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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 substantiate these decisions. Joint decisions about funding 

technologies and further research require an appropriate evaluative basis. This 

thesis reports such a framework, which also identifies the critical assessments 

required and, importantly, demonstrates their 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 

Excellence (NICE) in the UK.  However, the development of a framework is 

necessary but not sufficient for ensuring that best use is made of evidence to 

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 methods would have 

fallen short and hence more novel approaches were required. The approaches 

used generally aim to: make best use of available data (even if related but not 

directly relevant to the decision problem) or generate evidence by 

appropriately eliciting the judgements of relevant experts. The examples 

provide important methodological and applied contributions that demonstrate 

both the feasibility and value of ensuring that unavoidable decisions are 

informed by the best use of evidence. 
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!ǳǘƘƻǊΩǎ ŘŜŎƭŀǊŀǘƛƻƴ 

The six papers [Papers 1ς6] that form the core of this thesis are listed below. 

Whilst I am not the first author on all of the papers below I have significantly 

contributed to a substantial part of the work. My contribution to each paper is 

described after the citation of the respective paper. The integrative chapter 

that binds these papers into the thesis is solely my own work.  I declare that 

this thesis is a presentation of original work and I am the sole author.  This 

work has not previously been presented for an award at this, or any other, 

University. All sources are acknowledged as References. 

Paper 1.  Claxton K, Palmer S, Longworth L, Bojke L, Griffin S, McKenna 

C, Soares M, Spackman E, Youn J. 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. Health 

Technology Assessment 2012;16(46):1-323. doi: 10.3310/hta16460.  

[Contribution of the candidate: I have contributed to the development of the 

framework as part of the wider research team. I have applied the methods of 

assessment to the clopidogrel case study and was responsible for preparing 

and revising Appendix 8 of the report. A summary of this component of the 

work is included in Chapter 5 of the report.] 

Paper 2. Soares MO, Welton NJ, Harrison DA, Peura P, Shankar-Hari M, 

Harvey SE, Madan J, Ades AE, Rowan KM, Palmer SJ. Intravenous 

immunoglobulin for severe sepsis and septic shock: clinical effectiveness, cost-

effectiveness and value of a further randomised controlled trial. Critical Care. 

2014 Dec 1;18(6):649.  

[Contribution of the candidate: I designed, developed and conducted the cost-

effectiveness and value of information analyses. I prepared the manuscript and 

dealt with subsequent revisions.] 

Paper 3. Soares MO, Dumville JC, Welton N, Ades T. Treatment 

comparisons for decision making: facing the problems of sparse and few data. 

Journal of the Royal Statistical Society: Series A (Statistics in Society), 177(1), 

2014, 259-279 
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[Contribution of the candidate: I designed, developed and conducted the 

analyses. I prepared the manuscript and dealt with subsequent revisions] 

Paper 4. Corbett M, Soares M, Jhuti G, Rice S, Spackman E, Sideris E, 

Moe-Byrne T, Fox D, Marzo-Ortega H, Kay L, Woolacott N, Palmer S. Tumour 

necrosis factor-ʰ ƛƴƘƛōƛǘƻǊǎ ŦƻǊ ŀƴƪȅƭƻǎƛƴƎ ǎǇƻƴŘȅƭƛǘƛǎ ŀƴŘ ƴƻƴ-radiographic 

axial spondyloarthritis: a systematic review and economic evaluation. Health 

Technology Assessment 2016 Feb;20(9):1-334. 

[Contribution of the candidate: I designed, developed and conducted the 

extended synthesis. I prepared and revised Chapter 5 of the report] 

Paper 5. Soares MO, Bojke L, Dumville J, Iglesias C, Cullum N, Claxton K. 

aŜǘƘƻŘǎ ǘƻ ŜƭƛŎƛǘ ŜȄǇŜǊǘǎΩ ōŜƭƛŜŦǎ ƻǾŜǊ ǳƴŎŜǊǘŀƛƴ ǉǳŀƴǘƛǘƛŜǎΥ ŀǇǇƭƛŎŀǘƛƻƴ ǘƻ ŀ 

cost effectiveness transition model of negative pressure wound therapy for 

severe pressure ulceration. Statistics in Medicine 2011; 30(19): 2363-2380. 

[Contribution of the candidate: I designed, developed and conducted the 

elicitation exercise, and analysed the results. I prepared the manuscript and 

subsequent revisions] 

Paper 6. Soares MO; Dumville J; Ashby R; Iglesias C; Bojke L; Adderley 

U; McGinnis E; Stubbs N; Torgerson D; Claxton K; Cullum N. Methods to assess 

cost effectiveness and value of further research when data are sparse: 

negative pressure wound therapy for severe pressure ulcers. Medical Decision 

Making. 33(3), 2013, 415-36. 

[Contribution of the candidate: I designed, developed and conducted the 

analyses. I prepared the manuscript and subsequent revisions] 
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Integrative chapter 

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 substantiate these decisions. Joint decisions about funding 

technologies and further research require an appropriate evaluative basis. This 

thesis reports such a framework which also identifies the critical assessments 

required and, importantly, demonstrates to analysts and policymakers its 

feasibility and applicability. The relevance of this work has been recognised by 

key policymakers and has informed the most recent update to the 

methodological guidance of the National Institute for Health and Care 

Excellence (NICE) in the UK.  However, the development of a framework is 

necessary, but not sufficient, for ensuring that best use of evidence is made to 

inform these joint decisions. These decisions also require that the evidence 

base is appropriately described, with all uncertainties characterised explicitly. 

This thesis compiles a number of examples where standard methods would 

have fallen short and hence more novel approaches were required. The 

approaches used generally aim to: make best use of available data (even if 

relevant but not directly related to the decision problem) or generate evidence 

by appropriately eliciting the judgements of relevant experts. The examples 

provide important methodological and applied contributions that demonstrate 

both the feasibility and value of ensuring that unavoidable decisions are 

informed by the best use of evidence. 

Whilst the integrative chapter aims to lay down these principles in a simple 

and accessible way, some of the methodological specificities are given in 

footnotes. Note, however, that the papers and monographs in the collection 

give a detailed account of the complexity of the methodological developments 

underlying this thesis.  
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Context 

Decisions about health technologies lead to (funding) recommendations based 

on the intervention which is expected to provide the most value to the 

population of potential users. Assessing value requires that the direct health 

benefits of competing interventions are considered. In many jurisdictions (such 

as in the UK), value also incorporates the implications to health of the 

investment interventions require. Health economists assess the health that 

could be achieved if the same level of resource being used to fund an 

intervention were used to benefit other patients: this is the health opportunity 

cost of the investment required1,2. The technology that is expected to offer the 

most health, discounted of its health opportunity cost3, constitutes the best 

use of resources (is cost-effective) and should be recommended for wider use 

(i.e. ΨacceptŜŘΩ).4  The less valuable alternatives should thus be ΨǊŜƧŜŎǘedΩΦ  Such 

principles have been used in policy for many years, namely by NICE in the UK. 

NICE issued its first guidance document in the year 20005 and since then has 

issued 663 recommendations (419 guidance documents) within the technology 

appraisal (TA) process. NICE has also expanded its remit to cover wider 

decision-making problems, for example around diagnostic technologies and 

public health interventions. Internationally, cost-effectiveness is also 

commonly used (e.g. CADTH in Canada6, PBAC in Australia7 and INFARMED in 

Portugal8). 

The role of evidence in decision-making 

To establish cost-effectiveness, a single piece of evidence is unlikely to be 

sufficiently informative.9  For example, a single randomised controlled trial 

(RCT) often will not capture the costs and health benefits of all competing 

interventions over a sufficient time frame.  Instead, evidence on a range of 

relevant factors (or parameters) is often gathered using a formal process called 

Health Technology Assessment (HTA).10   Examples of the type of information 

collected within HTA include11:  

¶ clinical effectiveness, 

¶ baseline risks (natural history) of disease/condition, 

¶ potential harm from the technologies, 



 

9 

¶ long-term disease progression across a set of relevant health states, 

and  

¶ costs and quality of life associated with those health states.   

Where multiple studies inform the same factor, or parameter, there is the 

need to synthesise (or pool)12-16 this subset of the evidence base. Models are 

then used to combine all synthesised data for relevant parameters; here 

models define the relationships between different parameters to establish the 

cost and health consequences of alternative competing interventions ς a 

decision analytic modelling framework17-19.  Specifically, the often complex 

models that are developed allow the relevant but varied evidence (on the 

parameters listed above) to be drawn together to establish the speed of 

progression through disease with the alternative treatment options, and 

determine time spent in relevant health states. This occurs in tandem with the 

application of health-related quality-of-life weights and costs to time spent in 

the different health states, allowing cost-effectiveness to be ascertained. 

Evidence, at the heart of cost-effectiveness analyses, is, however, often 

uncertain. Uncertainty stems from numerous sources, one being that studies in 

the evidence base recruit only a sample of patients (and not the whole of the 

population)τthis source of uncertainty is here referred to as inferential 

uncertainty.20  Inferential uncertainties are conventionally described using 

distributions and propagated in the model through to cost-effectiveness using 

Monte Carlo simulation methods, in a process called probabilistic sensitivity 

analysis (PSA)21, reflecting an inherently Bayesian view of uncertainty22.  There 

are, however, other causes of uncertainty such as structural uncertainties 

underlying methodological choices and judgements made when gathering and 

modelling the evidence, and temporal uncertainty, when the timeframe to 

which the evidence relates is limited.  Recent research has outlined how these 

other sources of uncertainty can be appropriately considered in cost-

effectiveness analyses.23,24 

Uncertainty and the value of further research  

Where complex models are defined, unbiased assessments of the expected 

costs and effects require that uncertainty is considered.25  But inferential, 
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structural and temporal uncertainties also mean that the value of the 

technologies is itself uncertain. Hence, there may be uncertainty over whether 

the particular technology identified for approval is, in fact, best. And, if the 

value of an approved technology is not realised in practice, resources are 

wasted.26,27  The magnitude of potential losses (or the cost of uncertainty) can 

be quantified using well-known extensions of the analyses of uncertainty 

typically required for cost-effectiveness, called expected value of information 

(EVI) analyses.26,28-31  Further research can be considered to offer value if its 

costs are less than the costs of the uncertainty it aims to reduce.  In terms of 

policy, alongside adoption or rejection, decision-makers thus ought to consider 

whether appropriately designed research is worthwhile conducting, with the 

purpose of reviewing the original decision once its results become 

available.32,33 

Considering research alongside technology adoption is becoming even more 

relevant in the current policy context, where the provision of ΨŜŀǊƭƛŜǊΩ ŀŎŎŜǎǎ ǘƻ 

new (and promising) medicines is being incentivised (e.g. adaptive pathways 

process by the European Medicines Agency34 and accelerated access review in 

the UK35). Earlier access means a less developed evidence base at the point of 

launch, which determines the need for post-marketing clinical research.36  

Moreover, as in the UK, many jurisdictions widened the scope of decision 

processes to include technologies such as diagnostics, medical devices and 

public health or social care interventions (co-dependent technology process is 

Australia37, and the Diagnostic Assessment Review process in the UK38). These 

interventions are not required to demonstrate effectiveness for regulatory 

purposes, and are thus likely to have a less developed evidence base than 

medicines.39  Finally, recent policy actions are increasingly considering the use 

of real world data to support decision-making ς for example, in 2016 the new 

Cancer Drugs Fund in the UK40 established that cancer drugs for which 

significant clinical uncertainties remain can still be funded, but only under an 

agreed concomitant data collection programme which may involve 

observational data collected through the Systemic Anti-Cancer Therapy 

Dataset (SACT).41 
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Joint research and adoption decisions 

In the UK, bL/9Ωǎ TA process has offered, since inception, a third policy option 

ŀƭƻƴƎǎƛŘŜ ΨacceptΩ ŀƴŘ ΨǊŜƧŜŎǘΩΥ recommending the use of a particular 

technology only within a specific programme of research όΨhƴƭȅ ƛƴ ǊŜǎŜŀǊŎƘΩΣ 

OIR). The first of such recommendations was issued in the year 2000, and up to 

2004 24% of all recommendations issued were OIR (13/54). Since, the use of 

this policy option has diminished: between 2005 and 2009 only 4.6% were OIR 

(8/171), between 2010 and 2014 there were 1.7% (4/234) and, finally, in 2015 

and up to November 2016 no OIR guidance was issued despite 115 

recommendations being made.42 

Given that drugs are often priced close to their value-based price43 where 

uncertainty is most significant, OIR recommendations are likely being 

underused. A potential reason for this is that decision-making committees are 

not being presented with adequate information on the need for further 

research. Besides cost-effectiveness, NICE requires that probabilistic (PSA) and 

deterministic sensitivity analyses (DSA) are conducted, but not EVI analyses.44  

PSA establishes the level of support of the evidence (on parameterised, 

inferential uncertainties) for each of the technologies (i.e. probability of each 

being cost-effective).17,45  DSA establishes the influence of uncertainties that 

have not been parameterised (and have thus been excluded from the PSA) on 

expected cost-effectiveness. Whilst PSA and DSA can usefully ƛƴŦƻǊƳ ΨŀŘƻǇǘƛƻƴΩ 

ŀƴŘ ΨǊŜƧŜŎǘƛƻƴΩ ŘŜŎƛǎƛƻƴǎ46 they are insufficient to determine whether further 

research is worthwhile for which assessments of the consequences of 

uncertainty (EVI analysis) are required. 

Perhaps realising that the assessments presented to decision-makers are, by 

themselves, insufficient to inform joint research and adoption decisions33, in 

2010 NICE liaised with the Medical Research Council to commission 

methodological research on this topic. The research was published in 2012 and 

is included in the collection of papers for this thesis (Paper 1).  It established 

the principles of joint research and adoption decisions which have since been 

ƛƴŎƻǊǇƻǊŀǘŜŘ ƛƴ bL/9Ωǎ ƳŜǘƘƻŘǎ ƎǳƛŘŜ.  But the research also determined the 

specific assessments needed, and how they should be conducted, and 

unequivocally demonstrated their applicability in practice. However, the NICEs 
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methods guide has not incorporated this specific infromation44, and thus the 

set of analyses presented to committees were (and still are) inadequate to 

inform joint decisions about adoption and research. The results of the research 

are summarised next. 

 

A framework for informing policy decisions under uncertainty 

Paper 1 in the collection establishes the principles and assessments required to 

inform recommendations on the use of health care technologies considering 

the possibility of also recommending appropriately designed programmes of 

accompanying research.  The framework proposed allows for two policy 

options, in addition to ΨacceptΩ and ΨrejectΩ: the abovementioned OIR option, 

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

ǘƘŜ ǊŜǎŜŀǊŎƘΣ ŀƴŘ ŀƴ Ψ!ǇǇǊƻǾŀƭ ǿƛǘƘ wŜǎŜŀǊŎƘΩ ό!²wύ option that approves the 

technology for widespread use on the condition that additional evidence to 

support its use is collected.47 The framework is based on an explicit 

quantification of the value of the alternative policy options, coherent with the 

principles of decision-making in health care, particularly those set out by NICE. 

Key elements include assessments of the value of treatmentsτusing cost-

effectiveness analyses that already form the basis of the evidence presented to  

NICE appraisalsτand of the value of future research using EVI analyses, which 

is currently not specified by NICE but for which there is a vast body of methods 

and applied literature.28-31 

To establish the value of the alternative policy options additional 

considerations are, however, required. Firstly, it is important to recognise that 

research takes time to complete. Before the required further research data is 

available, individuals subjected to the initial, uncertain, treatment decision 

face the consequences of uncertainty. It is only after new research data 

become available, and a review of the initial decision is made, that future 

cohorts are able to benefit from the research. Hence, to establish the value of 

OIR/AWR policies, there needs to be some judgement made on the expected 

time for research to report, and some consideration of the possibility it does 

not report 48. Additionally, the framework recognises that the value of the 
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treatments and/or of the research may be affected by other changes occurring 

over time, for example: a comparator becoming off-patent and its price 

reduced; another piece of related research reporting or the emergence of new 

technologies that might make existing ones obsolete.  Also, if the further 

research needed is comparative, it is important to consider those patients that 

will lose out by receiving a technology expected to be less valuable. Finally, the 

costs of conducting the research should also be considered.  

Based on the above, assessments of the value of the four alternative policy 

optionsτ accept, reject, OIR and AWRτcan be established. For a technology 

expected to be cost-effective, an AWR decision could be anticipated to be 

more valuable than an OIR decision. But the work identified two circumstances 

in which OIR could become more valuable. The first is when research is not 

possible with approval49, which may depend, in part, on whether the type of 

evidence required has an experimental 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 may be worth delaying widespread approval 

under an OIR policy, even if the technology is expected to be cost-effective. 

The second circumstance in which OIR, or even rejection, should be considered 

for a cost-effective technology is where implementing approval commits 

resources that cannot be recovered if guidance changes at a later date.33,50,51  

¢ƘŜǎŜ ΨƛǊǊŜŎƻǾŜǊŀōƭŜ ŎƻǎǘǎΩ could be: capital expenditure on equipment or 

facilities; additional resources required to implement guidance or to train staff 

to use a new health technology; ƻǊ ŀ ǇŜǊƛƻŘ ƻŦ ΨƭŜŀǊƴƛƴƎΩΦ Or irrecoverable costs 

may be related to the fact that most new technologies impose initial per-

patient treatment costs that exceed 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.52  

To facilitate the use of the framework, Paper 1 develops a list of assessments 

that guide analyses and target decision-makŜǊǎΩ ŎƻƴǎƛŘŜǊŀǘƛƻƴǎ. These have 

been structured into a checklist (reproduced in Box 1). Answers to each item 

όΨ¸ŜǎΩ ƻǊ ΨbƻΩύ ŎǊŜŀǘŜ ŀ ǇǊƻŦƛƭŜ ǘƘŀǘΣ Ǿƛŀ ŀƴ ŀƭƎƻǊƛǘƘƳΣ ƛŘŜƴǘƛŦies the appropriate 
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policy option for a particular decision problem (i.e. OIR, AWR, Approve, or 

Reject). 

 

The applicability of these critical assessments is demonstrated in Paper 1 using 

a series of case studies, one of which is presented below in more detail. 

Demonstration of the framework: clopidogrel case study 

This case study concerns the management of patients with non-ST-segment 

elevation acute coronary syndromes presenting with a moderate to high risk of 

ischemic events. The use of clopidogrel in this indication was appraised by 

NICE (TA80 in 20045), resulting in positive guidance on its use as an adjunct to 

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 appraisal, but consider different durations of 

clopidogrel use, ranging from 1 month to 12 months. To establish cost-

effectiveness, a decision analytic model considered effects on mortality and on 

the occurrence of non-fatal myocardial infarctions (MIs). Results showed that 

twelve monthsΩ treatment with clopidogrel was the regimen expected to be 

cost-effective (the incremental cost-effectiveness ratio was below £20,000 per 

Quality Adjusted Life Year, QALY). Considering the potential population of 

users (60,000 patients per year53), it was estimated that the National Health 

Service (NHS) in the UK could gain at least 14,786 QALYs (or approximately 

Box 1: Assessment Checklist for coverage decisions conditional on evidence collection 

(OIR, AWR, Approve, or Reject) ς Paper 1 in the collection 

1 Is it cost-effective?  

2 Are there significant irrecoverable costs? 

3 Does more research seem worthwhile? 

4 Is 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? 
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£300 million)i by changing its guidance to consider 12 months clopidogrel 

instead of NHS standard care over the technology time horizon54 (assumed to 

be 10 years). Clopidogrel was thus deemed cost-effective, which completes the 

ŦƛǊǎǘ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǘƘŜ ŦǊŀƳŜǿƻǊƪ όΨtƻƛƴǘ мΥ Lǎ ƛǘ Ŏƻǎǘ-ŜŦŦŜŎǘƛǾŜΚΩΣ .ƻȄ 2).  

 

Analyses also determine that, although treatment with clopidogrel initially has 

negative net health effects that are irrecoverable, these should not be 

regarded as significant, as the treatment decision for a presenting patient is 

irreversible in relevant time frames (results not presented here). This settles 

ǘƘŜ ǎŜŎƻƴŘ ŀǎǎŜǎǎƳŜƴǘ όΨtƻƛƴǘнΥ !ǊŜ ǘƘŜǊŜ ǎƛƎƴƛŦƛŎŀƴǘ ƛǊǊŜŎƻǾŜǊŀōƭŜ ŎƻǎǘǎΚΩύΣ 

with a judgement that irrecoverable costs are insignificant in this case study.  

¢ƘŜ ǘƘƛǊŘ ŀǎǎŜǎǎƳŜƴǘ όΨtƻƛƴǘ оΥ 5ƻŜǎ ƳƻǊŜ ǊŜǎŜŀǊŎƘ ǎŜŜƳ ǿƻǊǘƘǿƘƛƭŜΚΩύ 

requires a more in-depth consideration of the uncertainty and its sources. The 

implications of parameterised uncertainties for decision uncertainty suggest 

that approving clopidogrel for 12 monthǎΩ use has a 0.5 chance of being 

incorrectii. The consequences of this level of decision uncertainty (associated 

with parameterised uncertainties) were valued at 5,194 QALY (or £103.9 

                                                           
i
 This estimate is based on the cost-effectiveness decision analytic model. It is 
expressed in net health

3
, and hence considers expected health opportunity costs (here 

valued at 1 QALY per £20,000).  
 
ii
 This was informed by PSA, where parameterised uncertainties (commonly inferential 

in nature) were made explicit using statistical distributions, and Monte Carlo sampling 
undertaken to evaluate uncertainty over net health effects (NHEs).

20
 This allows 

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

Box 2: Assessment Checklist for coverage decisions conditional on evidence collection 

[Claxton 2012] 

1 Is it cost-effective?  Yes 

2 Are there significant irrecoverable costs? No 

3 Does more research seem worthwhile? Yes 

4 Is the research possible with 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 
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million)iii, which exceeds the likely costs of further research. The parameter 

whose uncertainty is associated with the most consequences was relative 

effectiveness of clopidogrel on overall mortality.iv 

Structural (not parameterised) sources of uncertainty were also considered. A 

source of structural uncertainty was informed by a post-hoc analysis of the 

RCT53, which suggested that the relative benefits of treatment with clopidogrel 

may be highest within the first 3 months of treatment. A scenario was thus 

analysed considering an interaction between the relative treatment effect of 

clopidogrel and the duration of use.v   Although the main analysis was regarded 

as more credible by the Appraisal Committee at NICE, the scenario 

nevertheless carried some weight. Thus, the consequences of this additional 

source of uncertainty were quantified.vi  When both scenarios are assumed 

equally credible, the between-scenario uncertainty is valued at 85 QALYs, 

which questions the need for further research to resolve this uncertainty. 

Most of what might be gained from further evidence within this case study was 

associated with the parameters (namely relative effectiveness on overall 

mortality), with the value of research exceeding the likely costs of conducting 

                                                           
iii
 To ascertain the consequences of decision uncertainty, PSA was extended into EVI 

analysis.
17

 ¢ƘŜǎŜ ŀƴŀƭȅǎŜǎ ǎƛƳǇƭȅ ǳǎŜ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ bI9ǎ ƻŦ мн ƳƻƴǘƘǎΩ 
clopidogrel and the option associated with greatest NHE for that particular simulation. 
For the clopidogrel case study, most commonly (52.4%) there were no consequences 
ōŜŎŀǳǎŜ мн ƳƻƴǘƘǎΩ ǘǊŜŀǘƳŜƴǘ ǿƛǘƘ ŎƭƻǇƛŘƻƎǊŜƭ ƛǎ ǘƘŜ ŎƻǊǊŜŎǘ ŘŜŎƛǎƛƻƴΦ ²ƘŜƴ ƛǘ ƛǎ ƴƻǘΣ 
there is a greater chance of relatively small consequences of error (30% are below 
млΣллл v![¸ǎύΣ ǿƘƛŎƘ ƻŎŎǳǊ ǇǊŜŘƻƳƛƴŀƴǘƭȅ ǿƘŜƴ с ƳƻƴǘƘǎΩ ǘǊŜŀǘƳŜƴǘ ŘǳǊŀǘƛƻƴ ƻŦŦŜǊǎ 
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 when standard NHS 
treatment offers the highest NHE. The expected consequence of uncertainty (5194 
QALYs) 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 technology if 
the uncertainty about treatment and its duration could be immediately resolved. 
 

iv
 Analyses supporting this conclusion are a form of EVI that considers the impacts of 

resolving uncertainty over particular parameters of the decision modelτparameter 
EVI

17
 (further detail in pages 69-74 of Paper 1). 

 
v
 Where more than one scenario might be regarded as credible there will be 

uncertainty between as well as within 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.  
 
vi
 That is, what might be gained if evidence could immediately distinguish which 
ǎŎŜƴŀǊƛƻ ǿŀǎ ΨǘǊǳŜΩΦ aŜǘƘƻŘǎ ŦƻǊ ǉǳŀƴǘƛŦȅƛƴƎ ǘƘŜ ŎƻƴǎŜǉǳŜƴŎŜǎ ƻŦ ōŜǘǿŜŜƴ-scenario 
uncertainty were developed within this work (reported in Appendix 11 of Paper 1).  
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the research. Therefore a judgement at this point that more research might be 

ǿƻǊǘƘǿƘƛƭŜ ǎŜŜƳǎ ǊŜŀǎƻƴŀōƭŜ όΨtƻƛƴǘ оΥ 5ƻŜǎ ƳƻǊŜ ǊŜǎŜŀǊŎƘ ǎŜŜƳ 

ǿƻǊǘƘǿƘƛƭŜΚΩύΦ Research was, however, not considered possible with approval 

(poiƴǘ пΥ ΨLǎ ǘƘŜ ǊŜǎŜŀǊŎƘ ǇƻǎǎƛōƭŜ ǿƛǘƘ ŀǇǇǊƻǾŀƭΚΩύ because the type of 

experimental design needed to provide more precise estimates of the relative 

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

for widespread NHS use.   

An assessment of point 5 in the checklist (Ψ²ƛƭƭ ƻǘƘŜǊ ǎƻǳǊŎŜǎ ƻŦ ǳƴŎŜǊǘŀƛƴǘȅ 

ǊŜǎƻƭǾŜ ƻǾŜǊ ǘƛƳŜΚΩ) identified that clopidogrel was to become off-patent 7 

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

reduction means clopidogrel becomes more cost-effective, the consequences 

of uncertainty less pronounced and research less valuable. 

At this point in the checklist, potential policy responses are Ψ!ǇǇǊƻǾŜΩ ƻǊ ΨhLwΩ 

(not shown here). Analyses indicate that, if the research reports before 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 unconditional approval would be more appropriate. When considering the 

possibility of research not reporting, a lower time-to-reporting period is 

required to make an OIR policy valuable. For example, when there is a 75% 

chance of research reporting, OIR should only be considered if research reports 

within 1 year, otherwise unrestricted approval is best (for a graphical display of 

this information, consult Figure 21 in Paper 1).  In the case of clopidogrel, it 

seems unlikely that the type of research required could report quickly enough, 

therefore the benefits of approval are judged to exceed the opportunity costs 

(Point 7 in the checklist)Σ ŀƴŘ Ψ!ǇǇǊƻǾŜΩ is more appropriate (Box 2).  

This case study demonstrates the analyses needed to inform decision-making, 

and Paper 1 suggests numerous new graphical displays that help communicate 

findings and facilitate the judgements needed. It demonstrates that the 

checklist developed is an extremely useful tool to guide assessments and 

inform policy decisions.  
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Appropriate description of inferential uncertainties 

The previous work demonstrates that policy responses on approval and 

research can be adequately informed when existing uncertainties are 

identified and appropriately characterised. But the evidence base can be 

limited in ways that are not easily described.  For example, where evidence is 

absent on one particular comparator of interest, quantitative descriptions of 

its effectiveness cannot be produced. Or evidence may exist but show 

significant heterogeneity (estimated effects of the intervention differing across 

studies beyond what would be expected by chance55). Studies may also be 

flawed in their design and there may be the potential for estimates drawn to 

be biased, but the extent of bias unknown. Finally, existing evidence may even 

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

There is a lack of specific guidance for these situations within current 

processes, and standard methods appear to fall short. When evidence is 

absent on a particular comparator, for example, this comparator is often 

excluded, leaving decision-makers to ascertain any implications qualitatively. 

When the evidence base is heterogeneous, the extent to which heterogeneity 

affects adoption and research decisions is often unexplored.  

Thoughtful and novel approaches to describing uncertainties are thus required, 

particularly where the evidence base presents limitations. This thesis presents 

the development of strategies to better use available data in two contexts 

(detailed further in the next subsections): (1) where there is significant 

heterogeneity in the evidence base, and (2) where the sharing of information 

across relevant data can better inform decision-making. It uses the following as 

case studies: 

¶ Paper 2 in the collection evaluated the clinical and cost-effectiveness 

of IntraVenous ImmunoGlobulin (IVIG) in severe sepsis, to establish 

whether or not an RCT is necessary and feasible, and whether or not 

the costs of carrying out an RCT are outweighed by the potential 

benefit of the resulting information. The contribution of this paper 

relates to in-depth analyses of the implications of heterogeneity to 
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decisions on the use of IVIG and on the need for (and value of) further 

research.  

¶ Paper 3 relates to the clinical effectiveness of a medical device, 

Negative Pressure Wound Therapy (NPWT), in treating severe pressure 

ulcers. NPWT is a relatively expensive treatment used widely and 

claimed to speed wound healing and reduce infection rates. However, 

the evidence base supporting these claims is sparse. The contribution 

of this paper concerns the development of methods, particularly 

challenging under sparseness, to explore heterogeneity and to share 

information with related evidence (draw on similarities) when data on 

a particular comparator is uninformative.  

¶ Paper 4 reports a technology appraisal conducted for NICE. It focused 

on appraising the effectiveness and cost-effectiveness of Tumour 

Necrosis FŀŎǘƻǊ ʰ ƛƴƘƛōƛǘƻǊǎ όŀƴǘƛ-TNFs) for axial spondyloarthritis, an 

inflammatory rheumatologic disease. This work developed methods 

for the sharing of information to best describe the policy problem 

where complex 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 studies investigate the same parameter their findings will 

inevitably differ. These differences may mean that the effects of the 

intervention will differ across studies beyond what would be expected by 

chance alone ς this is oftŜƴ ǘŜǊƳŜŘ ΨƘŜǘŜǊƻƎŜƴŜƛǘȅΩ55. Heterogeneity may result 

from clinical variation in important treatment effect modifiers, variation in the 

way effects have been measured, or bias.55  Where heterogeneity is detected, 

its level is only of concern if decisions are sensitive to it. In this case, more 

stringent criteria can be used to select studies (in the review of the literature) 

but this may lead to relevant evidence being excluded. For example, in the 

context of a network meta-analysis (NMA) where evidence on multiple 
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treatments is synthesised together15, stricter criteria may mean no evidence 

remains for one (or more) of the treatments of interest.  

To avoid excluding relevant evidence it is often necessary to work with a 

heterogeneous evidence base. If there is a sufficient number of studies, 

heterogeneity can be described statistically. A particular methodology is often 

considered ς the random-effects model56-58 ς which extricates the additional 

variation due to heterogeneity from the expected variation due to chance. 

Such a model, however, subsumes heterogeneity as additional uncertainty 

(through the predictive distribution59), but leaves it unexplained. This makes it 

difficult for policymakers to interpret decision uncertainty and consider the 

implications of heterogeneity for decisions about adoption and research.60  

Issues regarding the use of random effects models are illustrated in Paper 2 of 

the collection. In this example, the evidence base on the effectiveness of IVIG 

on all-cause mortality was characterised by significant heterogeneity, with 

previous meta-analyses concluding that more evidence was required in the 

form of a large, well-conducted, RCT. The work in Paper 2 started by examining 

the potential causes of the considerable  heterogeneity in the RCT evidencevii, 

and identified a number of possible scenarios that considered not only 

measures of study quality, but also dose and duration of IVIG therapy. There 

was no clear clinical rationale for the impact of dose and duration on the 

effectiveness of IVIG, exposing a lack of evidence for understanding its 

mechanism of action in severe sepsis.   The implications of each scenario on 

cost-effectiveness were further exploredviii. The results show that any 

conclusions regarding the cost-effectiveness of IVIG were highly sensitive to 

the choice of scenario. The most favourable estimate of the incremental cost-

effectiveness ratio (£16,177) was obtained using a random-effects model. In 

                                                           
vii

 A Bayesian network meta-analysis was used to synthesise the effectiveness data. A 
formal selection process was designed and implemented to identify the key covariates 
(and combinations of covariates) explaining heterogeneity and to adjust for potential 
confounding. For further details on methods see Paper 2, page 17 of the full report

61
, 

or the accompanying publication
62

.  
 

viii
 A de novo cost-effectiveness model was developed, and the literature carefully 

examined to inform the structure of the model and the values of parameters
61

. 
Analyses of two sources of primary data were required, which identified further 
sources of heterogeneity in short- and long-term outcomes (see paper 2 or full report

61
 

for further details). 
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the least favourable scenario IVIG appeared dominated when a random-effects 

model was used with an adjustment for publication bias. EVI analysis was 

conductedix, and across the majority 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 research were 

sensitive to the clinical effectiveness model used. Because there was no clear 

clinical rationale for the different scenarios, and despite the need for a further 

RCT, designing this study was deemed complex when uncertainties at this level 

existed. The research team hence recommended that further research focuses 

on filling the mechanistic knowledge gaps prior to a multicentre RCT. 

This example illustrates that merely describing heterogeneity can misguide 

decisions: in the case study, had a random-effects model been adopted 

without further consideration for the sources of uncertainty, a further RCT 

would have been recommended without acknowledging important design 

issues, and thus valuable resources would have been potentially wasted in an 

inappropriately designed study. Instead, it is important to make the best use of 

the available data by attempting to ascertain the sources of heterogeneity and 

considering these in determining appropriate policy responses. 

In the example described above, heterogeneity could be examined analytically. 

There are other cases, however, where there may be evidence of sources of 

clinical or methodological heterogeneity (e.g. differences in the characteristics 

of the patients included across trials, or in the design of the studies), but its 

implications are difficult to explore statistically because the evidence base is 

sparse. A sparse evidence base refers to a small number of events being 

reported for one or more comparisons because, for example, few individuals 

are recruited or the follow-up time is 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 run a higher risk of 

                                                           
ix
 EVI analyses were undertaken (see Paper 2), including 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 (structured as a decision tree) and hence 
long-term 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 report

61
 that led to Paper 2. 
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being unrepresentative τ though poor reporting can make this difficult to 

assess. Although it is important to evaluate the extent of heterogeneity63, 

sparse data may limit investigations. For example, the number of studies in 

each particular comparison may be insufficient to allow for statistical 

heterogeneity to be described and explored, in which case heterogeneity 

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

Where data are sparse, strong assumptions are normally required to enable 

modelling and estimation, but at the same time these assumptions are difficult 

to test. Firstly, it may not be possible to evaluate alternative model 

specifications, and secondly, under sparseness, uncertainty will be large and 

statistically significant results are unlikely.64  In this context, NMA may offer 

some advantages compared with standard meta-analytic approaches as 

strength may be borrowed across the entire network through indirect 

evidence and the sharing of parameters across trials and/or treatments65.  

A relevant example of a sparse evidence base supporting an NMA is presented 

in Paper 3. In this application, different studies recruited individuals with 

different grades of ulcers, a measure of severity known to affect healing. Some 

studies recruited only less severe cases (with grade 3 ulcers), others only more 

severe cases (grade 4 ulcers), and other studies recruited a mix of patients, 

with some of these reporting subgroup outcome estimates (see Figure 1 in 

Paper 3 for the network diagrams). This raised the need to explore whether 

grade could act as a treatment effects modifier, i.e. be a source of 

heterogeneity. In our analysis, an initial modelling framework was developed 

in which both baseline hazards and treatment effects were modified by grade.x  

                                                           
x
 A Bayesian NMA model was developed, specifying a binomial likelihood for the 
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 follow-up. For RCTs reporting outcomes on grade-specific 
(sub)sample(s) of participants, the log-hazards of healing were regressed linearly on 
indicator variables for ulcer grade, treatments and on an interaction term between 
these. The baseline log-hazard for grade 3 ulcers was left unconstrained.  The 
outcomes observed in studies reporting outcomes on a mixed-grade sample of 
patients (five RCTs) were expressed as a function of the proportion recruited from 
each grade (observed or imputed using a hierarchical betaςbinomial model) and of the 
grade-specific log-hazard 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 approach allowed the available data from RCTs to be fully utilised. Results 

demonstrated that grade determines the absolute hazard of healing but it was 

less clear whether it modified the effectiveness of treatment. Given the sparse 

data, not obtaining a statistically significant result for the effect of grade on 

treatment effect was not surprising; however, it made the relevance of the 

findings unclear. As an alternative, a simpler modelling approach was 

implemented that did not include grade of ulcer as a treatment effect 

modifier, but where the effect of grade of ulcer on baseline hazard of healing 

was embedded in the study-level baseline hazards.xi   Results showed that the 

data fitted better in this simpler model.xii  

This example illustrates that exploring heterogeneity using a sparse evidence 

base can be difficult as, on the one hand, results must reasonably reflect the 

uncertainties that are shown in the data but, on the other hand, analyses are 

based on difficult-to-verify assumptions owing to the lack of robust data. In 

this situation, novel approaches for pooling the evidence need to be explored, 

and Paper 3 of the collection illustrates such a framework, where the potential 

implications of treatment effect modifiers are made explicit. 

Sharing of information  

Where the evidence base is limited there are ways to impose a level of sharing 

of information between related data which could address these limitations. For 

example, evidence on one or more endpoints could be used to strengthen 

inferences about others (through, for example, multivariate meta-

analyses66,67), or surrogacy relationships used to strengthen inferences over 

final endpoints68.  Actually, the abovementioned example in Paper 3 already 

imposed a level of information-sharing, with the effect of ulcer grade on 

                                                           
xi
 The model is analogous to the previous one. However, given grade was here not 

explored as a treatment effect modifier, subgroup-specific 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 models were implemented that tested assumptions made - details 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 to strengthen inferences over treatment effects. 
 
xii

 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. 



 

24 

effectiveness being assumed equal across treatments. These methods have a 

broad application, yet they have only been seldom applied within HTA. Instead, 

evidence is typically either completely excluded or considered perfectly 

generalisable, leading to poor characterisation of the available evidence, and 

of the existing uncertainties.  

The first situation analysed within this thesis concerns the case where 

treatments within a class are expected to have similar (but not equal) 

effectiveness, and decision-makers require a formal exploration of the 

implications of such similarities.69  In Paper 4, effectiveness evidence did not 

demonstrate any particular anti-TNF treatment for AS to be more effective 

than another. Analyses firstly adopted the standard approach, where 

treatment effects are assumed independent (or different) across treatments. 

To explore alternative assumptions and best inform decision-making, synthesis 

models were then extended (Chapter 5 in Paper 4) by considering common 

(equal) treatment effects across anti-TNFs and, alternatively, ŀ ΨŎƭŀǎǎ ŜŦŦŜŎǘΩ69-71 

representing an assumption of similarity within the class (via a random effects 

distribution).xiii These analyses show that, in line with the published evidence, 

the different treatments have a similar effectiveness in AS.xiv However, unless 

we believe this assumption to hold AND the trials to be homogeneous in 

design and in the populations included, adopting a model assuming equal 

effectiveness across treatments would misrepresent uncertainty. The class 

effect model fits the data equally well to the common effect model, and may 

lead to more appropriate descriptions of uncertainty.xv  

                                                           
xiii

 The abovementioned models are identified as modelling approach A in Paper 4. 
 

xiv
 Results have shown that the model considering a common effect for all anti-TNFs 

shows a better fit than the one estimating a different effect for each anti-TNF. 
 

xv
 There are several summaries that can be derived from a class effect model, each 

with different implications for decision making.
59

  A single effect for the class of 
treatments can be derived using the mean of the random effect distribution, with 
uncertainty reflecting between-treatment differences. Alternatively, the predictive 
distribution can be used, with uncertainty reflecting both between- and within-
treatment differences. Hence the predictive distribution is here judged a more 
relevant summary of the overall effectiveness of the class. Drug-specific estimates can 
also be retrieved from a class-effect 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 describes another ŜȄŀƳǇƭŜ ƻŦ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ ǎǳŎƘ ŀ ΨŎƭŀǎǎ ŜŦŦŜŎǘΩ, 

where the effectiveness of NPWT and 11 relevant comparators (belonging to a 

common class of dressings) was analysed. In this example, however, the 

application of the class effect served a different purpose. Because most links in 

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

in some trials was 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 cost-effectiveness study. To overcome 

this limitation of the evidence baǎŜΣ ŀ ΨŎƭŀǎǎ ŜŦŦŜŎǘΩ ǿŀǎ again used to describe 

the differences between the effectiveness of the alternative dressings. By 

sharing information in this way an estimate of the effectiveness of foam was 

obtained, encompassing not only the vague information from its trial reporting 

zero events in each arm, but also considering that the effectiveness of foam is 

expected to be within the spectrum of values observed across the class.xvi 

The second situation analysed in this thesis where information sharing is 

relevant is where the evidence base is complex and standard methods of 

synthesis inadequately represent the decision problem.12  For example, 

separate analyses of multiple outcomes reported in trials may not lead to 

appropriate evaluations of the parameter inputs required for an economic 

model.72 Three related facets of this issue were addressed in Paper 4 in the 

collection. The first relates to the main outcome, a score of disease activity 

(the Bath Ankylosing Spondylitis Disease Activity Index, or BASDAI) that has 

been differentially reported across trials using two statistics: the absolute 

change in the scores from baseline, and the proportion of individuals that 

present a 50% change in score in relation to baseline (BASDAI 50). While some 

trials reported both statistics, others reported only one. Both of these 

measures were, however, relevant to the decision problem as a non-response 

to BASDAI 50 leads to discontinuation of treatment, and absolute changes in 

the scores were used to determine the magnitude of initial response to 

treatment and to extrapolate the effects of 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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outcomes were both central to informing the decision model, a model for the 

synthesis was developed that formally expressed BASDAI 50 as a function of 

the absolute change in BASDAI.xvii  This required a multiparameter specification 

of the synthesis model to allow evidence on different functions of parameters 

to be used appropriately73-75. In this way, inferences can be informed by 

evidence on both outcomes, and all studies in the evidence base could be 

included.xviii 

The second facet relates to the fact that many of the trials also report 

treatment effects over another outcome of treatment, the BASFI (Bath 

Ankylosing Spondylitis Functional Index), a measure of function rather than 

disease activity. In the economic model, the BASFI was used together with 

BASDAI score to determine the long-term QALY and cost burden of the disease. 

Treatments improving symptoms are expected to affect both disease activity 

and function and, particularly given the need to model these two outcomes 

together in the decision model, in Paper 4 the synthesis was also extended to 

consider potential correlations between effects over BASDAI and BASFI 

scoresxix. Results show that estimates on BASDAI treatment effects are more 

precise, reflecting support for inferences from the data on BASFI; the 

                                                           
xvii

 This is referred to as modelling approach B in Paper 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 50 data was 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 was estimated separately for 
placebo and anti-TNF treatment. A class effect was assumed across treatments. See 
Appendix 12 in Paper 4 for a fuller description of methods. 
 
xviii

 The class effect of anti-TNFs 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.  
 
xix

 This was referred to as modelling approach C in Paper 4. It extends modelling 
approach B to include data on mean change in BASFI score, described 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 trials using a multivariate NMA approach

66,67,76
. 

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

BASDAI to borrow strength76,77 from those on BASFI.   

Finally, the third facet of this work related to evaluations of the absolute 

change in BASDAI for responders separately to non-responders, that is, 

conditional scores. This was important, given that 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 evaluation of these conditional scores.xx 

The examples in Papers 3 and 4 of the collection illustrate that sharing 

information can address important limitations of the evidence base and 

generate appropriate descriptions of the evidence for inclusion in the decision 

model ς in a way that better reflects the decision-making context and better 

supports the adoption and research decisions being made.  

Using formally elicited expertsΩ beliefs  

Whilst the above subsection considered the best use of data, there are 

circumstances where judgements are still needed to reach a decision. In this 

situation, the views of relevant experts can be sought to complement existing 

evidence, to generate descriptions of uncertainty where evidence is absent, or 

to determine the level of support for particular assumptions. The fact that, 

under limited evidence, judgements may be required for a decision to be 

reached creates a prima facie case for the use of elicitation methods with 

experts.78 Whilst experts are consulted at several stages of formal decision 

processes, such as the appraisal processes facilitated by NICE, consultation is 

conducted informally and qualitatively despite being generally recognised that 

formal and structured mŜǘƘƻŘǎ ǘƻ ŜƭƛŎƛǘ ŜȄǇŜǊǘǎΩ ōŜƭƛŜŦǎ ǊŜŘǳŎŜ ōƛŀǎ ŀƴŘ ǘƘŜ 

use of heuristics79, and should thus be applied.80   

                                                           
xx
 From modelling approaches B and C, it is possible to derive the conditional change 

score in BASDAI50 responders and non-responders 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, structured expert elicitation (SEE) has only been used to a very limited 

extent in HTA.81  Contributing to this may be the fact that, despite methods of 

SEE having received significant attention in disciplines like engineering and 

Bayesian statistics80,82, there is a lack of specific guidance specific to health care 

decision-making. This creates a number of challenges for the use of SEE in HTA, 

many of which have been identified in Paper 5,   which reports the design of a 

large ŜȄŜǊŎƛǎŜ ŀƛƳŜŘ ŀǘ ǎȅǎǘŜƳŀǘƛŎŀƭƭȅ ŎŀǇǘǳǊƛƴƎ ŎƭƛƴƛŎŀƭ ŜȄǇŜǊǘǎΩ ƪƴƻǿƭŜŘƎŜ 

and uncertainty about the speed of healing of severe pressure ulcers, and 

related events (such as wound-related complications), including beliefs about 

the impact of the alternative treatments (relative effectiveness). This exercise 

was specifically designed to inform the decision model over the use of NPWT 

for pressure ulcers, and follows from the work in Paper 3 in the collection. 

The overarching concern expressed in Paper 5 relates to the fact that health 

carers, the experts identified as substantive experts, may not necessarily have 

advanced quantitative skills.83,84 This conditioned many aspects of the design of 

the exercise. A face-to-face meeting was planned to allow for substantial 

training to be delivered. Homogeneity was imposed in the quantities elicited 

(only proportions were elicited) in order to simplify the task and abridge the 

training session, and the histogram method85 was used for its intuitiveness. In 

specifying the quantities to elicit, the parameters of primary interest were 

expressed in terms of directly observable quantities, whose distribution(s) are 

thought to be easier to elicit80.  For example, transition probabilities were not 

elicited directly and instead information was sought on the proportion of 

patients healed within given time periods (more than one time period was 

elicited to allow the possibility of time dependency). Defining observable 

quantities is particularly challenging in the context of decision modelling 

because, firstly, the model imposes relationships between the quantities that 
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need to be respected and, secondly, because dependencies (correlations) need 

to be avoided as eliciting these is particularly burdensome.78,86 xxi 

Other key methodological choices were explored using a pilot study, namely 

regarding the use of individual or consensus approaches to aggregation87, and 

whether to use calibration88 to generate weights for the different experts 

within an individual elicitation approach89 (more details in Paper 5). In the 

pilot, the consensus method produced more accurate responses but also 

generated incoherent probability statements between two related quantities.  

These results are in line with the view that consensus promotes the use of 

heuristics and may produce overconfident judgments.90 Also, the pilot showed 

that calibration-based weights were sensitive to the seed question, but that it 

was unclear how to specify relevant seed questions. 

In the main exercise, experts were asked to express their beliefs individually 

and they were discouraged to interact. Calibration was not undertaken and 

elicited quantities were mathematically pooled across experts to generate a 

single description of uncertainty for each parameter.91  Experts were weighted 

equally.  

In total, twenty-three nurses attended and completed the main 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 uncertainty (Table II in Paper 5). Participants judged 

the exercise to be challenging but indicated their responses to be face-valid. 

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 probabilities, and relative effectiveness. 
Further details can be found in Paper 5, but to exemplify I will here summarise how 
relative effectiveness was elicited. To avoid eliciting dependency, an approach based 
on conditional independence was devised. Each expert was first asked 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). We then 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 to sustain for any other 
possible values of the absolute effectiveness of the comparator.  
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Elicited evidence in support of policy decisions  

A review of applications reporting the use of formal methods of elicitation in 

HTA81 identified 14 studies conducted in a number of policy contexts, ranging 

from an ΨŜarly modellingΩ context ǿƘŜǊŜ ŜȄǇŜǊǘǎΩ ōŜƭƛŜŦǎ  ǎǳǇǇƻǊǘ ŘŜŎƛǎƛƻƴǎ 

regarding the research and development pathway92, to treatments such as 

NPWT which are extensively used in clinical practice despite a limited evidence 

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

of knowledge to support decision-making.   

In all contexts, elicited judgements can support and even shape policy 

decisions; the NPWT example found that elicited evidence was particularly 

important for the comparator for which less evidence existed, foam. Recall 

that RCT data on the effectiveness of this parameter was uninformative; 

standard methods of synthesis would not have been able to describe its 

effectiveness, and thus the decision model would have likely excluded this 

comparator. In Paper 3 in the collection, uncertainty over the relative 

effectiveness of foam was described using the range of effects observed across 

treatments of the same ΨŎƭŀǎǎΩ described using a random-effect distribution. 

CƻŀƳΩǎ effectiveness was thus described with wide uncertainty, reflecting the 

differences between existing dressings; however, a higher likelihood of 

effectiveness was allocated to the central area of the distribution. This meant 

that, based on existing evidencexxii, foam showed a considerable probability of 

being effective and cost-effective (Paper 6).xxiii However, the experts consulted 

as part of the formal elicitation exercise (Paper 5) consistently indicated foam 

to be expected to be less effective than other dressings, despite indicating 

substantial uncertainty over this result. Using such elicited evidence alongside 

                                                           
xxii

 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 on costs 
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. 
 
xxiii

 A de novo cost-effectiveness model was developed for this application, with clinical 
input to 
ensure that it adequately represented the clinical trajectory of patients with severe 
pressure ulceration.  
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existing evidencexxiv, the likelihood of foam being cost-effective reduced 

substantially, and analyses of the implications of uncertainty did not indicate 

that further research on this treatment was worthwhile.xxv  

This case study demonstrates that multiple sources of available evidence can 

be included in an evaluation in a transparent way, and that the presentation of 

cost-effectiveness 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 analyses were limited to only one source of data.  The value of 

further research analysis was possible when it was most important, that is, 

when the existing evidence base was clearly insufficient and further research 

needs to be prioritised. Alternative study designs were evaluated, including not 

only a range sample sizes of 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 experts, which allowed 

shaping research priorities by streamlining further research to not focus on 

foam as a comparator in a future RCT.  

 

Conclusions 

This thesis focuses on a fundamental, but commonly overlooked, aspect of 

health care policy: the unification of decisions on wider access to technologies 

and recommendations for further research. While the risks associated with 

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

                                                           
xxiv

 The impact of each source of evidence on cost-effectiveness was evaluated by 
considering the accumulation of 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 sources, necessary to generate the second and third 
scenarios, required Bayesian updating. 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 relevant to 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 approach to evaluate the plausibility of 
assuming independence was developed (details presented in pages 428-430 of Paper 
6). Alongside, an approach to evaluate the extent and impact of nonlinearity based on 
the parameter EVI was also developed to allow simplifying EVSI calculations. 
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timely revision of the decision and avoid the consequences of uncertainty for 

prospective patients.  It is common for access decisions to be uncertain, not 

just because the evidence base rarely provides definitive answers (even at 

launch), but also because technologies are commonly priced at the level at 

which they are just cost-effective (value-based price) where decision 

uncertainty is highest. Approving at the value-based 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 uncertainty are either shared or borne 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 down-priced, or to ensure that important further research is 

conducted.  

This thesis presents the principles and assessments required to support such 

joint adoption-research policy decisions, which have been developed for NICE 

(albeit these are easily generalisable). The principles underlying the work 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 can be adapted to i) allow for the additional assessments required93, ii) 

align incentives for 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 get stakeholders familiarised with the 

additional analyses required (EVI), and investigate the potential of simplified or 

streamlined modifications to these complex methods that widen their 

application without impacting on the rigour of analysis and resulting 

output31,94,95. Finally, there is also value in examining different performance-

linked risk-sharing schemes in terms of their profile of consequences of 

uncertainty96.  

Whilst the final approaches developed for joint adoption-research are based 

on extensions of well-developed methodologies (cost-effectiveness, 

probabilistic analysis and EVI analyses), their application requires that all the 
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limitations of an evidence base are described and quantified explicitly as 

uncertainties. The thesis then proceeds to illustrate (using a set of case 

studies) how particularly difficult-to-describe limitations of the evidence base 

can be successfully dealt with, highlighting the potential usefulness of relevant 

indirect or external information (such as other data or expert elicitation).   

The approaches proposed within the specific examples can, by themselves, be 

considered methodological developments, as these required the specification 

of innovative models for the synthesis of evidence that: best considered the 

available data; shared information appropriately; allowed for alternative 

specifications and the testing of assumptions; best described the complexities 

of the evidence base (required for modelling); and, crucially, responded to 

important, but difficult to describe, uncertainties and hence shaped policy 

decisions. But, in widening the use of such approaches to support policy, it 

would be important to develop a guided framework of analyses that forged 

strong links between methodological research and the specific policy context. 

A number of issues need 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 a number of 

alternative additional sources of evidence that may not have previously been 

considered (including data and beliefs), it is important that a set of principles 

guide the choice (or prioritisation) of the alternative data sources. This may, 

for example, 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 how to most 

appropriately incorporate such evidence ς further 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 sources 

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 established. Whilst the work presented in this thesis 

demonstrates that the use of this evidence is important, particularly where 

otherwise essentially un- or misinformed guesses are needed to reach a 
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decision. However, policymakers may struggle to endorse conclusions that are 

contradictory to those based on the direct evidence alone, in the absence of 

further nuanced insights into how and why additional data influence findings.  

Also, indirect/elicited evidence should not be seen to replace good quality 

experimental evidence. Instead, it should help to inform the decision to 

acquire further evidence.  

As a direct result of the work in this thesis, and in recognising the need for 

further development of methods, I have successfully secured funding from the 

Centre for Health Economics for a PhD ǎǘǳŘŜƴǘǎƘƛǇ ƻƴ ΨDeveloping methods for 

the sharing of information in evidence synthesis to inform Health Technology 

Assessment and policy decisionsΩ όŀ ǎǘǳŘŜƴǘ Ƙŀǎ ōŜŜƴ ŀǇǇƻƛƴǘŜŘ ŀƴŘ ǎǘŀǊǘŜŘ 

work in October 2016, 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 elicitation exercises that can 

usefully inform health care decision-making. Currently, there is no guidance 

that supports methodological choices on expert elicitation, particularly in the 

context of health care decision-making.  This context determines that experts 

are likely to be health professionals, not trained to express judgments in 

mathematical formats, such as probabilities. Additionally, to inform health care 

decision-making, information on a wide range of, sometimes complex, 

parameters is often required, such as costs, relative effectiveness measures, 

and time to event outcomes. Moreover, an assessment of uncertainty is 

required (that is, uncertainty in knowledge over average values), it being vital 

that uncertainty is not misrepresented (over- or under-confidence) or tainted 

by the distribution of outcomes across a patient population. Finally, it is 

important that heterogeneity in the subpopulations that different experts 

observe is appropriately reflected in the judgements elicited. These challenges 

require further investigation to hone optimal elicitation protocols. To this 

effect, along with a group of collaborators I was awarded a MRC methods 

programme grant to establish a protocol for elicitation to be used to support 

health care decision-making. This work started in November 2016 and is 

expected to complete in November 2018. 
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Paper 1.  

Claxton K, Palmer S, Longworth L, Bojke L, Griffin S, McKenna C, Soares M, 

Spackman E, Youn J. 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. Health Technol 

Assess. 2012;16(46):1-323. doi: 10.3310/hta16460.
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