalso identifies the critical asssaents
required and, importantly, demonstratde analysts and policymakeits

feasibility and applicability. The relevance of this work has been recognised by
key policymakers and has informed the most recent updatihe

methodological guidance of thdational Institute for Health and Care
Excellence (NICE) in the UK. However, the development of a framework is
necessarybut not sufficient for ensuring that best use of evidence is made to
inform these joint decisions. These decisions also requiretttgaévidence

base is appropriately describgdith all uncertainties characterised explicitly.
This thesis compiles a number of examples where standard methodks
havefallen short andhencemore novel approaches were required. The
approaches used geraly aim to: make best use of availallata (even if
relevantbut not directlyrelatedto the decision problem) ogenerat evidence

by appropriately eliciting the judgements of relevant experts. The examples
provide important methodological and appliedntributions that demonstrate
both the feasibility and value of ensuring that unavoidable decisions are

informed by the best use of evidence.

Whilst theintegrative chaptermimsto lay downtheseprinciplesin a simple
and accessible wagpme of themethodological specificities are given in
footnotes. Note, however, that the papers and monographthe collection
give a detailed account of the complexity of the metbtmjicaldevelopments

underlying this thesis.



Context

Decisionsabout health technépgieslead to(funding)recommendtionsbased
onthe interventionwhichis expected to provide thmost valueto the
population of potential usersissessing value requirtsat the direct health
benefitsof competinginterventionsare considered Inmanyjurisdictions(such
as in the UK)alue alsdncorporatesthe implicationsto healthof the
investmentinterventionsrequire. Health economistassess théealth that
could be achieved if the same level of resouneeng used tdund an
interventionwere used to benefit other patientshis is thehealth opportunity
cog of the investmentequired-? Thetechnologythat is expected to offethe
mosthealth, discounted ofts health opportunity cost constitutesthe best
use of resourcefis costeffective)andshould be recommended for wider use
(i.e.WccepS ROThe less valuable alternativelould thus bel NBeas8Dch
principles have been used policyfor many yearsnamely byNICE in the UK
NICE issued ifgst guidance document in the year 200nhd since therhas
issued 663 recommendatisri419 guidance documents)ithin the technology
appraisaTA)process NICE has also expandedrémit to coverwider
decisionmaking problemsfor example aroundliagnostic technologieand
public healthinterventions Internationally; costeffectiveness is also
commonly usede.g. CADTkh Canad3 PBAGnh Australid and INFARMED in
Portugal).

The role of evidence in decisimaking

To establish ost-effectivenessa single piece of evidenég unlikely tobe
sufficientlyinformative® For example, a singkandomised controlledrial
(RCTdften will not capture the costs antealth benefits of all competing
interventions over a sufficient time framénstead, @idenceon a range of
relevant factorqor parameters)s oftengatheredusing a formal process called
Health Technology Assessment (HPAExamples of the type of information

collected withinHTA includ&:

9 clinical effectiveness,
1 baseline risks (natural history) of disease/condition

1 potential harmfrom the technologies



1 longterm disease progressiarcross a set of relevant health states
and

1 costsandquality of life associated witthose health states.

Wheremultiple studiednform the samefactor, or parameter, there is the
need tosynthesisgor pool)**° this subset of thevidencebase Modelsare
then usedto combine all synthesised data for relevant paramstéere
models define theelationships between different parametets establishthe
cost and health consequences of alternatogmpeting interventiong a
decision analytic modellingamework™®. Specifically,he often complex
models that are developedlow the relevant but variecevidence(on the
parameterdisted aboveto be drawn togetheto establishthe speed of
progression through disease with the alternative treatment optiarsd
determinetime spent in relevant health stateShisoccursin tandem with the
application othealth-related qualityof-life weightsand coss totime spent in

the different health statesallowingcosteffectivenesgso be ascertained

Evidenceat the heart of costeffectiveness analysets, however, often
uncertain Uncertainty stems froomumerous source®ne being thatstudiesin
the evidence baseecruit only a sample of patients (and not the whofghe
population) this source of uncertainty is here referred toiagerential
uncertainty?® Inferentialuncertainties areonventionallydescribed using
distributions and propagateith the modelthrough to costeffectiveness using
Monte Carlo simulation method$n a process called probabilistic sensitivity
analysigPSAY, reflecting arinherently Bayesian view of uncertaifty There
are, however, othercausesf uncertaintysuch asstructuraluncertainties
underlyingmethodological choices and judgements made when gathexm
modelling the evidenceandtemporaluncertainty, whenthe timeframe to
which the evidence relates is limitedRecent research hasitlined howthese
other sources of uncertaintyan beappropriately considexdin cost

effectiveness analyse$®

Uncertainty andhe value of further research

Where complex models are defined, unbiased assessmeiie &fxpected

costs and effectsequire that uncertainty is consided ?® Butinferential,



structural and temporalincertainiesalsomean thatthe value of the
technologiess itself uncertainHence, there may be uncertainty ovehether
the particulartechnology identified for approvas, in fact,best And, if the
value of ampproved technologys not realised in practiceresources are
wasted?®?’ The magnitude opotential lossegor the cost of uncertainty}an
be quantifiedusingwell-knownextensions of the analyses of uncertainty
typically equired for costeffectivenesscalledexpected value of information
(EVDanalyses®?3! Furtherresearchcan be considered to offer value i§it
costs are less than the casif the uncertainty it aims to reducdn terms of
policy, alongsidadoption or rejection, decisiemakersthus ought to consider
whetherappropriately designed researisworthwhile conducting with the
purpose ofreviewing the original decisiomnce itsresultsbecome

available®*32

Considering research alongsiehnologyadoption is becoming even more
relevant in the current policy contexvhere the provision o SEFANS N | 0 O0Saa (2
new (and promising) medicines is being incentivised éelgptive pathways
process byhe European Medicines Ageritandaccelerated access review in
the UK®). Earlier accesseansa less developed evidentase at the point of
launch,which determine the need fopostmarketingclinical researci®
Moreover,as in the UKmany jurisdictionsvidened the scope aflecision
processes tanclude technologiesuch asliagnostics, medical devices and
public health or social care interventio(@-dependent technology process is
Australid’, and the Diagnostic Assessment Review process in tff Ukese
interventions are not required to demonstrate effectivendssregulatory
purposes, and are thus likely to have a less developed evidencehzase
medicines® Finally,recent policy actions are increasingly considering the use
of real world data to support decisiemakingg for examplejn 2016 the new
Cancer Drugs Furid the UK® establishe that cancer drugs for which
significant clinical uncertainties remain can still be fundad only under an
agreed concomitant data collection programmwich mayinvolve

observational data collected through the Systemic Atdincer Therapy

Dataset (SACH)
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Joint research and adoption decisions

Inthe UKp L / PA®@ceskas offeredsince inceptionathird policy option

I £ 2y ZhécdpR S | P RQr#ediibnerslidyithaise ofa particular

technology mly within a specific programme of researohWh yt @8 Ay NBaSIF NOKQX
OIR).The firstof suchrecommendatios was issuedn the year 2000and up to

200424% ofallrecommendations issuedere OIR(13/54). Sincethe use of

this policy option has diminisid: between 2005 and 2008nly 4.6%were OIR

(8/171), between 2010 and 201there werel.7%(4/234)and, finally, in 2015

and up to November 2016 no OIR guidance was issued despite 11

recommendationdeingmade®

Given thatdrugsare oftenpriced close to their valubase price” where
uncertainty is most significan@IR recommendations afiely being

underused A potential reasoffor thisis thatdecisionmaking committees are

not beingpresented withadequate information orthe need forfurther

research Besides costffectivenessNICEequiresthat probabilistic (PSAgnd
deterministic sensitivity anades (DSAgre conductedbut not EVI analysé$.

PSA establishes the level of support of the eviddpoeparameterised,
inferentialuncertainties)for each ofthe technologies (i.e. probability of each
being costeffective)'”*> DSA establisgtsthe influence of uncertainties that

have not been parameterised (and have thus been excluded from the PSA) on
expected ost-effectivenessWhilst PSA and DSganusefullyA Yy F 2 N W R2 LIIA 2y Q
'y R WNEB 2 S Ofithey sfedinsificGett lodldte2nying whether further
research is worthwhile for whichsaessmergof the consequences of

uncertainty(EVI analysigre required

Perhapgealising thathe assessments presented to decisimakers are by
themselves, insufficient to inforgoint research and adoption decisiofign
2010NICHiaised withthe Medical Research Courttlcommission

methodological research on this topic. Ttesearchwas published in 2012 and

is included in the collection of papers for this theg§aperl). It established

the principlesof joint research and adoption decisiondichhave since been
AYyO2NL1lJ2 NI G§SR Ay .Butheredarchvalsd derRiaed helzd R S
specificassessmentaeeded, and how they should be conducted, and

unequivocally demonstrated their applicability iragtice.However the NICEs

11



methods guidehas not incorporated this specific infromatipandthus the
set ofanalyses presented to committswere (and stilare) inadequate to
inform joint decisions about adoption and resear¢he resultsof the research

are summarised next.

A framework for nforming policy decisions under uncertainty

Paper 1 in the collectioestablishathe principles and assessmem&juiredto
inform recommendations on the use of health care technologi@ssidering
the possibility of also recommendimgppropriately designed programraef
accompanyingesearch.The framework proposedllows fortwo policy
options in additionto Hccepfand YejectQthe abovementionedIR option,

that restricts the use of new technology to those patients who are involved in

GKS NBaSINOKZI |yR |y WYdptighihaRa@drobesthe § K wSa St NOK

technology for widespread use on the conditithrat additional evidence to
support its use is collectei Theframeworkis basedon an explicit
guartification of the value othe alternative policy optionscoherent withthe
principles ofdecisionmakingin health care particularly those sedut by NICE
Key elementsincludeassessments of the value of treatmentssing cost
effectiveness analysdbat already form the basis of the evidence presenited
NICE appraisalsand d the value of future researciising EVI analysgwhich
is currently not specified by NICE but for which there is ahady ofmethods

and appliediterature.?®3*

Toestablish the value dhe alternative policy optionadditional
considerationsare, however,required.Firstly,it is important torecognisehat
researchtakes time to completeBefore the required further research data is
available individuals subjected to thiaitial, uncertain, treatment decision
face the consequences of uncertainlyis onlyafter new researchdata
become availableanda review of theanitial decision is madehat future
cohortsareable to benefit from the researcldence, o establish the value of
OIR/AWR policieshere needs to besome judgementadeon the expected
time for research to reportand some consideratioof the possibility it does

not report “®. Additionally, theframework recogrses that the value of the

12



treatments and/or of the research may be affected by other changes occurring
over time, for examplea comparator becoming offatent and its price

reduced another piece of related research reportingthe emergence of new
techmologies that might make existing ones obsolefdso,if the further
researchneededis comparativeit is important to considethose patientsthat

will lose out byreceivinga technology expected to be less valuable. Finally, the

costs of conducting theesearchshouldalsobe considered.

Based on the above, assessments of the value of the four alternative policy
optionst accept reject, OIRRNdAWR can be establishedror atechnology
expected to be costffective an AWR decisiooould beanticipatedto be

more valuable than an OIR decisi@&utthe work identified two circumstances

in whichOIRcould become more valuahl&he firstiswhen research is not
possible with approval, which may depend, in part, on wther the type of
evidence requird hasanexperimental design; for example, more precise
estimates of relative treatment effect are likely to require an RCT to avoid
selection bias, but this is unlikely to be possible once a technology is approved
for widespread use. In this case, it mag worth delayingwidespread approval
under an OIR policy, even if the technology is expected tmbeeffective.

The seconaircumstance in which OIR, or even rejent should be considered

for a costeffective technologys whereimplementing approval commnst

resources that cannot be recovered if guidance changes at a latertate.

¢t KSAaS WA NNS Co2idhé bhbital expendiareidin @qipment or
facilities addtional resources required to implement guidance or to train staff

to use a new health technologg NJ | LJS NA 2 RrirecbverdddleSdstd/ A y 3 Q ®
may be related to the fact thahost new technologies impose initial per

patient treatment costs thaexceed the immediate health benefits and are

offset only in the longer run, and thus may be seen as irrecoverable if guidance

changes before the initial losses are compensated by later gains.

To facilitatethe use of the frameworlkRaperl develops list of assessments

that guide analysesral targetdecisionmakS NE Q O2 y.dtkRBaNg (G A 2 y &

been structured into &hecklist(reproduced in Box)1 Answers to each item

OW, SaQ 2N Wb2Q0 ONBI (S | iediidBpproptiafe G KIF G OA L
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policy optionfor a particular decisionrpblem (i.e. OIR, AWR, Approve, or

Reject)

Box1: Assessment Checklist fooverage decisions conditional on evidence collection
(OIR, AWR, Approve, or RejegPaper 1 in the collection

1 Is it costeffective?

2 Are there significant irrecoverabt®sts?

3 Does more research seem worthwhile?

4 |s the research possible with approval?

5 Will other sources of uncertainty resolve over time?
6 Are the benefits of research greater than the costs?
7 Are the benefits of approval greater than the costs?

Theapplicability of theseritical assessmenis demonstratedin Paperl using

a series of case studies, one of which is presented belonore detail

Demonstration of the frameworkclopidogrel case study

This case studgoncerns the management of patients with n8Fsegment
elevation acute coronary syndromes presenting with a moderate to high risk of
ischemic eventsThe use oflopidogrel in this indicatiomvas appraised by
NICHTAS8O0 ir2004), resulting in positive guidance on its use as anraijto
standard therapy (aspirin alone). Further research was also recommended to

inform the optimal treatment duration.

For the purpose of this case study, we take the position of the reimbursement
agency at the time of this initial appraisalt consiler dfferent durations of
clopidogrel useranging from 1 month to 12 month3o establish cost
effectivenessa decision analytic model considerefeets on mortalityandon

the occurrence ohon-fatal myocardial infarctions (MIdResults showed that
twelve month$§ireatmentwith clopidogrelwas the regimen expected to be
costeffective (he incremental coseffectiveness ratio walelow £20,000 per
Quality Adjusted Life YedALY)Considering the potential population of

users (60,000 patients per y&3, it was estimated thathe National Health
ServicgNHS)n the UKcould gain at least 14,786 QALYs (or approximately

14



£300 million)by changing its guidance to consider 12 months clopidogrel

instead of NHS standard care over the technology time hottZassumed to

be 10 years)dopidogrelwas thus deemedosteffective, which completes the

FANRG FaasSaavySyid 27F (kST HINNVIBRAKNQT 6. YRR A Y i

Box2: Assessment Checklist fooverage decisions conditional on evidence collection
[Claxton 2012]

1 Is it costeffective? Yes
2 Are there significant irrecoverable costs? No

3 Does more research seem worthwhile? Yes
4 |s the research possibldth approval? No

5 Will other sources of uncertainty resolve over time? Yes
6 Are the benefits of research greater than the costs? Yes
7 Are the benefits of approval greater than the costs? Yes

Policy recommendation| Approve

Analyses also determirthat, although treatment with clopidogrel initialljas
negativenet health effectghat are irrecoverable, these should not be

regarded as significayds the treatment decision for a presenting patient is
irreversible in relevant time framgsesults na presented here)This settles

0KS aSO2yR FaasSaavYSyid 6Wt2AyGuY | NB

[@=N
A
w
Z
&

with a judgement thatrrecoverable costare insignificantin this case study

¢CKS GKANR FaasSaavySyl o Wt@2ANIIK ¢oKYA {52KSa0 Y 2 NB
requires a more ifdepth consideration of the uncertainty and its sourcéke

implications ofparameterised uncertaintiefor decision uncertainty suggest

that approving clopidogrel for 12 mondh@sehas a 0.5 chance of being

incorrect. The consequences dhis level ofdecision uncertaintygssociated

with parameterised uncertainties) wesalued at5,194QALY (or 803.9

'This estimate is based on the casffectiveness decision analyticodel. It is
expressed in netealth’, and hence cosiders expected health opportunity costs (here
valued at 1 QALY per £20,000).

" This was informed by PSA, where parameterised uncertainties (comnnéeigntial

in nature) were made explicit using statistical distributions, and Monte Carlo sampling
undertaken to evaluate uncertainty over net health effects (N ﬁ%ﬁblis allows

recording the proportion of simulations in which each intervention offers greater NHEs
¢ which is interpreted as the probability of a particular intervention being-cost
effective.

15
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million)", which exceeds the likely costs of further reseaffdie parameter
whose uncertainty is associated with the most consequences was relative

effectiveness of clopidogrel on overall mortality.

Sructural (not parameterised$ources of uncertainty weralsoconsidered A
source of structural uncertaintyas irfformed by gposthocanalysis of the
RCTY®, whichsuggested thathe relative benefits of treatmenwith clopidogrel
may behighest within the first 3 months of treatmenf\scenariowas thus
analysedconsideringaninteractionbetween the relative treatment effect of
clopidogrel and the duration of use Although themain analysisvas regarded
as more credible by the Appraisal Committee at NtkidEEscenario
neverthelessariied some weight Thus the consequences of this additional
source of uncertaintyvere quantified” Whenboth scenarios arassumed
equally crediblethe betweenscenario uncertaintys valued aB5 QALYSs,

which questiosthe need for further research to resolve this uncertainty.

Most of what might be gained from further evidenadthin this case studwas
associated with the parameters (namely relative effectiveness on overall

mortality), with the value of researchxceedng the likely costs of conducting

To ascertain the consequencesdafcision uncertainty, PSA was extended into EVI

analysis’¢ KSaS Fylfeada aaryvLXe dzas GKS RAFTFSNBYyOS

clopidogrel and the option associated with greatest NHE for tlaatigular simulation.
For the clopidogrel case study, most commonly (52.4%) there were no consequences

0SOlFdzaS mMH Y2y (GKaQ GNBFGYSyld 6AGK Of 2LIAR2INST

there is a greater chance of relatively small consequences off 8086 are below
Mmansnannn v![,a0X 6KAOK 200dzNJ LINBR2YAY L yGft e
the highest NHE (18% chance). There is a small chance of much larger consequences (<
5% chance that they are above 30,000 QALYS). These occur only wheardtdhib

treatment offers the highest NHE. The expected consequence of uncertainty (5194
QALYSs) is simply the average over this distribution. It can be interpreted as an estimate
of the population NHE that could be gained over the time horizon of this ol if

the uncertainty about treatment and its duration could be immediately resolved.

" Analyses supporting this conclusion are a form of EVI that considers the impacts of
resolving uncertainty over particular parameters of the decision mogerameter
EVH’ (further detail in pages 694 of Paper 1).

YWhere more than one scenario might be regarded as credible there will be
uncertaintybetweenas well asvithin each of the scenarios. For the appraisal of
clopidogrel, the alternative assumption made longer durations of clopidogrel less cost
effective and reduced the expected consequences of uncertainty from 5,195 QALY to
3,969 QALYs.

¥ That is, what might be dgzed if evidence could immediately distinguish which

6KSY

A0SYFNR2 ¢l a WiNHZSQ0d aSiK2RE T28knhriczl yiATeAy3

uncertainty were developed within this work (reportedAppendix 11of Paper 1).
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the researchTherefore a judgement at this point that more research might be

G2NIKgKAETS aSSya NBIazyloftS oWt2Ayld oY 52Sa
g 2 NIi K g RéséaRhvad havever, not considered possible with approval

(poy & nY WwWL& GKS NBASI| beaysalel®dypedN 6 S oA G K | LILINE
experimental design needdd provide more precise estimates of the relative

effects of clopidogreis unlikely to be possible if treatment is already approved

for widespread NHS use.

An assessment ofgint 5in the checklist@2 Af £ 2 0KSNJ a2dz2NOSa&a 2F dzyOS
NBazft oS Adarfifed thakclofdodglel was to become gftent 7

years on from the appraisal and likely to see its price reduced. A price

reduction meanglopidogrelbecomes more costffective, the consequences

of uncertainty less pronounced and research less valuable.

At this point in the checklistpotential policy responsesa¥W! LILINE S Q 2 NJ WhLwQ
(not shown here)Analyses indicate that, the researchreports bdore year 3,

the initial losses caused by restricting access to clopidogrel are offset by the
potential gains from the research findings. But, if it reports later than 3 years,
an unconditionabpprowal would be more appropriaté/hen considering the
possbility of research not reportinga lowertime-to-reporting period is
requiredto make an OIR policy valuabkeor example, when there &75%

chance ofesearchreporting, OIR should only be considered if research reports
within 1 year otherwiseunrestrictedapprowal is bes{(for a graphical display of
this information, consulfigure21 inPaper1). In the case of clopidogrel, it
seems unlikely that the type of research required could report quickly enough
therefore the benefits of approval ajadgedto exceed the opportunity costs
(Point 7 in the checklist) | Y R YsimbikhhBrap$a(Box 2)

This case study demonstrates the analyses needed to infi@cisiormaking,
and Paperl suggesteiumerous new graphical displagysat help communicate
findings and facilitat¢he judgements neededt demonstrates that the
checklist developed is an extremely useful tool to guide assessments and

inform policy decisions.

17



Appropriate description ofinferential uncertainties

The previous work demonstrates that policy responsesmprovaland
research can be adequately informed whexisting uncertaintieare

identified and appropriatelycharacterisedBut the evidencdasecanbe
limited in ways that are nogasily describedFor examplewhereevidenceis
absent on one particular comparator of intereguantitative descriptions of
its effectiveness cannot be produced. &idencemayexistbut show
significant heterogeneity (estimated effects of the intervention difigracross
studies beyond what would be expected by chafice&udies mayalsobe
flawed in their designrad there may be the potential for estimates drawn to
be biased, but the extent of bias unknowkinally, &isting evidence magven

not be entirely relevant for the population or setting of interest.

There is a lack of specific guidance for these sitaatiwithin current
processesand standard methods appear to fall shdithen evidence is
absent on a particular comparatdgr examplethis comparator is often
excluded leavingdecisionmakers to ascertain any implicationgialitatively.
When the evidege base is heterogeneophe extentto which heterogeneity

affects adoption and research decisions is often unexplored

Thoughtful and novel approaches to desaripuncertainties are thus required
particularly where the evidence base preselimsitations. Thisthesispresents
the development obtrategiesto better use available data two contexts
(detailed further in the next subsectiongl) where there is significant

heterogeneityin the evidence base, ar@)where thesharing of informéon

across relevant data can better infordecisionmaking. It uses the following as

case studies

1 Paper 2n the collection evaluated the clinical and ceftectiveness
of IntravVenousimmunoGlobulin (IVIG) in severe sepsis, to establish
whether or not an RCTis necessary and feasible, and whether or not
the costs of carrying owin RCTare outweighed by the potential
benefit of the resulting information. The contribution of this paper

relates to indepth analyses of the implications loéterogeneityto
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decisions on the use of IVIG and on the needdod value offurther
research

1 Paper Jelates to the clinical effectiveness @fmedical device
NegativePressureWound Therapy (NPWT)ntreating severe pressure
ulcers. NPWT is a relatively expengieatment used widelyand
claimed to speedvoundhealing and reduce infection rates. However,
the evidencebase supportingheseclaims is sparse. The contribution
of this paper concerns the development of methods, particularly

challengingundersparseness, to exploteeterogeneityandto share

informationwith related evidencdédraw on similaritiesjvhendata on
a particular comparator is uninformative

1 Paper 4eportsatechnology appraisalonductedfor NICE. It focused
on appraising the efféveness and costffectiveness ofumour
NecrosisH OG 2 NJ h A yTKPs)fdtr dixddadidylcarthrifis] an
inflammatory rheumatologic disease. Thisrk developed methods

for the sharing of informatiorio best describe the policy problem

where compex relationships exist between evidence sources

These examples provide important methodological and applied contributions
to demonstrating both the feasibility and value of ensuring that unavoidable

decisions are informed by the best use of evidence.

Heterogeneity

Where multiple studiegvestigate the samparametertheir findingswill

inevitably differ.These differences may mean that the effects of the
intervention will differ across studies beyond what would be expected by
chance along thisisofSy (1 SN SR WK Gete®deBeidyBay@sulli & Q
from clinical variation in importantreatment effect modifiers, variation in the

way effects have been measuregor bias> Where teterogeneityis detected,

its levelis onlyof concernif decisions arsensitiveto it. In this casemore
stringentcriteriacan be usedo selectstudies(in the review of the literature)

but this maylead torelevantevidencebeingexcluded For examplein the

context of anetwork metaanalysigNMA)where evidence on multiple
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treatments is synthesised togeth@rstricter criteriamaymeanno evidence

remairsfor one (or more)f the treatments of interest

To avoid excluding relevant evidentés oftennecessaryo work with a
heterogeneousvidencebase.If thereis asufficientnumber ofstudies
heterogeneity can be described statisticalyparticular methodology isften
considered; the randomeffects modef®*® ¢ whichextricatesthe additional
variation due to heterogeneitfrom the expeced variation due to chance
Such a modehowever subsumeseterogeneity as additional uncertainty
(through the predictive distributiot?), butleaves itunexplained Thismakesit
difficult for policymakers to interpredecisionuncertaintyand consider the

implications of heterogeneitfor decisions about adoption and reseh.*

Issues regardinghe use of random effects modedseillustrated in Paper2 of
the collection In this example, the evidendmseon the effectiveness ofVIG
on alkcause mortalitywas characterised bsignificant heterogeneitywith
previous metaanalyses ancludngthat more evidencavas requiredn the
form of a large, weltonducted, RCThe work in Pape2 started by examining
the potential causes ahe considerableheterogeneityin the RCT evidente
and identifieda number ofpossiblescenarioghat considerednot only
measures of study quality but alsodose andduration of IVIG therapyThere
wasno clear clinical rationalr the impact of dose and duration on the
effectiveness of IVI@xposng a lack of evidencéor understandingts
mechanism baction in severe sepsisTheimplicationsof eachscenarioon
costeffectivenesavere further explore'. The resultshowthat any
conclusions regarding the cesffectiveness of IVI&ere highly sensitive to
the choice ofcenario The most favourablestimateof the incremental cost

effectiveness ratig€16,177) was obtained using a randeffiects modelln

Vi

A Bayesian network metanalysis wasised to synthesise the effectiveness data. A
formal selection process was designed and implemented to identify the key covariates
(and combinations of covariateskxplaining heterogeneity and to adjust for potential
confounding. For further details on nfeids see Paper 2, page 17 of the full refort

or the accompanying publicatiéh

" A e novo costeffectiveness model was developed, and the literature carefully
examined to inform the structure of the model and the values of paraméters
Analyses of two sources of primary data were required, which identified further
sources of heterogeneity in shednd longterm outcomes (see paper 2 or full rep?)]rt
for further details).
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the least favourable scenariv1G appeard dominated when a randoreffects
modelwasused with an adjustment for publication bidsVIanalysis was
conducted, andacross thenajority of scenarios a study collecting data on the
relative effectiveness of IVIG appeared the most efficient research design to
invest in. However, results on the value of conducting such reseazoh
sensitiveto the clinical effectiveness model usdgecausehere wasno clear
clinical rationaldfor the different scenariosand despitethe need for a further
RCT, designing this studias deemed:omplex when uncertainties at this level
exised. The research tearhencerecommencd that furtherresearch focees

on filling themechanisticknowledge gaps prior ta multicentre RCT

Thisexampleillustratesthat merely describing heterogeneitsan misguide
decisionsin the case study, had a randesffects model been adopted
without further consideration for the sources of uncertaintyfurther RCT
would have been recommendeaiithout acknowledging important design
issuesandthusvaluable resourcewould have beemotentially wastel in an
inappropriatelydesigned studyinstead.,it is important to make théest use of
the available datdy attemptingto ascertainthe sources of heterogeneignd

consideingthese indetermining appropriatepolicyresponses

In theexample describedbove, heterogeneitgould be examined analytically.
There are othecases howeverwhere theremay beevidence okources of
clinical or methodologicaldierogeneity(e.g. differences in theharacteristics

of the patients included across triatsr in thedesign of the stuigs) but its
implicationsare difficult to explorestatisticallybecausehe evidence base is
sparse A sparse evidendease refers ta small number of eventseing
reportedfor one or more comparisontsecause, for example, few individuals
are recruited orthe follow-up timeis short In general, small RCTs have the
potential to be more heterogeneous in their design, as well as less detailed in

their reporting. Additionally, small sample populations aihigher risk of

XEVI analyses were undertaken (see Papgein2juding EVPPI and expected value of
sampling information analyses, EVSI. The EVSI typically requires two nested simulation
procedures. The decision model implemented here, however, applied relative
treatment effects to short term benefits only (structd as a decision tree) and hence
longterm outcomes did not depend on the treatment received. Because of this, we
were able to avoid simulation for one of the two nested expectations. Further details
are reported in Appendix 5 (page 140) of the full retB]dlhat led to Paper 2.
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being unrepresentative though poor reporting can make this difficult to
assessAlthough it ismportantto evaluate the extent of heterogenefty
sparse datanaylimit investigationsFor examje, the number of studies in
each particular comparison may be insufficient to allowsiatistical
heterogenéty to be described and exploreth whichcase heterogeneity

cannot be easily distinguished from the effects of the treatments themselves.

Where dataare sparse, song assumptions are normally required to enable
modelling and estimation, but at the same time thessumptionsare difficult
to test. Frstly, it may not be possible to evaluate alternative model
specificationsand secondly, undesparseness, uncertainty will b@rgeand
statistically significant results are unlikéfyln this contextNMAmayoffer
some advantages compared with standard matelytic approaches as
strength may be borrowedcross the entire network through indirect

evidence and the sharing of parameters across trials and/or treatrfients

A relevantexampleof a sparse evidendeasesupporting @ NMAIis presented
in Paper3. In this applicationdifferent studiesrecruited individuals with
different grades of ulcers, a measure of severitgnown toaffect healingSome
studies recruited only less severaseqwith grade 3 ulcers)pthers only more
severecaseqgrade 4 ulcersland other studies recruited a mix pétients
with someof thesereporting subgroup outcome estimat¢seeFgurel in
Paper3 for the network diagramsYhis raised the need to explovehether
grade couldact asa treatment effects modifieri.e.be a source of
heterogeneity.In our analys, an initial modelling framework waeveloped

in whichboth baseline hazards and treatment effects were modified by grade.

* A Bayesian NMA model was developed, specifying a binomial likdlfoothe

number of healed patients in each (sub)group, and a cloglog link for the probability
parameter, allowing for the observed proportions of participants healed to be a
function of duration of followmup. For RCTs reporting outcomes gradespecific
(sub)sample(s) of participantthe loghazards of healing were regressed linearly on
indicator variables for ulcer grade, treatments and on an interaction term between
these. The baseline ldgazard for grade 3 ulcers was left unconstrained. The
outcomesobserved in studies reporting outcomes on a mixgdde sample of

patients (five RCTs) were expressed as a function of the proportion recruited from
each grade (observed or imputed using a hierarchicaldi®temial model) and of the
gradespecific loghazard parameters, although the latter quantities were not observed
within this subset of trials. This means the information was shared across the two sets
of trials.
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This approaclallowedthe available data from RCiisbe fully utilised Results
demonstrated that grade determines the absolute hazard of healingt lvveis
less clear whether it modifiethe effectiveness of treatmenGiven the sparse
data, not obtaining a statistidglsignificant result fothe effect of grade on
treatment effectwasnot surprisinghowever, it male the relevanceof the
findingsunclear.As an alternative, a simpler modelling approach was
implementedthat did not include grade of ulcer as a treatment effect
modifier, but wherethe effect of grade of ulceon baseline hazard of healing
wasembedded in thestudy-level baseline hazards.Results showed thahe

data fitted betterin this simpler model”

This example illustrates thaxploring heterogeneitysinga sparse evidence
basecan bedifficult as, o the onehand, results must reasonably reflect the
uncertainties that are shown in the dakat, on theother hand analysasare
based on difficulto-verify assumptions owing to the lack mbust data.ln
this situation, mvelapproachedor poolng the evidencaeed to beexplored
and Paper3 of the collectiorillustratessuch aframework where the potential

implications of treatment effect modifiers are made explicit

Sharing of information

Where the evidencéase is limited there are ways to impose a levedladring
of informationbetween relateddatawhich could address tlselimitations. For
example, evidence on one or more endpoints could be used to strengthen
inferencesaboutothers through, for examplemultivariate meta
analyse®®9, or surrogacy relationshipssedto strengthen inferences over
final endpoing®®. Actually, the abovementioned exampleRaper3 already

imposed a level of informatiorsharing,with the effect of ucer grade on

“The model is analogous to the previous one. However, given grade was here not
exploredas a treatment effect modifier, subgrotgpecific outcome data was not used.
Instead the healing events observed within each treatment group were modelled, with
baseline healing rates left unconstrained to embed heterogeneity. Additionally,
alternative mockls were implemented that tested assumptions madietails are

outlined in Table 4 and Section 4.2 of Paper 3. We also tested the inclusion of
observational data to strengthen inferences on the effect of ulcer grade on the
baseline, and of elicited data strengthen inferences over treatment effects.

“This suggests that either the effect of grade was misspecified in the initial
framework, or that the existing heterogeneity was not fully explained by grade.
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effectivenesdeingassumedequalacross treatmentsThese methods have
broadapplication yet they haveonly beenseldomapplied within HTAlnstead
evidence is typically either completely excluded or considered perfectly
generalisable dading to poor characterisation of the available evidersrel

of the existinguncertainties.

Thefirst situation analysed within this thesis concerns the case where
treatmentswithin a classre expected to have similar (but not equal)
effectivenessanddecisioamakersrequire a formal exploration dhe
implications ofsuchsimilarities® In Paper4, effectivenessvidence did not
demonstrate ag particular antiTNRreatmentfor AS to be more effective
than another.Analyses firstly adopted the standard approaehere
treatment effectsare assumedhdependent (or different) across treatments
To explore alternative assumptions and best infatetisionmaking, ynthesis
models werethen extended(Chapter5 inPaper4) by consideingcommon
(equal) treatment effectacross antTNFsand, alternatively} WOt | &%
representing an assumption of similarity within the cl@ga a random effects
distribution)" These analyseshow that, in line with the published evidence,
the different treatmentshave a similar effectiveness in A$iowever, unless
we believe this assumption to hoANDthe trials to be homogeneous in
design and in the populations included, adopting a messuming equal
effectiveness across treatmenigould misrepresent uncertainty. The class
effect model fits thedata equally well to the common effect model, and may

lead to more appropriate descriptions of uncertairity

“I'The abovementioned models are identifiedrasdelling approach A Paper 4.
“Results have shown théte model considering a common effect for all amtiFs
shows a better fit than the one estimating a different effect for each-ainF.

“There are several summaries that can be derived from a class effect model, each
with different implications for decision makir?&.A single effect for the class of
treatments can be derived using the mean of the random effect distribution, with
uncertainty reflectingoetweentreatmentdifferences Alternatively, the predictive
distribution @n be used, with uncertainty reflecting both betweemnd within
treatment differences. Hence the predictive distribution is here judged a more
relevant summary of the overall effectiveness of the class. Bpggific estimates can
also be retrieved from alasseffect model (shrunken estimates, Table 70 in Paper 5);
these borrow strength from the common class effect and estimates are shrunken
towards its mean.
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Paper 3 describeanotherSE | YLX S 2F GKS | LI AQFGA2Yy 27
where the effectiveness diPWT and 11 relevant comparatdb®longing to a

common class of dressingsas analysed. In this example, however, the

application of the class effect served a different purpossaBise most links in

the network were informed by a single study and the number of healing events

in some trials s small or zero, it was not possible to obtain inferences on one

of the comparators, a foam dressing. This would have precluded the inclusion

of this treatment as a comparator in the cesffectiveness study. To overcome
thislimitation of the evidence 2 S = I WOt hghia us&ld e Q 6 a
the differences between the effectiveness of the alternative dressiBygs.

sharing informatiorin this wayan estimate of the effectiveness of foanas

obtained encompasignot only the vague information from its trial reporting

zero events in each arrbut also considengthat the effectiveness of foarns

expected to be within the spectrum of values observed across the ¥ass.

The second situatioanalysed in this thesishere informationsharingis
relevant iswhere the evidencdase is compleandstandard methods of
synthesis inadequately represent the decision probfénfror example,
separateanalyses of multiple outcomes reported in triatsy not lead to
appropriate evaludbns ofthe parameter inputs required fan economic
model’ Three related facets of this issue were addresse@dper4 in the
collection.The first relates totlte main outcomea scoreof disease activity
(the Bath Ankylosing Spondylitis Disease Activity IndeBASDAIthat has
been differentiallyreported across trialsising twostatistics the absolute
change irthe scoresfrom baselineandthe proportion of individuals that
present a50% change in score in relation to base((BASDAI 50While ®me
trials reported bothstatistics, others reported only onBothof these
measuresvere, however relevant to the decisioproblem asa nonresponse
to BASDAI 5@ads todiscontinwation of treatment, and Bsolute changes in
the scoreswere usedto determine the magnitude ahitial response to

treatment and to extrapolat¢he effectsof treatment Given that these

Xvi

In this case study, the primary aim of the class effect used was to obtain an estimate
for a particular treatment with uninformative data. Shrunken estimates were thus
further used to inform the decision model.
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outcomeswere both central to informing the decision modeln@odel for the
synthesisvas developedhat formally expressed BASDAI 50 as a function of
the absolutechange in BASDAL. This required a multiparameter specification
of the synthesis model to allow evidence on different functions of parameters
to be used appropriatel§f . In this way, inferencesanbe informed by

evidence on both outcomeand all studies in the evidence base could be

included™"

The secondfacet relates to the fact thaany of the trials also report

treatment effects over another outcome of treatment, tH&ASFI (Bath
Ankylosing Spondylitis Functional Index), a measure of functitier than
diseaseactivity. In the economic modelhie BASFRvasused together with
BASDAI score to determine the letegm QALY and cost burden of the disease.
Treatments improving symptoms are expected to affect both disease activity
and function andparticularly given the need to model these two outcomes
together in the decision modei Paper4 the synthesisvasalsoextendedto
considemotential correlations betweeeffects oveiBASDAI anBASFI

scored”™. Results show that estimates on BASDAI treatment effects are more

precise, reflecting suppofor inferences from the data on BASFI; the

XVii

This is referred to asmodelling approachB inPaper 4 Inference was Bayesian. Data

on the mean change in BASDAI score from baseline was assumed to have a Normal
likelihood, and treatment effects were specified as differences in change scores across
treatments. The likelihood for the BASDAI B@adwas assumed Binomial. The

probability parameter of this distribution was then related to the change score using
the BASDAI score at baseline (assumed correlated with the change score using a
bivariate normal distribution). The correlation parameter vessimated separately for
placebo and antTNF treatment. A class effect was assumed across treatments. See
Appendix 12 in Paper 4 for a fuller description of methods.

“IThe class effect of anfiNFs on change score was evaluated as slightly higher after
the inclusion of BASDAI50 data in comparison to modelling approach A. Modelling
approach B also returns more precise estimates of the pooled change score. This
modelling approach, besides synthesising absolute change scores across a wider set of
trials, can also be used to evaluate BASDAI 50 response for a specific baseline BASDAI
score and change score in the placebo arm.

**This was referred to amodelling approacl€in Paper 4 It extends modelling

approach B to include data on mean change in BASF,stescribed using a Normal
likelihood. As with BASDAI, treatment effects over BASFI were specified as differences
in change scores across treatments. Treatment effects on BASFI were modelled as
correlated to those on BASDAI across trislsig a multivaiate NMA approac 07,76

The variation in treatment effects for both BASDAI and BASFI, and the correlation
parameter between these, werestimated from the data. A class effect was assumed
across the different treatments.
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correlation between outcomesbserved in the data allows inferences in

BASDAI to borrow strengfi’’ from those on BASFI.

Finally, the third faceof this workrelated to evaluations of the absolute

change in BASDAI for responders separately tenesponders, that is,

conditional scores. This was importagiventhat response determined
discontinuation. However, the published clinical effectiveness evidence did not
report the conditional scores. Paper 4 demonstrates that a synthesis model
that appropriately considers the two BASDAI variables can be extended to

allow an evaluatin of these conditional scorés.

Theexampledn Papers3 and 4 of the collectioillustrate thatsharing

information can address important limitations of the evideteeseand

generate appropriate descriptions of the evidence for inclusion in the decision
model¢ in a way thatbetter reflectsthe decisionmaking contextand better

supports the adoption and research decisions being made

Usingformally elicited expert<beliefs

Whilst the above subsection considered the best uséaté, there are
circumstances wherpidgements arestill needed to reach a decision. In this
situation, the views of relevant expertsanbe sought to complement existing
evidence, to generate desctipns of uncertainty where evidence is absgnt
to determine the level of support for particular assumptiombe fact that
under limited evidencgudgementsmay berequired for a decision to be
reachedcreates gorima faciecase for the use of elicitation methods with
experts’® Whilst experts are consulted at several stagesfofmal decision
procesgs, such as the appraisal processes facilitated by Nl@sultation is
conductedinformallyand qualitatively despite being generatgcognised that
formaland structured 8 i K2 R& (2 St AOAG SELISNIaAQ
use of heuristicS, and should thus be appli€8

*From modelling approaches B and C, it is possible to derive the conditional change
score in BASDAI50 responders and-nesponders using a simulation procedure that
considers variability (i.e. variation across individuals). This is described in detail in
Appendix 5 in Paper 4.
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Methodological challenges in the design and conduct of structured elicitation

exercises in HTA

To date structuredexpert elicitation(SEEhas only been used to a very limited
extent in HTA? Contributing to this may be the fact that, despite methods of
SEHmaving received significant attention in disciplines gkgineering and
Bayesian statisti€$® there is a lack of specific guidance specific to health care
decisionmaking. This creates aumber of challengefor the use of SEE in HTA,
many ofwhichhave been identified iPaper5, whichreports the design of a
largeSESNOA &S AYSR G aeadSYFGAOrtte OF LI dzNR y =
and uncertainty about the speed of healing of severe pressure ulceds, an
related events (such as woumdlated complications), including beliefs about
the impact of the alternative treatments (relative effectiveness). This exercise
was specifically designed to inform the decismadelover the use of NPWT

for pressure ulcersandfollowsfrom the work inPaper3 in the collection.

The overarching concern expressiedPapers relatesto the factthat health
carers, the expertglentified as substantive expertsay not necessarily have
advanced quantitativekills®*# This conditioned many aspects of ttiesign of
the exercise Afaceto-face meetingvasplannedto allow forsubstantial
trainingto be deliveredHomogeneity was imposed in the quantitielcited
(only proportions were elicitedh order to simplify the task and abridge the
training sessionandthe higogram method® was usedor its intuitivenessin
specifying the quantities to elicit, thgarametersof primary interest were
expressed in terms dfirectly observable quantitiesyhose distribution(sare
thought to be easier to elid. For example, tranton probabilities were not
elicited directlyand insteadnformation was sought othe proportion of
patients healed within given time perisdmore than one time period was
elicited to allow the possibility of time dependencikefining observable
quantitiesis particularly challenging in the context of decision modelling

becausefirstly, the modelimposesrelationshipsbetween the quantitieshat
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need to be respected andecondly, becausdependenciegcorrelations)heed

to be avoided as eliciting thess particularlyburdensome’®#**

Other key methodalgical choices were explored usingibpt study, namely
regarding the use of individual or consensus approaches to aggretjatiod
whether to use calibratioff to generate weights for the different experts
within an individual elicitation approaéh(more details irPaper5). In the

pilot, the consensus method produced more accurate responses but also
generated incoherent probability statemis between two related quantities.
These results are in line with the view that consensus promotes the use of
heuristics and may produce overconfident judgmetit8lso, the pilot showed
that calibrationbased weights were sensitive to tkeed questionbut that it

was unclear how to specify relevant seed question

In themain exerae, expertswere askedo expresgheir beliefs individually
andthey werediscouraged to interacCalibration was not undertaken and
elicited quantities weremathematicallypooled across experts to generate a
single description of uncertainty for eachrpmeter® Experts were weighted

equally.

In total, twentythree nurses attended and completed theain elicitation

exercise. Each answered more than 30 questions, 18 of which were uncertain
quantities. The results demonstrate that experts expressed a range of opinions
and carefully considered uatainty (Table Il ifPaper5). Participants judged

the exercise to be challenging but indicatibxeir responseso be facevalid.

This application demonstrates that carefully designing an elicitation exercise is

crucial to its validity.

XXi

Several decisions were made concerning how to elicit transition probabilities under
time dependency, events related to transition probabilitiasd relative effectiveness.
Further details can be found in Paper 5, but to exemplify | will here summarise how
relative effectiveness was elicited. To avoid eliciting dependency, an approach based
on conditional independence was devised. Each expertfingtsasked to record the
probability (with uncertainty) of a patient that received a reference dressing being
healed. Then, the expert was asked to assume that the value she/he expressed to best
represent her/his knowledge was true (reference value). té elicited the absolute
effectiveness of NPWT (with uncertainty). Because the experts conditioned their
judgement about the effectiveness of NPWT on a plausible value for the comparator,
when analysing this evidence this relationship was assumed taisusir any other
possible values of the absolute effectiveness of the comparator.
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Elicited evidencim supportof policydecisions

Areview of applicationseporting the use of formal methods of elicitation in

HTA" identified 14 stidiesconducted in a number of policy contextanging

from anWaly modellingrontexté K SNB SELISNIaQ 0SSt ASTa
regarding the research and development pathWago treatments such as
NPWTwhich are extensivelyusedin clinical practicelespite a limited evidence

base and where the experience of experts may best represent the current level

of knowledge to supportiecisiormaking.

Inall contexts, elicited judgements casupport and evershape policy
decisionsthe NPWT exampl®und thatelicited evidencevas particularly
important forthe comparator for which less evidence existed, fo&acall
that RCTdata on the effectiveness of this parameter was uninformative
standardmethods of synthesis would not have been able to describe its
effectivenessand thusthe decision modelvould havelikely excludecthis
comparator In Paper3 in the collectionuncertainty ovetthe relative
effectivenesof foam was describedsing therange of effects observed across
treatments of the saméV O t destrib€dlusing a randoneffect distribution.

C 2 | ¥ffectivenessvas thus described with widencertainty, reflecting the
differences between existing dressindg®wever, a higher likelihooaf
effectiveness was allocated to the central area of dnstribution. Thismeant
that, based on existing evider&efoam shoved a considerable probability of
being effective and costffective (Papers).*" However, he experts consulted
as part of the formal elicitation exercigBaper5) consistentlyindicatedfoam
to be expected to be less effective than other dressings, despiieating

substantialuncertainty over this resultJsingsuchelicited evidence alongside

! Existing evidence (identified using broad literature searches) on a number of aspects
of the evaluation was used, namely on effectiveness on healing (Paper 3), and®n cos
and utilities.We did not find evidence on the impact of complications, closure surgery,
and recurrence in UK patients with pressure ulcers or on the impact of severe pressure
ulceration on death.

i A de novocosteffectiveness model was developed this application, with clinical
input to

ensure that it adequately represented the clinical trajectory of patients with severe
pressure ulceration.
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existingevidenc&", the likelihood of foam being costfective reduced
substantially, and aalyses of the implications of uncertainty did not indicate

that further research on this treatment was worthwhitg.

This case study demonstrates that multiple sources of available evidence can
be included in an evaluation in a transparent way, and thatpresentation of
costeffectiveness estimates after the addition of data from each source into
the model ca be useful to emphasise the different conclusions that would have
been drawn if analyss were limited to only one source of dat@he value of
further research analysis was possible when it was most important, that is,
when the existing evidemcbase was clearly insufficieand further research
needsto be prioritised. Alternative study designs were evaluated, including not
only a rangesample siesof an RCT but also possible comparator arms and
different follow-up times. Given the sparse evidence base, a key source of
information in this case study was the beliefs of clinical exp&rtéchallowed
shaping research prioritidsy streamlining furher researcho not focus on

foam asa comparator in a future RCT.

Conclusiols

This thesis focuses afundamental, but commonly overlookedspect of
health carepolicy. the unification ofdecisions on wider access to technologies
andrecommendationdor further researchWhile the risks associated with

uncertainty cannot be wholly avoided, further evidence collection can allow a

XXiv

The impact of each source of evidence on exftctiveness was evaluated by
considering the accumulatioof evidence using 3 scenarios: 1) existing evidence
alone, 2) existing evidence combined with elicited evidence, and 3) the most
comprehensive evidence base that also considered data generated as part of a pilot
RCT. The collation of evidence sourcegsassary to generate the second and third
scenarios, required Bayesiapdating.Further details can be found in Paper 6.

XXV

EVI analyses were conducted using the most comprehensive evidence base
(scenario 3). For this case study, it was particularly egleto evaluate alternative
possibilities for comparator arms in future research; however, if there is correlation
between treatment effect estimates, value of information analyses cannot consider
these parameters independently. An analytical approachvialgate the plausibility of
assuming independence was developed (details presented in page$328f Paper

6). Alongside, an approach to evaluate the extent and impact of nonlinearity based on
the parameter EVI was also developed to allow simplifigk@calculations.
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timely revision of the decision and avoid the consequences of uncertainty
prospective patientslt is common for accestecisions to be uncertain, not

just because the evidendmse rarely provides definitive answers (even at
launch), but also becausechnologes are commonly priced at the level at
whichthey arejust costeffective (valuebased price) where decision

uncertainty is highest. Approving at the valbiasal price in the absence of
further research means potential losses associated with uncertainty fall on the
NHS (i.e. on population health). If a lower price is agreed, however, the
consequences of uncertaintyeaeither shared or bare entirely by the
manufacturer (if the price is such that the consequences of uncertainty are no
longer significant). It is thus crucial for policy to ensure that technologies are
appropriately downrpriced, or toensurethat important further research is

conducted.

This thesis presents the principles and assessments required to support such
joint adoptionresearch policy decisions, which have been developed for NICE
(albeitthese are easily generalisable). The principles underthi@gvork have

been incorporated into NICE processes, but the detailed assessments have not.
This signals that future work may be needed to more smoothly integrate these
into policy. Such integration may require exploring current processes and how
these carbe adapted to i) allow for the additional assessments reqdrei

align incentivegor the further research required to be conducted in a timely
fashion, and iii) consider the format reappraisal decisions would take
(acknowledging the potential difficulties of reversing an adoption decision).
Methodologically, it is also important to getasteholders familiarised with the
additional analyses required (EVI), and investigate the potential of simplified or
streamlinad modifications to these complex methods that widen their
application without impacting on the rigour of analysis and resulting
output®"**% Finally, there is also value in examining diffeqeetformance
linkedrisk-sharing schemes in terms of their profile of consequences of

uncertainty®.

Whilst the final approaches developed for joint adopti@searchare based
on extensions of wellleveloped methodologies (cosffectiveness,

probabilistic analysis and EVI analyses), their application requirealthiag
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limitationsof an evidencdrase are described and quantified explicitly as
uncertainties The thesis then proceeds to illustrate (using a set of case
studies) how particularly difficulib-describe limitations of the evidendmse
can be successfully dealt with, highlighting the potential usefulness@fant

indirect or external information (suchsather data orexpert elicitation).

The approaches proposed within the specific examples can, by themdadves,
considered methodological developmentss these required the specification
of innovative models for the synthesis of evidertbat: bestconsideed the
available datashared information appropriatelyallowed for alternative
specifications anthe testing ofassumptionsbest describd the complexities

of the evidencease(required formodelling; and, crucially responded to
important, kbut difficult to describe, uncertainties and hensbkapel policy
decisionsBut, in wideningthe useof such approache® support policyit

would be important to develom guided framework of analysésat forged

strong links between methodological resehrand the specific policy context
Anumber of issueseed tackling The first is to determine when such

analytical extensions offer important added value and should thus be explored
within policy. Secondly, given these methods facilitate the use of ebpuf
alternative additional sources of evidence that may not have previously been
consideredincluding data and beliefsi} is important that a set of principles
guide the choice (or prioritisation) of the alternatidata sources. This may,

for exampé, consider the potential for each source to explain (or relate to) any
existing direct data. Thirdly, after choosing the key evidence source(s) for
focus, there are methodological choices to be made on homast
appropriately incorporate such evidengdurther research should
describe/develop alternatives and examine the level of sharing of information
they impose to guide practice and interpretation. Finally, it is important to
devise appropriate ways to quantify the contribution of the different sesrc

to inference and to explore and understand their bearing on access and
research decisions. This is because it is unlikely that the validity of using
external/indirect data can be verified, or that the unbiasedness of elicited
beliefs can be establisheWhilst the work presented in this thesis
demonstrates that the use of thevidenceis important, particularly where

otherwise essentially uror misinformed guesses are needed to reach a
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decision. However, policymakers may struggle to endooselusionghat are
contradictory to those based on the direct evidence aldneghe absence of
further nuanced insights into how and why additional data influence findings.
Also, indirect/elicited evidence should not be seendplace good quality
experimental &idence Instead, it shouldhelp to inform the decision to

acquire further evidence

As a directesultof the work in this thesisand in recognising the need for
further development of methodd, havesuccessfully securddndingfrom the
Centre for Health Economics foPaDa @ dzR S y (iDevelbdidg Refhods for
the sharing of information in evidence synthesis to inform Health Technology

Assessment and policy decisins 6 ' a1 dzZRSy & KIF & 0SSy ILILRAY(GISR
work in October 206, being expected to finish in October 2019)

In what concerns elicitation, the work undertaken as part of this thesis has
become an exemplar application in HTA. It underlines the importance of
appropriately designed and conducted structured elicitaticereises that can
usefully informhealth caredecisionmaking. Qurrently, there is no guidance
that supports methodological choices expert elicitationparticularlyin the
context of health car@ecisionrmaking. This context determines that experts
arelikely to be health professionalsot trained to express judgments in
mathematicaformats, such as probabilitie\dditionally, to inform health care
decisionmaking, information ona wide range gfsometimes complex,
parametersis often required suchas costs, relativeffectiveness measures,
and time to event outcomes. Moreover, an assessmentnafertaintyis
required(that is, uncertainty in knowledge over average valuig$eing vital
that uncertainty is not misrepresented (over underconfidence) or tainted
by the distribution of outcomes across a patient populati&mally, it is
important thatheterogeneity in the subpopulations thdtfferent experts
observeis appropriatelyreflected in the judgements elicitedhese challenges
requirefurther investigation to hone optimal elicitation protocols. To this
effect, along with a group of collaboratotsvas awarded MRC methods
programmegrantto establish a protocol for elicitation to be used to support
health caredecisionmaking. This wdk started in November 2016 and is

expected tocompletein November 2018.
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Abstract

Informing a decision framework for when NICE should
recommend the use of health technologies only in the
context of an appropriately designed programme of
evidence development

K Claxton,?* S Palmer,' L Longworth,® L Bojke," S Giriffin," C McKenna,'
M Soares,' E Spackman' and J Youn?®

'Centre for Health Economics, University of York, York, UK
2Department of Economics and Related Studies, University of York, York, UK
®Health Economics Research Group, Brunel University, London, UK

*Corresponding author

Background: The general issue of balancing the value of evidence about the performance
of a technology and the value of access to a technology can be seen as central to a
number of policy questions. Establishing the key principles of what assessments are
needed, as well as how they should be made, will enable them to be addressed in an
explicit and transparent manner.

Objectives: The aims of this research are to (1) establish the key principles of what
assessments are needed to inform an ‘only in research’ (OIR) or ‘approval with research’
(AWR) recommendation, (2) evaluate previous National Institute for Health and Clinical
Evidence (NICE) guidance in which OIR or AWR recommendations were made or
considered and (3) evaluate a range of alternative options to establish criteria, additional
information and/or analysis that could be made available to inform the

assessments needed.

Data sources: All NICE draft and final guidance up to January 2010 was considered in the
review of NICE technology appraisal guidance. Four case studies were used to evaluate
the range of options of what information and analysis could be made available to inform
the assessment required. These were based on a reanalysis of existing health technology
appraisals for NICE or the Health Technology Assessment programme.

Review methods: A critical review of policies, practice and literature was undertaken using
traditional systematic searching based on initial search terms informed by key publications.
An iterative approach was adopted using ‘pearl growing’ evaluated through capture—
recapture methods. In addition, grey literature, policy documents and other sources, such
as special interest groups and the expertise of the Advisory Group for the project, were
used to contribute to this process.

Results: A series of recommendations, or options, for NICE to consider were developed
with the involvement of key stakeholders. These establish the key principles and
associated criteria that might guide OIR and AWR recommendations and identify what, if
any, additional information or analysis might be included in the technology appraisal
process, including how such recommendations might be more likely to be implemented
through publically funded and sponsored research. To meet these aims the research is
broadly structured as follows. A critical review of policy, practice and literature in this area
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informs the development of a coherent conceptual framework to establish the key
principles and the sequence of assessment and judgements required. This sequence of
assessment and judgement is represented as an algorithm, which can also be summarised
as a simple set of explicit criteria or a 7-point checklist of assessments. A review of
previous NICE guidance in which OIR or AWR recommendations were either made or
considered was undertaken to examine the extent to which the key principles are evident.
The application of the checklist of assessment to a series of four case studies informs
considerations of whether or not such assessments can be made based on existing
information and analysis in current NICE appraisal and in what circumstances could
additional information and/or analysis be useful. Finally, some of the implications that this
more explicit assessment of OIR and AWR might have for policy (e.g. NICE guidance and
drug pricing), the process of appraisal (e.g. greater involvement of research commissioners)
and methods of appraisal (e.g. should additional information, evidence and analysis be
required) are drawn together. At each stage this research has been informed by a diverse
and international Advisory Group and the feedback from participants at two workshops
involving a wide range of key stakeholders, which included members of NICE and its
Advisory Committees (including lay members and other NICE programmes), patient
advocates, manufacturers, and research and NHS commissioners, as well as

relevant academics.

Limitations: Further research is required to establish how these considerations could be
integrated within a practical value-based pricing scheme. In addition, irrecoverable
opportunity costs are commonly associated with many health technologies that offer future
benefits following treatment. The significance of these types of irrecoverable costs is not
widely recognised and further research to demonstrate their potential impact more
generally is needed.

Conclusions: The categories of guidance available to NICE have a wider application than
is reflected in the review of previous guidance. Importantly, determining which category of
guidance will be appropriate depends only partly on an assessment of expected cost-
effectiveness. As well as AWR for technologies expected to be cost-effective and OIR for
those not expected to be cost-effective, there are other important circumstances when OIR
should be considered. In particular, for technologies expected to be cost-effective, OIR
rather than approve may be appropriate when research is not possible with approval and
OIR or even reject, rather than AWR or approve, may be appropriate even if research is
possible with approval when there are significant irrecoverable costs.

Funding: The National Institute for Health Research Health Technology

Assessment programme.
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Executive summary

he general issue of balancing the value of evidence about the performance of a technology

and the value of access to a technology can be seen as central to a number of policy
questions. Establishing the key principles of what assessments are needed, as well as how they
should be made, will enable them to be addressed in an explicit and transparent manner. The
aims of this research are to (1) establish the key principles of what assessments are needed to
inform an ‘only in research’ (OIR) or ‘approval with research’ (AWR) recommendation, (2)
evaluate previous National Institute for Health and Clinical Evidence (NICE) guidance in which
OIR or AWR recommendations were made or considered and (3) evaluate a range of alternative
options to establish criteria, additional information and/or analysis that could be made available
to inform the assessments needed. A series of recommendations, or options for NICE to consider,
were developed with the involvement of key stakeholders. These establish the key principles
and associated criteria that might guide OIR and AWR recommendations and identify what, if
any, additional information or analysis might be included in the technology appraisal process,
including how such recommendations might be more likely to be implemented through
publically funded and sponsored research.

The relevance of this work, primarily to the NICE Technology Appraisal Programme, has been
evaluated through two workshops involving key stakeholders, including members of NICE
and its Advisory Committees (including lay members and other NICE programmes), patient
representatives, manufacturers, and research and NHS commissioners, as well as relevant
academics. Summaries of the research findings and key issues were provided in the form of
briefing documents. These documents, which formed the basis of the workshop presentations
and related group discussions, as well as a summary of feedback and list of participants, are
available at www.york.ac.uk/che/research/teehta/workshops/only-in-research-workshop/.

The following elements of research form the basis of this report: (1) a critical review of policy,
practice and literature in this area, (2) the key principles and the sequence of assessments needed,
(3) a review of NICE technology appraisal guidance and (4) a checklist of assessments needed
and its application to the four case studies using a range of additional information. Some of the
possible implications for policy, process and methods of appraisal, distinguishing those issues
directly relevant to the NICE remit and those that might be most relevant to other public bodies
and stakeholders, were drawn together based on feedback provided at both workshops.

Key principles and assessments needed

The National Institute for Health and Clinical Evidence is increasingly making decisions about
health technologies close to licence through the single technology assessment process. Inevitably
these decisions are being made when the evidence base to support these technologies is least
mature and when there may be substantial uncertainty surrounding their cost-effectiveness, as
well as their effectiveness and potential for harms. In these circumstances further evidence may
be particularly valuable as it would lead to better decisions that improve patient outcome and/
or reduce resource costs. However, a decision to approve a technology will often have an impact
on the prospects of acquiring further evidence to support its use. This is because, once positive
guidance has been issued, the incentives for manufacturers to conduct research are limited.
Also, the clinical community is unlikely to regard further randomised controlled trials to be
ethical once positive guidance provides access with a funding mandate. Therefore, the decision to
approve a technology should account for both the potential benefits of access to a cost-effective
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Executive summary

technology and the potential costs to future NHS patients in terms of the value of evidence that
may be forgone by early adoption.

The key principles and assessments needed fall into four broad areas: (1) expected cost-
effectiveness and population net health effects (NHEs) (including benefits, harms and NHS and
Personal Social Services costs), (2) the need for evidence and whether or not the type of research
required can be conducted once a technology is approved for widespread use, (3) whether or not
there are sources of uncertainty that cannot be resolved by research but only over time and (4)
whether or not there are significant (opportunity) costs, which will be committed and cannot be
recovered once the technology is approved.

Guidance will depend on the combined effect of all of these assessments because they influence
whether or not the benefits of research are likely to exceed the costs and whether any benefits
of early approval are greater than withholding approval until additional research is conducted
or other sources of uncertainty are resolved. The key principles, represented by a sequence of
assessment and judgements, can be summarised as a simple 7-point checklist that could be
considered by Assessment Groups (AGs), Appraisal Committees and manufacturers:

Is it expected to be cost-effective?

Are there significant irrecoverable costs?

Does more research seem worthwhile?

Is the research possible with approval?

Will other sources of uncertainty resolve over time?
Are the benefits of research greater than the costs?
Are the benefits of approval greater than the costs?

These principles suggest that the categories of guidance available to NICE have wider application
than is reflected in our review of previous guidance. Importantly, which category of guidance will
be appropriate depends only partly on an assessment of expected cost-effectiveness and hence
this assessment should be regarded only as an initial step in formulating guidance. In general,

as well as AWR for technologies expected to be cost-effective and OIR for those not, there are
other important circumstances when OIR should be considered. In particular, for technologies
expected to be cost-effective, OIR rather than approve may be appropriate when research is not
possible with approval and OIR or even reject rather than AWR or approve may be appropriate
even if research is possible with approval when there are significant irrecoverable costs.

Implications for value-based pricing

Any change in the effective price of the technology, either through patient access schemes or
through direct price changes (possibly negotiated though a value-based pricing scheme), will
affect the key assessments, leading to different categories of guidance. The price at which the
technology would just be expected to be cost-effective is commonly regarded as the value-based
price for the technology. This describes the threshold price below which approve rather than
reject would be appropriate if OIR or AWR are not available as policy options. However, if they
are available, there are often a number of relevant price thresholds. Once uncertainty and the
need for evidence, as well as the impact of irrecoverable costs, are recognised, the threshold price
that would lead to approve rather than OIR will always be lower than a single value-based price
based on expected cost-effectiveness alone.

Even if price negotiation becomes possible alongside NICE appraisal, it will be important to
retain OIR and AWR as available categories of guidance for two reasons: (1) there is no guarantee
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that manufacturers will always agree to the lower price below which approve rather than OIR
or AWR would be appropriate and (2) there may be many circumstances when no effective
price reduction would make approve appropriate, for example reject or OIR guidance may be
appropriate even if the effective price of a technology is zero if there is substantial uncertainty
about its effectiveness and/or potential for harms.

Incentives for evaluative research

It is important that policy provides appropriate incentives for manufacturers to conduct the type
of research needed to support NICE guidance at launch. The use of OIR and AWR guidance,
and its link to effective price, provides clear signals and an incentive to ensure that the type of
evidence which would require research that cannot be conducted once a technology is approved
for NHS use is sufficient at launch. Therefore, a predictable OIR and AWR policy signals what
type of evidence is likely to be most important at an early stage. It offers manufacturers a choice:
(1) accept OIR guidance at a higher price but restricted volume, (2) reduce the effective price

to achieve approval, or AWR where that is possible or (3) conduct the evaluative research at an
earlier stage so that additional evidence at launch is not required.

How the NHS and manufacturers are likely to share the value of evidence might inform whether
manufacturers should be expected to conduct the research specified in AWR or OIR guidance or
contribute to the costs of publically funded research that may ultimately benefit their product.
Two issues need to be considered: (1) the resource constraints on publically funded research may
mean that other research priorities (often without commercial interest) may be more valuable

to the NHS and (2) the success of AWR recommendations when manufacturers are asked to
conduct the research will depend on whether NICE and/or the Department of Health are able to
establish contractual arrangements as part of an AWR recommendation, that is, arrangements
that can be monitored and enforced with credible penalties to ensure that agreed research is
conducted and in the way intended. At present, NICE does not have a credible mechanism
because removing approval of a technology simply because recommended research has not been
conducted is not considered ethically appropriate or a credible threat.

The assessments that need to be made can also be used to consider what would be the value of
(1) being able to conduct research while a technology is approved, (2) making evidence that is
needed by the NHS available at launch and (3) being able to acquire evidence more quickly. This
might inform a range of policies, such as early advice, public investment in early transitional
and evaluative research or better data collection or information systems, that might make AWR
possible. Understanding the relationship between the time taken for research to report and

the value of the evidence to future populations can also help to inform (1) investments that
might make research findings more quickly available, (2) the trade-off implicit in the choice

of alternative research designs and (3) identification of those areas where, if research is to be
undertaken, there must be confidence that it can report quickly.

How should assessment be undertaken?

Although the NICE appraisal process may be well suited to identifying the need for evidence when
assessing cost-effectiveness, these other critical assessments (the type of research and its priority)
are not necessarily ones for which NICE and its Advisory Committees, as currently constituted,
have particular expertise, not least because they reflect the decisions of those responsible for
research design, prioritisation and commissioning. Therefore, more informed judgements and
better decisions might be possible through greater involvement of the research community. A
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Executive summary

Research Advisory Committee could be constituted that could consider provisional OIR or AWR
guidance, translating the need for particular types of evidence into particular types of research,
costs, ethics, relative priority, likelihood of success and when the research is likely to report.

The committee might also make recommendations about whether research should be publically
funded or undertaken by the manufacturer with appropriate contractual arrangements (which
may require the involvement of the Department of Health at some stage).

The order of considerations in the checklist and algorithm means that all seven assessments do
not necessarily need to be made. Therefore, one model for an efficient process of assessment
would be to consider points 1-5 routinely. The Appraisal Committee would then be in a position
to either rule out OIR or AWR and issue guidance in the usual way or indicate in the Appraisal
Consultation Documents that OIR or AWR was provisionally recommended subject to advice
from a Research Advisory Committee and subsequent analysis to support an assessment of
points 6 and 7 of the checklist before Final Appraisal Determination. This model would avoid
unnecessary analysis and incorporate the judgements of the research community without
necessarily delaying appraisal.

What additional information and analysis might be required?

Cost-effectiveness was presented in terms of NHEs per patient treated and for the population of
patients over time. This provides information in a way that is directly relevant to the assessments
that need to be made. All of the information required to express expected cost-effectiveness in
this way is commonly available from the type of analysis already conducted during appraisal.

An early indication of the potential importance of irrecoverable costs can be based on their scale
relative to expected NHEs; the point at which any initial losses are expected to be compensated
by later gains; whether treatment decisions are reversible; and what opportunities to improve
health might be forgone by a delay to initiating treatment.

The question of whether or not further research might be worthwhile (point 3 of the checklist)
requires some assessment of (1) how uncertain a decision based on expected cost-effectiveness
might be and (2) what the consequences, in terms of population NHEs, are likely to be if an
incorrect decision is made. The methods of analysis decompose this into a series of steps,
presenting what is available within current appraisal but in ways that can more directly inform
the assessment required. Commonly, there is also uncertainty about alternative assumptions or
judgements that might be made, often represented by alternative scenarios.

An assessment of the type of evidence needed (point 4 of the checklist) requires judgements
about (1) how important particular types of parameters (inputs to the economic model) are to
estimates of costs and quality-adjusted life-years, (2) what values these parameters would have to
take to change a decision based on expected cost-effectiveness, (3) how likely is it that parameters
might take such values and (4) what would be the consequences if they did, that is, what might
be gained in terms of population NHE:s if the uncertainty in the values of these parameters could
be immediately resolved. The methods of analysis take these steps in turn, presenting what is
available within current appraisal but in ways that more directly inform the assessment required.
It is only when assessing the consequences of uncertainty associated with particular parameters
that additional analysis is required to provide quantitative estimates.

The information required to assess whether other sources of uncertainty will resolve over time

(point 5 on the checklist) requires information that is not commonly sought as part of NICE
appraisal. It requires information about (1) likely changes in prices of the technology and its
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comparators, (2) the emergence of new technologies that might make existing ones obsolete or
change their cost-effectiveness and (3) other relevant research reporting. A number of potential
sources of information and evidence were examined; however, many sources were either
proprietary or public access was restricted, making it difficult to inform these assessments. When
information and estimates were available they were often not complete or directly relevant to a
UK context. NICE many need to consider how AGs and manufacturers can be provided with
access to this type of information.
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